NUTRITION AND
HEALTH BENEFITS OF
PURE MIAPLE SYRUP

Surmmary of Information
Compiled by the

International Maple
Syrup Institute

Choose Pure Maple Syrup,
a natural sweetener and
a smart food choice.

ENTER &

yie * Ty,
B\ 17
N ’\/4//\
$ %
& %
b o 2
z ¢ z
< -— 3
e 3
& O
Z 3
March 2012 % WP
Tede

www.internationalmaplesyrupinstitute.com



Summary of Information Compiled by the
International Maple Syrup Institute

Navigating through this pdf

e This document opens in Full Screen. To close the document, use the ‘esc’
button on your keyboard, then close the document.

e Click on the arrows below <] [ > to go to Previous or Next page

e Click on the sidebar links, or the titles below, to go to that section

e If the pdf appears too small for comfort on your screen in full screen view,
simply press the esc key and read as a regular pdf, zooming in as you wish.
Navigational functionality remains in place.

Table of Contents

IMSI POSItioning STatemENt........c v se s ve s ssssase s ssasesesesssssssvesesensasans 3
IMSI Poster and RACKCAId.........ccovvreriveeimerereriessssreresesssssssesessssssssssesessssssssasesessssssssasessssssssasesesessssssssesesnsasses 7
Summary Statements of Maple Syrup Nutritional and Health Benefits Information ................ 8

Key information from the resources included here. Information grouped by type of
information and including examples of statements that are being made in the public
domain.

JOUMNQAI ATEICIES ... s s e s s e s 16
List of Journal Articles with Abstracts
Copies of Journal Articles (15)

Fact Sheets and Other INfOrmation.........ccnrss s —————————— 25
List of Fact Sheets and Other Information
Copies of Fact Sheets and Other Information (12)

WEDISIEES .....ceeecrerresseese st e e e e AR AR R e Ee 26

List of Websites (with Links) and Summary of Information

Pages 32 -232

Contain the linked pdf documents. Please navigate to these through the IMSI Poster and
Rackcard, Journal Articles and Fact Sheets links provided in those sections.

Permission for duplication of the educational material on CD is granted by the IMSI.
March 2012

Nutrition and Health Benefits of Pure Maple Syrup «q 2



INTERNATIONAL MAPLE SYRUP INSTITUTE

The Opportunity:

The effective presentation of nutritional and health benefits information for pure maple
syrup has the potential to dramatically improve consumer perceptions of pure maple
syrup. This, in turn, could significantly increase maple syrup’s sales volume and resulting
market share. This may occur wherever sweeteners are used and in the consumer driven
pourable sweet condiments market (table syrups), which is currently dominated in North
America by corn syrups, particularly high fructose corn syrup (HFCS).

Background:

Pure maple syrup presently represents a very small share of the market in the United
States, Canada and overseas. In the U.S,, for example, maple syrup, along with honey,
accounts for about 1% of all sweeteners delivered for food and beverage use.

2005 U.S. Per-capita Sweeteners - Food and Beverage Use
(Annual pounds, dry basis, per USDA)

Total Refined Sugar Corn Sweeteners Honey, Maple, etc.
142.6 lbs. 449% 55% 1%

Refined sugar consumption is 63 pounds per person per year in the United States, while
itis about 18% lower in Canada at 52 pounds per person per year. In the United States in
2005, per capita use of maple and honey combined was 1.4 pounds per person per year
while it was 1.8 pounds per person per year in Canada.

In the direct to consumer market, maple syrup competes mostly within the pourable

sweet condiments (table syrups) market where corn syrups, particularly HFCS, have a
commanding market share. In the table syrup market, which is used largely as a topping on
foods such as pancakes, waffles and ice cream, it is estimated that maple syrup has about

a 5% share of servings in the U.S, with the rest going mostly to corn syrups bearing labels
like Log Cabin and Aunt Jemima. The dominate share position of the corn based brand
name syrups is driven by their significantly lower retail price and heavy advertising and
promotion. This is helped by the fact that the corn industry is heavily subsidized in the U.S,,
estimated at about $4 billion per year.

All sweeteners now have a less than wholesome image, due in large part to highly
publicized studies of the potential harmful health effects of processed foods in North
America’s high calorie, low nutrition diet, coupled with an obesity epidemic. This is
particularly true for corn syrups, especially HFCS, where 58% of U.S. consumers now
believe it poses a health risk right behind mad cow disease and mercury contamination in
seafood. It is believed that Canadians have a similar outlook.

Nutrition and Health Benefits of Pure Maple Syrup



e A leader in raising public concerns about the corn industry
It’s natura/, has been Michael Pollen. In his best selling book entitled “The
tastes great and Omnivore’s Dilemma” and other books and articles he has
authored, he targets the corn industry as a root cause of U.S.
does cost more, health problems. In various forms, it is in about 80% of the
bUt itisa bet'ter processed foods we consume from soft drinks, cake mixes and
; mayonnaise to tooth paste and meat. Meat is included in this
contributor to a list because “corn is what feeds the steer that is converted into
healthy diet than thebeefwe eat”. Corn sweeteners make up 10% of all calories
h / consumed by the average adult in the U.S. and 20% among
other commonly children. The average person in the U.S. consumes about 60
consumed pounds per year of HFCS alone. Four of the top 10 leading
sweeteners” causes of premature death in North America, including cancer
and diabetes, have well established links to our “corn-laced” diet.

Despite the very specific concerns about corn syrups, consumers are cautioned about all
sugars and urged through various means to cut back on sweets and sweeteners of all kinds
for a healthier life and to help curtail the obesity epidemic. Thus, maple syrup, as a caloric
sweetener, is caught up in this negative imagery.

Until now, maple syrup has not been able to set itself strongly apart from this growing
concern about caloric sweeteners. Maple syrup is clearly viewed as better than corn
syrup, but the basic message from government, medical and academia health experts

is that “North Americans consume too much of all types of sugar”. The nutritional and
potential health benefits research findings clearly demonstrate that pure maple syrup has
considerable nutritional value, contains antioxidants which may be beneficial to human
health and may have additional health advantages.

Currently, a typical consumer might position maple syrup in their mind as “it’s natural and
tastes great, but it's much more expensive than brand name (corn based) syrups”. Effective
communication of the nutritional and other potential benefits of maple syrup, contributing
to good health, can shift this mindset to “it’s natural, tastes great and does cost more, but

it is a better contributor to a healthy diet than other commonly consumed sweeteners”.
This new realization of the nutritional and potential health benefits of pure maple syrup
may not narrow the real price disparity when compared to other sweeteners, but it will
decrease the impact price has on purchase decisions.

Business Goal:
Initial Goal: Increase the consumption of maple syrup by current users, and thereby
increase purchase volume of maple syrup.

Eventual Goal: Increase the acceptance and consumption of maple syrup among all
consumers worldwide.

Marketing Strategy:
Create and increase an awareness of the superior nutritional and other potential health
benefits of maple syrup compared to other commonly used sweeteners.
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POSITIONING STATEMENT

Target Audience:
Initial Focus: Current maple syrup users, particularly light and moderate users.

Eventual Focus: All people who like the maple flavor and use sweeteners.

Frame of Reference:

Common sweeteners used as toppings and ingredients with a particular focus on corn
syrup as it is used in maple flavored “table syrups”, but also including honey*, cane sugar
and brown sugar.

*Honey may have other health related benefits because of its uniqueness
(i.e. treatment of allergies).

Unique Benefits of Pure Maple Syrup:
e Pure maple syrup delivers more overall nutritional value than many common
sweeteners and has one of the lowest calorie levels.

e Pure maple syrup provides enhanced antioxidant levels compared to other common
and popular foods, such as apples and broccoli.

e Pure maple syrup may have other health benefits that are currently being studied.

Nutrition and Health Benefits of Pure Maple Syrup



Nutritional Value for Various Sweeteners
% of Recommended Daily Value (DV) Per ¥4 cup (60 ml)

Maple
Syrup
(1/4 cup /
80 g)
v
Riboflavin 37 0.59
Thiamin 1 0.01
Manganese 95 1.89
Zinc 6 0.58
Magnesium 7 16.5
Calcium 5 58.0
Iron 1 0.09
Selenium 1 3';
Potassium 5 167
Calories 216

High Fructose Honey Brown
Corn Syrup Sugar
(1/4 cup / (1/4 cup / (1/4 cup /
78 9) 85 g) 55 g)
ov ™ oy ™ py
1 0.01 2 0.03 0 0.0
0 0.0 0 0.0 0 0.0
4 0.07 4 0.07 2 0.04
0 0.02 2 0.19 0 0.02
0 0.0 1 1.75 2 5.0
0 0.0 0 5.0 4 45.8
0 0.02 3 0.36 3 0.39
Co
0 0.0 1 44.0 2 73.3
220 261 216

Source: USDA Nutrient Database and Canadian Nutrient File

White Sugar

(1/4 cup /
519)

% m
DV g

0.01
0.0
0.0
0.0
0.0
0.48
0.03

O O O O o O -~

—

0.3
0 09
196

Notes: The values shown are the overall minimum values for the minerals and nutrients and the
overall maximum values for the calories reported by the USDA Nutrient Database and the Canadian
Nutrient File. The percent daily values (% DV) were calculated using the Health Canada recommended
daily intake values for an average 2,000 calorie diet.

Antioxidant value for common foods

ORAC Value 100g of fresh umol ORAC Value umol TEY
product TE%100g per serving serving
Brocoli, raw 1,362 Banana, raw 1 medium (118g) 1,037
Banana, raw 879 Broccoli, raw % cup (46g) 627
Carrot, raw 666 Carrot, raw 1(72¢g) 480
Maple Syrup 600 Maple Syrup | % cup (60 ml/80 g) 480
Cabbage, raw 508 Tomato, raw 1 medium (123 g) 415
Tomato, raw 337 Cantaloupe % cup (85 g) 268
Cantaloupe 315 Cabbage % cup (37 g) 188

USDA Database for the Oxygen Radical Absorbance Capacity (ORAC) of Selected Foods. Results showing
the antioxidant power of maple syrup were obtained from Brunswick Laboratories, a USDA-certified

facility.
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IMSI Poster and Rackcard

Provided for you on this CD are print ready pdfs of posters and rackcards, available
in English and French. Glve your customers the facts on Maple Syrup: Natural and

Nutritous.

Click on the thumbnails below to see a larger view. For print, be sure to use the print
ready files provided on the cd.
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Choose Pure Maple Syrup,
a natural sweetener and a smart food choice.

PURE
Maple Syrup
\ hatuml and Nutuitions

Pure Maple Syrup is a natural and nutritious

sweetener and a smart choice as a sweet topping or
as a flavorful ingredient in baking and cooking.
Maple Syrup is 100 percent natural and

unrefined, retaining the inherent nutritional value
of the sap obtained from the maple tree.
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The Ouiginal Sweetener

Native North Americans were the first to
recognize Pure Maple Syrup as a source
of nutrition and energy. Researchers
have since shown that Maple Syrup has
a higher nutritional value than all other
common sweeteners.

. Other Health Considerations
‘With its wholesome, natural flavour,
Pure Maple Syrup has one of the
lowest calorie levels of common
sweeteners. It is also all natural
with no additives.

Choose Pure Maple Syrup,
a natural sweetener

Sw
and a smart food choice.
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Le sirop d'érable pur est un édulcorant naturel et
nutiti et un bon choix de gamiture sucrée
ou d’ingrédient goiiteux pour la cuisine ou

Ia cuisson au four.

Le sirop d’érable est 100 pour-cent naturel et non
raffiné; il retient la valeur nutritive de la séve qui
provient des érables.

Sounce O ‘éléments wutitifs importants
Le sirop d’érable est une trés bonne source de
‘minéraux nutritifs et de vitamines.

Valeurs nutritives de divers édulcorants
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L'éduleorant d ‘ovigine

Les Amérindiens ont ét¢ les premiers &
reconnaitre le sirop d’érable pur comme
source d’¢éléments nutritifs et d’énergie.
Depuis, les chercheurs ont démontré
que le sirop d’érable pur a une valeur
nutritive plus élevée que tous les autres
édulcorants communs.

. Autues Jacteuss liés & la santé

Avec son goilt authentique et naturel,
le sirop d’érable pur a 'une des
valeurs calorifiques les plus basses
des édulcorants communs. I est aussi
enticrement naturel et sans additif.

Choisissez le sirop d’érable
pur, un édulcorant naturel
et un bon choix alimentaire.

Your local print supplier can output
these files for you. The poster

should be printed on 12x18, then be
trimmed back to 11x17. Print on 28lb
gloss stock or light card.

The rack cards trim back to 3.5x8.5
inches. Print on a light card stock, and
consider having French on one side,
English on the other.
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Summary Statements of Maple Syrup
Nutritional and Health Benefits Information

The following statements are grouped by type of nutritional information, representing
what is being said about maple syrup based on this literature review, as well as examples
of marketing statements being made by members of the maple industry in the public

forum. As maple syrup is a natural product with ranges of values, some variations do exist

in published values of nutrition information.

Purity

(. Pure Maple Syrup is a unique and natural product produced exclusively by the
concentration of sap from the maple tree. It is a natural sweetener that contains no
added sugar, colouring agents, artificial flavourings, preservatives or other additives.

(. The range of colour (grades) of pure maple syrup is due to natural changes in the sap as

the production season progresses, not by the addition of any caramel colouring agents

Minerals, Vitamins and General Nutrition

(. Maple Syrup is a significant source of several nutrients. Pure maple syrup has natural
variations, but on average, a 4 Tbsp serving of Maple Syrup supplies us with more
than 100% of our daily intake of manganese, 37% of riboflavin, 18% of zinc, 7% of
magnesium, 5% of calcium and 5% of potassium. www.domorewithmaple.com and
Canadian Nutrient File

(. In addition to carbohydrates, vitamins and minerals, maple syrup and its products also
contain phenolic compounds. These compounds are found in sap and are concentrated

in maple syrup. www.domorewithmaple.com

(. The following chart from the Federation of Quebec Maple Producers shows the
percentage of the recommended Daily Value of 6 nutrients as well as the calories and
grams of sugar for maple syrup. The values are also given for honey, sugar and brown
sugar for comparison.

Per 60 ml portion

in %DV

Manganese 3 0 g
Riboflavin (B,) 2 1 0
Zinc 2 0 1
Magnesium 7 1 0 I
Calcium 5 o 0 5
Potassium 5 1 0 6
Calories 217 261 186 211
Sugars (in G) 54 7 51 54

Legend : .E:mallanlmuf

‘D The Dally Value is the amount desmed sufficient 1o meet the daily needs of the majority of healthy indviduals. Source: Canadian Nutrient File iHeakh Canada)

.Gundmuf Source of

Nutrition and Health Benefits of Pure Maple Syrup
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Based on the minimum values obtained from the analysis of over 600 samples of maple
syrup from different regions across Quebec, the following claims can currently be made
on maple syrup labels in Canada:

v/ Excellent source of manganese and Vitamin B2
v/ Good source of energy
v 4 mg of polyphenols per 60 mL serving

FPAQ Nutrition Information Fact Sheet
A serving of %4 cup of maple syrup contains:

v 100% of the recommended Daily Value for manganese - important factor in energy
production, healthy bone formation and antioxidant defences necessary for normal
brain and nerve function

v 34% of the recommended Daily Value of riboflavin - aids in metabolic processes

v 11% of the Daily Value of zinc - essential for normal reproduction and growth as
well as a healthy immune system.

www.canadamaple.com

The trace mineral manganese is an essential cofactor in a number of enzymes
important in energy production and antioxidant defenses. One role of manganese is as
a component of the key oxidative enzyme superoxide dismutase, which disarms free
radicals produced within the mitochondria (the energy producing factories of cells).
One ounce of maple syrup supplies 22.0% of the daily value of manganese.
www.whfoods.com

Minerals, Vitamins and General Nutrition: Examples of
Marketing Statements

A sweetener that’s better for you - yes, it exists! www.purecanadamaple.com

Maple syrup is sweet - and we’re not just talking flavor. Maple syrup, as an excellent
source of manganese and a good source of zinc, can also be sweet for your health. www.
whfoods.com/genpage.php?tname=foodspice&dbid=115

Pure maple syrup is one of Natures perfect creations. A completely unrefined organic
sweeter that contains vitamins and minerals (calcium, potassium, iron, B2, B5, B6, and
niacin). Guess what...it tastes great! www.oldstatefarms.com

Savour the flavour of liquid gold. Delicately sweet straight from the maple tree.
www.mapleorchardfarms.com/

Sugar, corn syrup and maple syrup... Are they all the same? Not really! Although all
three are sweetening agents, maple syrup contains more vitamins and minerals than its
two distant cousins. A 60 millilitre (1/4 cup) portion of maple syrup provides 100% of
the recommended daily allowance of manganese, 37% of riboflavin, 18% of zinc, 7% of
magnesium and 5% of calcium and potassium. www.siropderable.ca

Nutrition and Health Benefits of Pure Maple Syrup



Maple’s not just for breakfast anymore. Whether it’s for baking, cooking, marinating,
toppings, spices, basting for barbecuing season or for a treat, nothing says Canada like
Mmm...maple! www.whitemeadowsfarms.com

The natural goodness of maple syrup, with over 40 antioxidants, low glycemic index,
and natural nutrition always make maple syrup a smart choice.
www.themaplestore.com/ (Jakeman’s)

Health benefits of real maple syrup are far more comprehensive than you might expect.
The only product in our diet coming directly from a plant’s sap, this natural sweetener
features over 54 antioxidants that can help delay or prevent diseases caused by free
radicals, such as cancer or diabetes. In addition, maple syrup features high levels of zinc
and manganese, keeping the heart healthy and boosting the immune system.
www.purecanadamaple.com/benefits-of-maple-syrup/

“These new scientific findings underscore the nutritional message whereby food that
undergoes little to no processing provides greater health benefits,” said very enthused
dietitian Hélene Laurendeau. “100% pure Maple syrup is a natural, non-refined product,
which gives it an edge over other sweetening agents. We have reason to be proud

of our maple syrup, whose unique flavour makes it a versatile addition to countless
culinary creations.” (In reference to antioxidant research conducted by Seeram and ABA
research conducted by Desjardins) www.ishs.org/news/?p=1588
www.ishs.org/news/?p=1588

Antioxidants

Phenolic compounds are widely distributed in plants. Over two dozen phenolic
compounds have been isolated in maple syrup and evidence suggests that many more
are present. In view of the well-established antioxidant activity these substances
possess, it is suggested that it is the complexity of the mixture that makes maple

syrup of particular interest rather than any one compound. These beneficial phenolic
compounds make maple syrup a healthy choice as a sweetener.

Reference: 1.Abou-Zaid, M. M.; Nozzolillo, C.; Tonon, A.; Coppens, M.; Lombardo, A.

D. A. High performance liquid chromatography characterization and identification of
antioxidant polyphenols in maple syrup. Pharm. Biol. 2008, 46, 117-125.

Additional information: This research isolated 24 phenolic compounds but evidence
indicated the presence of many more. The total phenolic content of the maple syrup,
however, is very small in proportion to the sugar content (about 20 + 5 mg/10 mL of
syrup, 0.2% by dry weight). However, it is suggested that the biological activity may aid
in overcoming any negative effects of the high sugar content of the syrup on humans,
thus, indulging a sweet tooth, and is most likely, as suggested by Theriault et al. (2006),
not related so much to any particular compound as to the overall complexity of the
mixture.

Nutrition and Health Benefits of Pure Maple Syrup



Over 20 antioxidant compounds have been discovered in pure maple syrup that have
been linked to human health. Several of these antioxidant compounds are reported to
have anti-cancer, anti-bacterial, and anti-diabetic properties. The amount of the effect is
yet to be determined but the presence of these beneficial compounds in maple syrup is
very interesting from a human health perspective.

(Note: The number of antioxidant compounds discovered increased from 20 to 54 in 2011
from further research by these scientists.)

Reference: 9.Li, L.; Seeram N. Maple syrup phytochemicals include lignans, coumarins,
a stilbene, and other previously unreported antioxidant phenolic compounds. J. Agric.
Food Chem. 2010, 58,11673-11679.

Reference: News release, with video, from University of Rhode Island concerning
research conducted by N. Seeram can be found at www.uri.edu/news/releases/?id=5256

The results from research conducted by Legault, et al. in 2010 indicated that pure
maple syrup possesses an interesting in vitro inhibition of cancer cell growth, with the
strongest effect being found against prostate and lung cancer cells. Maple syrup extracts
have also exhibited in vitro antioxidant and nitric oxide inhibition activities. The value
of antioxidants in a protective role against cancer is well known. The ability of maple
syrup to inhibit nitric oxide is also important as several works have shown that the
overproduction of nitric oxide is a result of inflammation, a factor in the formation and
development of cancer. Inhibiting nitric oxide results in inhibiting inflammation and
thus may help to prevent diseases such as cancer.

Reference: 8.Legault, ].; Girard-Lalancette, K.; Grenon, C.; Dussault, C.; Pichette,

A. Antioxidant activity, inhibition of nitric oxide overproduction, and in vitro
antiproliferative effect of maple sap and syrup from Acer saccharum. J. Med. Food 2010,
13,460-468.

Phenolic compounds, widely distributed in plants, contribute to the colour and aroma
of the food and may also have potential health benefits, including preventing or
delaying the formation of cancer. The phenolic compounds present in maple syrup have
antioxidant and antiradical activities as well as potential antimutagenic activities.
Reference: 10.Theirault, M.; Caillet, S.; Kermasha, S.; Lacroix, M. Antioxidant,
antiradical and antimutagenic activities of phenolic compounds present in maple
products. Food Chem. 2006, 98, 490-501.

Use of alternatives to refined sugar, such as pure maple syrup, can add to the cumulative
antioxidant content of the diet by replacing refined sugar. This would increase
antioxidant consumption similar to replacement of refined grains with whole grains.
Reference: 12.Phillips, K.; Carlsen, M.; Blomhoff, R. Total antioxidant content of
alternatives to refined sugar. ]. Amer. Diet. Assoc. 2009, Jan. 109(1):64-71.

Maple syrup has been found to have antioxidant, antimutagenic, and human cancer cell
antiproliferative properties (Ref: 8, 10).

Nutrition and Health Benefits of Pure Maple Syrup



Phenolic content was found to be higher at the beginning and at the end of the harvest
season, for all three producers in the study conducted by Kermasha et. al. in 1995,

the highest levels being at the end of the season. This differs from the study by Legault
et. al. in 2010 where it was found that phenolic compounds were 29% lower and
antioxidant activity 24% lower at the end of the season compared to the beginning.
Phenolic compound concentrations were also found to differ among producers.

These differences may be due to variations in harvest and processing as well as soil
and climatic conditions.

Reference: 6.Kermasha, S.; Goetghebeur, M.; Dumont, J. Determination of phenolic
compound profiles in maple products by high performance liquid chromatography. J.
Agric. Food Chem. 1995, 43, 708-716.

Antioxidants: Examples of Marketing Statements

“Not all sweeteners are created equal. When choosing a sweetener, pure maple syrup
may be a better choice because of the range of antioxidant compounds not found in
other sweeteners.” N. Seeram, www.purecanadamaple.com/next-champion-food/

Researchers from the University of Rhode Island (URI) have identified 54 compounds
in maple syrup, many with antioxidant properties and potential health benefits. In
laboratory studies, they acted as anti-cancer and anti-inflammatory agents. Initial
studies also suggest that compounds exist in maple syrup that may inhibit enzymes
relevant in Type 2 diabetes management. www.ishs.org/news/?p=1588www.ishs.org/
news/?p=1588

Over four dozen phenolic compounds, many with antioxidant properties and potential
health benefits, have been identified in maple syrup. This does not mean that you
should eat enormous quantities of maple syrup to increase your intake of antioxidants
and other beneficial compounds. It does mean, however, that if you are going to use a
sweetener, maple syrup is a good choice because it has these phenolics.

The antioxidant activity of pure maple syrup is comparable to that of Gala red apples,
broccoli, and bananas. (FPAQ Antioxidant Fact Sheet)

A 60 ml serving of maple syrup (1/4 cup) provides 10 to 38% of the recommended
\ daily allowance of antioxidants according to several nutritionists in the United States.
\ (FPAQ Antioxidant Fact Sheet)

Variations exist in the antioxidant capacity among samples of maple syrup. Despite this,
the antioxidant capacity of maple syrup puts it in good position as an antioxidant among
fruits and vegetables. (FPAQ Antioxidant Fact Sheet)

Maple syrup contains antioxidants, which can delay or prevent free radical induced
diseases, such as diabetes and cancer. A % cup portion of maple syrup contains as much
antioxidant activity as one serving of raw tomato or broccoli. www.canadamaple.com

/’%.
k &l
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Abscisic Acid And Diabetes

Abscisic acid in maple syrup occurs in concentrations that are of significance to have an
effect on human health, according to the effective thresholds of abscisic acid reported

by Guri et al. in 2007 (Clinical Nutrition 26:107-116). The physiological properties

of abscisic acid have been known within the plant world for some time, but its health
benefits for humans has only recently been realized. Along with other effects, it is
known to stimulate insulin release through pancreatic cells and to increase sensitivity of
fat cells to insulin, which makes it a powerful weapon against metabolic syndrome and
diabetes. (Federation of Quebec Maple Producers, Press Release, March 4, 2010)

Research conducted by Yves Desjardin and his colleagues of Laval University has found
that both maple syrup and sap contain equally important quantities of terpenes, and
in particular, abscisic acid (ABA), a phytohormone whose health benefits have only
recently been discovered. Along with other effects, ABA is known to stimulate insulin
release through pancreatic cells and to increase the sensitivity of fat cells to insulin,
making it a useful weapon against metabolic syndrome and diabetes.
News-Medical.Net

Research by Dr. Yves Desjardins at Laval University has found maple syrup to contain
high levels of abscisic acid, a promising phytohormone that could provide health
benefits. Abscisic acid is known to stimulate the release of insulin by pancreatic cells,
increase fat cell sensitivity and promote muscle sugar absorption. Because of this, it
acts as a potential therapeutic agent against metabolic syndrome and diabetes.
www.ishs.org/news/?p=1588www.ishs.org/news/?p=1588

Genevieve Béland, Director of Promotion and Market Development for the Federation of
Quebec Maple Syrup Producers, on Yves Desjardins research on ABA:

“These findings show that maple products contain a whole host of complementary
active elements. The sugar molecules which provide the energy and sweetness in
maple products are inherently complemented by abscisic acid molecules because they
encourage insulin homeostasis. Further studies are obviously needed before we can
more accurately understand how eating maple products effects insulin behaviour.
Studying maple products is of particular interest to the food science sector when we
consider that all the bioactive molecules of the sugar maple are carried in its sap and

; that these molecules are forty times more concentrated in maple syrup.”

A News-Medical.Net

Maple syrup may prove to be relevant in Type 2 diabetes management, although the
findings must be verified in clinical trials. “We discovered that the polyphenols in maple
syrup inhibit enzymes that are involved in the conversion of carbohydrate to sugar,” said
Seeram. “In fact, in preliminary studies maple syrup had a greater enzyme-inhibiting
effect compared to several other healthy plant foods such as berries, when tested on a
dry-weight basis. By 2050, one in three people will be afflicted with Type 2 diabetes and
more and more people are looking for healthier diets, so finding a potential anti-diabetic
compound in maple syrup is interesting for the scientific community and the consumer,”
said Seeram. www.purecanadamaple.com/next-champion-food/
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Glycemic Index

The Glycemic Index (GI) is a scale that ranks foods on how they affect blood glucose
levels. By consuming foods with a low GI rating (55 or lower), we can potentially help
prevent or control heart disease, diabetes and obesity. Maple Syrup (GI: 54) compares
favourably with other sweetening products such as sugar (GI: 58) and honey (GI: 87).
www.domorewithmaple.com

Heart Health

The zinc supplied by maple syrup, in addition to acting as an antioxidant, has other
functions that can decrease the progression of atherosclerosis. Zinc is needed for the
proper function of endothelial cells and helps to prevent the endothelial (inner lining
of blood vessels) damage caused by oxidized LDL cholesterol and other oxidized

fats. Endothelial membranes that are low in zinc are much more prone to injury. The
manganese supplied by maple syrup is also good for the heart. Studies have found that
adults deficient in manganese have decreased levels of HDL (“good” cholesterol).
www.whfoods.com

Immune System

Zinc and manganese, both supplied by maple syrup, are important to a healthy immune
system. Researchers have studied, particularly in children, the effects of zinc deficiency
and zinc supplementation on the immune response and the number of white blood
cells. In these studies, zinc deficiency has been shown to compromise numbers of white
blood cell and immune response, while zinc supplementation has been shown to restore
conditions to normal. The manganese in maple syrup is also important to the immune
system as an antioxidant component, helping to lessen inflammation and support
healing. In addition, manganese may also act as an immunostimulant.
www.whfoods.com

Men’s Health

Maple syrup may help to support reproductive health, particularly in men. Zinc is
concentrated more highly in the prostate than in any other human tissue, and low
levels of zinc in this gland relate to a higher risk for prostate cancer. Zinc is even used

\ therapeutically by healthcare practitioners to help reduce prostate size. Manganese

b may also play a role in supporting men’s health since, as a catalyst in the synthesis of
fatty acids and cholesterol, it also participates in the production of sex hormones, thus
helping to maintain reproductive health. www.whfoods.com
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Probiotics

Research has been conducted to evaluate the capacity of maple sap or its concentrate
to be used in the development of new probiotic products. Probiotics are beneficial
microorganisms that function internally to promote healthy digestion, boost the
immune system, and contribute to general health. Maple sap is a good candidate as
the basis for a new probiotic product due to its nutritional value and the fact that most
commercially available probiotics to date are based on dairy products. A maple based
probiotic would be an ideal means of delivering probiotics to humans, particularly

for those with lactose intolerance or allergies to dairy. Trial probiotic products were
developed from maple sap and appear to have good potential for supporting and
delivering probiotics.

Reference: 7.Khalf, M.; Dabour, N.; Kheadpr, E; Fliss, 1. Viability of probiotic bacteria

in maple sap products under storage and gastrointestinal conditions. Bioresource
Technology. 2010, 101, 7966-7972.
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Maple Nutrition and Health Journal Articles
and Other Research

Below are abstracts from a variety of scientific journals on maple nutrition and health.
Click on the pdflink below each abstract to open the full article.

1. High performance liquid chromatography characterization and
identification of antioxidant polyphenols in maple syrup

Reference: Abou-Zaid, M. M.; Nozzolillo, C.; Tonon, A.; Coppens, M.; Lombardo, A. D. A. High
performance liquid chromatography characterization and identification of antioxidant
polyphenols in maple syrup. Pharm. Biol. 2008, 46, 117-125.

Abstract: Maple syrup of four grades (extra-light, light, medium and dark) of the 2007
crop was provided by three maple producers from St. Joseph'’s Island, Ontario. Twenty-four
phenolic compounds were isolated from a medium grade syrup and identified on the basis
of spectral and chemical evidence. They were a) benzoic acid and several hydroxylated

and methoxylated derivatives (gallic acid; 1-O-galloyl-3-D-glucose; y-resorcylic acid); b)
cinnamic acid derivatives (p-coumaric acid; 4-methoxycinnamic acid; caffeic acid; ferulic
acid; sinapic acid; and the ester chlorogenic acid); c) flavonoids, the flavanols catechin and
epicatechin, and the flavonols kaempferol and its 3-0-B-D-glucoside, 3-0-3-D-galactoside,
quercetin and its 3-0-B-D-glucoside; 3-0-3-L-rhamnoside and 3-O-rhamnoglucoside
(rutin). Traces obtained at 280 and 350 nm in HPLC runs of the ethyl acetate soluble
fractions of eight samples indicated the presence of many more phenolic substances, most
at very low concentration with some variabilities in peak heights, but not in retention
times, among the syrups. In view of the well-established antioxidant activity these
substances possess, it is suggested that it is the complexity of the mixture rather than any
one compound that may serve to counter the presence of the high concentration of sugars
in the syrup.

bttt

/L_ 1. Full article

2. Characterization of the pyrazines formed during the processing of
maple syrup

Reference: Akochi-K.; Allj, I.; Kermasha, S. Characterization of the pyrazines formed during
the processing of maple syrup. J. Agric. Food Chem. 1997, 45, 3368-3373.

Abstract: Pyrazine formation in maple syrup was investigated during the boiling of maple
sap at 105 °C for 220 min. In general terms, there was an induction period, characteristic of
the type of pyrazine, associated with the formation of all identified pyrazines. No pyrazine
was detected before 60 min of heating at 105 °C; 2,5-dimethyl-and trimethylpyrazine

were formed after 60 min of heating, whereas methyl-, 2,6-dimethyl-, ethyl-, 2,3-dimethyl-,
and 2-ethyl-3-methylpyrazine were detected after 120 min of heating. The total level of
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pyrazines increased from 3.42 ng/g after 60 min of heating to 72.32 ng/g in the final syrup.
The formation rate constants (0.04-0.13 ng of pyrazines/min) were determined from

the slopes of plots of concentrations versus time of heating. These plots were consistent
with pseudo-zero-order reactions. The formation of these pyrazines was influenced by

the heating time and by the pH of the boiling sap. The pH values of the sap increased from
7.2 t0 9.2 during the first 40 min of boiling, then decreased to 7.3; the decrease in pH
values was associated with an increase in the total soluble solids, mainly sugars, from 3%
in the sap to 65% in the syrup. Consequently, the levels of sucrose, glucose, and fructose
increased from 23.21, 0.09, and 0.09 mg/g, respectively, in the sap to 416.97, 3.25, and 1.82
mg/g in the syrup.

[(PAE
/L_ 2. Full article

3. The chemical composition of maple syrup

Reference: Ball, D. W. The chemical composition of maple syrup. ]. Chem. Educ. 2007, 84,
1647-1650.

Abstract: This article is an introduction to the chemistry of maple sap and syrup: in
particular, what makes this sweet liquid maple syrup instead of just a concentrated sugar
solution. The types of sugars, the trace ingredients, and the mineral content make maple
syrup more than just simple sugar water.

e
'},_ 3. Full article

4. Determination of the glycemic index of selected foods (white bread
and cereal bars) in healthy persons

Reference: Chlup, R. et al. Determination of the glycemic index of selected foods
(white bread and cereal bars) in healthy persons. Biomed. Papers. 2004, 148, 17-25.
(not maple syrup)

Abstract: The glycaemic index (GI) is a measure of the food power to raise blood

glucose (B-glucose) concentration after a meal. For healthy eating, foods with low GI are
recommended.However, for many foods in the European Union the GI has not been defined
yet. The aims of this prospective open-label study were: (1) to determine the GI of white
bread and juicy cereal bars FIT (Usovsko, Czech Republic) by means of the glucometer
Optium (Abbott/Medisense); (2) to compare the GI of tested foods determined in the
morning and in the evening hours; (3) to compare the GI of tested foods in men and
women and (4) to assess the variability of the GI. Methods: To determine the GI, measured
portions of food containing 50 g of carbohydrates were eaten by 11 healthy volunteers.
B-glucose curves were constructed from B-glucose values at time 0, 15, 30, 45, 60, 60, 120
min after the meal. The GI was calculated by dividing the incremental area under the curve
(IAUC) for the tested food by that for the standard food (IAUCS). In each volunteer each
food was tested 5 times so that 5 GI's was obtained and the average was calculated. The GI
for each tested food was calculated as the mean from the respective average GI's of the 11
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volunteers. MS Excel and the statistical program SPSS v. 10.1 were used to analyze the data.
Results: (1) The mean values of the GI for white bread was 70.3 % and for juicy cereal bars
was 101.0 %, as determined in a total of 139 tests in the whole group of 11 volunteers.
There was a difference when comparing white bread vs. glucose (p = 0.012) and white
bread vs. cereal bars (p = 0.026) but no difference between glucose and cereal bars. (2)
There was no significant difference between the GI determined in the morning and in the
evening hours either for the total of 139 tests or for the individual tested foods. (3) No
significant difference could be seen between the GI in men and women when comparing
glucose, cereal bars and white bread. (4) There was a wide variability of GI in all tested
foods: the standard deviation of GI for white bread was 30.7 %, for juicy cereal bars 38.0 %.
Conclusions: The GI's for white bread and juicy cereal bars were determined. There was no
difference either between the GI values determined in the morning vs. the evening hours
or between the values in men vs. women. The results show wide variability. An accurate
standard method for the determination of GI needs to be defined, carefully used and re-
evaluated to enable a comparison of the results with various methods of other working
groups.

[(PAE
/L_ 4. Full article

5. Molecular models of compounds in maple syrup

Reference: Coleman, W. F. Molecular models of compounds in maple syrup.
J. Chem. Educ. 2007, 84, 1650.

Abstract: The same issue of ]. Chem. Educ. includes an article by David Ball dealing with
the chemical composition of maple syrup. This Featured Molecule for maple syrup is drawn
from that paper. The molecules modeled here (2,3-dimethylpyrazine and syringaldehyde)
are identified in Table 4 as probable contributors to the taste of maple syrup.

[(PAE
/L_ 5. Full article

6. Determination of phenolic compound profiles in maple products by
high performance liquid chromatography

Reference: Kermasha, S.; Goetghebeur, M.; Dumont, ]. Determination of phenolic
compound profiles in maple products by high performance liquid chromatography.
J. Agric. Food Chem. 1995, 43, 708-716.

Abstract: A high-performance liquid chromatography method, using ultraviolet and
electrochemical detectors, was developed for the analyses of phenolic and furfural
compounds in maple products. The concentrations of compounds were calculated using
external standards that conformed to linear behavior. Most of compounds identified in
saps, concentrates, and syrups were related to lignin derivatives. Statistical analyses of
data showed that 5-(hydroxymethyl)-2-furaldehyde (HMF) concentrations and phenolic
profiles were significantly different as related to harvest time and maple products.
Although HMF concentrations were not significantly different as related to the producers,
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a highly significant difference was observed for phenolic profiles. An increase in the
relative proportion of phenolic acids and a decrease in that of aldehydes and alcohols
were observed during the reverse osmosis of maple sap. The thermal evaporation resulted
in an increase in the amount of HMF, ferulic acid, vanillin, and syringyl aldehyde with a
concomitant drastic decrease in sinapic acid.

[(PAE
/L_ 6. Full article

7. Viability of probiotic bacteria in maple sap products under storage
and gastrointestinal conditions

Reference: Khalf, M.; Dabour, N.; Kheadr, E; Fliss, . Viability of probiotic bacteria in maple
sap products under storage and gastrointestinal conditions. Bioresource Technology. 2010,
101, 7966-7972.

Abstract: This study was undertaken to develop new probiotic products based on liquid
maple sap or its concentrate. Sap and concentrate, with or without inulin (2%) were
inoculated with Bifidobacterium lactis Bb12 and Lactobacillus rhamnosus GG valio at
initial counts of 107-108 CFU/ml. Viability was assessed over four weeks of storage at 4°C
and under in vitro simulated gastrointestinal conditions using dynamic gastrointestinal
model known as TIM-1. Viability was maintained throughout the storage period at the
same order of 107 to 108 CFU/ml. Inulin significantly enhanced the survivability during
passage through the gastrointestinal tract simulator. The developed products could be an
excellent alternative for delivering probiotics, especially for individuals suffering lactose
intolerance to dairy products.

e
/L_ 7. Full article

8. Antioxidant activity, inhibition of nitric oxide overproduction,
and in vitro antiproliferative effect of maple sap and syrup from
Acer saccharum

Reference: Le gault, |.; Girard-Lalancette, K.; Grenon, C.; Dussault, C.; Pichette, A.
Antioxidant activity, inhibition of nitric oxide overproduction, and in vitro antiproliferative
effect of maple sap and syrup from Acer saccharum. ]. Med. Food 2010, 13, 460-468.

Abstract: Antioxidant activity, inhibition of nitric oxide (NO) overproduction, and
antiproliferative effect of ethyl acetate extracts of maple sap and syrup from 30 producers
were evaluated in regard to the period of harvest in three different regions of Québec,
Canada. Oxygen radical absorbance capacity (ORAC) values of maple sap and syrup
extracts are, respectively, [2+6 and 15+5 pmol of Trolox equivalents (TE)/mg. The
antioxidant activity was also confirmed by a cell-based assay. The period of harvest has

no statistically significant incidence on the antioxidant activity of both extracts. The
antioxidant activity of pure maple syrup was also determined using the ORAC assay.
Results indicate that the ORAC value of pure maple syrup (8+2 pmol of TE/mL) is lower
than the ORAC value of blueberry juice (24+1 pumol of TE/mL) but comparable to the ORAC
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values of strawberry (10.7£0.4 pmol of TE/mL) and orange (10.8+0.5 pmol of TE/mL)
juices. Maple sap and syrup extracts showed to significantly inhibit lipopolysaccharide-
induced NO overproduction in RAW264.7 murine macrophages. Maple syrup extract was
significantly more active than maple sap extract, suggesting that the transformation of
maple sap into syrup increases NO inhibition activity. The highest NO inhibition induced by
the maple syrup extracts was observed at the end of the season. Moreover, darker maple
syrup was found to be more active than clear maple syrup, suggesting that some colored
oxidized compounds could be responsible in part for the activity. Finally, maple syrup
extracts (50% inhibitory concentration=42+6 pg/mL) and pure maple syrup possess a
selective in vitro antiproliferative activity against cancer cells.

[(PAE
/L_ 8. Full article

9. Maple syrup phytochemicals include lignans, coumarins, a stilbene,
and other previously unreported antioxidant phenolic compounds

Reference: Li, L.; Seeram N. Maple syrup phytochemicals include lignans, coumarins, a
stilbene, and other previously unreported antioxidant phenolic compounds. J. Agric. Food
Chem. 2010, 58,11673-11679.

Abstract: Twenty-three phenolic compounds were isolated from a butanol extract of
Canadian maple syrup (MS-BuOH) using chromatographic methods. The compounds were
identified from their nuclear magnetic resonance and mass spectral data as 7 lignans
[lyoniresinol (1), secoisolariciresinol (2), dehydroconiferyl alcohol (3), 50-methoxy-
dehydroconiferyl alcohol (4), erythro-guaiacylglycerol-13-0-40-coniferyl alcohol (5),
erythro-guaiacylglycerol-3-0-40-dihydroconiferyl alcohol (6), and [3-[4-[(6-deoxy-R-
L-mannopyranosyl)oxy]| 3-methoxyphenyl]methyl]-5-(3,4-dimethoxyphenyl)dihydro-
3-hydroxy-4-(hydroxymethyl)-2(3H)-furanone (7)], 2 coumarins [scopoletin (8) and
fraxetin (9)], a stilbene [(E )-3,30-dimethoxy-4,40-dihydroxystilbene (10)], and 13
phenolic derivatives [2-hydroxy-30,40-dihydroxyacetophenone (11),1-(2,3,4-trihydroxy-
5-methylphenyl)ethanone (12), 2,4,5-trihydroxyacetophenone (13), catechaldehyde
(14), vanillin (15), syringaldehyde (16), gallic acid (17), trimethyl gallic acid methyl
ester (18), syringic acid (19), syringenin (20), (E )-coniferol (21), C-veratroylglycol (22),
and catechol (23)]. The antioxidant activities of MS-BuOH (IC50 > 1000 pg/mL), pure
compounds, vitamin C (IC50 =58 pM), and a synthetic commercial antioxidant, butylated
hydroxytoluene (IC50 = 2651 uM), were evaluated in the diphenylpicrylhydrazyl (DPPH)
radical scavenging assay. Among the isolates, the phenolic derivatives and coumarins
showed superior antioxidant activity (IC50 < 100 uM) compared to the lignans and
stilbene (IC50 >100 uM). Also, this is the first report of 16 of these 23 phenolics, that is,
compounds 1, 2, 4-14, 18, 20,and 22, in maple syrup.

[(PAE
/L_ 9. Full article
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10. Quebecol, a novel phenolic compound isolated from Canadian
maple syrup

Reference: Li, L. and N. Seeram.Quebecol, a novel phenolic compound isolated from
Canadian maple syrup Quebecol, a novel phenolic compound isolated from Canadian maple
syrup. Journal of Functional Foods. March 2011.

Abstract: The province of Quebec in Canada leads the world’s production of maple syrup,
a natural sweetener obtained by thermal evaporation of sap collected from maple (Acer)
species. As part of our laboratory’s detailed chemical investigation of Canadian maple
syrup, a novel phenolic compound, 2,3,3-tri-(3-methoxy-4-hydroxyphenyl)-1-propanol,
assigned the common name of quebecol, was obtained. Quebecol was isolated using a
combination of chromatographic methods and identified by detailed 1D and 2D nuclear
magnetic resonance (NMR) and mass spectral (MS) analyses. Liquid chromatography
mass spectral (LC-MS) analyses revealed that quebecol is not originally present in maple
sap. This observation, as well as the lack of a feasible biosynthetic pathway to explain its
origin, suggests that quebecol is formed during the processing and/or extraction of maple
syrup. Thus, the identification and biological evaluation of non-natural, process-derived
compounds in maple syrup are warranted since such molecules may contribute towards
the biological activities reported for this natural sweetener.

ey
/L_ 10. Full article

11. Antioxidant, antiradical and antimutagenic activities of phenolic
compounds present in maple products

Reference: Theirault, M.; Caillet, S.; Kermasha, S.; Lacroix, M. Antioxidant, antiradical and
antimutagenic activities of phenolic compounds present in maple products. Food Chem.
2006, 98, 490-501.

Abstract: The phenolic compounds in maple sap and syrup were extracted at different
periods of the season and were separated to collect the glycosylated compounds and

the aglycone compounds. The antioxidant and antiradical activities of each phenolic
compound were studied using the thiobarbituric acid reactive substances (TBARS) assay
and the N,N-diethyl-p-phenylenediamine (DPD) decoloration test to measure the free
radical scavenging. The results showed that in general the phenolic compounds had a good
antioxidant and antiradical properties. The glycosylated compounds from maple sap and
maple syrup showed a better activity than the aglycones. The antimutagenic effects of each
phenolic compounds from maple sap and syrup were also investigated as the inhibition

of SOS induction by chemical agents in Salmonella typhimurium TA1535/pSK1002
containing the fusion gene umuC-lacZ.

Induction of the SOS gene (umuC) expression was assayed by measuring accumulated
b-galactosidase activity using a modified Umu test. The antimutagenic properties were
studied per se and after metabolisation by S9 fraction. The results showed that an
optimum of antimutagenic properties of the glycosylated metabolites phenolic compounds
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from sap and syrup was observed at 75% of the season for the sap and at 25% of the
season for the syrup. A higher antimutagenic activity was observed at 25% and 100% of
the season for aglycones present in syrup and at 75% of the season for aglycones present
in sap.

e
'},_ 11. Full article

12. Aromatic compounds and their antioxidant activity from
Acer saccaharum

Reference: Yoshikawa, K.; Kawahara, Y.; Arihara, S.; Hashimoto, T. Aromatic compounds
and their antioxidant activity from Acer saccaharum. J. Nat. Med. 2010, in press (published
online Aug 5, 2010, DOI 10.1007/s11418-010-0450-5).

Abstract: A new lignan glycoside, 5-(300,400-dimethoxyphenyl)-3-hydroxy-3-
(40-hydroxy-30-methoxybenzyl)-4-hydroxymethyl-dihydrofuran-2-one 40-0-a-L-
rhamnopyranoside (1), with seven known compounds, compound 2, koaburside, icariside
E4, cleomiscosin C, cleomiscosin D, scopoletin, and 50-demethylaquillochin, were isolated
from the EtOH extract of the wood of Acer saccharum (Aceraceae). Their structures were
determined by 1D and 2D nuclear magnetic resonance (NMR) and mass spectroscopy
analysis. All of the isolated compounds, 1-8, were tested for their antioxidant activity in
superoxide dismutase (SOD)-like assay.

[(PAE
/L_ 12. Full article

13. Total antioxidant content of alternatives to refined sugar

Reference: Phillips, K.; Carlsen, M.; Blomhoff, R. Total antioxidant content of alternatives to
refined sugar. ]. Amer. Diet. Assoc. 2009, Jan. 109(1):64-71.

Abstract: Background - Oxidative damage is implicated in the etiology of cancer,

cardiovascular disease, and other degenerative disorders. Recent nutritional research has
focused on the antioxidant potential of foods, while current dietary recommendations are
to increase the intake of antioxidant rich foods rather than supplement specific nutrients.

Many alternatives to refined sugar are available, including raw cane sugar, plant saps/
syrups (eg, maple syrup, agave nectar), molasses, honey, and fruit sugars (eg, date sugar).
Unrefined sweeteners were hypothesized to contain higher levels of antioxidants, similar
to the contrast between whole and refined grain products.

Objective - To compare the total antioxidant content of natural sweeteners as alternatives
to refined sugar.

Design - The ferric-reducing ability of plasma (FRAP) assay was used to estimate total
antioxidant capacity. Major brands of 12 types of sweeteners as well as refined white sugar
and corn syrup were sampled from retail outlets in the United States.

Results - Substantial differences in total antioxidant content of different sweeteners
were found. Refined sugar, corn syrup, and agave nectar contained minimal antioxidant
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activity (0.01 mmol FRAP/100 g); raw cane sugar had a higher FRAP (0.1 mmol/100 g).
Dark and blackstrap molasses had the highest FRAP (4.6 to 4.9 mmol/100 g), while maple
syrup, brown sugar, and honey showed intermediate antioxidant capacity (0.2 to 0.7 mmol
FRAP/100 g). Based on an average intake of 130 g/day refined sugars and the antioxidant
activity measured in typical diets, substituting alternative sweeteners could increase
antioxidant intake an average of 2.6 mmol/day, similar to the amount found in a serving of
berries or nuts.

Conclusion - Many readily available alternatives to refined sugar offer the potential benefit
of antioxidant activity.

e
'},_ 13. Full article

14. The Chemical Composition of 80 Pure Maple Syrup Samples
Produced in North America

Reference: Stuckel, J. G.,, and N. Low. The Chemical Composition of 80 Pure Maple Syrup
Samples Produced in North America. Food Research International. 1996, 29(3-4), 373-379.

Abstract: A total of 80 pure maple syrup samples received from primary producers in
Canada and the United States were analyzed for their chemical composition, pH and °Brix.
The major carbohydrates found in maple syrup (sucrose, glucose and fructose) were
determined employing anion exchange high performance liquid chromatography (HPLC)
with pulsed amperometric detection. The sucrose content was found to range from 51.7
to 75.6%; glucose and fructose contents ranged from 0.00 to 9.59% and 0.00 to 3.95%,
respectively. The major organic acid present in maple syrup was malic acid. Trace amounts
of citric, succinic and fumaric acid were also present. All organic acids were determined
by ion exchange HPLC analysis with UV detection at 210 nm. Malic acid levels ranged from
0.1 to 0.7%. Citric, succinic and fumaric acids were found to be present at levels less than
0.06 ppm. Inductively coupled plasma atomic emission spectroscopy was employed for the
analysis of potassium, magnesium and calcium, the main minerals found in maple syrup.
Potassium was found to be present in the greatest concentration ranging from 1005 to
2990 mg/L. Magnesium and calcium ranged from 10 to 380 mg/L and 266 to 1702 mg/L,
respectively. The Karl Fischer titration method was employed to determine maple syrup
moisture content. The moisture content of maple syrup ranged from 26.5 to 39.4%. The pH
and °Brix values for maple syrup ranged from 5.6 to 7.9, and 62.2 to 74.0°, respectively.

bt
/L_ 14. Full article
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15. Maple Sap and Syrup are a Rich Source of Abscisic Acid and
Polyphenols with Potential Benefits To Health — Presentation by
Yves Desjardins, Laval University, Québec, Canada given at the
International Horticulture Conference, Lisbon, Portugal, August 2010

Abstract: For centuries maple sap and syrup have been a staple of North-American native
people and are consumed now-a-days throughout the world as edulcoration produce and
natural sweeteners, appreciated for their quality and delicate taste. Maple sap is collected
in the Spring when freeze/thaw cycles cause the sweet sap to rise in the tree and flow
from especially made taps in the trunk for collection. The sap is boiled to concentrate

the sugar and forms a rich 66°Brix syrup. Apart from sugar, the natural sap contains
minerals, oligosaccharides, some proteins, polyphenols and phytohormones. We hereby
present original results on the content of maple sap and syrup in phytohormones and
especially in abscisic acid (ABA), in ABA-conjugates and its metabolites. We show that
this sesquiterpene can be traced in large concentration in both the sap and the syrup. The
metabolites thus resist heat and technological process leading to the consumable produce.
Moreover, the largest form of sesquiterpene in the sap and syrup were phaseic acid and
dihydrophaseic acid, accounting for almost 90% of this class of molecules while ABA and
its 7’-OH form accounted for close to 10% of this terpenoid in the sap and syrup. Recently
ABA and their metabolites have been suggested to act as autocrine cytokine molecules

in human granulocytes and were shown to stimulate the release of insulin by pancreatic
Langherans Islets (Guri et al. 2007, Clin. Nutr. 26:107-116). The high titer of ABA in maple
products may explain why they are better tolerated by those suffering from diabetes and
metabolic disorders than those consuming other sources of sugars.

PO
/L_ 15. Full article
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Maple Syrup Nutritional and Health Benefits:
Fact Sheets and Other Information
BOOKS

North American Maple Syrup Producers Manual

Koelling, M. R,, R. B. Heiligmann, and T. D. Perkins. 2006. North American Maple Syrup
Producers Manual, 2" ed. Ohio State University Extension Bulletin 856. 329 pp.

FACT SHEETS AND INFORMATION
Click on the pdf symbol to open the fact sheet listed.

A. Glycemic Index Fact Sheet - Quebec Federation of Maple Syrup Producers

. Antioxidant Value Fact Sheet - Quebec Federation of Maple Syrup Producers

NN N |

C. Nutritional Information of Maple Syrup Fact Sheet - Quebec Federation of
Maple Syrup Producers

D. Press Release of Abscisic Acid Research (Yves Desjardins) - Quebec Federation
of Maple Syrup Producers

B

E. Complete Press Kit of Maple Information - Quebec Federation of Maple Syrup
Producers

Definition of maple syrup - FDA (United States Food and Drug Administration)

NI RN

G. Charts comparing nutritional value and antioxidant value of maple syrup to
other sweeteners and foods

i H. Maple from Tree to Table Culinary Education Guide
www.domorewithmaple.com/

i [. Quebec Maple, a Natural, Nutritional Ingredient - A Culinary Curriculum
developed by Daniel LaGarde, CEC, Executive Chef, Do More With Maple!
www.domorewithmaple.com/

i_"'g J. Canadian Nutrient File - Maple Syrup, bulk

-_i Canadian Nutrient File - Maple Syrup, prepackaged
www.hc-sc.gc.ca/fn-an/nutrition/fiche-nutri-data/index-eng.php

‘_'2 K. USDA National Nutrient Database - Maple Syrup

www.nal.usda.gov/fnic/foodcomp/search/
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Maple Syrup Nutrition and Health — Websites

1. The World'’s Healthiest Foods
www.whfoods.com/genpage.php?tname=foodspice&dbid=115

The George Mateljan Foundation for the World’s Healthiest Foods was established by
George Mateljan to discover, develop and share scientifically proven information about
the benefits of healthy eating, and to provide the personalized support individuals need to
make eating The World’s Healthiest Foods enjoyable, easy, quick and affordable. Outlines,
history, description, storage, etc. in addition to a thorough description of the health
benefits of maple syrup. (incorrect sugar content stated at 60%)

2. Canadian Organic Maple Syrup - Health Benefits
www.canadianorganicmaple.com/health_benefits.cfm

Presents maple syrup health benefits material from “The World’s Healthiest Foods”
website.

3. Benefits of maple syrup - Nature Cure Methods
naturecure.ygoy.com/2010/07/19/benefits-of-maple-syrup/

Presents maple syrup health benefits material from “The World’s Healthiest Foods”
website.

4. Health Benefits of Maple Syrup - Suite 101
www.suite101.com/content/health-benefits-of-maple-syrup-a189781

Article on health benefits and nutrition of maple syrup, drawing information from a
number of other websites, including whfoods.com.

5. URI pharmacy researcher finds beneficial compounds in pure maple syrup -
University of Rhode Island

www.uri.edu/news/releases/?id=5256

March 22, 2010 - University of Rhode Island researcher Navindra Seeram, who specializes
in medicinal plant research, has found more than 20 compounds in maple syrup from
Canada that have been linked to human health, 13 of which are newly discovered in maple
syrup. In addition, eight of the compounds have been found in the Acer (maple) family for
the first time. (research published in J. Agric. Food Chem. 2010, 58, 11673-11679)

6. Health Check - Maple Syrup Benefits - Turn to 10 NBC
wwwZ.turntol0.com/lifestyles/2010/apr/08/health_check_maple_syrup_benéefits-
ar-108979/

Video from a news report from a local NBC television station reporting on findings from
research conducted by N. Seeram at the University of Rhode Island.

7. Health News - Maple syrup reduces cancer, diabetes risk

Published: March 26, 2010
www.upi.com/Health_News/2010/03/26/Maple-syrup-reduces-cancer-diabetes-risk/UPI-
11371269647350/

Discusses antioxidant related research results from projects conducted by N. Seeram
(University of Rhode Island, published in J. Agric. Food Chem. 2010, 58, 11673-11679) and
J. Legault, et al. (Quebec, published in J. Med. Food 2010, 13, 460-468.)
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8. Here’s why maple syrup is very good for your health - Healthzone.ca
www.healthzone.ca/health/dietfitness/diet/article/783558--here-s-why-maple-syrup-is-
very-good-for-your-health

Discusses research results from N. Seeram (University of Rhode Island, J. Agric. Food Chem.
2010, 58,11673-11679) with some additional commentary from the Federation of Quebec
Maple Syrup Producers.

9. The secret to prevent diabetes with maple syrup - Spotlight.vitals.com
spotlight.vitals.com/2010/04/the-secret-to-prevent-diabetes-with-maple-syrup/

Discusses antioxidant related research results from projects conducted by N. Seeram
(University of Rhode Island, published in J. Agric. Food Chem. 2010, 58, 11673-11679) and
J. Legault, et al. (Quebec, published in ]. Med. Food 2010, 13, 460-468.)

10. Research reveals maple syrup and maple water contain abscisic acid - News
Medical
www.news-medical.net/news/20100305/Research-reveals-maple-syrup-and-maple-water-
contain-abscisic-acid.aspx

Article posted March 5, 2010. Discusses research that has found maple syrup to contain
beneficial compounds, most notably abscisic acid, from a project conducted by Yves
Desjardins (Quebec, presented at 28th International Horticultural Congress in Portugal)
and also mentions the health benefits of maple syrup supported by research conducted by
N. Seeram (University of Rhode Island, published in J. Agric. Food Chem. 2010, 58, 11673-
11679). Reference: Federation of Quebec Maple Syrup Producers

11. Pure Canadian Maple Syrup - Quebec Federation of Maple Syrup Producers
www.purecanadamaple.com

www.siropderable.ca

Extensive information about maple syrup nutrition and health benefits. Why and how
maple syrup should be used as a sugar alternative. The website also has good information
on a media room page, recipes, and other maple information. Includes a page of links to
recent coverage of maple syrup in the media.

12. Nutritional value comparison - Citadelle
www.citadelle-camp.coop/maple-syrup/All-about-Maple/Nutritional-Value.aspx
Nutritional value chart comparing energy, fat, sodium, carbohydrate, sugar, protein,
potassium, calcium, magnesium, phenolic compounds, and glycemic absorption of various
sweeteners.

13. Nutrition facts and analysis for syrups, maple -

SELFNutritionData know what you eat

nutritiondata.self.com/facts/sweets/5602/2

Nutrition facts and information for maple syrup, in chart and graph format. Four choices
of serving sizes, and corresponding mineral, vitamin, etc. content, including % DV. (i.e. the
fatty acid chart shows 20 mg of omega-6 fatty acids per tablespoon of maple syrup)

Nutrition and Health Benefits of Pure Maple Syrup < P
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14. Maple syrup - curezone.com

curezone.com/foods/maple_syrup.asp

Discusses pure maple syrup and how it is composed of balanced sugars, minerals, vitamins
and amino acids which make it unique from other sweeteners. Warns consumers about
the use of paraformaldehyde tablets and lead in maple syrup.

15. Maple Syrup Calories and Nutrition Facts - PEERtrainer
www.peertrainer.com/DFcaloriecounterB.aspx?id=6880
Information appears to be copied from curezone.com.

16. Nutritional facts - New Brunswick Maple Association
maple.infor.ca/nutritional_facts

Presents nutritional information, including vitamins, amino acids, antioxidants, sugars,
and minerals. Charts comparing nutritional value of maple syrup to other sweeteners and
nutrients and antioxidant value of maple syrup to other foods.

17. Nutritional facts pure maple syrup vs. white sugar - livestrong.com
www.livestrong.com/article/326813-nutritional-facts-pure-maple-syrup-vs-white-sugar/
Compares minerals and nutrition of maple syrup and white sugar.

18. Pure maple syrup nutrition - livestrong.com
www.livestrong.com/article/270564-pure-maple-syrup-nutrition/

Discusses the nutritional value of maple syrup, including macronutrients, vitamins,
minerals, and other benefits.

19. Maple syrup nutritional facts - maple syrup source
www.maplesyrupsource.com/maple_syrup_nutritional_information.php
General nutritional facts for maple syrup, including detailed nutritional information chart.

20. Maple Syrup Education - Nutritional Value - Michigan Maple Syrup Association
www.mi-maplesyrup.com/education/syrupeducation.htm

Provides information for the chemical composition of maple syrup with a chart and short
summary of the different components. Reference: M. F. Morselli 1975. Nutritional Value of
Maple Syrup. National Maple Syrup Digest 14(2):12. Revised by Henry ]J. Marckres (2003)

21. Nutritional Information for Pure Maple Syrup - MapleSource.com - Bascom
Family Farms

www.maplesource.com/Info_Center/syrup/nutritional.php

Brief discussion of nutritional information of pure maple syrup - sugars, minerals,
nutrition facts.

22. The master cleanse diet

www.themastercleansediet.org/

themastercleanse.org/

The Master Cleanse diet (also known as the lemonade diet or the maple syrup diet) is a
diet consisting of fresh lemon juice, pure maple syrup, cayenne pepper and water. The
master cleanse is used for detoxification and weight loss. It was created in 1946 by Stanley
Burroughs as a healthy and natural means for detoxification, to flush the body of toxins,
pesticides and other impurities.

Nutrition and Health Benefits of Pure Maple Syrup < P
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23. Are syrups a sulfite health issue? - Associated content
www.associatedcontent.com/article/1072607/are_syrups_a_sulfite_health_issue.html?cat=5
Discusses sulfites in syrups. In the maple syrup section, it states: “Maple syrup has its own
sulfite health issue due to its naturally occurring sulfites. However, the good news here is
that sulfite levels are so low that most sulfite sensitive people can handle maple syrup in
moderate amounts.”

24. Nutritional Information - Massachusetts Maple Producers Association
www.massmaple.org/nutrition.php
General nutritional information and chart of nutritional value.

25. Maple Syrup Health Benefits - Maple Syrup World
www.maplesyrupworld.com/pages/Maple-Syrup-Health-Benefits.html

Brief statements on nutritional value of maple syrup and information on anti-diabetic and
anti-cancer properties of maple syrup from J. Med. Food 2010, 13, 460-468.

26. Omega-6 fatty acids - University of Maryland Medical Center
www.umm.edu/altmed/articles/omega-6-000317.htm

Good information on omega-6 fatty acids, what they are and why they are beneficial to
human health. (maple syrup is not discussed in this article but does contain omega-6 fatty
acids - 20 mg/tbsp listed on nutritiondata.com)

27. Antioxidant - Wikipedia
en.wikipedia.org/wiki/Antioxidant
Information on antioxidants in general.

28. Antioxidants Topic Overview - WebMD
www.webmd.com/food-recipes/tc/antioxidants-topic-overview
Information on antioxidants in general.

29. Maple Syrup Facts - Do More With Maple! (Quebec Delegation Chicago)
www.domorewithmaple.com/maplesyrupfacts.html

This website provides information about maple syrup, including an extensive culinary
curriculum for using maple syrup with nutrition information and health benefits. The
purpose of this site is to educate people and encourage more widespread use of maple
syrup. (This culinary curriculum for maple products is being sponsored by the following
organizations; the Federation of Québec Maple Syrup Producers, Decacer (Equinox
Maple Flakes), Citadelle Maple Producers Cooperative, Heritage Yamaska (La Coulée
d’Abbotsford) and Lapierre Maple Farm.)

30. Canadian scientist slams maple syrup study touting health benefits -
POSTMEDIA NEWS

www.canada.com/health/Canadian+scientist+slams+maple+syrup+study+touting+health+be
nefits/4545863/story.html

Article discussing a McGill University scientist’s viewpoint on the findings of the research
conducted by N. Seeram from the University of Rhode Island. His viewpointis thatitis
irresponsible to promote maple syrup as a health food because of its high sugar content
and that the study amounts to an advertisement for maple syrup.
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31. 54 Beneficial Compounds Discovered in Pure Maple Syrup -

Science Daily March 30, 2011
www.sciencedaily.com/releases/2011/03/110330131316.htm

Updated information on research conducted by N. Seeram at the University of Rhode
Island. An additional 34 beneficial compounds were found in maple syrup in addition to
the 20 found previously. This includes the discovery of a new phenolic compound that has
been named Quebecol.

32. Maple syrup could help fight cancer, diabetes industry-funded study -
POSTMEDIA NEWS
www.canada.com/health/Maple+syrup+could+help+fight+cancer+diabetes+industry+funded
+study/4542296/story.html

Discussing the research conducted by N. Seeram at the University of Rhode Island on the
beneficial compounds of maple syrup, particularly the implications in relation to diabetes.

33. Maple Syrup Has 54 Beneficial Compounds -

And a Whole Lot of Sugar - Treehugger.com
www.treehugger.com/files/2011/04/maple-syrup-54-beneficial-compounds.
php?campaign=th_rss&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed3A
+treehuggersite+%28Treehugger%29

Article discussing the health of maple syrup based on the results of the research in Rhode
Island conducted by N. Seeram, professing the benefits and Schwarcz from McGill, refuting
the value of maple syrup as a health food because of the high sugar content, with excerpts
from Seeram and Schwarcz.

34. Maple Syrup May be a Healthy Sugar Alternative -

Personal Liberty Digest, April 5, 2011
www.personalliberty.com/news/maple-syrup-may-be-a-healthy-sugar-
alternative-800476704/

Nice concise little article on the health benefits implicated in research conducted by
Seeram at the University of Rhode Island.

35. Could Maple Syrup be the Next Superfood? - International Society for
Horticultural Science

www.ishs.org/news/?p=1588

Very good article outlining the potential health benefits of maple syrup based on the
research conducted by Seeram at the University of Rhode Island and Desjardins at
Laval University.
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Ek Maple Syrup
Natural and Wuteitious
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Pure Maple Syrup is a natural, nutritious and delicious sweetener and a smart choice as a
sweet topping or as a flavorful ingredient in baking and cooking. Maple Syrup has a delightful and
flavorful maple bouquet and has varied taste intensities to suit different consumer preferences.
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Unlike many syrups and sugars Maple Syrup is 100 percent natural and unrefined, retaining the
inherent nutritional value of the sap obtained from the maple tree.

Fmportant Nutrieut Sounce

Pure Maple Syrup is a valuable source of mineral nutrients.
Maple Syrup delivers more nutrition than all other common sweeteners and has one

of the lowest calorie levels. Maple Syrup contains mineral nutrients and vitamins
which are an essential part of the daily diet in higher levels than other sweeteners.

Nutritional Value for Various Sweeteners
% of Recommended Daily Value (DV) Per ¥4 cup (60 ml)

High Fructose .
- Corn Syrup Honey Brown Sugar White Sugar

(1/4 cup / (1/4 cup / (1/4 cup / (1/4 cup / (1/4 cup /
80 g) 78 9) 859) 55 9) 519)
% DV mg % DV mg % DV mg % DV mg % DV mg
Riboflavin 37 0.59 1 0.01 2 0.03 0 0.0 1 0.01
Thiamin 1 0.01 0 0.0 0 0.0 0 0.0 0 0.0
Manganese 95 1.89 4 0.07 4 0.07 2 0.04 0 0.0
Zinc 6 0.58 0 0.02 2 0.19 0 0.02 0 0.0
Magnesium 7 16.5 0 0.0 1 1.75 2 5.0 0 0.0
Calcium 5 58.0 0 0.0 0 5.0 4 45.8 0 0.48
Iron 1 0.09 0 0.02 3 0.36 3 0.39 0 0.03
Selenium 1 0.4 ug 1 0.55 ug 1 0.66 ug 1 0.65 pg 1 0.3
Potassium 5 167 0 0.0 1 44.0 2 73.3 0 0.96
Calories 216 220 261 216 196

Source: USDA Nutrient Database and Canadian Nutrient File

%, Notes: The values shown are the overall minimum values for the minerals and nutrients and the overall
maximum values for the calories reported by the USDA Nutrient Database and the Canadian Nutrient File.
The percent daily values (% DV) were calculated using the Health Canada recommended daily intake values for

‘B anaverage 2,000 calorie diet.
r

The Oxiginal Sweetenex

Native North Americans were the first to recognize

Pure Maple Syrup as a source of nutrition and energy. Researchers
have since documented that maple syrup has a higher nutritional value
than all other common sweeteners

Other Health Considerations

In addition to its remarkable nutritional content, researchers have
documented that Maple Syrup contains numerous phenolic compounds,
commonly found in plants and in agricultural products such as berries,
tea, red wine and flax seed. Some of these compounds may benefit
human health in significant ways. For example, researchers have documented the
natural presence of abscisic acid (ABA) in Maple Syrup,
a compound thought to stimulate insulin release by the pancreas.

Use of Pure Maple Syrup as an alternative to refined sugar can also add to the
antioxidant content of the diet, similiar to replacing refined grains with whole
grains.

With its wholesome, natural flavour Pure Maple Syrup
has one of the lowest calorie levels of common sweeteners.

Maple Syrup is also a natural product with no
additives or preservatives.

Choose Pure Maple Syrup,

pinstitute.com a natural sweetener and a smart food choice.

www.internat
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Le sirop d’érable pur est un édulcorant naturel, nutritif et délicieux et un bon choix de garniture sucrée ou
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d’ingrédient gotiteux pour la cuisine ou la cuisson au four. Le sirop d’érable a un goiit d’érable enchanteur et
goliteux et a diverses intensités de golt pour répondre aux différentes préférences des consommateurs.

Par opposition a plusieurs sirops et sucres, le sirop d’érable est 100 pour-cent naturel et non raffiné; il retient
la valeur nutritive de la seve qui provient des érables.

Sounce O éléments nutnitifs importants

Le sirop d’érable est une précieuse source de minéraux nutritifs. Le sirop d’érable offre
plus de nutriments que tous les autres édulcorants communs et a I’une des valeurs calorifiques

les plus basses parmi ceux-ci. Le sirop d’érable contient des minéraux nutritifs et des
vitamines qui sont une partie essentielle de 1’alimentation quotidienne dans des niveaux plus
élevés que les autres édulcorants.

Valeurs nutritives de divers édulcorants
% de la valeur quotidienne (VQ) recommandée par Va4 de tasse (60 ml)

_ Sirop de mais Miel Cassonade Sucre blanc

(1/4 de tasse/ (1/4 de tasse / (1/4 de tasse / (1/4 de tasse / (1/4 de tasse
809) 78 9) 85 g) 55 g) /519)

%VQ mg %VQ mg % VQ mg % VQ mg % VQ mg

Riboflavine 37 0.59 1 0.01 2 0.03 0 0.0 1 0.01
Thiamine 1 0.01 0 0.0 0 0.0 0 0.0 0 0.0
Manganése 95 1.89 4 0.07 4 0.07 2 0.04 0 0.0
Zinc 6 0.58 0 0.02 2 0.19 0 0.02 0 0.0
Magnésium 7 16.5 0 0.0 1 1.75 2 5.0 0 0.0
Calcium 5 58.0 0 0.0 0 5.0 4 45.8 0 0.48
Fer 1 0.09 0 0.02 3 0.36 3 0.39 0 0.03
Sélénium 1 0.4 ug 1 0.55 ug 1 0.66 ug 1 0.65 ug 1 0.3
Potassium 5 167 0 0.0 1 44.0 2 73.3 0 0.96

Calories 216 220 261 216 196

Source : Fichier canadien sur les éléments nutritifs et USDA Nutrient Database

Note : Les valeurs qui figurent ici sont les valeurs minimales globales des minéraux et éléments nutritifs et les
valeurs maximales globales pour les calories présentées par 'USDA Nutrient Database et le Fichier canadien sur
les éléments nutritifs. Les pourcentages de valeur quotidienne (% VQ) ont été calculés en se servant des valeurs
d’apport quotidien recommandée de Santé Canada pour un régime d’environ 2 000 calories.

L ‘édulcorant 0 ‘onigine

Les Amérindiens ont été les premiers a reconnaitre le sirop d’érable pur
comme source d’éléments nutritifs et d’énergie. Depuis, les chercheurs ont
démontré que le sirop d’érable pur a une valeur nutritive plus élevée que tous
les autres édulcorants communs.

Auties Jacteurs liés 4 la santé

En plus de son remarquable contenu nutritionnel, les chercheurs ont trouvé

que le sirop d’érable contient de nombreux composés phénoliques,

communément trouvés dans des plantes et des produits agricoles comme

les baies, le thé, le vin rouge et les graines de lin. Certains de ces
composés peuvent améliorer la santé humaine de facon significative. Par exemple, des
chercheurs ont documenté la présence d’acide abscissique dans le sirop d’érable,un
composé qu’on croit pouvoir stimuler la libération d’insuline du pancréas.

L utilisation du sirop d’érable pur au lieu du sucre raffiné peut aussi augmenter
la teneur d’antioxydants dans le régime, dans le méme ordre d’idées que
consommer des grains entiers au lieu de grains raffinés.

Avec son golt authentique et naturel, sirop d’érable pur al’une des
valeurs calorifiques les plus basses des édulcorants communs.

Le sirop d’érable est aussi un produit naturel et sans additif
ou agent de préservation.

Choisissez le sirop d’érable pur,

un édulcorant naturel et un bon choix alimentaire.

www.internat pinstitute.com
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Pure Maple Syrup is a natural and nutritious
sweetener and a smart choice as a sweet topping or
as a flavorful ingredient in baking and cooking.

Maple Syrup is 100 percent natural and
unrefined, retaining the inherent nutritional value
of the sap obtained from the maple tree.

Fmportant Nutwieut Source

Maple Syrup is a very good source of mineral
nutrients and vitamins

Nutritional Value for Various Sweeteners
% of Recommended Daily Value (DV) Per % cup (60 ml)

Corn Hona Brown  White
Syrup Y Sugar  Sugar

Manganese 95 0 4 2 0
Riboflavin 37 1 2 0 1
Zinc 6 0 2 0 0
Magnesium 7 0 1 2 0
Calcium 0 0 4 0
_ Potassium 0 1 1 0
Calories 216 220 261 216 196

SOURCE: Canadian Nutrient File
(Health Canada) and USDA Nutrient Database

The Oviginal Sweetenex

Native North Americans were the first to
recognize Pure Maple Syrup as a source
of nutrition and energy. Researchers
have since shown that Maple Syrup has
a higher nutritional value than all other
common sweeteners.

Other Health Cousiderations

With its wholesome, natural flavour,
Pure Maple Syrup has one of the
lowest calorie levels of common
sweeteners. It is also all natural
with no additives.

. Choose Pure Maple Syrup,
/ a natural sweetener
www.nternationalma and a smart food choice.
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PUR

¢ Waturel et nutritif

Le sirop d’érable pur est un édulcorant naturel et
nutritif et un bon choix de garniture sucrée
ou d’ingrédient goliteux pour la cuisine ou

la cuisson au four.

Le sirop d’érable est 100 pour-cent naturel et non
raffing; il retient la valeur nutritive de la séve qui
provient des érables.

Source O éléments wutnitis importants
Le sirop d’érable est une trés bonne source de
minéraux nutritifs et de vitamines.
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Valeurs nutritives de divers édulcorants
% de la valeur quotidienne (VQ) recommandée par % de tasse (60 ml)

Sl Sucre
de Miel Cassonade
9 blanc
mais

Manganése 95 0
Riboflavine 37
Zinc

Magnésium

Calcium
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Potassium

Calories 216 220 261 216 196

SOURCE: Fichier canadien sur les éléments nutritifs
(Santé Canada) et 'USDA Nutrient Database

| N 1 " .
L ‘édubeorant d ‘origine
Les Amérindiens ont été les premiers a
reconnaitre le sirop d’érable pur comme
source d’éléments nutritifs et d’énergie.
Depuis, les chercheurs ont démontré
que le sirop d’érable pur a une valeur
nutritive plus élevée que tous les autres
édulcorants communs.

Autres Jacteurs liés 4 la santé

Avec son gofit authentique et naturel,
le sirop d’érable pur a I’une des
valeurs calorifiques les plus basses
des édulcorants communs. Il est aussi
entierement naturel et sans additif.

Choisissez le sirop d’érable
pur,un édulcorant naturel
www.nternationalma et un bon choix alimentaire.
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Promotional Spec Sheet: Antioxidant capacity for maple syrup of Canada

Summary

¢ Maple syrup of Canada contains active antioxidant elements: polyphenols, trace elements, and vitamins.
e [ts antioxidant activity is comparable to that of Gala red apples, broccoli, or bananas.

e A 60 ml serving of syrup (1/4 cup) provides 10 to 38% of the recommended daily allowance of antioxidants according
to certain nutritionists in the United States.

Results

Oxygen Radical Absorbance Capacity (ORAC) of maple syrup of Canada

vs. fruits and vegetables

Cucumbers with peel Maple syrup of Canada

significantly differentiates itself
from other sweeteners due to
its vitamins, trace elements and
polyphenols. It is ranked with
fruits and vegetables known
for their antioxidant capacity.

Raw tomatoes

Bananas

Raw broccoli

Between 391 and 2651

Maple syrup (Canada)

Gala apples

Blueberries

Cranberries 9584

ORAC (u TE/100g fresh product)

o 2,000 4,000 6,000 8,000 10,000

Source: USDA National Nutrient Database for Standard Reference  http://www.nal.usda.gov/fnic/foodcomp/search/

The antioxidant capacity of maple syrup of Canada was determined with the ORAC method. Three laboratories were involved
in this large-scale study (18 to 45 samples of various grades from three regions of Quebec; all laboratories received the same
samples). The table above shows that the antioxidant capacity of maple syrup is quite variable. This variation should be studied
thoroughly, since none of three laboratories involved in the analysis of the samples showed an equivalent ORAC value despite
having equivalent samples. The maple syrup grade seems to have an impact on the antioxidant capacity, since the average
antioxidant value of Dark syrup is three times greater than that of Extra-Light syrup.

Based on the minimum (391 pmoITE/100 g fresh product) and maximum (2,651 pmolITE/100 g fresh product) values observed,
a serving of maple syrup of Canada provides 10 to 38% of the recommended daily allowance of antioxidants according to
certain nutritionists in the United States, which amounts to 3,000 to 5,000 ORAC units per day.

Applications and outlooks

The antioxidant capacity of maple syrup of Canada gives it a prime position among fruits and vegetables. Used as a food
ingredient, it enhances the quality of prepared dishes with an added health benefit. Additional studies are necessary to explain
the variation in values.

Collaborators: Mr. Richard Béliveau, Ph.D., cancer researcher at Sainte Justine Hospital in Montreal and co-author of the bestseller Foods to Fight Cancer.
Mr. Boxin Ou, Ph.D., principal research scientist at Brunswick Laboratories, affiliated with the United States Department of Agriculture (USDA)

© 2010 Federation of Quebec Maple Syrup Producers. All rights reserved. No part of this publication may be reproduced without the prior written consent
from the Federation of Quebec Maple Syrup Producers. Q D
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Promotional Spec Sheet: Glycemic Index for maple syrup of Canada

Summary

¢ Results are presented as a Gl value spectrum, taking account of the average value and the rate of variation. The minimum and
maximum Gl values observed for maple syrup of Canada are 11 and 191 respectively, for an average value of 78 + 43. The analysis
of the results shows that in terms of G, the sweeteners are equivalent, because their values vary between a low Gl and a high Gl.

e The high rate of variation in Gl for each of the sugars tested (42% and up) is directly related to the metabolism of each

individual. This rate of variation in Gl is reported in several scientific articles. (Reference: Chlup, R. et al. Biomed. Papers no
148(1), 2004, p. 17-25)

Results

LOW Gl < 55

31 Honey Average GI 55t31

6 Agave Syrup Average Gl 74184
11 Maple syrup of Canada Average G 7843
34 Okinawa syrup Average GI 9951
31 Corn syrup Average Gl 127+ 54
o ' a0 " "8 ' 120 ' 160 ' 200 ' ' ‘240 ' ' ‘280

Glycemic Index (Gl)

¢ The clinical study on the glycemic index (Gl) of maple syrup of Canada and four other sweeteners performed on 34 healthy
individuals at Sainte Justine Hospital in Montreal reveals that the average Gl value of maple syrup is 78 + 43. The other Gl values
are 55 + 31 for honey, 74 + 84 for agave syrup, 99 + 51 for Okinawa syrup and 127 + 54 for corn syrup. There is no significant
difference between maple syrup from the current year (3 weeks after harvest) and that of the previous year (1 year after harvest).

e This clinical study was carried out using a proven methodology on maple syrup from Canada. The validity of the results is
founded on the following measures: validation of the protocol by the research ethics committee of the Sainte Justine Hospital

UHC, blood samples taken intravenously, selection of 34 individuals with health checkup, analysis of sugar profile by HPLC,
number of repetitions for each sugar tested.

Applications and outlooks
¢ This clinical study confirms certain prior studies on the wide variability of the Gl value from one individual to another.

¢ All of the sweeteners tested are therefore equivalent in terms of Gl, given the spectrum of values obtained.

Collaborators: Ms. Céline Huot, M.D., pediatric endocrinologist and diabetologist at Sainte Justine Hospital in Montreal

and member of the board of directors of the Canadian Diabetes Association

Mr. Edgar Delvin, Ph.D., clinical biochemist, Sainte Justine Hospital in Montreal

Ms. Maria Kalergis, Ph.D., nutritionist, Sainte Justine Hospital in Montreal

Mr. Yves Desjardins, Ph.D., plant physiologist, Institute of Nutraceuticals and Functional Foods (INAF) at Université Laval, Quebec City

© 2010 Federation of Quebec Maple Syrup Producers. All rights reserved. No part of this publication may be reproduced without the prior written consent
from the Federation of Quebec Maple Syrup Producers.
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ADDING VALUE TO ‘= Federation of Quebec
MAPLE SAP AND ITS Maple Syrup Producers

DERIVATIVE PRODUCTS

Promotional Spec Sheet:
Nutritional Value of Maple Products of Canada and Potential Claims

Summary

e Maple syrup of Canada is an excellent source of manganese, riboflavin and zinc, providing 100%, 37% and 18% respectively
of the recommended daily value of these nutrients. Plus, magnesium, calcium and potassium make this inimitable sweetener
even more healthful.

* Average nutritional values derived from an analysis of more than 600 samples from different regions across Quebec have been
added to Health Canada’s Canadian Nutrient File.

¢ Nutritional labels for maple products of Canada are available at www.siropderable.ca, showing the minimum nutritional values
obtained for the 600 samples analyzed. Based on the minimum values, maple can currently make the following claims in Canada:
¢ Excellent source of manganese and Vitamin B2
e Good source of energy
* 4 mg of polyphenols per 60 ml

Please refer to the relevant CFIA regulations to incorporate these claims into your packaging.

Results

Per 60 ml portion Maple syrup Brown sugar
in %DV* of Canada

Manganese 3 0 9
Riboflavin (B,) 2 1 0
Zinc 2 0 1
Magnesium 7 1 0 7
Calcium 5 0 0 5
Potassium 5 1 0 6
Calories 217 261 196 211
Sugars (in G) 54 71 51 54
Legend : . Excellent source of . Good source of Source of

*DV: The Daily Value is the amount deemed sufficient to meet the daily needs of the majority of healthy individuals. Source: Canadian Nutrient File (Health Canada)

According to a study performed on more than 600 samples of maple syrup of Canada from different regions across Quebec, maple products
have very interesting nutritional potential compared to other common sweeteners. Maple syrup is an excellent source of manganese,
riboflavin and zinc, providing 100%, 37% and 18% respectively of the recommended daily value of these nutrients. Plus, magnesium, calcium
and potassium make this inimitable sweetener even more healthful. These average values have been added to the Canadian Nutrient File.

The data from this study has also enabled us to create nutritional labels for maple syrup of Canada and its derivative products. To ensure
that all producers and processors follow the CFIA regulations on labelling, the values appearing on nutrition facts labels are the minimum
values generated by the 600-sample study. These labels are available to the entire Canadian maple industry at www.siropderable.ca.

A second study identified the quantity of polyphenols contained in a portion of maple syrup of Canada. While polyphenols are not
recognized as a nutrient that can appear on the nutritional label, the quantity contained in a product can be displayed on the packaging.
The average value of polyphenols is 6.6 mg per 60 ml, and the minimum value is 4 mg per 60 ml.

Applications and outlooks

Canada
These results make it possible to make the following claims on maple product of Canada packaging. Please be sure to refer to the
relevant CFIA regulations when incorporating these claims into your packaging:

¢ Excellent source of manganese and Vitamin B2

e Good source of energy

e 4 mg of polyphenols per 60 ml

USA (to be confirmed)
® Potassium : reduction of the risk of hypertension or stroke

Collaborators: Ms. Christine Chénard, Cintech agroalimentaire and Ms. Marie-Claude Poiré, agronomist.

© 2010 Federation of Quebec Maple Syrup Producers. All rights reserved. No part of this publication may be reproduced without the prior written consent
from the Federation of Quebec Maple Syrup Producers.
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Fédération des producteurs
acéricoles du Québec

PRESS RELEASE
For immediate release

Substantial quantities of abscisic acid, a phytohormone recognized by the scientific community for its
health benefits, are found in maple water and maple syrup

Montreal, March 4" 2010 — Thanks to modern science, the closely guarded secrets of one of our
nation’s most distinctive emblems, maple syrup, are now being revealed. It has recently been reported
that maple syrup contains polyphenols and shows ORAC values which compare to commonly eaten
fruits and vegetables such as broccoli. Now, further research on maple syrup and its original form, maple
water, conducted by Dr Yves Desjardins and his colleagues at the Institut des neutraceutiques et des
aliments fonctionnels, has revealed that both products contain equally important quantities of terpenes,
and in particular, abscisic acid, a phytohormone whose health benefits have only recently been
discovered.

Abscisic acid in maple water and maple syrup occurs as a conjugate along with certain metabolites at
concentrations that are therapeutic, according to the effective thresholds of abscisic acid (ABA) reported
by Dr Guri’s group in the US (Guri et al, 2007. Clinical Nutrition 26:107-116). Vegetable physiologists and
botanical researchers have known about the physiological properties of abscisic acid in the vegetable
kingdom for a long time, but its health benefits for humans has only recently come to light. Along with
other effects, it is known to stimulate insulin release through pancreatic cells and to increase sensitivity
of fat cells to insulin, which makes it a potent weapon against metabolic syndrome and diabetes.
According to Genevieve Béland, Director of Promotion and Market Development for the Federation of
Quebec Maple Syrup Producers, “These findings show that maple products contain a whole host of
complementary active elements. The sugar molecules which provide the energy and sweetness in maple
products are inherently complemented by abscisic acid molecules because they encourage insulin
homeostasis. Further studies are obviously needed before we can more accurately understand how
eating maple products affects insulin behaviour. Studying maple products is of particular interest to the
food science sector when we consider that all the bioactive molecules of the sugar maple are carried in
its sap and that these molecules are forty times more concentrated in maple syrup."

The detailed results of the study will be presented by Dr Desjardins at the Emerging Topics in Health
Effects of Fruits and Vegetables symposium which forms part of the 28th International Horticultural
Congress in Portugal, August 22-27, 2010. The study was financed by Agriculture and AgriFood Canada
as part of its support programs for science and innovation which are aimed at encouraging collaboration
between the agricultural and industrial sectors, the government and universities so that new
opportunities for strategic innovation are identified quicker.

Quebec and Canadian maple products will also be in the spotlight in a seminar presented by Dr Navindra
Seeram from the University of Rhode Island at the national meeting of the American Chemical Society
taking place in San Francisco from March 21-25 of this year. According to Serge Beaulieu, president of
the Federation of Quebec Maple Syrup Producers and member of the Canadian Maple Industry Advisory
Committee: “A new era is starting for Quebec and Canadian maple products in which our national
emblem will be the pride and joy of this country and abroad because of the vitality that maple represents
as one of the world’s great products. The Quebec and Canadian maple industry will create an
international research network for maple with the best research units dedicated to maple, as well as
investing in collaboration with different bodies such as Agriculture and AgriFood Canada so that we can



add value to the gastronomic and health benefits that maple products bring. With maple being featured
at these two scientific conferences it signifies the next stage in a historic strategic step for the industry.”

About Dr Yves Desjardins

Dr Yves Desjardins has been professor at the Department of Phytology at Université Laval since 1991.
He’s an active member of the Centre for Horticultural Research (CRH) where he conducts research work
on fruit and market garden horticulture along with more fundamental research on the ecophysiology of
in vitro cultures. After heading up the CRH of Université Laval from 1992 to 2002, he now studies the
effects of fruits and vegetables on health. As Academic Director of INAF (Institute of Nutraceuticals and
Functional Foods), he organized FAVHEALTH 2005 in Quebec, the first international symposium on the
effects of fruit and vegetables on health, which brought together researchers from the horticulture and
health sectors - nutritionists and clinicians - for the first time. He has recently been appointed President
of the Commission Fruits and Vegetables and Health within ISHS, the International Society for
Horticultural Science.

Dr Desjardins is an important collaborator in the International Network for Maple Innovation
coordinated by the Federation of Quebec Maple Syrup Producers for the Canadian maple industry. He
has directed, or is a member of, several Quebec and Canadian high profile networks. His work has
resulted in the publication of more than sixty scientific articles and many book contributions, including a
recent chapter on the role and physiological function of bioactive molecules in plants.

About the FPAQ

The Federation of Quebec Maple Syrup Producers was founded in 1966 with the mission of defending
and promoting the economic, social and moral interests of its 7,400 maple businesses. These men and
women are working together to collectively market their products. The quality of their work and their
products has made Quebec the producer of close to 80% of today’s global maple syrup output.

Source:

Johannie Coiteux

Promotions and Communications
Agent

Federation of Quebec Maple Syrup
Producers

Phone: 450 679-0540 ext. 8609
jcoiteux@upa.gc.ca

From left to right: Mr Serge Beaulieu, president of the Federation of
Quebec Maple Syrup Producers (FPAQ), Mrs Genevieve Béland,
Promotion director, FPAQ, and Dr Yves Desjardins, Institute of
Nutraceuticals and Functional Foods



THE STICKY FACTS

¢

Region H/j4 Qvlc/#/ cod Nerwre! Product

Canada produces 80% of maple syrup sold in the world, 91% of which is produced in Quebec. Maple syrup is 100% natural, pure and free of any coloring or additives.

There are more than 8,600 maple syrup industries in Canada. There are organic and kosher brands of maple syrup and about 12% of all Quebec maple

While Quebec is the primary maple-producing region in the world, other regions in Canada syrup is organic.

such as Ontario, New Brunswick, Prince Edward Island and Nova Scotia also produce syrup. Canadian laws and regulations for maple syrup production ensure the quality and

cleanliness of maple syrup production. Each province has its own maple syrup regulations.

Teste cod Flevor Comporent s

Quebec maple syrup has a complex flavor profile and classification system, and is graded

according to its color, clarity, density and the strength of its maple flavor. pfba{’v‘d/'on meQ S5
Categories and Grading of Maple Syrup:

Producers must adhere to strict quality control standards throughout the production process.

Production is closely tied to culture and history in Canada and Quebec, with many farms
Grade A: Light amber, medium amber and dark amber coloring passed down for generations.

Grade B: Dark coloring Syrup is made from the sap of the sugar maple tree and produced in limited capacity only

Made from sap tapped at the beginning of the season, Grade A syrup is generally clearer once per year.
gn;ﬂl lighter in taste. As the season advances, the syrup becomes darker and more caramelized Tike sl Iremiests peasam il st s 2 et e bt 110 o 0 dlins, wsaily fom e o
in flavor.

March to the end of April.
Because of its intensity of flavor, Grade B maple syrup is often used in large batch,

) In the springtime, the nights are still cold and the water from the soil is naturally absorbed
commercial maple products, such as cereal and granola.

into the tree. During the day, the warmer temperature creates pressure that pushes the
Because of its more distinctive taste, it is suggested to use darker maple syrup when cooking. water back down to the bottom of the tree, making sap collection possible.

40 liters (10.5 gallons) of maple sap make one liter (about .25 gallons or one quart) of
maple syrup.

For media inquiries, please contact: Pia Mara Finkell, CRT/tanaka }C\Jj)/ A 8 /(/OU[J 5(/‘«4/17/’7/0«45 /Vblﬂ’[m

pfinkell@CRT-tanaka.com | 646.218.6023 | www.purecanadamaple.com
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THE STICKY FACTS

»
*W

Ver: saﬁ/h‘)/

Quebec maple syrup can be used as a healthier alternative to sugar in a variety of desserts and
baked goods, such as pies and cakes.

To substitute maple syrup for white sugar, use a one-for-one substitution and reduce the
quantity of liquid ingredients in the recipe (water, milk, juice) by about a % of a cup.
Maple syrup may also serve as a one-to-one substitution for other liquid sweeteners, such as
honey, molasses and corn syrup.

Maple syrup can add depth and complexity to cooking, as an ingredient in glazes, rubs or
barbeque sauces for poultry, meat, seafood or vegetables.

Maple syrup can also:

Add a subtle sweetness and a hint of maple syrup flavor to fresh fruit, cereal and ice
cream

Sweeten tea, hot chocolate, coffee, eggnog and smoothies

Jazz up a cocktail, instead of simple syrup

By continuing to boil the maple sap, producers can make a variety of maple products, such as
maple sugar, maple butter, soft and hard maple candy and maple taffy.

Cultwvel Conmection
Maple syrup is a key ingredient in Quebec and international cuisine.

Each spring, many Quebecois go to their local “sugar shack” for a traditional, hearty meal,
featuring maple dishes like split pea soup, maple-smoked ham, baked beans, crépes and a
variety of maple desserts and candy.

Maple taffy, a favorite treat for children, is made by pouring reduced hot maple syrup onto
clean snow. Once sufficiently hardened, the soft maple candy can be twirled around a wooden
stick and enjoyed.

For media inquiries, please contact: Pia Mara Finkell, CRT/tanaka

pfinkell@CRT-tanaka.com | 646.218.6023 | www.purecanadamaple.com

Bec/th Bene¥its

*Figures below based on research by the Canadian Nutrient File (Health Canada)
Maple syrup contains fewer calories than corn syrup and honey.
Maple syrup contains various vitamins and minerals.

Maple syrup contains antioxidants, which can delay or prevent free radical induced diseases,
such as diabetes and cancer. A portion of % cup of maple syrup contains as much
antioxidant activity as one serving of raw tomato or broccoli.

A portion of % cup of maple syrup contains 100% of the Daily Value for manganese,
which is an important factor in energy production, healthy bone formation and antioxidant
defenses and necessary for normal brain and nerve function.

A portion of % cup of maple syrup contains 34% of the Daily Value of riboflavin,
which aids in the metabolic processes and 11% of the Daily Value of zinc, which is
essential for normal reproduction and growth, plus a healthy immune system.

Maple syrup supplies a small amount of potassium. Potassium is essential in electrolyte
balance and normal muscle development and aids in the metabolism of protein and
carbohydrate.

Maple syrup does not contain high fructose corn syrup.

The leading pancake syrup brands contain zero pure maple syrup and rely on high fructose
corn syrup as the primary sweetening ingredient, along with additives like artificial
flavorings and coloring agents.

*a;f/ delicions scv «4/17/’7‘/0«45 /'4/‘7”7
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PRODUCING REGIONS IN CANADA

Manitoba
Ontario

</

Brunswick

The United States

of America

For media inquiries, please contact: Pia Mara Finkell, CRT/tanaka
pfinkell@CRT-tanaka.com | 646.218.6023 | www.purecanadamaple.com
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very spring in Eastern Canada, as the snow melts and

animals stir from their winter slumber, the anticipated
maple sugaring season begins. Canada produces 80% of the
world’s maple syrup. With forests brimming with majestic red,
black and sugar maples, the country has just the right mix of
cold spring nights and warm daytime temperatures to produce

the clear-colored sap used to make maple syrup.

Canada’s maple syrup producing regions are located in the
provinces of Quebec (primary producter), Ontario, New
Brunswick and Nova Scotia. There are more than 8,600
maple syrup businesses in Canada, with the largest number of
them operating in Quebec. Maple syrup has long been part of
Canada’s cultural fabric. The country’s Amerindian peoples
taught the early settlers how to harvest sap and boil it to make

maple syrup.

Now enjoyed in 50 countries around the world, Canadian
maple syrup products range from traditional maple syrup
to maple butter, maple candy and a full range of products

containing maple syrup, such as cereals, yogurts and more.
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GRADES AND CATEGORIES

S W

Flevor cma? Colov

aple syrup is made from maple sap tapped at the beginning of the season and is
generally clearer and lighter in taste. As the season advances, the maple syrup
becomes darker and more carmelized in flavor. Maple syrup is categorized and graded

according to its color, clarity, density and the strength of its maple flavor.

P s o &

WSk
Canada:

Grade B
(Amber)

Grade A: Light Amber Grade A: Medium Amber Grade A: Dark Amber
(Extra Light) (Light) (Medium)

Grade A (Light Amber, Medium Amber, Dark Amber) Grade B (Amber)

Maple syrup of that is suitable for use in
cooking or other maple products, such as
granola. It has fairly good color, flavor
and odor and is moderately clear.

Maple syrup of a quality grade that is suitable for the table.
It has good color, flavor and odor and is practically clear
and free of defects.

For media inquiries, please contact: Pia Mara Finkell, CRT/tanaka

lesty
pfinkell@CRT-tanaka.com | 646.218.6023 | www.purecanadamaple.com
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Each classification of Canadian maple syrup:

Must meet the standards of section five of the Maple
Products Regulations;

Must have a clear and uniform color; and
Must not ferment.

The classification of maple syrup provides consumers and
the industry a method for identifying preferred flavors and
uses. Grade A syrup is intended for everyday use and is most
available to the general consumer. Grade B syrup is mainly

used in cooking or by the agri-food processing industry.
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PRODUCTION PROCESS

B'sj/rmmj
aple syrup gets its start from one of nature’s phenomena. In springtime, when the
nights are still cold, the water from the soil is absorbed into the tree. During the day,
the warmer temperature creates pressure that pushes the water back down to the bottom of
the tree. The sap is collected over a 12 to 20 day period, usually early March to the end of

April, according to the region.

Collecting:
Traditional Buckets

Collecting:
Storage Tank

Collecting:
Modern Tubing

& -&F -

Final Product

Evaporating:
Sugar House

Evaporating:
Evaporator

ia Mara Finkell, CRT/t: & G\If
.6023 | www.pureca naple.com 4 48
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he number of taps on a single tree is calculated based

on the tree’s diameter, its health and its growth rate. Any
maple tree measuring about 8 inches in diameter or more may
be tapped. Larger trees may be tapped more than once (for
every additional 20 cm) for a maximum of three taps per tree

each season. Regulated tapping does not affect a tree’s growth.

Evepoveting

sugar house is where sap is boiled down to maple syrup.

During cooking, the sap is fed by pipes from a storage

tank to a long and narrow ridged pan called the evaporator.
As it boils, the water evaporates; it becomes denser and sweeter.
The syrup is boiled until it reaches the density of maple syrup. It
takes approximately 40 liters (10.5 gallons) of sap to be boiled
down to one liter (about .25 gallons or one quart) of syrup. For
other maple products — butter, taffy, or sugar — the maple syrup
is further boiled in the evaporator to the temperature necessary
to produce each type of product. After the evaporation process,

the maple products are bottled or canned.

sweeetl testy Viscous \cu\// =4




FREQUENTLY ASKED QUESTIONS

»
*W

How do T bnow ¥ T em boying pave meple syprup

ov the $6\Le 510‘\({?

There are many brands of pure Canadian maple syrup on the

U.S. market, all of which are 100% natural and free of any coloring
or additives. Leading pancake syrups contain zero pure maple

syrup and rely on high fructose corn syrup as the primary
sweetening ingredient, along with additives like artificial flavorings
and coloring agents. Be sure to check the label. Sometimes
imitation syrups list maple syrup as an ingredient, when it only
contains 5%. Check the bottle to make sure you're getting 100%
of the real thing.

Ts meple s susteincble in Concdel

Yes. Producers must adhere to strict guidelines and standards set
forth by Canadian law and the Federation throughout the
production process. Each harvest, the sugar trees are tapped in a
slightly different area than the previous year, preserving the health
of the trees. The Canadian ‘Preservation of Agricultural Land and
Agricultural Activities’ Act (i.e. Loi sur la protection du
territoire et des activités agricoles) forbids cutting down an

entire maple grove in an agricultural zone.

For media inquiries, please contact: Pia Mara Finkell, CRT/tanaka
pfinkell@ CRT-tanaka.com | 646.218.6023 | www.purecanadamaple.com
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There is a diverse selection of products, including candies and
caramels, cereals, jams and spreads, ketchup and mustard, maple
nut snacks, maple vinegar and vinaigrettes, as well as maple beers,

wines and other beverages.

Whet is The Fedevction of Quebec Meple S)/fb‘f

Producers?

The Federation of Quebec Maple Syrup Producers was
founded in 1966 and created to boost the economic, social and
ethical interests and enforce safety and environmental standards for

the more than 7,400 maple syrup businesses.

How extensive is Cemedicn production?

Canadian maple syrup is exported to approximately 50 countries,
and the U.S. is the primary importer. In 2007, Canada produced
67.6 million pounds of maple syrup yet exported 67.7 to the

U.S. using reserve supply from previous years to support the
growing exportation demand.

For more information, please visit www.purecanadamaple.com.
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Food and Drug Administration, HHS

§168.122 Lactose.

(a) Lactose is the carbohydrate nor-
mally obtained from whey. It may be
anhydrous or contain one molecule of
water of crystallization or be a mixture
of both forms.

(b) The food shall meet the following
specifications:

(1) The lactose content is not less
than 98.0 percent, mass over mass (m/
m), calculated on a dry basis.

(2) The sulfated ash content is not
more than 0.3 percent, m/m, calculated
on a dry basis.

(3) The pH of a 10.0-percent m/m solu-
tion is not less than 4.5 nor more than
7.5.

(4) The loss on drying for 16 hours at
120 °C is not more than 6.0 percent, m/
m.
(c) The name of the food is ‘‘Lactose”
or, alternatively, ‘“‘Milk sugar’’.

(d) The methods of analysis in para-
graphs (d)(1), (d)(2), (A)(3), (d)(4), and
(d)(b) of this section are to be used to
determine whether the food meets the
requirements of paragraphs (b)(1),
(b)(2), (b)(3), and (b)(4) of this section.
The methods are contained in ‘‘Official
Methods of Analysis of the Association
of Official Analytical Chemists’, 14th
Ed. (1984), including the 4th Supp.
(1988), which is incorporated by ref-
erence in accordance with 5 TU.S.C.
5b2(a). Copies of the material incor-
porated by reference may be obtained
from the Association of Official Ana-
lytical Chemists International, 481
North Frederick Ave., suite 500, Gai-
thersburg, MD 20877-2504, or may be ex-
amined at the Office of the Federal
Register, 800 North Capitol Street,
NW., suite 700, Washington, DC.

(1) Lactose content, sections 31.064 to
31.071, “‘Purity of Lactose, Liquid
Chromatographic Method,”” First Ac-
tion, 14th Ed. (1984), pp. 583 and 584.

(2) Lactose content, sections 31.064 to
31.071, “‘Purity of Lactose, Liquid
Chromatographic Method,” ‘‘Changes
in Official Methods of Analysis,” 14th
Ed., 4th Supp. (1988), p. 212. This ref-
erence recognizes the change in status
of the method from first action to final
action.

(3) Sulfated ash content, section
31.014, ‘““‘Ash of Sugars and Sirups,”
Final Action, Sulfated Ash, 14th Ed.
(1984), p. 575.

§168.140

(4) pH, section 14.022, ‘“pH of Flour,
Potentiometric Method,”” Final Action,
except that a 10-percent m/m solution
of lactose in water is used for the de-
termination, 14th Ed. (1984), p. 252.

(5) Loss on drying at 120 °C, section
31.070, 14th Ed. (1984), p. 584.

[42 FR 14479, Mar. 15, 1977, as amended at 47
FR 11834, Mar. 19, 1982; 49 FR 10103, Mar. 19,
1984; 54 FR 24896, June 12, 1989; 55 FR 8459,
Mar. 8, 1990; 63 FR 14035, Mar. 24, 1998]

§168.130 Cane sirup.

(a) Cane sirup is the liquid food de-
rived by concentration and heat treat-
ment of the juice of sugarcane
(Saccharum officinarum 1..) or by solu-
tion in water of sugarcane concrete
made from such juice. It contains not
less than 74 percent by weight of solu-
ble solids derived solely from such
juice. The concentration may be ad-
justed with or without added water. It
may contain one or more of the op-
tional ingredients provided for in para-
graph (b) of this section. All ingredi-
ents from which the food is fabricated
shall be safe and suitable.

(b) The optional ingredients that
may be used in cane sirup are:

(1) Salt.

(2) Preservatives.

(3) Defoaming agents.

(¢c) The name of the food is ‘‘Cane
sirup” or ‘‘Sugar cane sirup’. Alter-
natively, the word ‘‘sirup” may be
spelled ‘“‘syrup’’.

(d) Label declaration. Each of the in-
gredients used in the food shall be de-
clared on the label as required by the
applicable sections of parts 101 and 130
of this chapter.

[42 FR 14479, Mar. 15, 1977, as amended at 58
FR 2886, Jan. 6, 1993]

§168.140 Maple sirup.

(a) Maple sirup is the liquid food de-
rived by concentration and heat treat-
ment of the sap of the maple tree (Acer)
or by solution in water of maple sugar
(mapel concrete) made from such sap.
It contains not less than 66 percent by
weight of soluble solids derived solely
from such sap. The concentration may
be adjusted with or without added
water. It may contain one or more of
the optional ingredients provided for in

541
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§168.160

paragraph (b) of this section. All ingre-
dients from which the food is fab-
ricated shall be safe and suitable.

(b) The optional ingredients that
may be used in maple sirup are:

(1) Salt.

(2) Chemical preservatives.

(3) Defoaming agents.

(c) The name of the food is ‘“‘Maple
sirup’’. Alternatively, the word ‘‘sirup”’
may be spelled ‘‘syrup’’.

(d) Label declaration. Each of the in-
gredients used in the food shall be de-
clared on the label as required by the
applicable sections of parts 101 and 130
of this chapter.

[42 FR 14479, Mar. 15, 1977, as amended at 58
FR 2896, Jan. 6, 1993]

§168.160 Sorghum sirup.

(a) Sorghum sirup is the liquid food
derived by concentration and heat
treatment of the juice of sorghum cane
(sorgos) (Sorghum vulgare). It contains
not less than 74 percent by weight of
soluble solids derived solely from such
juice. The concentration may be ad-
justed with or without added water. It
may contain one or more of the op-
tional ingredients provided for in para-
graph (b) of this section. All ingredi-
ents from which the food is fabricated
shall be safe and suitable.

(b) The optional ingredients that
may be used in sorghum sirup are:

(1) Salt.

(2) Chemical preservatives.

(3) Defoaming agents.

(4) Enzymes.

(5) Anticrystallizing agents.

(6) Antisolidifying agents.

(c) The name of the food is ‘“‘Sorghum
sirup” or ‘‘Sorghum’. Alternatively,
the word ‘‘sirup’” may be spelled
“‘syrup’’.

(d) Label declaration. Each of the in-
gredients used in the food shall be de-
clared on the label as required by the
applicable sections of parts 101 and 130
of this chapter.

[42 FR 14479, Mar. 15, 1977, as amended at 58
FR 2886, Jan. 6, 1993]

§168.180 Table sirup.
(a) Table sirup is the liquid food con-

21 CFR Ch. I (4-1-02 Edition)

food contains not less than 65 percent
soluble sweetener solids by weight and
is prepared with or without added
water. It may contain one or more of
the optional ingredients prescribed in
paragraphs (b)(2) through (12) of this
section. All ingredients from which the
food is fabricated shall be safe and suit-
able. (Vitamins, minerals, and protein
added for nutritional purposes and arti-
ficial sweeteners are not considered to
be suitable ingredients for this food.)

(b) The optional ingredients that
may be used in table sirup are:

(1) One or more of the nutritive car-
bohydrate sweeteners provided for in
this paragraph (b)(1). When a sweetener
provided for in paragraph (b)(1)(i) or
(ii) of this section is used it shall con-
stitute not less than 2 percent by
weight of the finished food.

(i) The sirups identified by §§168.130,
168.140, and 168.160, except that the use
of any such ingredient is so limited
that the finished food does not meet
the requirement prescribed for any
sirup by §§168.130, 168.140, or 168.160.

(ii) Honey.

(iii) Other nutritive carbohydrate
sweeteners.

(2) Butter, in a quantity not less than
2 percent by weight of the finished
food.

(3) Edible fats and oils, except that,
in products designated as ‘‘buttered
sirups’’, butter as provided for in para-
graph (b)(2) of this section is the only
fat that may be used.

(4) Emulsifiers or stabilizers or both.

(5) Natural and artificial flavorings,
either fruit or nonfruit, alone or in car-
riers.

(6) Color additives.

(7) Salt.

(8) Chemical preservatives.

(9) Viscosity adjusting agents.

(10) Acidifying, alkalizing, or
buffering agents.

(11) Defoaming agents.

(12) Any other ingredient (e.g., shred-
ded coconut, ground orange peel) that
is not incompatible with other ingredi-
ents in the food.

(c) Except as provided for in this
paragraph and in paragraphs (d) (2) and
(3) of this section, the name of the food

sisting of one or more of the optional is ‘‘Table sirup’, ‘“Sirup’, ‘‘Pancake

sweetening ingredients provided for in sirup”, ‘“Waffle sirup”, ‘‘Pancake and

paragraph (b)(1) of this section. The waffle sirup’, or *¢ sirup’’, the
542
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Nutritional value for various sweeteners (% of Daily Value)

Maple Syrup Corn Syrup Honey Maple Sugar Brown Sugar Sugar

Manganese 100 0 3 29 9 0
Riboflavin 34 0 2 2 0 1
Zinc 11 3 1 5 1 0
Magnesium 5 0 0 3 7 0
Calcium 6 1 1 7 5 0
Potassium 5 0 1 4 6 0
Calories 217 241 258 170 211 194
Sugars (in grams) 54 65 70 41 54 50

Source: Canadian Nutrient File, 2007 (Health Canada) and US Food and Drug Administration.

Nutritional value for various foods (% of Daily Value)

Y Cup of Maple Syrup 1 Large Egg 1 Medium Apple 1 (30g) Slice of Bread
Manganese 100 1 2 7
Riboflavin 34 14 2 6
Zinc 11 4 0 1
Magnesium 5 2 2 2
Calcium 6 3 1 5
Potassium 5 2 4 1

Sources: US Department of Agriculture Nutrient Data Laboratory. The Canadian Nutrient File -
Health Canada and US Food and Drug Administration.

Antioxidant value for common foods

ORAC Value 100g of pmol ORAC Value per pumol

fresh product TE2/100g serving TE/serving

Brocoli, raw 1,362 Banana, raw 1 medium 1,037
(1189)

Banana, raw 879 Broccoli, raw Y2 cup (469) 627

Carrot, raw 666 Carrot, raw 1(729) 480
Ya cup (60

Maple Syrup 600 Maple Syrup mi/80 g) 480

Cabbage, raw 508 Tomato, raw 91) medium (123 415

Tomato, raw 337 Cantaloupe Y2 cup (85 g) 268

Cantaloupe 315 Cabbage Y2 cup (37 g) 188

USDA Database for the Oxygen Radical Absorbance Capacity (ORAC) of Selected Foods.
Results showing the antioxidant power of maple syrup were obtained from Brunswick
Laboratories, a USDA-certified facility.
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OUTCOMES & OBJECTIVES

This culinary education guide provides an overview of the production, grading and flavor of real

maple syrup.

Upon completion of this guide and tasting, the student will have a basic understanding of maple
syrup production, maple products available and will be able to differentiate real maple syrup
from maple-flavored table syrups.

MAPLE PRODUCTION: FROM TREE TO TABLE

Maple syrup is made from the sap of the sugar maple tree.

“Sugaring Off”

Tapping Trees

Evaporation

Page 3 of 13

Maple sap is the watery fluid that feeds the sugar maple tree’s roots, trunk,
branches and leaves. The sap will run when the temperatures move above
and below freezing. Maple syrup production or the “sugaring off” season

occurs once a year for 6 to 8 weeks in mid-February through April.

Maple syrup producers insert a tap into the tree to collect the sap. While
traditional maple syrup producers relied on buckets and spouts, today’s
maple syrup producers use gravity-fed plastic tubing and pipelines and in
some cases vacuum pumps to collect the sap. The vacuum pumps do not
suck sap from the trees but rather help lower the pressure in the pipeline
system to allow the sap to flow easily.

It takes about 40 to 60 years for the sugar maple trees to grow large
enough for tapping. Holes are typically drilled on an upward angle to a
depth of not more than three inches. Tapping will not injure the tree as
long as the sugar maple tree is healthy and the number of taps is limited.

The maple sap is boiled and evaporated to make maple syrup. It takes
approximately 40 gallons of sap (also called maple water) to produce 1 gallon of
maple syrup. Maple syrup is made when the sugar density reaches 66 percent.

2



Finishing Finished maple syrup is filtered to remove any organic materials found in
the sap. The maple syrup is then graded based on color and flavor.
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Maple syrup production requires optimal temperatures and sugar maple trees and is made is a
small geographic area of northeastern North America. Quebec produces more than 80 percent of
the world’s maple syrup, equal to 93 percent of Canadian production.
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MAPLE PRODUCTION: MAPLE PRODUCTS

In addition to maple syrup, Quebec maple producers have developed several natural maple
products made from the sap of the sugar maple tree.

Maple Syrup

Maple Butter

Clearly Maple

Maple Concentrate

Maple Flakes

Maple Jelly

Maple Sugar

Maple Vinegar
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Maple syrup is produced by the evaporation of the sap of the maple tree.
It takes approximately 40 gallons of sap (also called maple water) to
produce 1 gallon of maple syrup. Maple syrup has a sugar content of
about 66 percent and is graded according to color and flavor. As a
general rule, lighter-colored maple syrups have a more delicate flavor
and darker-colored maple syrups have a stronger taste. The flavor of
maple syrup is also influenced by the growing regions of the sugar maple
trees.

Thick and spreadable, maple butter (also known as maple cream or spread)
is a whipped version of pure maple syrup.

Clearly Maple begins as maple syrup and then is altered by the addition of
a processing aid that is later removed to create a higher invert sugar
content. The result is a honey-like consistency product made of pure
maple syrup.

Pure maple syrup concentrates are produced by removing nearly half the
sucrose content found in pure maple syrup.

Fine, medium or coarse, maple flakes are made from pure maple syrup
dehydrated by a unique and exclusive process.

Jelly made with pure maple syrup.
Pure maple syrup dehydrated into granulated sugar crystals. Maple sugar
can be substituted 1 to 1 for regular granulated sugar in most recipes and

formulas. Various granule sizes are available.

Vinegar made from pure maple syrup through alcoholic fermentation and
acetic fermentation processes.



MAPLE SYRUP STORAGE

Unopened maple syrup stores easily, unrefrigerated. Prolonged storage may cause the color of
maple syrup to darken and the flavor to deteriorate.

After opening maple syrup, store in an air tight container. To slow the natural crystallization
process of syrup, keep maple syrup in a refrigerator.

For extended storage (one to three months), it is recommended to store maple syrup in the
freezer. The exception is a bag in a box of maple syrup which can be stored at room temperature
at all times.

COOKING AND BAKING WITH MAPLE SYRUP

Maple syrup is more than just a topping for pancakes. Maple syrup can be used in diverse menu
items. Following are just a few ways that maple syrup can bring a golden touch to menus:

Use maple syrup to sweeten lemonade, tea, coffee and lattes.

Glaze sweet potatoes or acorn squash with maple syrup.

Create a sweet and savory barbecue sauce with maple.

Add maple vinegar to create a signature salad dressing.

Drizzle maple syrup on a pear, walnut and gorgonzola pizza.

Prepare maple-kissed baked goods and desserts.

Substitution Information
When substituting maple syrup for granulated sugar in baked goods, follow these guidelines:
e For each cup of granulated sugar, use 1-1/2 cups of maple syrup.
e Reduce other liquids in the recipe by about one-half.
e Add 1/4 teaspoon baking soda for each cup of maple syrup used
e Decrease oven temperature by 25 degrees to avoid over-browning.

MAPLE SYRUP NUTRITION

Unlike most refined sweeteners, maple syrup contains several vitamins and minerals. Recent
studies have also shown that maple syrup is a rich source of antioxidants.
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MAPLE SYRUP GRADES/CLASSIFICATIONS

Maple syrup is graded according to its clarity, density and the characteristic taste of
maple. The color classifications are based on measuring the amount of light that passes
through the maple syrup.

U.S. GRADE Description CANADIAN | QUEBEC
GRADE GRADE
U.S. Grade A Maple syrup produced at the very beginning Canada No. 1 | Quebec
Light of the season. Very pale color and delicate Extra Light Grade AA
Amber/Fancy taste. Light transmittance over 75 percent.
U.S. Grade A Maple syrup produced at the beginning of the | Canada No. 1 | Quebec
Medium Amber | season. Pale amber in color with a pure, Light Grade A
subtle taste. Light transmittance of 61 to 74
percent.
U.S. Grade A Produced in the middle of the season, this Canada No. 1 | Quebec
Dark Amber maple syrup is the most popular grade Medium Grade B
available. A rich amber color with a more
pronounced flavor. Light transmittance of 44
to 60 percent.
U.S. Grade B Maple syrup produced near the end of the Canada No. 2 | Quebec
Commercial season. Strong maple taste and dark color. Amber Grade C
Light transmittance of 27 to 43 percent.
U.S. Grade B Maple syrup produced at the very end of the Canada No. 3 | Quebec
Commercial season. Very dark syrup used primarily as Dark Grade D

food processing ingredient. Highest mineral
content. Light transmittance of 0 to 26
percent.
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THE FLAVOR OF REAL MAPLE

Maple Syrup made from maple water tapped at the beginning of the season is generally clearer
and lighter in taste. As seasons advance, the maple syrup becomes darker and more caramelized
in flavor. The sugar content of maple syrup averages 66.5 BRIX.

According to the scientific literature, the flavor of maple syrup develops during the evaporation
process; the taste precursors are part of the sap. In addition to water, minerals and various sugars,
maple sap is rich in organic acids, nitrogen compounds and, like red wine, in phenolic
compounds and flavonoids. The amount of these compounds in maple sap may vary over the
course of the maple syrup season, from one season to the next, according to the area, and from
one maple tree to the next.

Among the taste precursors, sugars play an important role. They initiate the caramelization
reaction and the Maillard reaction (which gives bread a brown crust) as the water is evaporating.
Also, under the effect of the heat, phenols with tasty names such as vanillin and coniferol are
released.

Maple syrup is defined by much more than just the degree of caramelization. The richness of the
maple syrup flavor is a result of the various reactions of the other compounds in the maple sap.
The Maillard reaction (sugar and amino acids) is important. It can be assumed that the phenolic
compounds and flavonoids also have an important role in producing the flavor of maple syrup,
like in the case of red wine. However, this effect has not yet been confirmed.

© 2009 Centre ACER and the Food & Research Development Centre, Agriculture and Agri-Food
Canada
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MAPLE SYRUP TASTING SENSORY PROFILE

Maple Tasting - Sensory Profile Vocabulary

Dominant Flavors
e Roasted
] Light — golden sugar, chicory, toast
'] Medium — cooked sugar — caramelized, burnt wood, ground coffee, brown coffee bean,
chocolate
] Strong — burnt sugar, ground black coffee, black coffee bean, smoked

e Confectionery
] Light - white sugar
'] Medium - corn syrup, light brown sugar
] Strong - dark brown sugar, molasses, sponge toffee

e Maple*
"1 Maple, roasted dandelion root

Variable as a Dominant Flavor
e Woody
] Firewood, wet wood, softwood (pine, fir, larch, juniper, cedar, etc.)

e Vanilla
[1 Marshmallow
] Vanilla pod

Minor Flavors
e Herbal
] Fresh Herbs - stem, grassy, shoot, bud
7] Dry Herbs - crushed leaves, nutshells, dry herbs, hay
"] Fermented Herbs — silage

e Plants, Humus, Forest, Cereals
*J Humus, Forest — mushroom, mold, potato
] Cereals - malt, oat, wheat, rye

e Fruity
[ Nuts - bitter almond, hazelnut, nuts
] Peach, fruits with pits or seeds

e Milky

] Fresh - butter, cream, milk
[J Heated - butter, milk
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e Floral
[ Flowers
'l Honey
e Spicy
[1 Cloves

[1 Cinnamon
[1 Anis — black licorice

*Important Note: During production, maple syrup is often blended to achieve a consistent flavor.

© 2009 Centre ACER and the Food & Research Development Centre, Agriculture and Agri-Food
Canada
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CLASSROOM ACTIVITY - MAPLE SYRUP TASTING

Have your classroom taste and compare simulated maple sap, various colors of maple syrup and
maple-flavored table syrup.

You can mimic the taste of maple sap by combining 1 Tablespoon of granulated sugar and a dash
of extra light maple syrup with 1 cup of water.

Compare the sap with various colors of maple. Start with the lightest color of maple syrup and
build to the dark amber maple syrup.

Taste maple sugar.
Finally, compare real maple syrup to table syrups with maple flavoring.
Tasting Steps
To taste maple syrup, follow these steps:
1. Smell the syrup by taking three quick sniffs. Make a mental note of your impression.

2. Take a small sip of the syrup and swirl it around in your mouth. Concentrate on the full
range of flavors.

3. Associate the flavor with your own experience (for example, the aroma from a bag of
marshmallows

4. Assess the degree of intensity (mild, medium or strong)

5. Share your reaction with others.

Discussion Questions:
1. How does the flavor of maple syrups vary with color?
2. How does real maple syrup flavor compare to table syrups with maple flavoring?
3. What are the benefits of using real maple syrup in recipes?
4. How does the sweetness and flavor of maple sugar compare with granulated sugar?
5. How could maple syrup and sugar be used in menu items (think beyond a topping for

pancakes and waffles)

11

Page 11 of 13



CLASSROOM ACTIVITY - MAPLE SYRUP TASTING

Extra Light or Light Maple Syrup

@

72!
: : (]
|

Medium Maple Syrup Amber or Dark Amber Maple Syrup
Table Syrup with Maple Flavoring Maple Sugar or Flakes
12
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RESOURCES

For more information about maple products, visit www.domorewithmaple.com or one of the
following websites:

www.citadelle-camp.com
www.decacer.com
www.foodsofquebec.com
www.heritageyamaska.com
www.maplesyrupfederation.com
www.maplesyrupusa.com
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Course/Program Outline

Class Objective
Maple~where in the world 1s it?

Quebec, where maple is King
= Histony of Maple Syrup
s The Tree Defined

Production process

= From Tree to bottle
= Pumping Station
= Evaporator modesn techniques

Introduction of Maple Syrup
m Federal/Provincial classification
s USDA Grades
= Other Maple products
= Storage

Maple Syrup Nutritional Value, compared with other sweeteners (sugar, honey, Brown sugar)
Five Health Benefits

More Health Benefits/ Value of Manganese and Zinc

Maple Products available

Maple Tasting Techniques & Sensory Profile Vocabulary

Maple Syrup Tasting

Resources & Procurement (Citadelle, Decacer, Federation of Quebec Maple Syrup Producers,
Heritage Yamaska, Lapierre Maple Farm)

Cooking tips

Maple Recipes
Maple Dessert Demo
References
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Class Objective

Understand' origin and processes ot Maple Syrup and maple
products

Discover Maple Syrup as one of the many wonders of the
world, the viscous amber liquid with its characteristic earthy.
SWeet taste

Identify real Maple Syrup from table syrup- taste and
nutritional value

Understand the difference between grades through a maple
tasting

Discover maple depth and complexity as a natural and
nutritional culinary ingredient and to “think outside the
pancake box™ for creative recipe applications
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Maple~ Where in the world is it?

North: America 1s the only part of the world where Maple
Syrup 1S produced.

Quebec 18 the largest producer of Maple Syrup, in the world,
responsible for 93% of Canadianmaple production (Ontario

5%, New Brunswick 2%) and 85% of the planet’s Maple
Syrup production

In 1984, Quebec produced 21 millions pounds of Maple
Syrup, i 2003, 86 millions pounds.

Quebec 1s the number one world exporter of Maple Syrup.
Quebec Maple Syrup is sent to some 30 countries, of which
the USA i1s the largest importer.
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Quebec, where maple is King
History of the Maple Syrup

The tradition surrounding maple syrup was passed from the Native Americans of North America to
the European settlers. Amerindians used their tomahawk, channeling the maple water (sap) towards
a bark container, they boiled the sap in clay pots to obtain maple syrup

Well before the arrival of the European settlers, First Nations peoples knew: about and savoured the
sap from maple trees and used this “sugared water” to cook game. Much later, in 1702, when war:
between France and England prevented many basics, including sugar, from being delivesed to New:
France, Agathe de Saint-Pcre, wife of Pierre Legardeur de Repentigny, of Montréal, initiated the
production of maple syrup. When spring came, she and her French and' First Nations neighbours
tapped the maples and produced sugar from the sap they obtained. Within a few: years, Agathe de
Saint-Pere reported to the King of France that the Montieal colony annually produced 13,600 kg of’
maple sugar.

Production in the 19™ century, the spout was made of cedar wood, it was called a “reed”. Even
though horses were used more often than in the previous century, the syrup maker still.had to put on
his snowshoes to gather the maple water in buckets. When enough water was collected, it was
brought to the “sugar house” for boiling.

Erom the 20" century to today, wooden buckets were replaced with aluminum ones. The sugar house
of the time was also transformed, the heavy kettle was replaced by the evaporator that contains a
thermometer, a float to control the level and input of maple water and' a hood to evacuate the steam.

In the mid 70’s, technology was introduced into the maple syrup industry with the invention of sap-
collection systems. These blue plastic tubes replaced buckets, barrels, horses and tractors. With a
vacuum pump, the maple water goes directly from the tree to the maple sysup storage tank. Every
spout 1s connected to this system and the gathering process,is automatically activated when the
temperature rises enough for the sap to flow.

In Quebec, the process has become part of the culture. City people often go to Cabanes a Sucre in
early spring where lavish meals are served with maple syrup accompaniments. Tire sur la neige is a
seasonal treat of thick hot syrup (boiled at 2340F) poured into fresh snow then eaten off sticks as it
quickly cools.
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Quebec, where maple is King
The Tree Defined

There are four varieties of Sugar Maple Trees. They strive on steep, rich soils and
long, bitter winters. The other types of maple trees, namely the Red Maple and
Silver Maple, are also used for maple syrup production although their sap has a
lower sugar concentration.

The main maple producing tree 1s known as the Sugar Maple or Hard Maple which:
provides the best and highest quality sap. It grows as tall'as 100 feet.

Sap ftlows naturally when spring comes. Maple syrup making starts from the natural
phenomenon. During spring time, when nightsiare still cold (below, freezing), the
water from the soil is sucked into the tree via a natural absorption phenomena.
During the day time, warmer temperatures create pressure in the tree. The pressure
pushes back the water to the bottom of the tree which allows ene to collect a part of
the sap flowing down.

To collect maple waterfrom a maple tree, the tree must first be tapped. Any maple
tree measuring 10-17 inches in diameter or more may be tapped. Trees18-24: inches
in diameter can have no more than two taps. LLarger trees over 25 inches may have a
maximum of three taps. Tapping should not be done when the bark and wood is
frozen.

Once tapped, the tree releases maple water. Tapping the tree does no permanent
damage to the tree.

Tapholes which are 1-2 inches measured inside batk and 7/16diameter are deep
enough to ensure good' sap yields.
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Production Process,
rom Tree to Bottle

The production is between March and! April, Sap is collected over approximately: 15 to 20
days, depending on the daily frost and defrost. The sugar content of sap averages 2.5%

The maple tree will give, drop by drop, about 12 quants of sap on a warm spring day. An
average maple tree will yield between 35-40i quarts of sap (per season), which will produce
between 1 -1.5 quarts of pure Maple Syrup, per season

Maple water is evaporated to produce Maple Syrup

= The Maple Syrup is ready when it reaches a temperature of £ 219.2° F
= [t takes 32 to 40 gallons of sap to make one gallon of Maple Syrup

= To produce other maple products such as butter, taffy, soft sugar, hard or
crystallized sugar, a maple syrup producer boils the maple in an evaporator to the
temperature that is required for each type of desired product.

Maple syrup should be packed hot at a temperature of 180oF. After the container is
full, the cap is placed on it and the container should be placed on its side in order to
sterilize the neck and cap. To prevent an off-flavor call “stack burn”, the containers
should not be stacked close together until they are cool.

Variation in color and taste is a natural phenomenon; the colorand taste of Maple Syrup vary
throughout the harvest season because of the natural composition. Also, the thermal treatment
which the maple water undergoes in its transformation into Maple Syrup influences the color
and taste of the finished product. Maple Syrup made from maple water tapped' at the
beginning of the season is generally clearer and lighter in taste. As/seasons advance, the
Maple Syrup becomes darker and more caramelized in flavor. The sugar content of Maple
Syrup averages 66.5 BRIX. (Note: Agriculture Canada defines maple syrup at 66.5 BRIX)
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Hivaporator Modern Techniques

There are many ways Maple Syrup producers save energy, hence money, in the
evaporation process we will discuss the most common methods used these days.

Reverse osmosis is probably the process used most by the bigger producers. This method consists of
physically removing the water from the sap before passing it thru the evaporator. This saves a lot of energy.
in heating the excess water to be boiled off. Reverse osmisis is achieved by forcing the sap thru a filter
whose pores are big enough to let the water molecules pass but too small for the sugar and other organic
materials into the sap. This process can be repeated numerous times until the sap has a high sugar content.
Usually, we are able to remove up to 75% of the water; thereby saving much fuel in the heating process.

Another method which can be used in conjunction with reverse osmosis i1s preheating. This uses the excess
generated heat in the final stage of the evaporator to preheat the incoming sap. This method can save up to
15% of total fuel cost for a sugar bush producer and is quite simple to put into practice.

A much newer method consists of vapor compression technique similar to the one used for the
desalinization of salt water. In the vapor compression process the water in maple sap is-evaporated, but
unlike open pan evaporators, the heat energy in the steam produced from the evaporating sap,is captured
and repeatedly reused. Evaporation takes place in an evaporation chamber in which hot sap is sprayed onto
an even hottersurface. The result is a vaporization of some of the water molecules which are then pulled
out of the chamber under negative pressure. This vapor is compressed, raising its temperature, and'is reused
to reheat the evaporating surface. Sap is recycled until the desired density is achieved. To increase
efficiency, sap is preheated with heat exchangers which absorb heat from the evaporation chamber and
finished syrup. External heat energy is required to start the evaporating process but only intermittently
thereafter to maintain it.
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MAPLE SYRUP
Grades/classification
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Introduction of Maple Syrup/Explanation of the different grades, color, flavor
Quality Standards, Canada/Quebec Classification

There exists two types of classifications for Maple Syrup in Canada. The classification of the
Canadian Federal Government and that of the Quebec Provincial Government. Quebec
sugar makers have the choice to conform to one or another of the regulations in force.
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CANADA FEDERAL GRADES

Canada No. 1 (extra clear, clear,
medium)

Canada No. 2 (amber)

Canada No. 3 (Dark and any of
grades above that have a slight
taste ofi bud, sap and caramel)

Canadian Maple Syrup
classification is based-on color
and authenticity of the maple
flavon. As such, maple syrup is
categorized and graded according
to its color, clearness, density and
the strength of its maple flavor.

QUEBEC PROVINCIAL
GRADES

Extra Light (AA)
Light (A)
Medium (B)
Amber (C)

Dark amber (D)
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USDA Grade

Grade A Light Amber/Fancy, (Canada No. | Extra
[ight/Quebec Grade AA): LLight transmittance over
75%

Grade A Medium Amber, (Canada No. | Light
/Quebece Grade A): Light transmittance 61-74%

Grade A Dark Amber, (Canada No. | Medium
/Quebec Grade B): Light transmittance 44-60%

Grade B, (Canada No. 2 Amber/Quebec Grade C):
light transmittance 27-43%

(Canada No. 3 Dark/Quebec Grade D):
Light transmittance 0-26%



Maple Products & Storage

Maple Products

= Soft Maple candy- Maple sugar is heated' to approximately 244 degrees
F, cooled to 155 degrees K, stirred until crystallization starts, and then
poured mto molds

Hard Maple Candy- Maple Syrup is approximately 255 degrees E, it is
stirred immediately until crystals form and then poured into molds

Maple Butter-Maple Syrup is heated to approximately 236 degrees E, it
is cooled rapidly to about 70 degrees F and stirred rapidly to whip air
mnto it also called Maple spread

Maple tafty- Maple Syrup is heated'to 234 degrees F. The hot syrupis
poured into strips on well packed snow and picked up with a fork or
stick, crushed ice may be used in place of snow,

m Granulated Maple sugar-Maple Syrup is heated to approximately 238
degrees F and stirred hot, producing a coarse textured sugar

Storage ~itorenjoy freshness of maple syrup

m Unopened syrup stores easily, unrefrigerated. However, prolonged
storage may cause the color of maple syrup to darken and the flavor to
deteriorate. It is recommended to store maple syrup in the freezer, Maple
Syrup won'’t freeze.

After opening, store in an air tight container. It should be kept in a
refrigerator or freezer, it will slow down the erystallization process
brought on by the evaporation of Maple Syrup. After opening and when
storing for extended periods,(one to three months), it is recommended to
store Maple Syrup:in the freezer. With the exception of the Bag i the
box which can be store at room temperature at all times.
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Maple Syrup’s Nutritional Value compared with
other Sweeteners ((Sugar, Honey, Brown Sugar)

Are all the sugars created equal?
NOT REALLY, the table below shows the contribution of various sweeteners to the daily
Value (DV?) of various nutrients. No doubt that maple syrup is well ahead of its competitor:
* Per 60 ml (1/4 cup, en % DV1)
DV Daily value'is the intake of a given nutrient deemed as to fulfill the daily nutritional
needs of most individuals

Maple Syrup®

Honey

White Sugar

Brown Sugar

Manganese

100

RiboFlavine

34

Zinc

11

Magnesium

Calcium

Potassium

3
2
|
0
|
|
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FIVE HEALTH BENEFITS

100% NATURAIL The Maple Syrup from which we make taffy, sugar and butter (which doesn’t really
contain any butter!) is obtained through the concentration of sap of some varieties of maple trees. [t
contains no coloring agents, artificial flavorings, preservatives or other additives.

ESSENTTAL VITAMINS AND MINERALS. Maple Syrup products are a significant source of
several nutrients. For example, on average, a 4 Tbsp serving of Maple Syrup supplies more than 100% of
our daily intake of manganese, 37% of riboflavin, 18% of zinc, 7% of magnesium and 5% of calcium and
potassium. What other sweetener can beat that!

OTHER BENEFICIAL COMPOUNDS. In addition to carbohydrates, vitamins,and minerals,

Maple Syrup and its products also contain phenolic compounds which are found i sap.

LLOW ON THE GLYCEMIC INDEX. The Glycemic Index (GI) is a scale that ranks foods on how
they affect blood glucose levels. By consuming foods with a low GI rating (55 or lower), we can prevent or
control heart'disease, diabetes and obesity. Maple Syrup (GI 54) compares well with other sweetening
products such as sugar (GI58) and honey (GI87).

MAPLE PRODUCTS: PARTNERS IN HEALTHY EATING. In its latest report on dietary
reference intakes, Health Canada concluded that current scientific data on the correlation between sugar
consumption and the risk of diseases (obesity, cancer, hyperlipidemia and others) did not justifyy a reduction
of sugar intake. There is a difference between foods that have been sweetened which supply nutrients
(flavored milk and yogurt, fruit desserts and others) and those (such as pop drinks, candy and pastries)
which do not supply much other than calories. In short, Maple Syrup products are completely compatible
with a healthy diet.
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Health Benefits

Maple syrupis sweet - and we're not just talking flavor.
Maple syrup, as an excellent source of manganese and a good source of zinc, can also be sweet for your health.

Sweeten Your Antioxidant Defenses

The trace mineral manganese 1s an essential cofactor in a number of enzymes important in energy production and antioxidant
defenses. For example, the key oxidative enzyme superoxide dismutase, which disarms free radicals produced within the
mitochondria (the energy production factories within our cells), requires manganese. One ounce of maple syrup supplies
22.0% of the daily value for this very important trace mineral.

Be Sweet to Your Heart with Maple Syrup

Maple syrup is a good sweetener to use if you are trying to protect the health of your heart. The zine supplied by maple syrup,
in addition to acting as an antioxidant, has other functions that can decrease the progression of atherosclerosis. Zinc is needed
for the proper function of endothelial cells and helps to prevent the endothelial damage caused by oxidized LDL cholesterol
and other oxidized fats. (The endothelium is the inner lining of blood vessels.) Endothelial membranes low in zinc are much
more prone to injury. Additionally, studies have found that in adults, deficient in manganese, the other trace mineral amply
supplied in maple syrup, the level of HDL (the "good" cholesterol) is decreased.

Sweet Support for Your Immune System

Zinc and manganese are important allies in the immune system. Many types of immune;cells appear to depend upon zinc for
optimal function. Particularly in children, researchers have studied the effects of zinc deficieney, (and zinc'supplementation)
on their immune response and their number of white blood cells, including specific studies on T lymphocytes, macrophages,
and B cells (all types of white blood cells important for immune defenses). In these studies, zinc deficiency-has been shown
to compromise numbers of white blood cell and immune response, while zinc supplementation has been shown to restore
conditions, te. nermal..In-addition to the role played by zinc, the manganese in maple syrup is important since, as a component
ofi the antioxidant SOD, it helps lessen inflammation, thus supporting healing. In addition, manganese may also act as an
immunostimulant.

Real Healthy Men Use Maple Syrup

Maple syrup may help to support reproductive health and provides special benefits for men. Zinc is concentrated more highly
in the prostate than in any other human tissue, and low levels of zinc in this gland relate to a higher risk for prostate cancer.
In fact, zinc is a mineral used therapeutically by healthcare practitioners to help reduce prostate size. Manganese may also
play a role in supporting men's health since, as a catalyst in the synthesis of fatty acids and' cholesterol, it also participates in
the production of sex hormones, thus helping to maintain reproductive health.

Safety: Maple syrup in its natural state is not a commonly allergenic food and is not known to contain measurable amounts of
goitrogens, oxalates, or purines.

Source: Asako Aramaki, R.D.
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Values of Manganese/Zinc

What can high-manganese
foods do for you?

Help your body utilize several key
nutrients such as biotin, thiamin,
ascorbic acid, and choline

Keep your bones strong and healthy

Help your body synthesize fatty acids
and cholestorol

Maintain normal blood sugar levels

Promote optimal-function of your
thymoid gland

Maintain the health of your nerves

Protect your cells from free-radical
damage

Source: Asako Aramaki, R.D.

What can high-zinc foods do for you?

Help balance blood sugar
Stabilize your metabolic rate
Prevent a weakened immune system

Support an optimal sense of smell and
taste
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Maple Products available

lerSyrup

le Butter @maple spread)
le' Sugar

le Jelly

le Flakes

le Candy

le Gift Sets

Flavored Maple Syrup
le: Mustard

le Dressing

ler Vinegar

le Chocolate

le Peanut Brittle

le Frosted Almonds

le Concentrate




Tasting Maple Syrup

s Although professional tasters require extensive traming, you
can sharpen your tasting skills by following these steps:

m First, smell the syrup by taking three quick sniffs. Make a mental note
off your impression. Next, take a small sip of the syrup and swirl it
around 1 your mouth. It is a good 1dea to spit it out if you can. Take
about a minute to concentrate on the full range of flavors.

Try to associate the flaver with your own experience (for example, the
aroma from a bag of marshmallows).

[f possible, share-your reaction with others, as this often helps trigger
memory association. Once you have identified what you think
characterizes the taste, memorize the sensation and the name for it (for
example, vanilla).

Finally, try to assess the degree of intensity (e.g.: mild, medium or
strong).
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Miaple Tasting-Sensory Profile Vocabulary

Dominant Elavors Minor Klavors

Roasted
Light- Golden Sugar, Chicory, Toast Herbal
Medium-Cooked Sugar-caramelized, Bumt wood, Ground = Fresh Herbs- Stem, Grassy, Shoot, Bud
brown cofitee, brown coffee bean, Chocolate s Dy Herbs- Crushed leaves, Nutshells, Dry herbs, Hay

Strong- Bunnt Sugar, Ground Black Coffee, Black Coffee Bean, = Fermented Herbs- Silage
Smoke ol

Plants, Humus, Eoerest, Cereals
s Humus, Forest- Mushroom, Mould, Potate
s Cereals-Malt, Oat, Wheat, Rye

Confectionery
s Light- White Sugar
= Medium- Corn Syrup, Light brown sugar
s Stiong- Dark brown sugar, molasses, sponge toffee

Nuts- Bitter Almond, Hazelnut, Nuts

Maple, Roasted dandelion root Peachy, firuits with pits or seeds

Variable as a dominant flavor

Eresh- Butter, Cream, Milk

Heated- Butter, Milk
Woody,

Firewood, Wet wood, Softwood (pine, fir, larch, juniper, cedar,
etc)
Floral

. Flowers
Vanilla Honey

Marshmallow:
Vanilla Pod

*Important Note: Cloves

. ) ) ) Ci

During production, Maple Syrup is often blended in an effort Aﬁllrsla]gzgk Liguosics
to obtain perfection of the flavor most often demanded by

consumers...that of the flavor of Maple.

Page 23 of 32




MAPLE SYRUP TASTE TEST
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Eederation off Quebec Mapile
Syrup Producers

s Federation of' Québec Maple Syrup
Producers represents 7,000 syrup maker:
producers from Quebec. Quebec produces over
80 percent of the worlds Maple Syrup, equal to
93 percent of Canadian production. Its mandate
1S to create a common resource and provide

suitable tools to control the : :
quantity and the preservation of maple products. FEE Federation of Quebec

Since February 28, 2002, the Federation of i
Quebec Maple Syrup Producers has acted as the Maple Syrup Producers
exclusive sales agency of syrup makers;

receiving and marketing maple syrup sold in
large containers -of more than 5 liters. Through

its promotional activities and market
development, the Federation of Quebec Maple
Syrup Producers contributes to the

development, knowledge, and consumption of
maple products in Quebec and around the

world.

www.siropderable.ca
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CITADELLE

m Citadelle Maple Syrup Producers'
Cooperative
In existence for three-quarters of a
century, Citadelle Maple Syrup
Producers' Cooperative - the
corporate name of the Cooperative
since 1996 - has some 2,700
members, or nearly one-third of all
Quebec Maple Syrup producers. The
Cooperative does business with over
2,000 non-member
producers through-its division and
thuee subsidiaries in
Quebec and New Brunswick.

www.citadelle-camp.com
www.shadymaple.ca
www.mapledelights.com
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DECACER

Decacer

[n business for over 6 years, Decacer
1s'a Quebec company with two
production centers, one in Saint-
Antoine-de-Tilly near Quebec City
and another i Degelis in the Lower
St. Lawrence region. Its primary
activity 1s° Maple Syrup bottling.
Equinex Organic Maple Flakes and
Organic Cranberry Maple Flakes are
Decacer's latest innovation. These
natural sweeteners-make healthful
cating a lot more flavorful.

www.decacer.com
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Heritage Yamaska

s Heritage Yamaska

(ILa Coulée d"Abbotstord) By 1876,
Jean-Baptiste Chagnon was selling
his Maple Syrup and sugar products
at regional public markets. Through
the years, five generations of his
descendants have followed! in his
footsteps, developing a much sought-
after expertise in the

production of maple products. La
Coulee d’Abbotsford was named
“Maitre-Sucrier” or master sugar
maker by the Quebec Department of
Agriculture. This prestigious
distinction is awarded to the best
maple producer and is the hallmark of
products of exceptional quality.

www.heritageyamaska.com
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[Lapierre Maple Barm

s Lapierre Maple Farm
[Lapierie Maple Farm 1s principally located in Milan, Canada
and taps roughly 150,000 sugar maple trees each
season. About 90% of Lapicrie’s sugar bush is made up of’
sugar maples and' 10% are a mixture of silver and red
maple. In 2002, we provided Metro Inc. stores” with 100%
pure Maple Syrup that identified the specific growing region
(terroir) or sugar bush, the only producer to do so. Weibelieve
that much like wine and olive oil, the flavor profile of maple
varies with each growing region. The Canadian Counsel of
Food Distribution honored Metro Inc. and LLapierie Maple
Farm at the Canadian Grand Prix with a new product award in
2004 for the exceptional quality of their Maple Syrup Sirobec
T™M product.

Lapierre 1s committed to selling only 100% pure Maple Syrup
and to'never compromising its quality and the unique flavor
identity (terroir) of the maple products derived from our
sugarbush.

Savor and discover 100 % pure Lapierre Maple Syrup ! A
unique gift of nature....shared with you...from our sugarbush
to your table!

www.maplesyrupusa.com
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Cooking Tips

Use as a sugar substitute

In general, Maple Syrup can be
substituted for granular sugar in
baked goods by following these rules
of thumb:

For each cup of granulated sugar, use
1-1/2 cups of Maple Syrup.

Reduce other liquids in the recipe by
about one-half.

Add 1/4 teaspoon baking soda for
each cup of Maple Syrup.

Decrease oven temperature by 25
degrees E.

A Few Quick Serving Ideas

Maple syrup, used in place of table
sugar as a sweetener, gives tea and
coffee a unique taste.

Pour some maple syrup on oatmeal
topped with walnuts and raisins.

Add maple syrup and cinnamon to
pureed cooked sweet potatoes.

Combine maple syrup withiorange
juice and tamari and use as a
marinade for baked tofu

Spread peanut butter on a piece of
whole wheat toast, top with sliced
bananas and then drizzle maple syrup
on top for a sweet treat.




MAPLE RECIPES

n For Delicious Maple Recipes visit:
http://www.domorewithmaple.com/maplesyri
precipes.html

Bon appetit!

m [f you have any questions on the recipes or the curriculum, please contact

Chef LaGarde via email at cheflagarde(@domorewithmaple.com
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Canadian Nutrient File (CNF)

Sweets, syrups, maple, bulk

Food Code : 4326

Nutrient name Unit 30mi/41g [100ml/136¢9g |250ml/340¢g
Proximates

Moisture g 13.13 43.75 109.39
Ash g 0.291 0.970 2.426
Protein g 0.00 0.00 0.00
Total Fat g 0.10 0.33 0.83
Carbohydrate g 27.31 91.03 227.58
Alcohol g 0.0 0.0 0.0
Energy (kcal) kCal 107 355 888
Energy (kJ) kd 446 1488 3719
Other Carbohydrates

Fibre, total dietary g 0.0 0.0 0.0
Glucose g 0.27 0.89 2.21
Fructose g 0.14 0.46 1.14
Galactose g 0.00 0.00 0.00
Lactose g 0.00 0.00 0.00
Sucrose g 24.06 80.20 200.50
Sugars, total g 24.46 81.54 203.86
Minerals

Calcium, Ca mg 44 148 370
Iron, Fe mg 0.49 1.63 4.08
Magnesium, Mg mg 9 28 71
Phosphorus, P mg 1 3 7
Potassium, K mg 92 306 765
Sodium, Na mg 4 12 31
Zinc, Zn mg 0.29 0.95 2.38
Copper, Cu mg 0.030 0.101 0.252
Manganese, Mn mg 0.939 3.130 7.825
Selenium, Se Mg 0.2 0.8 2.0
Vitamins

Beta carotene Mg 0 0 0
Alpha carotene ug 0 0 0
Retinol Mg 0 0 0
Retinol activity equivalents,

RAE Mg 0 0 0
Folacin, total ug 0 0 0

Folic acid, synthetic form Mg 0 0 0
Folate, naturally occurring  |ug 0 0 0
Dietary folate equivalents,

DFE Mg 0 0 0
Niacin mg 0.033 0.110 0.276
Niacin equivalents NE 0.033 0.110 0.276
Pantothenic acid mg 0.012 0.041 0.102
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Riboflavin mg 0.519 1.731 4.328
Thiamin mg 0.027 0.090 0.225
Vitamin B-6 mg 0.001 0.003 0.007
Vitamin B-12 Mg 0.00 0.00 0.00
Choline, total mg 0.7 2.2 5.4
Vitamin C mg 0.0 0.0 0.0
Vitamin D ug 0.000 0.000 0.000
Vitamin K Mg 0.0 0.0 0.0
Tocopherol, alpha mg 0.00 0.00 0.00
Amino Acids

Tryptophan g 0.000 0.000 0.000
Threonine g 0.000 0.000 0.000
Isoleucine g 0.000 0.000 0.000
Leucine g 0.000 0.000 0.000
Lysine g 0.000 0.000 0.000
Methionine g 0.000 0.000 0.000
Cystine g 0.000 0.000 0.000
Phenylalanine g 0.000 0.000 0.000
Tyrosine g 0.000 0.000 0.000
Valine g 0.000 0.000 0.000
Arginine g 0.000 0.000 0.000
Histidine g 0.000 0.000 0.000
Alanine g 0.000 0.000 0.000
Aspartic acid g 0.000 0.000 0.000
Glutamic acid g 0.000 0.000 0.000
Glycine g 0.000 0.000 0.000
Proline g 0.000 0.000 0.000
Serine g 0.000 0.000 0.000
Hydroxyproline g 0.000 0.000 0.000
Lipids

Fatty acids, saturated, total |[g 0.015 0.049 0.122
4:0 g 0.000 0.000 0.000
6:0 g 0.000 0.000 0.000
8:0 g 0.000 0.000 0.000
10:0 g 0.000 0.000 0.000
12:0 g 0.000 0.000 0.000
14:0 g 0.000 0.000 0.000
16:0 g 0.015 0.049 0.122
18:0 g 0.002 0.005 0.014
Fatty acids,

monounsaturated, total g 0.026 0.087 0.218
16:1 g 0.000 0.000 0.000
18:1 g 0.026 0.087 0.218
20:1 g 0.000 0.000 0.000
22:1 g 0.000 0.000 0.000
Fatty acids, polyunsaturated,

total g 0.041 0.136 0.340
18:2 g 0.041 0.136 0.340
18:3 g 0.000 0.000 0.000
18:3n3ccen-3 g 0.000 0.000 0.000
18:3n6ccen-6 g 0.000 0.000 0.000
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18:4 g 0.000 0.000 0.000
20:3 g 0.000 0.000 0.000
20:3n-3 g 0.000 0.000 0.000
20:3n-6 g 0.000 0.000 0.000
20:4 g 0.000 0.000 0.000
20:5n-3 g 0.000 0.000 0.000
22:5n-3 g 0.000 0.000 0.000
22:6n-6 g 0.000 0.000 0.000
Cholesterol mg 0 0 0
Other components

Caffeine mg 0 0 0
Theobromine mg 0 0 0
Lutein and zeaxanthin ug 0 0 0
Lycopene Mg 0 0 0
Beta cryptozanthin ug 0 0 0

Canadian Nutrient File, 2010

(CFQG) - Refers to the serving size based on Eating Well with Canada's Food Guide

Date : Apr 13, 2011
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Canadian Nutrient File (CNF)

sweets, syrups, maple, prepackaged

Food Code : 6175

Nutrient name Unit 30mi/40g |100mi/130¢g
Proximates

Moisture g 12.84 41.72
Ash g 0.218 0.708
Protein g 0.00 0.00
Total Fat g 0.06 0.19
Carbohydrate g 26.89 87.38
Alcohol g 0.0 0.0
Energy (kcal) kCal 108 351
Energy (kJ) kJ 452 1468
Other Carbohydrates

Fibre, total dietary g 0.0 0.0
Glucose g 0.24 0.77
Fructose g 0.13 0.42
Galactose g 0.00 0.00
Lactose g 0.00 0.00
Sucrose g 23.06 74.94
Sugars, total g 23.44 76.17
Minerals

Calcium, Ca mg 29 95
Iron, Fe mg 0.48 1.56
Magnesium, Mg mg 9 30
Phosphorus, P mg 1 3
Potassium, K mg 86 279
Sodium, Na mg 5 15
Zinc, Zn mg 0.80 2.58
Manganese, Mn mg 1.538 5.000
Selenium, Se Mg 0.2 0.8
Vitamins

Beta carotene Mg 0 0
Alpha carotene Mg 0 0
Retinol ug 0 0
Retinol activity equivalents, RAE ug 0 0
Folacin, total ug 0 0
Folic acid, synthetic form Mg 0 0
Folate, naturally occurring ug 0 0
Dietary folate equivalents, DFE Mg 0 0
Niacin mg 0.066 0.213
Niacin equivalents NE 0.066 0.213
Pantothenic acid mg 0.014 0.047
Riboflavin mg 0.293 0.952
Thiamin mg 0.007 0.023
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Vitamin B-6 mg 0.001 0.003
Vitamin B-12 Mg 0.00 0.00
Vitamin C mg 0.0 0.0
Vitamin D Mg 0.000 0.000
Vitamin K Mg 0.0 0.0
Tocopherol, alpha mg 0.00 0.00
Amino Acids

Tryptophan g 0.000 0.000
Threonine g 0.000 0.000
Isoleucine g 0.000 0.000
Leucine g 0.000 0.000
Lysine g 0.000 0.000
Methionine g 0.000 0.000
Cystine g 0.000 0.000
Phenylalanine g 0.000 0.000
Tyrosine g 0.000 0.000
Valine g 0.000 0.000
Arginine g 0.000 0.000
Histidine g 0.000 0.000
Alanine g 0.000 0.000
Aspartic acid g 0.000 0.000
Glutamic acid g 0.000 0.000
Glycine g 0.000 0.000
Proline g 0.000 0.000
Serine g 0.000 0.000
Hydroxyproline g 0.000 0.000
Lipids

Fatty acids, saturated, total g 0.014 0.047
4:0 g 0.000 0.000
6:0 g 0.000 0.000
8:0 g 0.000 0.000
10:0 g 0.000 0.000
12:0 g 0.000 0.000
14:0 g 0.000 0.000
16:0 g 0.014 0.047
18:0 g 0.000 0.001
Fatty acids, monounsaturated, total |g 0.026 0.083
16:1 g 0.000 0.000
18:1 g 0.026 0.083
20:1 g 0.000 0.000
22:1 g 0.000 0.000
Fatty acids, polyunsaturated, total g 0.040 0.130
18:2 g 0.040 0.130
18:3 g 0.000 0.000
18:3n3ccen-3 g 0.000 0.000
18:3n6ccen-6 g 0.000 0.000
18:4 g 0.000 0.000
20:3 g 0.000 0.000
20:3n-3 g 0.000 0.000
20:3n-6 g 0.000 0.000
20:4 g 0.000 0.000
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20:5n-3 g 0.000 0.000
22:5n-3 g 0.000 0.000
22:6n-6 g 0.000 0.000
Cholesterol mg 0 0
Other components

Caffeine mg 0 0
Theobromine mg 0 0
Lutein and zeaxanthin Mg 0 0
Lycopene Mg 0 0
Beta cryptozanthin ug 0 0

Canadian Nutrient File, 2010

(CFQG) - Refers to the serving size based on Eating Well with Canada's Food

Guide

Date : Apr 13, 2011
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Syrups, maple

Refuse: 0%

NDB No: 19353 (Nutrient values and weights are for edible portion)

Value per | Number Std. 1.00 X1 1.00 X 1 tbsp
Nutrient Units 100 grams | of Data Error |  seeeeee | e
Points 315¢g 209

Proximates
Water g 32.39 12 0.357 102.03 6.48
Energy kcal 260 0 0 819 52
Energy kJ 1088 0 0 3427 218
Protein g 0.04 8 0.037 0.13 0.01
Total lipid (fat) g 0.06 8 0.058 0.19 0.01
Ash g 0.47 6 0 1.48 0.09
Carbohydrate, by
difference g 67.04 0 0 211.18 13.41
Fiber, total dietary g 0 1 0 0 0
Sugars, total g 60.44 9 5.089 190.39 12.09
Sucrose g 58.32 25 3.685 183.71 11.66
Glucose
(dextrose) g 1.6 22 0.58 5.04 0.32
Fructose g 0.52 25 0.218 1.64 0.1
Lactose g 0 6 0 0 0
Maltose g 0 6 0 0 0
Galactose g 0 6 0 0 0
Minerals
Calcium, Ca mg 102 16 6.652 321 20
Iron, Fe mg 0.11 8 0.003 0.35 0.02
Magnesium, Mg mg 21 16 0.203 66 4
Phosphorus, P mg 2 3 0.929 6 0
Potassium, K mg 212 16 12.41 668 42
Sodium, Na mg 12 16 4.228 38 2
Zinc, Zn mg 1.47 16 0.772 4.63 0.29
Copper, Cu mg 0.018 6 0 0.057 0.004
Manganese, Mn mg 2.908 16 0.608 9.16 0.582
Selenium, Se mcg 0.6 0 0 1.9 0.1
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Vitamins

Vitamin C, total

ascorbic acid mg 0 1 0 0 0
Thiamin mg 0.066 5 0.027 0.208 0.013
Riboflavin mg 1.27 5 0.201 4 0.254
Niacin mg 0.081 5 0.01 0.255 0.016
Pantothenic acid mg 0.036 3 0.003 0.113 0.007
Vitamin B-6 mg 0.002 3 0.002 0.006 0
Folate, total mcg 0 3 0.167 0 0
Folic acid mcg 0 0 0 0 0
Folate, food mcg 0 3 0.167 0 0
Folate, DFE mcg_DFE 0 0 0 0 0
Choline, total mg 1.6 0 0 5 0.3
Vitamin B-12 mcg 0 1 0 0 0
Vitamin B-12,

added mcg 0 0 0 0 0
Vitamin A, RAE mcg_RAE 0 0 0 0 0
Retinol mcg 0 0 0 0 0
Carotene, beta mcg 0 0 0 0 0
Carotene, alpha mcg 0 0 0 0 0
Cryptoxanthin,

beta mcg 0 0 0 0 0
Vitamin A, IU U 0 1 0 0 0
Lycopene mcg 0 0 0 0 0
Lutein +

zeaxanthin mcg 0 0 0 0 0
Vitamin E (alpha-

tocopherol) mg 0 0 0 0 0
Vitamin E, added mg 0 0 0 0 0
Vitamin D (D2 +

D3) mcg 0 0 0 0 0
Vitamin D U 0 0 0 0 0
Vitamin K

(phylloquinone) mcg 0 0 0 0 0
Lipids

Fatty acids, total

saturated g 0.007 0 0 0.022 0.001
4:0 g 0 0 0 0 0
6:0 g 0 0 0 0 0
8:0 g 0 0 0 0 0
10:0 g 0 0 0 0 0
12:0 g 0 0 0 0 0
14:0 g 0 0 0 0 0
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16:0 g 0.006 0 0 0.019 0.001
18:0 g 0.001 0 0 0.003 0
Fatty acids, total

monounsaturated g 0.011 0 0 0.035 0.002
16:1

undifferentiated g 0 0 0 0 0
18:1

undifferentiated g 0.011 0 0 0.035 0.002
201 g 0 0 0 0 0
221

undifferentiated g 0 0 0 0 0
Fatty acids, total

polyunsaturated g 0.017 0 0 0.054 0.003
18:2

undifferentiated g 0.017 0 0 0.054 0.003
18:3

undifferentiated g 0 0 0 0 0
18:4 g 0 0 0 0 0
20:4

undifferentiated g 0 0 0 0 0
20:5 n-3 (EPA) g 0 0 0 0 0
22:5 n-3 (DPA) g 0 0 0 0 0
22:6 n-3 (DHA) g 0 0 0 0 0
Cholesterol mg 0 1 0 0 0
Other

Alcohol, ethyl g 0 0 0 0 0
Caffeine mg 0 0 0 0 0
Theobromine mg 0 0 0 0 0

Page 3 of 3




High-Performance Liquid Chromatography
Characterization and Identification of Antioxidant
Polyphenols in Maple Syrup*

2008, Vol. 46, No. 1-2 , Pages 117-125

Mamdouh M. Abou-Zaid, Constance Nozzolillo, Amanda Tonon, Melanie Coppens and
Domenic A. Lombardo

Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre, Sault
Ste. Marie, Ontario, Canada

Ottawa-Carleton Institute of Biology, University of Ottawa, Ottawa, Ontario, Canada

Natural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre, 1219
Queen St. East, Sault Ste. Marie, Ontario, Canada, P6A 2ES5, (705) 541-5523, (705) 541-
5700

ABSTRACT

Maple syrup of four grades (extra-light, light, medium, and dark) of the 2007 crop was
provided by three local (St. Joseph's Island, Ontario, Canada) producers. Twenty-four
phenolic compounds were isolated from a medium-grade syrup and identified on the
basis of spectral and chemical evidence. They were (a) benzoic acid and several
hydroxylated and methoxylated derivatives (gallic acid, 1-O.-galloyl-B-d-glucose, y-
resorcylic acid); (b) cinnamic acid derivatives (p.-coumaric acid, 4-methoxycinnamic
acid, caffeic acid, ferulic acid, sinapic acid, and the ester chlorogenic acid); (c)
flavonoids, the flavanols catechin and epicatechin, and the flavonols kaempferol and its
3-0.-B-d-glucoside, 3-0.-B-d-galactoside, quercetin and its 3-O.-B-d-glucoside, 3-O.-B-L-
rhamnoside and 3-O.-rhamnoglucoside (rutin). Traces obtained at 280 and 350 nm in
HPLC runs of the ethyl acetate—soluble fractions of eight samples indicated the presence
of many more phenolic substances, most at very low concentration with some varibilities
in peak heights, but not in retention times, among the syrups. In view of the well-
established antioxidant activity these substances possess, it is suggested that it is the
complexity of the mixture rather than any one compound that may serve to counter the
unhealthful presence of the high concentration of sugars in the syrup.

Keywords: Acer, Aceraceae, A. saccharum. Marsh, ellagic acid, flavonols, gallic acid
and/or gallates, phenolics

Introduction

Maples (Acer. spp., family Aceraceae) are among the most important hardwood species
in North America (van Gelderen et al., 1994). Of the approximately 160 known species
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of the genus, only six are native to eastern Canada (Farrar, 1995). Of these, A. rubrum. L.
(red maple) and A. saccharum. Marsh (sugar maple) are responsible for most of the red to
orange autumnal coloration of Northeastern American forests. Sugar maple, found only
in North America, is one of the most valuable commercial hardwoods in the Maritime
Provinces and in the southern parts of Ontario and Quebec and is the main source of
maple syrup for which Canada is so well-known. Syrup is made from sap that the sugar
maple tree produces in great abundance in late winter, when daytime temperatures exceed
the freezing point and nighttime temperatures fall below it. The colorless, watery sap is
collected by drilling a hole into the new wood of the trunk and inserting a collection
device (called a spile). It is composed of approximately 97-98% water, thus requiring
about 40 L of sap to produce 1 L of syrup. The original process used to effect
concentration by the aboriginal peoples who invented it is simple heating. In the modern
sugar shanty, large volumes of sap are concentrated by using continuous-feed evaporators
heated by wood or oil stoves. The shallow evaporation pan with a large surface area is
designed so that it allows for continuous addition of unprocessed sap at one end of its
surface and the continual removal of the syrup at the other end. The more recent
introduction of the process of reverse osmosis reduces the need for fuel. Excess water (
75%) is removed from the sap by forcing it under pressure across membranes, leaving
behind the sugars and other organic substances. Repeated passes of the sap results in
additional water loss. By thus concentrating the sap before it enters the evaporator, the
time that it is processed at elevated temperatures is greatly shortened. During the heating
process, the typical flavor and brown color of maple syrup develops due to
caramelization of the sugars and oxidation of the phenolic constituents. Some Maillard
reaction products may also be formed (Kermasha et al., 1995) if nitrogenous compounds
are present. Typically, the color becomes deeper as the season progresses, and the syrups
are graded as “light” (in color), “medium” and “amber.” Sap concentrated in a rotary
evaporator at low temperature (> 30°C) has neither the color nor the flavor of maple
syrup (personal observation).

Recently, there has been considerable interest in the evaluation of phenolics from plant
sources owing to their antioxidant properties. Phenolics are hydrophilic substances; a
common origin is the aromatic shikimic acid. We have begun a series of investigations to
increase our understanding of the role that phenolics play in forestry, and our studies
have included several species of maples. We have shown that the most likely reason that
red maple (A. rubrum.) is highly resistant to forest tent caterpillar is because of the
presence of high amounts of ethyl m.-digallate (Abou-Zaid et al., 2001). It has both the
highest insect antifeedant activity and concentration of any compound in red maple but is
not present in the susceptible sugar maple (A. saccharum.), lending support to the
suggestion that it is the major resistance factor in red maple leaves. Red maple leaves also
contain a rare galloyl sugar, galloyl rhamnose (Abou-Zaid & Nozzolillo, 1999), and both
red and sugar maples contain small amounts of methyl gallate (Abou-Zaid et al., 2007).

The current study investigates phenolics in finished maple syrup produced on St. Joseph
Island near Sault Ste. Marie, Ontario, Canada; two of the producers used the conventional
boiling method, and one used reverse osmosis. Kermasha et al. (1995) and Theriault et al.
(2006) identified several phenolic compounds in maple syrup from Quebec and the sap
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from which it was made. Thériault et al. (2006) reported on the antioxidant activities of
the phenolic mixture present in the Quebec maple products and compared activities of
samples produced at early and later times in the short late-winter season. Our results
include isolation and identification from syrup produced by reverse osmosis of 23
phenolic compounds, including seven flavonoids. The high-performance liquid
chromatography (HPLC) traces show notable differences in the amounts at individual
phenolic peaks that can be more closely tied to the color grade rather than to mode of
production.

Materials and Methods

Maple syrup was obtained from three different producers located on St. Joseph Island,
Ontario, Canada (lat. 46.25 N, long. 83.88 W): (1) produced by conventional
concentration: (a) Irwin's Maple Products, Canada No. 1 Light and Canada No. 1
Medium; and (b) Thompson's Maple Products, Canada No. 1 Light and Canada No. 1
Medium; (2) produced by reverse osmosis: Gilbertson's Maple Products, Canada No.1
Extra Light, Canada No. 1 Light, Canada No. 1 Medium, and Amber (dark).

HPLC conditions

An Agilent Technology 1200 Liquid Chromatograph equipped with a computer and
Chem Station software (Chem 32), a binary pump SL (G1312B), a high-performance
autosampler SL (G1367C), and an autoscan photodiode array spectrophotometer detector
(DAD; Agilent Technology G1315C) were used. An Agilent Technology Eclipse Plus C-
18,5 um (4.6 x 150 mm i.d.) reverse-phase analytical column was also used. A linear
gradient chromatographic technique was used at room temperature with the following
solvent system: solvent A = MeOH/acetonitrile (95:5); solvent B = 0.05% aqueous
HCOOH; starting at 85% A:15% B and ending 42 min later with 5% A:95% B and a flow
rate set at 1 mL/min. Two fixed detection wavelengths were used, at 280 and 350 nm,
and the resolved peaks were scanned by the photodiode array detector from 190 to 450
nm. Dilute solutions (10 mg/mL) of the ethyl acetate extracts were passed through a 13-
mm GHP 0.45-p m Minispike filters (Waters, EDGE) and 10-u L aliquots were used for
injection onto an HPLC column with and without spiking with standards. Peaks were
identified on the basis of retention times and UV spectra where possible.

Preparation of extracts

For analysis by HPLC

Samples (10 mL) of each kind of syrup were extracted at room temperature by liquid-
liquid extraction using ethyl acetate three times (3 X 5 mL). The combined ethyl acetate
extracts were evaporated under nitrogen to dryness to yield the following: from
Gilbertson's Maple Products, 15 mg of extra-light, 21 mg of light, and 24 mg of medium;
from Irwin's Maple Products, 19 mg of light and 15 mg of medium; and from
Thompson's Maple Products, 23 mg of light and 24 mg of medium. The residues were
dissolved in methanol/water 85:15 at a concentration of 10 mg/mL and passed through
13-mm GHP 0.45-pu m Minispike filters (Waters, EDGE) prior to HPLC analysis.

For isolation and identification of compounds
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A sample (2 L) of medium-grade (Gilbertson's Maple Products) was evaporated under
reduced pressure until most of the water had been removed. The residue was freeze-dried
and weighed to obtain 1878 g.

Fractionation of bulk extract

The freeze-dried maple syrup (200 g) was dissolved in 100 mL distilled water and
adsorbed onto polyvinylpolypyrrolidone (PVPP) powder (Sigma) packed in a Buchner
funnel (2 L). Elution was carried out at a slow rate initially with water to wash out sugars
and other nonadsorbed substances followed by aliquots of increasing concentrations
(20%, 50%, 70%, and 100%) of methanol to produce five fractions. Each fraction was
concentrated under vacuum and chromatographed one-dimensionally on Whatman No. 1
chromatography paper using either BAW (n.-butanol—acetic acid—water, 4:1:5, upper
phase), water, or acetic acid—water (15:85). Bands detected by absorbance/fluorescence
under short-wave light (254 nm) and long-wave light (366 nm) were eluted with
methanol and placed onto a PVPP column from which they were eluted with the
following solvent systems sequentially: (1) CH2CI2-EtOH-MeCOEt-Me2CO (1:1:1:1),
(2) EtOH-MeCOEt-Me2CO-H20 (1:1:1:1), and (3) EtOH-H20O (1:1). Purification was
achieved with the aid of a low-pressure liquid chromatograph (Chemco low-prep pump,
model 9 1-M-8R, with 6-port valve, max. 80 mL/min). Final clean-up of the compounds
was achieved on a Sephadex LH-20 column (1 cm X 50 cm), using methanol as the
eluting solvent, a step essential to obtaining good spectra of purified compounds.
Identification of the isolated compounds

UV spectra were recorded on a UV-Vis Beckman DU series 800 spectrophotometer. 1H
NMR and 13C NMR spectra were recorded on a Bruker AMX-500 spectrometer at 500
MHz and 125 MHz, respectively; samples were dissolved in DMSO-d.6 with TMS as an
internal standard. Structures of purified compounds were determined according to
standard methods (Dey & Harborne, 1989; Fossen & Anderson, 2006): acid hydrolysis in
2 M and 0.1M HCI (mild hydrolysis) at 100°C for 60 min; enzymatic hydrolysis with -
glucosidase (Sigma) using an acetate buffer (pH 5); hydrogen peroxide oxidation; UV
spectroscopy; 1H NMR; 13C NMR and FAB-mass spectroscopy (positive and negative),
and by comparison with authentic samples where available. The glycosides and
aglycones obtained by hydrolysis of isolated compounds were identified by co-
chromatography with authentic samples (Apiin and Extrasynthese) using PC, TLC, and
HPLC. Sugars released by hydrolysis were identified by PC and TLC using standards.

Results and Discussion

Phenolic compounds isolated from maple syrup in the current study and identified by
physical analysis and comparison with standards where available are listed in Table 1
with structures shown in Figure 1. They are (a) benzoic acid and its hydroxylated and
methoxylated derivatives: gallic acid, 1-O.-galloyl-p-d-glucose, y resorcylic acid,

protocatechuic acid, vanillic acid, gentisic acid, syringic acid; (b) cinnamic acids (p.-
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coumaric acid, 4-methoxycinnamic acid, caffeic acid, ferulic acid, sinapic acid, and the
ester chlorogenic acid; (c) flavan 3-ols: catechin and epicatechin; (d) flavonol glycosides:
kaempferol and its 3-O.-B-d-glucoside, and galactoside and quercetin and its 3-O.-p-d-
glucoside, 3-O.-B-1-thamnoside, and 3-O.-rhamnoglucoside (rutin). Vanillic, syringic, p-
coumaric, ferulic, and sinapic acids were also identified by Kermasha et al. (1995) in
maple syrup from Quebec sources and in addition they found coniferyl alcohol, coniferyl
aldehyde, and homovanillic, vanillin, and syringaldehyde. Theriault et al. (2006) further
identify hydroxybenzoic and an unnamed flavonol. That the 23 compounds isolated and
identified represent only a fraction of the total numbers present is further indicated by the
many 280-nm peaks in the HPLC traces (Fig. 2). Most of the peaks are very small, less
than 10 mAU of a maximum possible of 100 mAU, and few of them contain only one
compound as shown by the spectra provided by the diode array. As a result, it is
impossible to estimate the amounts of identified compounds in the traces because in
many instances one or more unidentified compounds are also present with them and in
amounts that are often overwhelming. It is also possible that some of the isolated
compounds are present in the extracts as conjugates, which, owing to hydrolysis,
oxidation, and other chemical changes occurring during the lengthy isolation process, are
removed to leave only the parent compound. For example, there is no quercetin spectrum
in the peak eluting at 34 min where quercetin is expected (Table 1).

Changes in the phenolic constituents with the season, as was also reported by Theriault et
al. (2006), are evident from comparison of the extracts of light and medium syrups. The
former were produced early in the season, the latter at a later time. Many of the most
prominent peaks in the 280-nm traces contain compounds with spectra typical of
proanthocyanidins (peak 280 nm) or gallates (peak 275 nm), and these tend to be lower
in the syrups produced later in the season. HPLC traces of a Gilbertson dark syrup
produced late in the season are dominated by two compounds eluting in the first 5 min
(data not shown).

A point of interest in the results of the current study is the presence of flavonoids in the
syrup. Theriault et al. (2006) identified a flavonol peak in the HPLC trace of a syrup
extract, but isolation of flavonols and catechins and evidence of the presence of the latter
and of their polymers in the HPLC traces is new to the current study. As Kermasha et al.
(1995) stated, the presence of phenolic acids can be explained by their key role in lignin
synthesis with breakdown products of lignin or its precursors an important part of the
phenolic mixture. Lignin biosynthesis requires its precursors to be transported outside the
plasma membrane of the living cell, thus exposing them to the potential of being carried
away in the flow of sap in the xylem vessels. Flavonoid glycosides, on the other hand, are
normally stored in the vacuole of the cell and would not be expected to be available to the
sap unless the cell dies. Such is the fate, of course, of cells destined to become tracheids
or vessels. Assuming that the xylem precursors produced by the cambium contain
flavonoids in their vacuoles, these flavonoids could be swept away by the sap from the
dying cell. A second potential source of flavonoids might be living cells of the cambium,
phloem, and cortex damaged by the tapping process (i.e., when the trunk of the tree is
drilled to provide the hole in which to insert the sap collection device). Flavonoids, both
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glycosides and aglycones, are also important antioxidant compounds (Rice-Evans &
Packer, 2003; Clifford & Brown, 2006; Wijeratne et al. 2006).

In any case, total phenolic content of the syrup is very small in proportion to the sugar
content as shown by the weights of the ethyl acetate extracts reported in “Materials and
Methods” (about 20 = 5 mg/10 mL of syrup (dry wt. =9.4 g, i.e., 0.2% by weight).
Nevertheless, the biological activity shown by Theriault et al. (2006) may aid in
overcoming any negative effects of the high sugar content of the syrup on humans, thus,
indulging a sweet tooth, and is most likely, as suggested by Theriault et al. (2006), not
related so much to any particular compound as to the overall complexity of the mixture.
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Characterization of the Pyrazines Formed during the Processing of
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Maple Syrup
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Pyrazine formation in maple syrup was investigated during the boiling of maple sap at 105 °C for
220 min. In general terms, there was an induction period, characteristic of the type of pyrazine,
associated with the formation of all identified pyrazines. No pyrazine was detected before 60 min
of heating at 105 °C; 2,5-dimethyl- and trimethylpyrazine were formed after 60 min of heating,
whereas methyl-, 2,6-dimethyl-, ethyl-, 2,3-dimethyl-, and 2-ethyl-3-methylpyrazine were detected
after 120 min of heating. The total level of pyrazines increased from 3.42 ng/g after 60 min of
heating to 72.32 ng/g in the final syrup. The formation rate constants (0.04—0.13 ng of pyrazines/
min) were determined from the slopes of plots of concentrations versus time of heating. These plots
were consistent with pseudo-zero-order reactions. The formation of these pyrazines was influenced
by the heating time and by the pH of the boiling sap. The pH values of the sap increased from 7.2
to 9.2 during the first 40 min of boiling, then decreased to 7.3; the decrease in pH values was
associated with an increase in the total soluble solids, mainly sugars, from 3% in the sap to 65% in
the syrup. Consequently, the levels of sucrose, glucose, and fructose increased from 23.21, 0.09,
and 0.09 mg/g, respectively, in the sap to 416.97, 3.25, and 1.82 mg/g in the syrup.

Keywords: Pyrazines; maple; maple syrup; maple sap

INTRODUCTION

Flavor compounds of maple syrup include volatile
phenolic compounds, carbonyl compounds, and alkyl-
pyrazines (Kallio, 1988; Alli et al., 1990; Belford, 1991).
The alkylpyrazines, typical products of the advanced
stage of the Maillard reaction, have been the subject of
numerous studies because of their impact on color and
flavor of foods (Maga, 1982). Model systems consisting
of a variety of carbohydrates and amino acids or
nitrogen bases have been used to study the pathways
and mechanisms associated with the formation of pyra-
zine compounds. Dawes and Edwards (1966) proposed
that pyruvaldehyde, formed during sugar fragmenta-
tion, could react with amino acids to form aminopropa-
nal, which can yield dimethyldihydropyrazine by con-
densation. Newell et al. (1967) postulated the formation
of dimethylpyrazine from the Amadori 1,2-enaminol.
Shibamoto and Bernhard (1977) proposed that the
interactions between reducing sugars and amino com-
pounds resulted in the formation of a-aminocarbonyl
intermediates which could condense to form pyrazines.
This hypothesis stipulates that free ammonia resulting
from the decomposition of amino acids is the nitrogen
source. The most widely accepted mechanism for the
formation of pyrazines in food systems is via the
Strecker degradation of amino acids which in the
presence of a-diketones result in the formation of
o-aminoketones and Strecker aldehydes. The conden-
sation of a-aminoketones results in the formation of
pyrazines (Koehler and Odell, 1970; Hwang et al., 1994).

The effects of several factors, including reactants, pH,
the temperature/time relationship, water activity, and
the presence of oxidizing and reducing agents, on
pyrazine formation have been studied in both food and
model systems (Koehler and Odell, 1970). The forma-
tion of pyrazine compounds is considered to require

* To whom correspondence should be addressed.
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sugar fragments. Monte and Maga (1981) reported that
alkaline conditions promote sugar fragmentation and
hence resulted in an increased formation of pyrazines.

Pyrazines, mostly found in heat-treated foods and
some raw vegetables, have organoleptic characteristics;
the importance of their contribution to the overall flavor
has been reviewed (Maga, 1982; Fors, 1983). Sucrose,
glucose, and fructose (Jones and Alli, 1987; Leech and
Kim, 1990) and amino acids (Morselli and Wholen, 1986;
Kallio, 1988), present in maple sap, would be expected
to be the principle precursors for the formation of
pyrazines in maple syrup.

Although the presence of pyrazines has been reported
in maple syrup (Alli et al., 1990; Akochi-K et al., 199
1994), as far as the authors are aware, the presence of
these compounds has not been investigated. In the
present work, the levels of sucrose, glucose, and fructose
were found in maple sap and heated maple sap to be 9,
16, and 65.5% total soluble solids. The formation of
pyrazine compounds was monitored during the conver-
sion of maple sap to syrup.

MATERIAL AND METHODS

Materials. Maple sap (3% total dissolved solids) from the
1993 harvest season was obtained from the Morgan Arboretum
(Macdonald Campus of McGill University, Ste Anne de Belle-
vue, Québec). The sample was kept frozen at —15 °C a:
thawed just before analyses or processing. Commercial pure
maple syrups were purchased from Les Producteurs de Sirop
d’Erable du Québec (Plessiville, Québec).

PH. The pH values for maple sap and syrup samples were
measured using a multichannel Accumet pH meter (Fisher
Scientific Ltd., Ottawa, ON).

Total Dissolved Solids. Total soluble solids (TS) of sap
and syrup samples were determined by measurement of
refractive index (R;) using an Abbé refractometer (Belford
al.,, 1991).

Determination of Individual Sugars. Lyophilized may
sap and maple syrup samples were analyzed for individual
sugars. A quantity (5.0 mg) of sample was used to convert
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Pyrazines Formed during Maple Syrup Processing

Table 1. Content of Fructose, Glucose, and Sucrose in
Maple Sap, Heated Maple Sap, and Maple Syrup

sugar (mg/g)*
samples fructose glucose sucrose total
unheated 0.09 (0.01)» 0.09(0.00)® 23.21(0.02)®> 23.39
maple sap
percentage® 0.38 0.38 99.27
heated maple sap
9% T'S¢ 0.19(0.02)® 0.38(0.01)* 58.98 (1.15® 59.55
percentage 0.32 0.64 99.04
16% TS 0.24 (0.00)* 0.50(0.01)» 109.34 (1.02)* 110.08
percentage 0.22 0.45 99.33
maple syrup
65.5% TSP 1.64 (0.22)* 2.77(0.13)* 417.63 (0.17)> 422.04
percentage 0.39 0.66 98.96

@ Concentration in mg of sugar/g of sap or syrup. ® Results are
means (standard deviations) of triplicate determination. ¢ Relative
percentage of the total identified sugars. ¢ Total soluble solids.

the sugars to their trimethylsilyl derivatives and subjected to
gas—liquid chromatographic (GC) analyses (Jones and Allj,
1987). Glucose, fructose, and sucrose, obtained from Aldrich
Chemical Co. Inc. (Milwaukee, WI), were used as reference
sugars for identification; sorbitol was used as the internal
standard. GC analyses were performed using a Varian gas
chromatograph, model 3700, equipped with a flame ionization
detector and a DB 1701 (7% cyanopropylphenyl silicone liquid
phase) fused silica capillary column (30 m length x 0.25 mm
i.d. with a 0.25 ym film thickness; J&W Scientific, Montréal,
PQ). The analysis was carried out using the following condi-
tions: the injector and detector temperatures were 230 and
280 °C, respectively; the nitrogen carrier gas flow rate was 10
mL/min. The oven temperature was programmed from 120
to 250 °C at a rate of 4 °C/min, with a 6 min initial temperature
hold. All chromatograms were recorded and integrated using
an HP-3390A integrator (Hewlett-Packard, Montréal, Québec)
programmed to calculate the response factors for each indi-
vidual sugar used in the standard mixture.

Determination of Individual Free Amino Acids. In-
dividual free amino acids in maple sap were determined by
high-performance liquid chromatography (HPLC) according to
the procedure previously described by Spackman et al. (1958).

Determination of Pyrazines. Laboratory prepared maple
syrups and commercial maple syrups were analyzed for their
pyrazine content by gas chromatography according to the
method described by Akochi-K et al. (1994). Quantities of 100
g of commercial maple syrup or 10—25 g of laboratory prepared
syrup were diluted with deionized water, adjusted to pH 2.0
with 11% HCI solution, and extracted with diethyl ether. The
aqueous phase was adjusted to pH 12 with 3 M NaOH solution
and extracted five times with 20 mL of dichloromethane. The
organic phase was concentrated to approximately 5 mL using
a rotary evaporator, then to a final volume of 0.5 mL with a
stream of nitrogen. The pyrazine peaks were identified by
comparison of their retention times to those of reference
pyrazines obtained from Aldrich Chemical Co. Inc. (Milwau-
kee, WI).

Processing of Maple Sap. An evaporation process, in
which glass beakers of 1 L capacity were placed on a sand bed
within a stainless steel pan, was used for the conversion of
maple sap to maple syrup in the laboratory. The sap was
heated with burners, adjusted in a way that the temperature
of heating (105 °C) and the rate of evaporation (average of 6
mL per min) were maintained constant. The temperature of
boiling was measured using a multichannel tele-thermometer
(YSI model 42SC; Yellow Spring Instrument, Yellow Springs,
OH).

Maple sap was boiled to total soluble solid values of 9, 16,
and 65.5%; these samples were analyzed for their sugar and
total solid (TS) contents as well as for their pH values. In
addition, the syrup of 65.5% TS was subjected to pyrazine
analyses.

Formation of Pyrazines during Processing. The for-
mation of pyrazines in maple sap was monitored during a
single volume boiling cycle and a continuous boiling process.
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Figure 1. Monitoring of pH values and total soluble solid
contents during the heating of maple sap: changes in pH (
open boiling and (®) under reflux boiling, and (O) changes
total soluble solid contents.

For the single boiling cycle, the sap was boiled in batches of
600 mL for 30, 60, 90, and 120 min at a constant temperature
of 105 °C. For the continuous boiling process, a starting sap
volume of 600 mL was heated with periodic additions of fresh
sap (95 mL at 15 min intervals). To simulate the processing
of sap to syrup on a commercial scale, large volumes of sap
(4—5 L) were heated. In addition, commercial maple syrup
(500 g) was subjected to extended heating at 105 °C for 30
and 50 min.

RESULTS AND DISCUSSION

The determination of sugars and amino acids served
to establish that the precursors required for the forma-
tion of pyrazines are present. The results of the sugar
analyses (Table 1) show the presence of sucrose, glucose,
and fructose in maple sap and heat-treated maple sap.
These findings agree with those reported by Jones and
Alli (1987), who identified these sugars in maple sap.
The GC analyses indicated that the relative percentages
of sucrose, glucose, and fructose in maple sap were
99.27, 0.38, and 0.38, respectively. The total concentra-
tion of these three sugars was 23.39 mg/g of sap;
however, individual concentrations of these sugars
increased to reach 417.63 mg for sucrose, 2.77 for
glucose, and 1.64 for fructose when the sap turned into
syrup with a total concentration of 422.04 mg/g. The
increase in glucose and fructose concentrations may
have been the result of heat degradation of sucrose. The
overall increase of these three sugars may also be
attributed to water evaporation. Figure 1 shows a
gradual increase in total solids (T'S) values from 3 to
5% during the first 40 min of boiling of maple sap. This
was followed by a rapid increase in T'S values to 65%
during the subsequent 20 min. The dramatic increase
in TS values of the boiling sap, associated to decreases
in pH values, could be attributed to the increase in the
rate of evaporation of water.

The analyses of maple sap for its individual free
amino acids content showed the presence of trace
quantities of aspartic acid, serine, glycine, alanine,
valine, and lysine. Morselli and Whalen (1986) reported
the presence of aspartic acid, asparagine, glutamine,
proline, ammonia, and urea as nitrogenous compounds
in maple sap. Heating of amino acids in the presence
of reducing sugars generates aminocarbonyl fragments,
which combine with other aminocarbonyl fragments to
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Table 2. Pyrazines Formed When Maple Sap Is
Subjected to a Single Heating Cycle

timeb TSe pyrazine (ng/g)*
(min) pH (%) 2,5-dimethylpyrazine trimethylpyrazine

0 72 30 d d

10 8.3 3.2 d d

25 9.1 3.3 d d

40 92 5.0 d d
60 7.8 63.0 1.68 (0.05)¢ 2.54(0.01)
90 7.5 65.0 4.76 (0.02) 0.96 (0.00)°
120 7.3 65.0 2.86 (0.11)° 0.67 (0.00)

@ Concentration in ng of pyrazine/g of syrup. ® Time of heating
of maple sap. ¢ Total soluble solids. ¢ Not detected. ¢ Results are
means (standard deviations) of triplicate analysis.

form pyrazines; with glysine and lysine being highly
reactive and serine and alanine moderately reactive in
the formation of N-heterocyclic compounds (Baltes,
1990).

Figure 1 shows the changes in pH values during the
processing of maple sap. The pH values of sap increased
from 7.2 to 9.2 after 30 min boiling at 105 °C, before it
decreased to 7.3. The initial increase in pH values could
be due to the formation of Amadori rearrangement
products, secondary and tertiary amines, which are
more basic than amino acids. These changes could also
be attributed to the loss of organic acids present in
maple sap (Mollica and Morselli, 1984; Kallio, 1988) as
a result of the decarboxylation of these acids. In
addition, Strecker degradation of amino acids is ac-
companied by the loss of COg from the acid moiety and
this would contribute to the increase in pH values.
However, the decrease in pH values may be due to the
decomposition of Amadori products which are implicated
in further reactions (Namiki, 1988) as well as to the
concentration of organic acids. The changes in pH
values during the heating of maple sap under refluxing
conditions were similar to the changes observed for the
open heating (Figure 1). These results suggest that
chemical reactions occurring during the heating process
rather than the losses of acids through evaporation are
responsible for changes in pH values.

Akochi-K et :

Lnocentration (ng'g}

ba

Tine {mamn)

Figure 2. Accumulation of pyrazines during the boiling of
maple sap: methyl- (W), 2,5-dimethyl- (®), 2,6-dimethyl (a
ethyl- (v), 2,3-dimethyl- (<), trimethyl- (O) , and 2-ethyl-3-
methyl pyrazine (v).

Table 2 shows the presence of pyrazine compounds
in maple syrup obtained by the single boiling cycle
process. The boiling of maple sap for 30 and 40 min at
105 °C did not result in the formation of pyrazine
compounds. However, boiling the sap for 60 min
resulted in the formation of 1.68 and 2.54 ng/g of
dimethyl- and trimethylpyrazine, respectively. The
level of 2,5-dimethylpyrazine increased thereafter while
that of trimethylpyrazine decreased; these variations
may be attributed to the volatilization and/or decom-
position of these pyrazines. In their study of a rham-
nose—ammonia model system, Shibamoto and Bernhard
(1977) proposed several fragmentation pathways of
sugar and amino acids, leading to a-aminocarbon;
fragments that resulted in the early formation of
pyrazines such as 2,5-dimethyl- and trimethylpyrazine.
The gradual formation of 2,5-dimethyl- and trimeth-
ylpyrazine, during the early stages of roasting of cocoa

Table 3. Pyrazines Formed When Maple Sap Is Subjected to Continuous Boiling

pyrazine (ng/g)*

time® (min) methyl- 2,5-dimethyl-  2,6-dimethyl- ethyl- 2,3-dimethyl- trimethyl- 2-ethyl-3-methyl-  total

30 c c c c c c c c
60 ¢ 1.15 (0.03)¢ ¢ c c 2.27(0.15) c 3.4
90 c 1.33 (0.01)° c c c 3.11 (0.22)¢ c 4.4

120 1.18 (0.05)° 6.25 (0.32)° 1.01 (0.00)° 2.40 (0.11) 1.35(0.01) 5.75(0.73) 1.22 (0.08)° 19.1

160 5.60 (0.12)° 9.57 (1.01) 7.53 (0.09) 3.21(0.15) 3.05 (0.00) 7.55 (1.05) 5.90 (0.00)° 42.4

190 7.25(0.19¢  14.30 (1.21) 11.35 (1.00)¢ 7.17 (1.02)° 3.90 (0.05) 8.65 (0.16)° 7.75(0.93) 60.3

220 9.77 (0.65)  15.20 (0.00)° 15.73 (0.55)° 7.42 (0.00)¢ 5.10 (0.37) 10.17 (1.23)° 8.93 (0.82)° 72.3
%l 21.02 21.75 10.26 7.05 14.06 12.35

@ Concentration in ng of pyrazine/g of syrup. ® Time of heating of sap. ¢ Not detected. ¢ Relative percentage of individual pyrazine after
220 min of boiling. ¢ Results are means (standard deviations) of triplicate analyses.

Table 4. Pyrazines in Commercial Maple Syrup and Heated Commercial Maple Syrup

pyrazine (ng/g)*

samples methyl- 2,5-dimethyl- 2,6-dimethyl- ethyl- 2,3-dimethyl- trimethyl- 2-ethyl-3-methyl- total
maple syrup 7.90 (0.25)¢ 16.17 (0.11)¢  21.30 (1.21)¢ b 1.32(0.02)¢ 6.75 (1.00)¢ 3.20 (0.00)¢ 56.64
%° 13.95 28.55 37.61 2.33 11.92 5.65
heated maple syrup
30 min 21.53 (1.55)¢ 6.86 (0.91)¢ 6.24 (0.02)4 b 2.01 (0.01)4 3.76 (0.07)¢ 3.15(0.10)¢ 43.5E
% 49.44 15.75 14.33 4.62 8.63 7.23
50 min 25.82 (0.88)¢ 5.03 (0.03)4 7.18 (0.31)¢ b 2.55 (0.00)¢ 3.47(0.12)¢ 1.26 (0.01)¢ 45.31
% 56.99 11.10 15.85 5.63 7.66 2.78

@ Concentration in ng of pyrazine/g of syrup. ® Not detected. ¢ Relative percentage of individual pyrazine. ¢ Results are means (standa:
deviations) of triplicate analysis. Mean scores with the same letter within the same column are not significantly different at 0.05 level.
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Figure 3. Accumulation of pyrazines during the boiling of maple sap: 2-ethyl-3-methyl- (A), methyl- (B), 2,5-dimethyl- (C),
2,6-dimethyl- (D), ethyl- (E), 2,3-dimethyl-(F), and trimethylpyrazine (G).

beans was also reported (Chaveron et al., 1989). It has
been suggested that the formation of heterocyclic com-
pounds, such as pyrazines, in Maillard reaction is
followed by their decomposition that lead eventually to
the formation of melanoidine (Reinccius et al., 1972).
These authors showed a similar pattern for the forma-
tion of methyl-, 2,5-dimethyl-, trimethyl-, and tetra-
methylpyrazine during the first 30 min of roasting of
cocoa beans at 150 °C. The results (Table 2) suggest
that the formation of pyrazines in maple syrup was
affected by the period of heating, pH, and water content
of the sap. As a result of these effects, pyrazines were

not detected before 60 min of heating, the time when
TS increased from 3 to 63% and pH decreased from 9.2
to 7.8 (Table 2; Figure 1).

In the continuous boiling process, the heating of
maple sap at 150 °C for a period of 220 min resulted in
the formation of seven alkylpyrazines (Table 3). The
boiling of maple sap with continuous addition of fresh
sap for 30 and 40 min at 105 °C did not result in the
formation of pyrazine compounds. After 60 min of
heating, 2,5-dimethyl- and trimethylpyrazine were de-
tected. The boiling of maple sap for 120 min at 105 °C
resulted in the formation of methyl-, 2,6-dimethyl-,
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Table 5. Rate Constants for Pyrazine Formation in
Maple Syrup

pyrazine compounds k (ng/min)® R2%
2-methylpyrazine 0.08 0.98
2,5-dimethylpyrazine 0.09 0.95
2,6-dimethylpyrazine 0.13 0.98
2-ethylpyrazine 0.06 0.93
2,3-dimethylpyrazine 0.04 0.99
trimethylpyrazine 0.04 0.99
2-ethyl-3-methylpyrazine 0.07 0.97

@ Rate constant of formation. ® Linear correlation coeffecient.

ethyl-, 2,3-dimethyl-, and 2-ethyl-3-methylpyrazine. The
accumulation of pyrazines increased as the time of
heating increased (Figure 2). There was a steady
increase in the formation of 2,5-dimethylpyrazine and
a decrease in trimethylpyrazine after 150 min of heat-
ing. In addition, 2,6-dimethylpyrazine, which was
detected after 120 min of heating, showed a rapid
increase from 1.15 to 15.73 ng/g in the final syrup, a
level comparable to that of 2,5-dimethylpyrazine (15.20
ng/g) formed after 60 min of heating. Methyl-, ethyl-,
2,3-dimethyl-, and 2-ethyl-3-methylpyrazine showed a
slow increase to 9.77, 7.42, 5.10, and 8.93 ng/g, respec-
tively, in the final syrup. Gwen et al. (1993) reported
larger yields and distributions of pyrazines at basic pH
values (9.00 and 9.64) than those at acidic conditions,
in glucose—glycine model systems; 2,5-dimethyl- and
trimethylpyrazine were predominant.

Laboratory prepared syrup (Table 3) contained lower
proportions of 2,5-dimethyl- and 2,6-dimethylpyrazine
(21.02 and 21.75%, respectively) and higher proportions
of ethyl-, 2,3-dimethyl-, and 2-ethyl-3-methylpyrazine
(10.26, 7.05, and 12.35%, respectively) than those previ-
ously reported in commercial syrups (Akochi-K et al.,
1994); these differences could be attributed to the
extended heating time (6—8 h) used in the preparation
of commercial maple syrup compared to that of 220 min
used for the preparation of syrup in laboratory.

The heating of commercial maple syrup for 30 min
led to a decrease in the total level of pyrazines (Table
4), with a concurrent increase in 2-methylpyrazine and
dramatic decreases in 2,5-dimethyl-, 2,6-dimethyl-, and
trimethylpyrazine; however, 2,3-dimethyl- and 2-ethyl-
3-methylpyrazine remained unchanged. After 50 min
of heating, there was an increase in 2-methylpyrazine
and a decrease in 2-ethyl-3-methylpyrazine. The changes
in pyrazines content may have been the result of their
volatilization or their involvement in the final stage of
Maillard reaction (Reineccius et al., 1972).

Figure 3A—G shows the plots of pyrazine concentra-
tions versus time of boiling of maple sap. An induction
period, characteristic of the type of pyrazine, was
associated with the formation of all identified pyrazines.
This period could be attributed to the formation of
precursors which interact to form pyrazines. After the
induction period, the concentration of pyrazines in-
creased linearly with time of boiling. This permitted
the determination of the rate constants (%2) for the
formation of the pyrazines in maple syrup (Table 5). The
k values for the pyrazines, generated by heating maple
sap for 220 min at 105 °C, ranged from 0.04 to 0.13 ng/
min. The slope of the linear section of the plots were
characterized by a rate of pseudo-zero-order reaction.
These findings indicate that the accumulation of pyra-
zines may not be dependent on the concentrations of
the initial reactants (Stamp and Labuza, 1983). Leahy
and Reineccius (1989) indicated that % values were
dependent on the model and the temperature of heating.

Akochi-K et al.

Huang et al. (1989) reported a pseudo-zero-order rate
for the formation of pyrazine, methyl-, and 2,6-dimeth-
ylpyrazine in model systems, with activation energies
of 19.5, 24.8, and 20.8 kcal/mol, respectively. The
reported %k values for methyl- and 2,5-dimethylpyrazine
at 120 °C were 0.38 and 0.08 ng/min, respectively.

These results suggest that pyrazine formation in
maple syrup could be separated into two main stages,
the induction period which corresponds to the formation
of the necessary precursors and the second stage which
corresponds to the actual formation of pyrazines. This
two-step process could explain the observed lack of a
mathematical relationship to describe the formation of
pyrazines. This is similar to observations reported for
the formation of pigments in Maillard reactions (Labuza
and Satlmarch, 1981). This lack of quantitative rela-
tionship could be explained by a high reactant/product
ratio (Leahy and Reineccius, 1989) as well as by the
occurrence of intermediate steps and competitive simul-
taneous reactions.

CONCLUSION

The analyses of maple sap showed the presence of
sucrose, glucose, fructose, and trace amounts of amino
acids. These are known precursors that participate in
the formation of alkylpyrazines in foods. Pyrazines
were formed in boiling sap after 60 min of heating.
However, extended heating of maple syrup resulted in
changes of individual and total pyrazine concentrations.
The formation and accumulation of methyl-, 2,5-di-
methyl-, 2,6-dimethyl-, ethyl-, 2,3-dimethyl-, trimethyl-,
and 2-ethyl-3-methylpyrazine in maple syrup were
influenced by temperature, time of heating, and pH of
boiling maple sap. Rate of accumulation for each
identified pyrazines in maple syrup was preceded by a
period of induction. The period of induction and rate
of accumulation were characteristic for each pyrazine.
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The Chemical Composition of Maple Syrup
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No one is quite sure how it was discovered that the sap
of most maple trees can be concentrated into a sweet, delec-
table syrup. However, by the time European settlers arrived
in North America, native Americans had already learned to
slash the bark of maple trees in late winter or early spring,
collect the near-clear sap that came out, and boil the sap into
a thick, sweet product. Indeed, maple syrup production is
one of the few agricultural processes native to North America
and not introduced by outside settlers (7).

Maple syrup and its drier cousin, maple sugar, were the
dominant food sweeteners in the United States until after the
U.S. Civil War when improvements in production and trans-
portation made cane sugar the preferred sweetener for
nonfarmers (2). Today, about 7.5 million gallons of pure
maple syrup are produced, mostly in eastern Canada and,
albeit to a much lesser extent, the northeastern United States.
At $30 per gallon (which is a conservative estimate), the in-
dustry has a $225 million economic impact. Many consum-
ers, however, only consume a corn syrup-based imitation
syrup (many of which do not even claim “maple” on their
labels!), which is part of an $11 billion industry (3).

This article is not meant to be a primer on how to tap
trees and boil sap to make syrup; many such primers are avail-
able (see, for example, ref 7). Instead, this article is meant to
be an introduction to the chemistry of maple sap and syrup:
in particular, what makes this sweet liquid maple syrup in-
stead of just a concentrated sugar solution? The types of sug-
ars, the trace ingredients, and the mineral content make maple
syrup more than just plain sugar water.

Maple syrup is one of only three syrups derived from
tree sap. Another is birch syrup, which comes from the boiled
sap of paper birch (Betula papyrifera) or Alaska birch (B.
neoalaskana) trees. Produced in Alaska, Canada, Russia, and
Scandinavia, birch syrup is distinctive in flavor but differs
from maple syrup in that its sugar content is due to fructose
and glucose, rather than sucrose. Birch sap is only half as con-

Table 1. Typical Organic Components of Maple Sap

. Actual
C Fraction of Total .
omponent o icC ab Concentration
rganic Content .
in Sap
Sucrose 98.0-100% 2-2.5%
Glucose 0-0.17% 0-0.004%
Phenolic compounds 0-4.55 ppm 0-0.1 ppm
Primary amines 0.5-36.1 ppm 0.01-0.9 ppm
Peptides 0.4-18.6 ppm 0.01-0.41 ppm
Amino acids 0-11.3 ppm 0-0.25 ppm
Protein 0-50.9 ppm 0-1.2 ppm
Other organic acids 0-45 ppm 0-1 ppm

“The total solids in the sap are 1.0-5.4% and the pH of the sap is
3.9 -7.9. ®The data are from ref 1, Appendix 2 and are used with
permission.
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centrated as maple sap, so a greater concentration of sap is
needed to produce birch syrup. A syrup can also be made
from black walnut tree (Juglans nigra) sap (4); however, we
will not consider the latter syrups further here (3).

Sap

Most maple trees can be tapped and the collected sap
can be concentrated (either by boiling or by reverse osmosis
followed by boiling) to make maple syrup. However, of the
thirteen species of the genus Acer in North America, the sugar
maple (A. saccharum), the black maple (A. nigrum), and the
red maple (A. rubrum) provide most of the sap for syrup pro-
duction. There are two reasons for this. First, the sugar con-
tent of their sap is typically higher than other species, at
2.0-2.5%. Second, the annual growth spurt of these species
occurs later in the spring than other maple species, increas-
ing the length of the sap-collecting season. Both of these char-
acteristics tend to produce a superior syrup, although syrup
made from the sap of other species of maple tree still has the
characteristic maple taste and smell (7).

The organic components of maple sap, not including
water, are listed in Table 1 (7). To estimate the actual con-
centrations in raw sap, the numbers in the second column
of the table should be divided by 4050, which has been done
in the last column of the table. Note that almost all of the
organic content is sucrose. If present at all, glucose has a con-
centration of well less than 1% of the organic content and
only about 0.004% of raw sap. The commanding presence
of sucrose is interesting because the two saccharides in su-
crose (glucose and fructose) are joined by an alpha glycosidic
bond; cellulose, a major structural component of plants, is
formed by joining monosaccharides using a beta glycosidic
bond, as shown in Figure 1. At some point in the tree’s cells,
the sucrose in sap must be broken into its two constituent
saccharides before being reassembled into cellulose.
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Figure 1. General structures of sucrose and cellulose. The bonds
joining the monomers in sucrose have a different orientation from
the bonds joining the monomers in cellulose.



Table 2. Average Compositions

of Maple Syrup

Component Quantity
Sucrose 68.0%
Glucose 0.43%
Fructose 0.30%
Water 31.7%
Malic acid 0.47%
Fumaric acid 0.004
Calcium 775 mg/L
Magnesium 167 mg/L
Potassium 2026 mg/L

Nore: The data are from ref 10 and used with permission.
The pH of the maple syrup is 6.7.

Maple sap is slightly acidic owing to the presence of sev-
eral organic acids: oxalic, succinic, fumaric, malic, tartaric,
citric, and aconitic (1-propene-1,2,3-tricarboxylic acid) ac-
ids. The total quantity of acid in sap starts low, around 8
ppm, then rises to over 45 ppm as the season progresses. Al-
though oxalic acid has the lowest pX, (1.27) (5), there is about
500 times as much malic acid in sap as there is oxalic acid
(45 ppm of malic acid vs 0.1 ppm for oxalic acid). Most sap
has a pH ranging from 3.9-7.9 (1).

Sap has detectable quantities of amino acids, some in
trace quantities. Amino acids found in sap include glycine,
alanine, asparagine, threonine, leucine, isoleucine, valine, and
methionine. The quantities and types of amino acids vary
over time, with the largest variety of amino acids present near
the end of the annual sap running season (7).

Sap also contains minerals but at low concentrations. The
two most common minerals in sap are potassium and cal-
cium, found at concentrations of 26-75 and 8-56 ppm, re-
spectively. Sap also contains trace (< 10 ppm) of magnesium,
manganese, sodium, phosphorus, zinc, and copper (7). Be-
cause these minerals are nonvolatile, they concentrate as sap
is processed into maple syrup. This can sometimes cause prob-
lems, as the mineral salts of the organic acids present in sap
may not be soluble in finished syrup, causing precipitation.

Sap into Syrup

Honey is harvested as a concentrated solution (6), but
human intervention is necessary to generate maple syrup.
About 98% of the water in sap must be removed to make
syrup; it takes 40—50 gallons of sap to make one gallon of
maple syrup. This is done by either heat-induced evapora-
tion or by reverse osmosis followed by evaporation (7). It is
estimated that it takes about 2600 kJ to evaporate 1 L of sap
into syrup. Knowing the enthalpy of methane combustion
(890.8 kJ/mol; ref 5), we can also estimate that it takes the
combustion of 65 L of natural gas to generate about 20 mL
of syrup—about 1.5 tablespoons. Clearly, the production of
significant volumes of syrup is an energy-intensive process.
Even if reverse osmosis is used, it is only used to remove about
75% of the water; the remaining water is removed using
evaporation.
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Table 3. Mineral Content of Finished Syrup

Mineral Concentration (ppm)
Potassium 1300-3900
Calcium 400-2800
Magnesium 12-360
Manganese 2-220
Sodium 0-6
Phosphorus 79-183
Iron 0-36
Zinc 0-90
Copper 0-2

Tin 0-33

Nore: The data are from ref 10 and used with permission.

Two important processes occur as sap is transformed into
syrup: first, the concentrations of solutes rise, and second,
chemical reactions occur between the chemicals dissolved in
the sap. While increasing the complexity of the final prod-
uct, these reactions also give maple syrup its characteristic
color, odor, and flavor. Indeed, from the author’s own per-
sonal observation, if a small quantity of sap were to evapo-
rate to dryness naturally, the remaining solid residue would
be white.

Maple Syrup

Sap becomes syrup when the liquid reaches 66-67 de-
grees Brix (abbreviated °Bx; the Brix scale is used to express
the concentrations of sugar solutions, such as honey, maple
syrup, and frozen concentrated orange juice. It is defined as
the number of grams of sucrose per 100 grams of solution;
ref 8). At this point, the syrup is 66-67% sucrose and 33—
34% water. With these concentration, the syrup boils about
4.3 °C (7.1 °F) higher than pure water. At higher concentra-
tions sugar will begin to precipitate from the syrup, while at
lower concentrations microbes can grow in the syrup, spoil-
ing it. There are also other trace compounds present in the
syrup; Table 2 lists the approximate composition of maple
syrups from the United States and Canada (9). The domi-
nant component is sucrose, with only small quantities of glu-
cose and fructose present.

The finished syrup has a wide range of minerals, con-
centrated from the sap. The average mineral content of maple
syrup is given in Table 3. Note that, like honey (6), maple
syrup can be considered a low- or zero-sodium food. The tin
content may be due to the use of tin-plated buckets to col-
lect the sap.

Despite the fact that most maple syrups are graded based
on their color, the components that determine the color and
flavor of maple syrup are still not completely understood (70).
There are three possible sources for the color of maple syrup:
Maillard reactions between amino acids and reducing sug-
ars, caramelization of sugars, and formation of polycarbonyl
compounds (11, 12). In any case, it is clear that chemical
reactions are occurring in the sap to develop the syrup’s color
and flavor, as normally evaporated sap dries to a white solid.



Table 4. Compounds Identified in Maple Syrup
Thought to Contribute to Its Flavor

Phenolic compounds
Vanillin
Syringaldehyde
Dehydroconiferyl alcohol
Syringoyl methyl ketone
2,6-Dimethoxyphenol

Pyrazine compounds
Methylpyrazine
2,3-Dimethylpyrazine
2,5-Dimethylpyrazine
2,6-Dimethylpyrazine
Ethylpyrazine
2-Ethyl-6-methylpyrazine
2,5-Dimethyl-3,6-diisobutylpyrazine
Butylpyrazine
5-sopropyl-2,3-dimethypyrazine

Other compounds
2-Ethyl-1-hexanol
2-Hydroxymethylcyclopenten-2-enol
2-Furanmethanol
2-Ethyl-1-hexanoic acid
n-Hexanoic acid
nNonanoic acid

Carbonyl compounds
2-Hydroxymethylcyclopent-2-en-1-one
2-Hydroxy-3-methyl-2-cyclopenten-1-one
2-Methyl-2-cyclopenten-1-one
2-Methyl-2,5<yclohexadien-1,4-dione
2,3-Dihydro-3,5-dihydroxy-6-methyl-{(4 H)-pyran-4-one
2,5-Dimethyl-4-hydroxy-3(2H)-furanone
3-Methyl-3-buten-2-one
3-Methyl-2,5-furandione
3-Methyl-2-cyclopenten-2-ol-1-one
3-Hydroxybutanone
3-Hydroxy-2-pyranone
3-Hydroxy-4-methyl-5-ethyl-2(5H)-furanone
Propionaldehyde

Nore: Data are from ref 12 and used with permission.

As for flavor, more seems to be known about what causes
maple syrup to taste bad than taste good. Excess sodium leads
to a salty flavor, and relatively high quantities of amino acids
are responsible for an off flavor known as “buddy” (i.e., bud-
like) (10). This is typical of late-season sap; as the tree be-
gins the budding process, the relative concentrations of the
various amino acids in sap increase dramatically.

Alli and coworkers (12) list several classes of known vola-
tile chemicals in maple syrup (Table 4); however, they admit
that the compounds that contribute to the characteristic fla-
vor of maple syrup are not yet established. They suggest that
it is likely that these compounds are formed during the evapo-
ration process, as many of these compounds are not present
in maple sap. The phenolic compounds are likely due to deg-
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radation of lignin components in sap, while the other com-
pounds are formed by reactions between other chemicals
found in the sap.

As hot sap is evaporated into syrup, solubility of vari-
ous salts remains high, but when the finished product is
cooled to room temperature, the solubility of certain salts
drops below the saturation limit, and crystals precipitate
from the syrup. These crystals are called sugar sand (13).
Sugar sand can amount to as much as 1.5% of the fin-
ished syrup. Sugar sand has a variable composition, but is
mostly a combination of small sugar crystals (34-86%)
and calcium malate (CaC4H Os; 1-50%). The calcium
malate results from the relatively high calcium and malic
acid concentrations in the syrup and is one of the least
soluble salts in the concentrated syrup. Other components
of sugar sand include potassium, magnesium, manganese,
phosphorus, and iron. A small percentage (< 3%) of other
organic acids may also be present. Most federal and state
guidelines involving the sale of pure maple syrup require
that the product be clarified (13), so the sugar sand is fil-
tered off from the final product before sale.

Most people actually use imitation maple syrup. Imita-
tion maple syrup is based on corn syrup with added artificial
colorings and flavorings. The flavorings include extracts of
fenugreek (a spice) or lovage (an herb) and cyclotene (3-me-
thyl-2-cyclopenten-2-ol-1-one, CsHgO,), methylcyclo-
pentenol (CsH;,O), or a variety of alkyl hydroxyfuranones.
Labeling laws usually prohibit the use of the word “maple”
unless the product actually contains real maple syrup (74).
Most tasters agree that the real product is much tastier than
the imitation product, but note that it is also much more
expensive!

Conclusion

Maple syrup, native to North America, is much more
than a concentrated sugar solution. It contains organic ac-
ids, amino acids, minerals, and a wide variety of unidenti-
fied chemicals formed during the evaporation process that
contribute to its color, odor, and characteristic taste. Derived
from the sap collected from trees of the genus Acer, it is one
of only three syrups derived from tree sap, the others being
the less common birch and black walnut syrups. Although
the use of corn syrup-based artificial products dwarfs that of
real maple syrup in the United States, most people would
consider the flavor of real maple syrup superior to any sub-
stitute.
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The glycaemic index (GI) is a measure of the food power to raise blood glucose (B-glucose) concentration after
a meal. For healthy eating, foods with low GI are recommended.However, for many foods in the European Union the
GI has not been defined yet. The aims of this prospective open-label study were: (1) to determine the GI of white bread
and juicy cereal bars FIT (Usovsko, Czech Republic) by means of the glucometer Optium (Abbott/Medisense); (2) to
compare the GI of tested foods determined in the morning and in the evening hours; (3) to compare the GI of tested
foods in men and women and (4) to assess the variability of the GI. Methods: To determine the GI, measured portions
of food containing 50 g of carbohydrates were eaten by 11 healthy volunteers. B-glucose curves were constructed from
B-glucose values at time 0, 15, 30, 45, 60, 60, 120 min after the meal. The GI was calculated by dividing the incremental
area under the curve (IAUC) for the tested food by that for the standard food (IAUCS). In each volunteer each food was
tested 5 times so that 5 GI’s was obtained and the average was calculated. The GI for each tested food was calculated
as the mean from the respective average GI’s of the 11 volunteers. MS Excel and the statistical program SPSS v. 10.1
were used to analyze the data. Results: (1) The mean values of the GI for white bread was 70.3 % and for juicy cereal
bars was 101.0 %, as determined in a total of 139 tests in the whole group of 11 volunteers. There was a difference when
comparing white bread vs. glucose (p = 0.012) and white bread vs. cereal bars (p = 0.026) but no difference between
glucose and cereal bars. (2) There was no significant difference between the GI determined in the morning and in the
evening hours either for the total of 139 tests or for the individual tested foods. (3) No significant difference could be
seen between the GI in men and women when comparing glucose, cereal bars and white bread. (4) There was a wide
variability of GI in all tested foods: the standard deviation of GI for white bread was 30.7 %, for juicy cereal bars 38.0 %.
Conclusions: The GI's for white bread and juicy cereal bars were determined. There was no difference either between
the GI values determined in the morning vs. the evening hours or between the values in men vs. women. The results
show wide variability. An accurate standard method for the determination of GI needs to be defined, carefully used
and re-evaluated to enable a comparison of the results with various methods of other working groups.

INTRODUCTION their B-glucose response is fast and high. Carbohydrates

that breakdown slowly have a low GI'.

The glycaemic index (GI) is an important parameter
of food quality which compares the hyperglycaemic effect
of a tested meal with pure glucose (or of another defined
standard food). The GI is a measure of the food power to
raise B-glucose concentration after a meal. The GI is de-
fined as relation of the incremental area under the B-glu-
cose response curve (IAUC) of a tested meal containing
50 g of digestible carbohydrates and the incremental area
under the B-glucose response curve of the standard food,
i.e. 50 g pure glucose (IAUCS). Carbohydrates that break-
down quickly during digestion have a high GI because

For healthy eating, particularly in persons with diabe-
tes, obesity and insulin resistance, foods with low GI are
recommended as they may help keep the euglycaemia and
the normal spectrum of lipoproteins® #1222, These effects
result in decreased cardiovascular danger and probably
also in reduced risk for colon and breast cancer!.

On the other hand, the GI values have a large inter-
and intraindividual variability'® ' 2*. For many foods in
the European Union the glycaemic index has not been
defined yet. Even the methods for defining the GI are
not standardized'®. Therefore, any effort to enable the
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determination and practical use of GI may support es-
tablishing optimum dietary recommendations and good
eating habits.

AIMS

Aims of this prospective open-label study were:

1. to determine the GI of white bread and cereal bars by
means the glucometer system Optium;

2. to compare the GI of tested foods determined in the
morning and in the evening hours;

3. to compare the GI of tested foods in men and
women;

4. to assess the variability of the GI.

METHODS

Determination of the glycaemic index

a) Getting basic data

To determine the GI, measured portions of tested food
containing 50 g of carbohydrates were eaten by each of the
11 healthy volunteers (Table 1) after an overnight fast; the
same approach was used after an afternoon fast. Finger-
prick blood samples were investigated at 15-30 minute
intervals over the next two hours after the meal (at times
0, 15, 30, 45, 60, 90, 120 min; the beginning of the food
intake was time 0).

Each volunteer measured his/her B-glucose concentra-
tions by means of a glucometer Optium. At the end of the
one-week test period the B-glucose values were transferred
from the memory of the glucometer into a PC for further
analysis.

b) Construction of B-glucose response curves.

The averages of the respective B-glucose concentra-
tions after the meal were used to draw a B-glucose re-
sponse curve for the two-hour period. The values at times
75 and 105 min were obtained by extrapolation.

¢) Exclusion of disturbed tests.

For the purpose of statistical evaluation, all tests that
were not complete and all tests where the first (i.e. fast-
ing) B-glucose concentration was 7.0 mmol/l or higher
were excluded.

d) Calculations of individual GI values in every vol-
unteer.

The incremental area under the curve (IAUC) was
calculated for each meal in every volunteer separately (as
the sum of the surface of triangles and trapezoids between
the B-glucose curve and horizontal baseline going parallel
to x-axis from the beginning of B-glucose curve at time 0
to the point at time 120 min) to reflect the total rise in
B-glucose concentration after eating the tested food.

The TAUCS for the standard reference food (i.e. 50g
of pure glucose) was obtained similarly to the mean from
the first three independent IAUCS , IAUCS, IAUCS, in
the same volunteer.

In the IAUC/IAUCS calculations, all B-glucose val-
ues in the course of the test lower than the first value (at

time 0) were equalized to the respective first value.

In each volunteer, the GI (%) was calculated by di-
viding the IAUC for the tested food by the IAUCS for
the standard food and multiplying by 100. The following
formula was used:

Gl = IAUC x100[%)]
L(IAUCS, +1AUCS, +IAUCS,)

IAUC - Incremental Area Under the blood glucose
response Curve for the tested meal

IAUCS - Incremental Area Under the blood glucose
response Curve for the standard meal

e) Working out the average of GI’s for tested food in
each volunteer.

In each volunteer each food item was tested 5 times
so that 5 GI's was obtained and (after the exclusion of
disturbed tests) the average was calculated.

f) Final calculation of the GI for each tested food.

The GI for each tested food was calculated as the mean
from the respective average GI’s of the 11 volunteers.

g) The variability of GI for each tested food was
assessed according to standard deviation of the mean;
histograms of GI values demontrated the frequency and
range of results.

Healthy volunteers

The participants in this study were healthy persons
recruited from the nursing staff, laboratory assistants
and students. Thorough clinical and laboratory investiga-
tions were performed to establish that the volunteers were
healthy. (Table 1).

Tested foods
Three different foods (A-C) with a known content of

nutrients were tested:

A. pure glucose, one serving 50g;

B. white bread (Vodova veka Penam, Olomouc, Czech
Republic); composition: carbohydrates 59.0 %, protein
9.0%, fat 1.2 %, energy 1190 kJ /100g; one serving 85¢g
(equal 50.0 g of carbohydrates);

C. juicy cereal bar (§favnata ty¢inka FIT, Usovsko, Czech
Republic); composition: carbohydrates 68 %, proteins
5.9 %, fat 13 %, energy 1740 kJ/100g; one serving 75¢g
(equal 50.0 g of carbohydrates).

The food was professionaly prepared in the expected
quality and quantity; the portions were packed and
marked with a set sign. Each serving contained 50 g of
digestible carbohydrates. Glucose was dissolved in 300 ml
of tea, coffee or water before drinking.

Study design

1. Each volunteer received a glucometer Optium and
100 strips (Lot No 51322); everyone was trained in
selfmonitoring and instructed how to keep to the
principles of the study protocol:
- to consume the tested and the standard food



Determination of the glycaemic index of selected foods
(white bread and cereal bars) in healthy persons

Table 1. Characteristics of healthy volunteers in the study.

Parameter Mean = SE Reference range
n 11
men/women 5/6
Age [years] 24.0 £2.02
BMI [kg/m?] 22.8 £0.96 <25
Puls rate [min™!] 76.4 + 3.16 60 - 90
Blood pressure systolic [torr] 121.4 + 3.28 <130
Blood pressure diastolic [torr] 74.1 £2.21 <85
HbAlc [%] 5.5+0.07 4.4.-6.0
T3 [nmol/1] 1.6 £0.07 1.2 - 3.1
T4 [nmol/1] 90.9 £ 6.73 58 - 142
TSH [mU/I] 1.9+0.39 0.35-44
STH [ng/ml] 1.0 £0.38 0-4.1
Cortisol [nmol/1] 454.3 £ 72.81 330 - 710
C-peptid [nmol/1] 0.7 £0.05 0.59 - 1.30
Insulin [mIU/1] 9.4+ 1.05 7.1 -15.6
Cholesterol [mmol/1] 4.6 £0.30 35-52
LDL-cholesterol [mmol/1] 2.9£0.20 1.20 - 2.60
HDL-cholesterol [mmol/1] 1.5+0.10 1.20 - 2.30
Triacylglycerols [mmol/1] 1.1 £0.15 0.8 - 1.7
C-reactive protein [mg/1] 11.1 £ 1.64 <5.0
Total protein [g/1] 72.6 = 1.13 60 - 80
Albumin [g/1] 45.6 £ 0.60 35-50
Glucose [mmol/1] 45+0.12 35-6.0
Na [mmol/1] 142.2 £ 0.49 135 - 146
K [mmol/I] 4.3+£0.08 3.7-52
Cl1 [mmol/1] 105.3+0.53 96 - 110
Ca [mmol/1] 2.5+0.03 2.2 -2.65
P [mmol/1] 1.4+0.12 0.7-1.6
Mg [mmol/I] 1.0 £ 0.05 0.65 - 1.15
Urea [mmol/I] 43+0.24 2.6 -8.5
Creatinin [umol/1] 85.1 £3.08 55-95
Uric acid [umol/I] 322.0+21.8 180 - 370
Bilirubin [umol/1] 11.2 £ 0.92 <20.0
ALT [ukat/I] 0.55+0.15 <0.56
AST [ukat/1] 0.47 £ 0.06 <0.52
GMT [ukat/1] 0.35+0.05 <0.63
ALP [ukat/1] 1.8 £0.68 <2.10

Table 2. The time schedule for individual tests with food A (glucose), B (white bread) and C (juicy cereal bars)
used by each volunteer.

Day Mo Tue Wed Thu Fri Sat Sun Mo
Breakfast - B1 A2 C2 B3 A4 C4 B5
Dinner Al Cl B2 A3 C3 B4 A5 C5
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daily for breakfast (6:00-7:00 h) and for dinner
(18:00-19:00 h) according to the given schedule
(Table 2); no other food was allowed for breakfast
and dinner;

- to consume no food from dinner until breakfast
and from lunch to dinner; drinking water, mineral
water, tea and coffee without sugar was allowed;

- to keep to the same extent of physical exercise dur-
ing the whole one-week test period;

- to consume no alcohol and not to smoke.

2. Each volunteer received 15 servings of standard and
tested foods with an exact marking when to eat which
serving.

3. Each volunteer kept a diary on food intake, exercise
and results of B-glucose selfmonitoring.

4. The PC Link was used to transfer the data from glu-
cometer Optium to a PC. MS Excel and statistical
program SPSS v. 10.1 were used to analyze the data.

RESULTS

Blood glucose curves

A total of 164 tests (with each food 55 tests, one test
with white bread was omitted) were performed.

The mean 2-hour B-glucose curves for pure glucose,
white bread and cereal bars are drawn in Fig. 1.

The mean B-glucose curves in the morning (n = 77)
and in the evening (n = 87) for all kinds of tested foods
are shown in Fig. 2 and for the individual tested foods in
Fig. 3-5.

The mean B-glucose curves for 5 men (n =74 and 6
women (n = 90) comparing all kinds of food together are
demonstrated in Fig. 6 and curves comparing individual
foods in Fig. 7-9.

Statistical evaluation of GI values for tested foods

Due to incomplete number of B-glucose estima-
tions or due to high B-glucose concentration at start
(> 7.0 mmol/l), 25 tests (15.1 %) had to be excluded from
the statistical analysis.

Table 3. Glycaemic index GI of juicy cereal bars and white
bread in 11 volunteers (5 men, 6 women); mean + SD [%].

Group GI for cereal bars | GI for white bread
Whole group 101.0°+ 30.74 70.3*°+ 37.98
Men 77.5°+ 17.89 61.92+ 27.18
Women 120.7°+ 40.13 77.3°+ 34.20
Breakfast 85.3 +53.83 74.6 + 34.69
Dinner 114.7° + 42.53 68.9%" + 30.56

p <0.05 2tested food vs. glucose, °cereal bars vs. white

bread

Breakfast and dinner together

glucose
n=55
8 T

cereal bars
L N
. =
/ P r white bread \\\t N
6 . - .
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n=54

v \I\ig

B-glucose [mmol/l]
~
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[min]

Fig. 1. Mean B-glucose curves (glucometer Optium) for
glucose, white bread and cereal bars; each meal
contained 50g of carbohydrates; in all 11 volun-
teers a total of 164 tests were performed (in every
volunteer 5 tests with glucose, 5 tests with white
bread and 5 tests with cereal bars); one test with
bread was omitted; x + SEM

10 Glucose, white bread and cereal bars
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Fig. 2. Mean B-glucose curves (glucometer Optium) after
consumption of 50 g of carbohydrates for breakfast
and for dinner: in every volunteer 7 tests for break-
fast (3 tests with glucose, 2 tests with bread, 2 tests
with cereal bars) and 8 tests for dinner (2 tests with
glucose, 3 tests with bread, 3 tests with cereal bars)
were performed; one test with bread was omitted;

X + SEM
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Fig. 3. Mean B-glucose curves (glucometer Optium) after
consumption of 50 g of glucose for breakfast and for
dinner: in every volunteer 3 tests for breakfast and
2 tests for dinner were perfomed; X + SEM
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Fig. 5. Mean B-glucose curves (glucometer Optium) after
consumption of 75 g of cereal bars for breakfast and
for dinner: in every volunteer 2 tests for breakfast
and 3 tests for dinner were performed; X + SEM
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Fig. 7. Mean B-glucose curves (glucometer Optium) after
consumption of 50 g of glucose in 5 men (25 tests)

and in 6 women (30 tests) were performed; X *
SEM
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Fig. 4. Mean B-glucose curves (glucometer Optium) after
consumption of 85g of white bread for breakfast
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Fig. 6. Mean B-glucose curves (glucometer Optium) after
consumption of 50g of carbohydrates (glucose,
white bread, cereal bar): a total of 74 tests in 5 men
and a total of 90 tests in 6 women were performed;
one test with bread was omitted; X + SEM
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Fig. 8. Mean B-glucose curves (glucometer Optium) after
consumption of 85g of white bread in 5 men (24
tests) and in 6 women (30 tests) were performed;

one test was omitted; X + SEM
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Fig. 11. Glycaemic index for glucose, white bread and cereal
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Fig. 13. Histogram of glycaemic indexes (n = 47) for white
bread

The mean values of the GI for glucose, cereal bars and
white bread determined in a total of 139 tests in the whole
group of 11 volunteers are shown in Table 3. There was
a significant difference when comparing white bread vs.
glucose (p = 0.012) and white bread vs. cereal bars (p =
0.026) but no difference between glucose and cereal bars
(p =0.732) could be seen (Fig. 10).

There was no significant difference between the GI
determined in the morning and in the evening hours
neither for the total of 139 tests nor for the individual
tested foods.

No significant difference could be seen between the
GI in 5 men and the GI in 6 women when comparing
glucose, cereal bars and white bread. However, in men,
there was a significant difference between the GI for white
bread vs. glucose (p = 0.004) and cereal bars vs. glucose
(p = 0.044) - see Fig. 11; in women, the only significant
difference was between white bread vs. cereal bars (p =
0.047) - see Fig. 12.

Variability of GI

The standard deviations of GI see Table 3. The his-
tograms (Fig. 13-14) demonstrate the frequency of GI
values in individual tested foods.

DISCUSSION

The concept of the glycaemic index of foods has been
developed in the course of the last thirty years without
having reached its final version?> .

Recent studies from Harvard School of Public Health
indicate that the risks of diseases such as type 2 diabetes
and coronary heart disease are strongly related to the GI
of the overall diet. In 1999, the World Health Organisation
(WHO) and Food and Agriculture Organisation (FAO)
recommended that people in industrialised countries
base their diets on low-GI foods in order to prevent the
most common diseases, such as coronary heart disease,
diabetes and obesity> 7% 10 14.15.17. 23

23
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Fig. 14. Histogram of glycaemic indexes (n = 49) for cereal
bars

Some foods on the world market already show their
GI rating on the nutrition information panel. Terms such
as complex carbohydrates and sugars, which commonly
appear on food labels, are now recognised as having little
nutritional or physiological significance. The WHO/FAO
recommend that these terms be replaced with the total
carbohydrate content of the food and its GI value.

In the Czech Republic, however, we were not able to
find any food product containing the nutritional lable
with GI value.

International Tables of Glycaemic Index were pub-
lished by the American Journal of Clinical Nutrition in
1995 and 2002°. Tables of the GI values contain about
600 different foods. According to GI, foods may be di-
vided into three groups: foods with low GI (GI =55% or
less), foods with medium GI (GI = 56-69 %) and foods
with high GI (GI = 70 % or more).

The GI values of foods must be measured using valid
scientific methods'® 2 2!, The accuracy of the measure-
ments of the GI is influenced particularly by the following
factors?:

1. method for calculating IAUC;

2. method for measuring the B-glucose;

3. defining the amount of the tested food which contains
50 g of hyperglycaemic (i.e. absorbable, digestive) car-
bohydrates;

4. the usage of the standard food (defining the amount
and the kind of the white bread that contains 50 g of
digestive carbohydrates);

5. tested individuals;

the glycaemia variability from day to day;

7. time of the day when the test is carried out.

.O\

In this study, the glucometers Optium were used by
11 trained volunteers. Optium system enabled a reliable
registration of all B-glucose values including exact times of
measurement even though it was not possible to keep an
eye on the performance of the test. Over 50 tests carried
out with each tested food in order to investigate the GI
exceeds the usual amount of tests used by other working
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groups. The tests were performed not only in the morning

but also in the evening hours which does not correspond

to the recommended method of GI investigation. Never-
theless, no significant difference of GI was found between
breakfast and dinner times.

Defining the amount of tested food could be a poten-
tial source of mistakes. We have used the declared content
of carbohydrates in each food to calculate the amount of
food for the tests but we were not able to check the ac-
curacy and precision of these declared data (except the
pure glucose which we weighed alone).

A wide range of GI values for individual foods dem-
onstrated by the respective standard deviations and his-
tograms corresponds to the experience of others> ' 4,
Attention must be paid to the standardization of methods
of investigation and their comparison with the methods
of other laboratories.

Currently, only a few nutrition research groups around
the world provide a legitimate testing service. E.g. in Aus-
tralia, Sydney University GI Research Service (SUGiRS)
was established in 1995 to provide a reliable commercial
GI testing laboratory for the local and international food
industry. Foods are tested in healthy volunteers according
to standardised methods that have been validated against
laboratories overseas. Insulin, satiety, hunger and other
parameters can be assessed simultaneously. Foods that
meet nutrition guidelines and have been GI tested can
carry the GI symbol.

The research group at the Human Nutrition Unit at
Sydney University has determined the GI values of more
than 400 foods using the following method:

1. The GI value of a food is determined by feeding 10 or
more healthy people a portion of the food containing
50 grams of digestible (available) carbohydrate and
then measuring the effect on their B-glucose concen-
trations over the next two hours. For each person,
the incremental area under their two-hour B-glucose
response (IAUC) for this food is then calculated.

2. On another occasion, the same 10 people consume an
equal-carbohydrate portion of glucose (the reference
food) and their two-hour B-glucose response is also
measured.

3. A Gl value for the test food is then calculated for each
person by dividing their B-glucose IAUC for the test
food by their B-glucose IAUC for the reference food.

4. The final GI value for the test food is the average GI
value for the 10 people.

It would be certainly worthwhile to compare the GI
values obtained by this simple Australian method with the
method used in this study.

CONCLUSIONS

1. The GI’s for white bread and juicy cereal bars were
determined.

2. There was no difference between the GI values deter-
mined in the morning vs. the evening hours.

3. There was no difference between the GI values deter-
mined in men vs. women.
4. The GI values show wide variability.

An accurate standard method for the determination
of GI needs to be defined, carefully used and re-evaluated
to enable comparison of results with various methods of
other working groups. Increased interest in GI deter-
mination may be expected. Hence, adequate facilities
and equipment should be made available to fulfil the
demands.
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Molecular Models of Compounds in Maple Syrup

October Featured Molecules

This month’s issue of /. Chem. Educ. includes articles
by David Ball dealing with the chemical composition of
honey (1) and maple syrup (2). The JCE Featured Molecules
for this month are drawn from those papers. In prior months
we have included sucrose, glucose, and fructose (3), and all
of the naturally occurring amino acids (4) in the molecule
collection. This month we add the molecules identified in
Table 4 of ref 2 as probable contributors to the taste of maple
syrup. This group of molecules could serve easily as a start-
ing point for a variety of student activities in the area of
taste. Students in non-majors courses could be asked to iden-
tify structural similarities and differences among the various
molecules and could be introduced to functional groups. Stu-
dents could look for other foods in which some of these mol-
ecules are found, and could begin to develop a list of
molecules contributing to flavor. In the penultimate para-
graph of the maple syrup paper there is a list of substances
used as flavoring agents in artificial “maple” syrup. What
molecules are in fenugreek and lovage that might be impor-
tant in flavoring? What are the structures of the other mol-
ecules in that paragraph and what, if any, structural features
do they have in common with the featured molecules? Stu-
dents in organic or biochemistry courses could begin to ex-
plore the chemistry of taste in more detail. Good starting
points for this work are The Chemistry of Taste: Mechanisms,
Behaviors, and Mimics by Peter Given and Dulce Paredes (5)
and the Chemical and Engineering News Web site (6), which
includes a number of articles on this subject.

Students can examine the structures of compounds in
maple syrup in Jmol or Chime, along with other molecules
in the collection, at the JCE Digital Library Web site:

http://www.JCE.DivCHED.org/JCEWWW /Features/

MonthlyMolecules/2007/Oct/

Page 1 of 1
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Determination of Phenolic Compound Profiles in Maple Products by
High-Performance Liquid Chromatography

5. Kermasha®*’ M. Goetghebeur,” and J. Dumont?

Department of Food Science and Agricultural Chemistry, MeGill University, 21,111 Lakeshore,
Ste Anne de Bellevue, Guébee, Canads HSX 39, and Direction de la Recherche et du Développement.,
Minisrére de PAgriculture, des Pécheries et de PAlimentation du Québec, 3600 Casavant West.
St-Hyacinthe, Québer. Canada J25 383

A high-performance liquid c¢hromatography method, using ultraviolet and electrochemical detectors,
was developed for the analyzes of phenolie and forfural compounds in maple products. The
concentrations of compounds were caleulated using external standards that conformed to linear
hehavior. Most of compounds identified in saps, concentrates, and syrups were related to lignin
derivatives. Statistical analyses of data showed that 5-(hydroxymethyl-2-furaidehyde (HMF)
concentrations end phenolic profiles wers significantly diffevent as related to harvest time and maple
products. Although HMF concentratinns were not sipnificantly different as related to the producers,
& highly significant difference was cbserved for phenulic profiles. An increase in the relative
preportion of phenolic acids and a decrease in that of aldehydes and aleshols were ohserved during
the reverse osmosis of maple sap. The thermel evaporation resulted in an increase in the amount
of HMF ferulic acid, vanillin, and syringyl aldehyde with a concomitant drestic decrease in sinapic

arid.

Keywords: Maple products: HPLC: UV-diode array; electrochemical detector; ANOVA

INTRODUCTION

Magple syrup is one of the most importanl plant
product in Quéher, Canada, and reprezents 72% of the
world production {Dumont et al , 1593}, The distinetive
flavor of maple syTup has kept this product selling at
premium prices for many years. Magple syrup is the
characteristic product resulting from thermal processing
of maple sap, the exudate tapped from the trunk of
mature sugar maple trees {Aecer seccharum Marsh). The
initial maple zap represents a solution in which sucrose
iz the major component (Naghski and Willits, 1957, In
addition, minor quantities of reducing sugarz (Jones and
Alli., 1957; Kallio, 1988}, organic acids {Mollica and
Morzelli, 1986; Kailio, 1988), minerals (Kuentz et al,,
19761, and nitrogensus compounds (Morselli and Whalen,
1586) have been reported to be present in maple sap.

Phenohic compounds are widely distributed in plants,
many heing essantial metabolites, and contribute to the
sensary properties associated with food quality sech as
¢plor and aroma Macheix et al., 1080a), In addition,
Huang and Ferrars (1992} reported that some phenclic
compounds may have potential health benefits, includ-
ing the reduction of cancer risk. Filipic and Underwood
(1984} reported the presence of phenolic-related com-
pounds such as vanillin, erumernn, syringaldehyde,
coniferaldehvde, and 2 8-dimethoxybentoguinons at
concentrations lower than 1 ppm in chlovoform extracts
of maple sap as well as an ether insoluble lignin,
Recently, Fotter and Fagerson (1992 reported on the
wdentification of phenolic lignin monomers and related
flavor compounds in dichlpromethane extracts of maple
srup. The source of vanillin and syringaldehyde in

* Author Lo whom correspondence should be ad-
dresused,

* MeGil University.

*Winistére de l'Agriculture, des Pécheries et de
YAlimentation du Queébes,

007 1-8561951 443-07CE809 034

maple syTup hes been suggested by Underwood and
Filipic (1964} to be lignin or lignin fragment. Bound
vanillin was also reported to be present in maple sap
ag a precurser of vanillin in maple syTup (Belford et al,,
199%].

The separation and quantitative analyses of phenglic
compounds in plant extract were schieved by high-
performance liquid chromatography (HPLC) aquipped
with an ultravislet UV delector i Wilson, 1381 Spanos
et al., 1850; as well as an electrochemical (EC} deterlor
(Magelz and Creten, 1885; Roston and Kissinger, 1951,
Joerg and Sontag, 1983), The literatura indicated that
the limit of detection ol some phenolic compounds 15
higher with the electrochemical detector compared to
that of UV detector (Hayes =t al., 1987; Galetti &t al.,
1880, Kermasha at a1, 1994}

The objectives of this study were to develop a HPLC
analvtical method for the separation and character-
ization of phenclic and furfural compounds in manle
producte extracts, using a combination of UV diode
array and EC detectora as well as to analyze the eft
ferlg of harvest time, technological processes, and
producers on the profiles of these compounds in maple
products.

MATERIAL AND METHODE

Reagents and Standards. All chemicals used throughaout
this study were of ACE reapent grade or better, Fhenalic
standards (p-coumaric and ferul: acids) were purchased from
Sigme Chemical Co. (S0 Loois, MO Sinapic 03,5-dimethooey -
4.Fydrosyeinnamic acid:, syringic (4-hydroxy -3 5-dimethoxy-
benzoie ucidh, eoumarie (d-hydroxycinnamic acid:, vanilhc (4-
hydroxye-3-methoxybenzoic acid). and homovenillic d-hydroxy-
S-racthoxyphenyliacetic sod! aelds, conifero] (d-edposy-3-
methoxyeinnamy]l aleoholy coniferal [d-hyorocy-2-methoxy.
cinnamy] aldehyde), sreingsl 4 d-hydroey-3.3-dimethoxyben-
zaldehyde. vanillin 4-bhydroxy-3-dimethoxybenzaldehydes,
and Sdhydroymethyl-2-Farsidehyde {HMFE ) were obtained
from Aldrieh Chemical Co. (3dilwaukee, W, Chemical 2irue-
turez of phenalic compouncds are reported in Figure 1.

£ 1995 Anancan Chemical Sodeby
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Figure 1. Srractures of phenalic eampounds studied,

Maple Products Samples. Maple products were obtained
from three different Quebec preducers identified as ML, AT.
and LL. Maple sapy, reverse psmosis concentraled saps, and
syTups were provided by both producers ML and AT, whereas
proeducer LL provided oniy zaps and syraps.

Reverie osmosis concentration was performed by produecerz
ML and AT at 10 *C using, respectively, a Lapierre system
t3t. Ephren, Québes equipped with two membranes Filmtech
tFilmtech Corp., Minneapelis, X0 and a Domicion Grm
gystem (Monoréal, Ghacbeet equipped with o Seprotec high-
performance membrane (Ootawa, Omiericl bowh set at 3000
KFa and 2700 L'h, Thermal evaporation was performed by
producers ML, LL, and AT at boiling point of the soluticn until
66 "Brix, using. vespectively, an oil burner evsporstne 1.65 m
» 4 m (Small Brothers, Durham, Cuebes . a wood-beated
evaporator 2.0 m » 5.3 m MMominten Grim, Monicéal, Québee:,
uod an ml burner evaporator 2 m = 4 mrWaterloo, Waterioo,
Quéhec:.

Maple saps, concentrates, and syrups were sampled in
triplicate for esch harvest day over the aeason 1953, The pH
and Brix degree "Brix values were dotermined for sach
sample, The degree Brix was deflined az the refroctometric
diy sube tavece at 20 °C. Do aeenedanee with Guébes regulztinns
[Gouvernement du GQuébes, 1983, meple syrups had 66% of
refractometric dry substance ar 20 SO

Extractien of Phenolic and Furfurel Compounds.
Differsnt rethods of extraction of phenolic and furfural

goniferyl aldrhyde

prooumane acid R, = B, = H B, = OH

Feradic asid
sinapic acid

‘R, =OCH, R, ~COH, R, =H
iR, =R, = OCH, R =0H

WHom ovanillic accd

CHE
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$=C CH,CO0H
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compounds were developed. The standard solution. conlaining
1 pg/mabl of each phenolic and furfural standatd compounda,
wis concentrated 253 times by all methads nf exuraction.

Lyophiizzaiion, The atandard solution 725 mL1 waz cobeen-
trated by Iyophilization wsing a Labeonco 1 Labeoneo, Kanzas
City, MO0 freeze dover set at - 30 *C with 8 vacuam of 10 wm
of Hg. The resulting residue was redissolved in 1 mal of
mothanal and hltered throughout 2 0.20 ivm filter. The filtrate
was subjected to HPLC analyses,

Ethyt Acetate Extraction. The extraction of phenalic com-
pounds was carried oul according te a modificalion of tha
method of Mahkler et al. ¢ 1988), The standard selution {25 mL.
was adjusted to plf 2 wath 6 & BCL and the compounds of
interest were extrarted suncessively with 8¢, 30, and 30 mL
of ethy] acerate. The fractions were then pooled and dried with
anhydrous Na 30, and the sebvent was oemoved at room
temperature under a gentle stream of My The resultant
restdue was dissolved in 1 ml of methanrol.

Diethyl Ether Extrovtion. The cxtreclion of phenolic com-
pounds was performed according to a modification of che
method described by Kregier et al 118820 The extractad
phenalic and furfural compoundz were prepared as described
above.

Sap-Pak. The extraction of phenalic and furfure! compounds
uditg Sep-Fak CI18 coluwmn iMillipore, Badfred, B4 was
perfurmed secording to the method described by Jaworski el
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al. 11987y The extracted phepolic and furfural compounds=
were preparved as dezcribed above.

Supeiclean, The extraction of phenolie and furfural com-
pounds using Supelelean eolemn (Envichrom-P-BFE, Supalen,
Oakville, Ontario) was performed aceording to the methoad
described proviously (Anonyawuas, 199510 The exiracted phe-
nolic and furfura] compounds were preparcd as descrbed
above,

The best rocovery wis obtained with the ethyl acetate
extraptinn of phenalic and fecdfural enmpounds; this reathiod
was vsed for the extraction of cape and concentrates as well
as syrupe diluced 40 times wich distilled water.

High-Ferformance itquid Chromstograpby Analyses
of Phenalic and Furfural Compounds. The cxtracted
phenolic and furfural compounda were separated by a gradient
elution using 4 HPLC system i Beckman Model 126, Beckmen
Insiniments Toc., 8en Bamon, CA) equipped with g LTV disde
arcay LV decertar (Betkman, Model 1681 and an alestra-
chetnzcal { EC rdeweetye iCoualuchem [L Eze Iay., Bedford. A
assembled in sevies and computerized integeation with data
handling. A Beckman analog interface Model 106 was waed
to transker data (rom the EC detector to the IIPLC syatem.
The [NV deteetion was perfvrmed at vwn different wavelengths,
280 and 320 am. Seanning frarm 200 o 400 nm was mooitered
at 15 interval. The EC derecror was set ar an earpar of 1V,
and the detection was perioroned ac 200 and 600 m¥, at 10
wA. Automatic injectien Yarian., Autosampler 3083, Vanan
Agzoriates. Inc,, Walnut Creek, CArwas carried gus with a 20
tiL. Woop onto an Econosil €18 column 1130 = 4.6 mm i.d., pore
gize 5 amii Alltech Assooiates, Ing, Theerfiedd, 1L The elotien
1475 min: was performed at room lemperaluce and ata low
rate of 0.75 mLonin, wsing rmethancel (Chrndsoly grade, BOH
Inc.. Poole, United Kingdorar as solvent A and zn agueous
selution of O.2F triflucroacetic acid as #olvent B, with a linear
gradient of 2 to 407 solvent A,

Identification and Quantitation. Inizial identity assign-
ments of phendlie abd furforal gompodrds were based on
comparison retentmn data obtaiped with UW and EC detectors
far standard cormpnend 2 und semple components. Comparizon
of spectral characteristics racans from 2000 to 400 nml of
#andards and sample compenents provided confirmation of
the initial identily sssignment. Additwonal confrmation was
provided by the comparison of EC characteristics of stangards
and sample compooents.

Calevlation of concentrations of compiunds of interect was
based on the external standard method. Dilutions of agueons
aolutionz containing 50 ng'ml of all standards were vaed o
it & standard curve fares Versus COMCENLTALION iN NANOETamMs
per miliiliter:, with & limear regrecaion for aach componnd.
Concentration o) of each compound waz caleulated from peak
area TAL by uaing the cguation

=0+ 4

where ¢ is the curve intercept and 7 is the carve slope.

The concenlrations of phenolic and furfura] compounds in
maple products were determined in triplicate and the average
concenlrations were standacdized per degree Brix of initial
aplution and expressed as nanogram par milliliter per degres
Erix of solution.

Statiatles] Anafyses. Statiatical analyses wors pevlarmed
wsing StatGraphics aoftware verzion 5.2 {5TSC, Inc., Bockyille,
MD:  Analyses of vemence TANCVAD of variatle *HMF
coneenbration:” {147 camplest were performed with three
factors, v.e.. day of harvest, maple products, and producers.
ANOVA of variable “phenalics concentrations” {1470 samplea)
were performed with four lackors. e, type of phenolic com-
pound, day of harvest, maple produccs, and producers. Hy-
pothesis of 2 nonsignificant effect was made for all ANOV A

HEZULTS AND DISCUSSION

Extraction of Phenolle and Furfuml Compounds,
The results {Table 17 indicale that the mean percentage
of recovery For all phenolic and furfural compounds,
using different methods of extraction, was obtained m

¥ermasha et al.

Takle 1. Percentage of Recovery of
S-{Hydroxymeilhyl)-2-furaldebhyde end Phenalic
Compuunds Uning Cifferent Methods of Extraction

ECOVETYT 19

Lyophili-  diethyl  etopl Sep-  Eupel-

o pou fd sal:on ether acetate Pak  clean

J-tydroxymethyl:- 456 647 855 AR5 234
2-Turaldehyds

varllic aced O LA 471 1108 221
svringic acid .0 4359 H41 1045 430
homevanidlic acid 646 44.B B5 5 291 187
corifery] aleohol 1.3 a.a TR 146 633
vamllin 0.0 A58 1158 any 43
p-ooumeTic acid A3 ag.49 BEY 937 523
ayTingaldehrdas TE3 45.4 i1 44.7 523
Iinapic agid 4.4 0.5 e 513 §EE
feriulic acid K 45,2 a7l AB0 536
corifervlaldehyde 0z G54 A7T3  TiG 224
AL CEROTOTY 623 4.3 E7.B 233 338

* The telative recovery wis caleulaled as percentage of mean
of peak zrea ohtrined from triplicate HPLC injertions of extract
of standard compounds divided by the mean of peah area obtained
from triplicate HPLC ivjeerions of scandard eompounds bl
without exlraction. Coe[MAcientys of variution o the valoes reported
were from 09 Lo 2.0%.

8 decreasing order and as follows: ethy] acelata (87 6%}
= Bep-Pak (82.2%% = lyvophilization (62.9%) = e¢ther
(44, 3%} = Supelelean (41.8%), Additional work on ethyl
acetale extraction data not shewn) indicated that the
mean slandard of deviation for all phenslic and furfurai
compounds of 10 replicates of extraction was 3.081 with
a mean coefiicient of variatign of 7.7%, these findings
may indicate a very good reproducibility. Or the basis
of these results, the ethiyl aeetate method of extraction
was used throughout this stody,

Optimization of HPLC Anslyses. Preliminary
trials, carried out for the eptimization of HPLC analy-
ses, indicated that the retention times of standard
prhenclic acids were mostly pH dependent, whereas
those of furfural compounds were mostly dependent on
acetonitrile cancentration. Hence, a gradient elution
solvent system, congisted of 2—40% acetonitrile and 98—
G0%: of an agueous solotion of (.2% wiflppreacetic acid,
was developed o provide a chromatogram of well-
separated and high-resolerion peaks (Figure 20 Sean
analyses of standard compounds indicated that the
detection of phenolic and furfural compounds was
optirmum at 280 and 320 nm. Preliminary work for the
optimizeticn and selection of the most appropriate
potential valves for setiing the electrode of EC detector
indicated that both sensitivity and stable baseline wera
obtained for the analyses of phenolic compounds at 200
and 800 mV. Typical retection times are reported in
Table 2.

The BC analyses provided o deamatic inereaze in the
limits of detection of all phenolic compounds compared
with those obtained by UY analyses. The results (Table
2+ demonstrate that the limits of detection ophtained with
EC analyses were 100 (conifercl and homovanillic acid},
50 ¢vanillin and sinapic acid). 43 {vznillic acid), and 20
13¥ringic, p-coumaric, ferulic, and coniferal) times higher
than these obtained with UV analyses. The detection
lirmits {Talle 2) are of the order of previous work on UV
EC comparizon {Hayes et 2l 1957, Galetti et al., 1990},

Identificetion of Phenolic and Furfural Com-
pounds in Maple Producets, Typical chromatogeams
of HPLC analyaes of phannolic and forfural eompounds
arg reporied for maple sap {Fipure 3} concentrate
{Figure 4}, and syrup {Figure 5} The literature indi-
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Fipgure 2. Chromatograms of HPLC analrses of a mixture of
standaord phenalie and furfural compounds vsing (A eltraviolet
detection at 280 fupper, solidi and 320 om dower, dashed! and
1B electrochemcal detection gt 200 {lower, sohd) and S0 my
iupper, dashed!. Peaks are indicated as follows: 711 5-Chy-
drosoymethyl-2-furaldehyde 12+ vanillic acid. {3+ syringic acid.
i4p homovanillic acd, 15 coniferol. (681 vanillin, (71 syringal.
1B} pecoumaric acid, (9¢ ginapic acid, (107 ferulie acid, and 11
cubriferal.

Tshle 2. Limit of Detection and Retention Times of
S-{Hydroxymothyli-2-furaldebyde and Fhopolic
Compoundes Using Uliravislet and Elecirochemical
Detectora

detestion lemito ingiml.

ultraviolet electro-
dinde array chemical

relention 250 S0 210 800
cotmponnd Lme (mint nh my my

HMPr 185 500 500 o c
varille acid 307 10400 c S0.00 023
ey ngie acid 33 3.000 TELF 1.00 023
homoaovamillic azid 318 PRI c Lon 0os
coniferv] aleahal 3an 1040 SO0 01D 500
varillm 355 5. TME 100 G
p-ooumaric acid v 2 o010 .00 ¢ L.23
#mogaldehyde 36T PRI g 100 500
sinepic ard e #5400 801 010 .00
ferulic acid 353 HELL o.00 Lon 023
coniferylaidehyde 1310 2410 g0 500 023

s eleciien hmil i the manimum detectable concentration of
poenplie and furfural compounds calewlated on the beais of 8 31
of signainoise ratic and expressed as nanograms of stondard
compound pet snilliliver. * S Hvd rosymethyl 2 luraldeb e < Not
dexectable ac T3 ngml.

tales that spectrai (Barlolomé et al, 1993) and EC
iJaerg and Sontag, 1893) charactertatics could be vsed
W assign stendard compounds to unknown sample
componenle. Hoston and Kissinger (19811 indicated that
Lthe comparison of EC responses of standards apd
sample componenis could provide a conlirmation of the
inilial identity zssignment, oblained with retention time
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Figure 3. Chromalograme of HPLU analyses of maple sap
ethyl acetate extract using ' A) ultraviglet deteclion at 280
tupper, solidl and 320 mm ilower, dashed) and (B: electro-
chemical detection st 200 ilower, solud' and 60 mY iupper.
dashedt, Peaks are indicated as follows: 1y S« chyvdroxy-
methyl s 2-furaldehyde, 120 vanillie aeid. 72 syringie acid, 14
homeovanillic acid, 137 coniferal, 16 vanillin, (75 syringal, 1B
preouraaric aeid, (91 sinepie acid, (U ferulic aeid, and (11
coniferal, (UL, U2, 113 U4, U5 ankpown compounds,

and UV data. Hance, by matehiong retention time dats
and spectral end elecirochemical characteristiva of tha
cortesponding peaks in maple products HPLLC analyses
with those of standards, the results (Figures 3-3)
indicate that peaks 2, 3. 4, 8. 9, and 19 correspond,
respectively. Lo vanillic, syringic. homovanillic, p-cou-
maric, sinapic, and ferulic acids, Similarly, the presence
in maple producks, of HMF (peak 1}, conifercl ipeak 5},
vanillin tpeak 8}, syringal {peak 7}, and coniferal (peak
12} were confirmed by retention times and spectral and
electrochemical data. Our resalts are in agreement
with those reported by Potter and Fageraon {19321 who
identified the presence of vantllin, homovanillic, syrin-
gie, and vanillic acids as well axz cantferal and conifersd
in maple syTup.

Spectral characteristics of five major unknown peaks
Ly, Wy, U, Ul and U {Figures 3—5+ did not allow the
identification of these compovnds, In order to identify
these major peaks, preparative pucification was per-
formed. A meaple sap sample {100 mL) was extracted
and subjected to preparative HPLE, using the same
conditions as for the analytical analyses. The five
separated fractions exhibited a positive response with
the .2 N Folin—Cigralten reagent 3igmal, 2 spacific
test of phenolic compoands (Singleton and Rossy, 19650
henee pezks U to Us were tentatively identified as
phenalic-related compounda,

Eifert of Hayvest Time, Processing, and Pro-
ducer on Concentration of HMF in Maple Prod-
ucta. The resuita{data not shown) indrcate that HMFEF
1-165.52 npmL/7Erix) was deterted in the majority
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Figure 4. Chromatograms of HPLC anglyses of maple
cotcenrrate ethyl acelaie extract ualng LA ultraviolel detaction
at 230 (upper, solidt and 320 nmo flower, dashed; and (B)
eleetrocbemical detection at 200 {lewer, solid) and 800 ot
inpper. dashed). Peak:: see Figure 2.

of maple products, An ANOVA ai three factors of the
variable “HMF concenteations” in meple prodoucts was
performed. The results (Table 3) indicate a signifi-
cant day eflect at the level of 0.05, a highly significant
maple producl efect, and a nonsignificant producer
effect,

Graphic representlations of ANOVA {2, means plots,
are reporied on Figure 6. The resuliz (Figure 8A)
indicale a trend toward & slight seasonal increase of
HMF in maple products, that may he related to the
increase of the temperature during the season.

The results (Figure §B} alzsa indicate that the gyrups
axhibitad the highest concentration of HMF, compared
to that present in saps and concentrates. Alfonso et al.
{1880} reported that the most common product of
dehydration of ketopentose, particularly in aeid or bigh-
temperature environments, was HMEF, The presence of
HMF in maple saps and concentrates, with mean pH
values of, respectively, 7.06 = 0.48 and 7.02 + .58, may
suggest that the formation of HMF eould occurred in
neetral or slightly basic conditions. The drastic increase
of HMF during heating could be related to the thermal
proceasing, in agreement with the study of Underwond
11871 who reported an increase of HMF peak height
by 250% and 800% afer heating times of 1.7 and 4 h,
respectivelr,

Although the AMOVA indicate that there is no
gignificant differance in HME concentration between the
producers, the results {Figure 60C) suggast that the
concentration of HME in maple products of producer LL
iz higher than that of the two other producers,

The concentration of HMF in maple syrups (dete not
shown)up to 126 ppm can be related to the implication

Karmasha el al.
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Figure 5. Chromatograms of HPLC analyses of maple axtup
ethyl acetate extract using (A vltraviolet detection at 280
(apper, solid) and 320 nm (ower, dazhed: and (B) clectro-
chemics] detegtzon ar 200 ¢lower, solid} and 800 mY (upper,
deahedl. Feaks: see Figure 2.

of HMF in maple syrup flaver. HMF has been deseribed
by Filipic et al. {1983} to be 2 major constituent of high-
Aavered maple syTup.

Effect of Harvest Time, Processing, and Pro-
ducer cn Phenclic Compound Profiles in Meple
Prodeets. An ANOVA at four famtors of the concentra-
tions of 10 phenclic compounds in maple products was
parformed. The resulte {Table 4) indicate a highly
significant phenolic compeund effect, a harvest time
effect at the level of L05, a highly significant maple
produet effect, and a highly significant producer effect,
Corresponding means plots are reported on Figure 7,

Phenolic Compounds Effect. The intervals of factor
means for the level of phenolic compounds in all samples
{Figure 7A) ghow the presence of four different homo-
geneous groups: group 1 with coniferyl aleohgl at the
lowest concentration, group 2 with vanillic and syringic
acids, group 3 with hemovanillie, coumarie and ferulic
acids, az well as vanillin, syringaldehyde and conifer-
aldshyde, and group 4 with sinapic acid with the highest
concenlration,

Harvest Time Effect. The periods of barvest were
from March 26 to April 158, March 27 to April 19, and
March 24 to April 11 for the producers ML, AT, and
LL, respectively. The resulta (Table 4) demeonatrate the
gignificant effect of harvest time on the concentration
of total phendlic compounds present in saps, concen-
tralazs, and syraps.

Figure 7B indicates a trend toward a slight seasonal
increase of phenolic compounds in maple products. It
appears thet the highest contents of phenolic cam-
pounds securred at the end of harvest time. In addition
g seaaonal increasze of unknown phenolic-related com-
pounds Uy, Uy, Uy, Uy, and U; was ohserved (date not
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Table 3. Analysis of Vartance of Concentrationns of (Hydragymethyltfurfural in Maple Produets

sum of dogrece af MEATH significant
gource of variation SQUATEs freedom aguare F ratig? level®

main effecs

A comcentrationt dayy 1254.43 s oT.02 1.3~ 00321

B: cencentration maple predect w44, 78 & FIEL S0 0.1 Q,0000

C: toncentration produser 24.28 2 1214 0.37 0.6921
residual MG 4 120 3285
Lotal 1187043 146

1 AN F ratios are besed on the residual mean square ervor, * Eect A is significant at the level 0.05, effect B is ngnaignificant, and
eflect C 15 kighly significant at the level 001, ¢ Concentratiens of hydroormethyl)furdural are expressed 53 ngmLPrix. @ Concentrations
aof Chvdregmnethyl furfural were deternained eack day during the harvest time. © Concentrations of Thydroxymethyl forfural were determined
in maple saps. concentrates, and syrups. © Concentrations of (hydroaymethylifurfursl were dotermined for three different procacers,

*Significant at the 0.05 ievel ~*Signilicert ax the 0.0 level,

b
ECIIA -

10 -

a 4
1. Saps  Coroentrales  Syrups

Concentralions {ng/mifoBrix)
(o)

ML LL AT
Efiects
Figure B. Means plots with 85% confidence for the variable

congentration of (hydroxymethylifurfural concentrations (A
day eMect, |B) maple product effect. and 0y produger efTect.

ghovwn), These results are in agreement with those of
Laing et al. (19¥1) whe reporied a slight seasonal
increasa of phenol-reacting compounds in maple saps.
It iz probable that different factors, including Eenetics
and climatic and soil conditions, combined to provide
variations in qualitalive and quantitative profile of
pheralic compounds in maple products (Belferd et al.
1292Y); these authors reported that variations in venillin
glycosides concentrations were associated with harvest
timie during the season of callection.

Mople Products Effect. The results (Figure 7TC}
indicate that the saps exhibited Lhe lowest ronceniration
of phenolic compounde, whereas there were no signifi-
cant differences in phenolic concentrations between
concentrates and syrups,

Anailyses of the interaction between phenclic com-
pound and maple product spurces of variations (Table
4) show a highly significan: effect. Theze results
indicate that the preportion of each phenolic compound
iz different as related to the maple products,. ANOVA
for saps, concentrates, and syrups were performed
separately and the resudta {data not shown  demonstrate
that there were significant differences batweaen phenolic

enmnpound concentrations for each AMOVA, Correspond-
ing mean plols are reported in Figure 8. The results
iFipure 8) show that the relative importance of eaeh
phenolic compound is different for saps, concentrates,
and ayrups. The reaults (Figure 8) ahow the presence
of four different homogenous groups in the decreasing
importance order for saps {group 1, sinapic acid: group
2. vanillic, homowanillie, and p-coumaric acida, coniferal,
syringal, apd vanillin, group 3, syringic and feculic
acids; group 4, coniferol), concentrates (group 1, sinapic
acid; group 2, homuvanillie acid and coniferal; groop 3,
vanillic, syringic, and p-coumaric acids, sycingal, and
vanillin: group 4, fervlic acid and conifercl), and sytups
igroup 1, ferulic acid; group 2, syringal and vanillin;
group 3, syringic, homeavanillie, p-toumarie, and sinapic
acids and coniferal: group 4, vanillic acid and eoniferoli.
Thua, sinapic acid is the major phenalic compound
identified in saps, and sinapic and homovanillic acids
and coniferal are the major phenclics in toncentrates,
wharens ferulic acid, syringal, and vanillin are the major
phenolic compounds identified in maple sy7up.

The anelyses of the relative preportion of each phe-
nolic in percentages of Lowal phenolica results (Figuare
8) indicale that the ellect of concentration by reverse
osmosis of maple sap has the same lrend on the relative
compesition of phenolie compounds for the producers
ML and AT which is an inerease of the relative propor-
tions of phenolic acida and a decrease of the relative
proportiens of aldehyde and aleohol. The loss of alde-
hydes could be related to the oxidation of the sap in the
reverse nzmosiz system. Chou et &l 11981 reported a
substantial reverse psmoesis processing loss of aldehyde
compounds in apple juices due be the evaporation and
membrane eapture. In addition, Sheu and Wiley (1883
gshowed that the retention of some apple juice aldehyde
components was dependent on the type of membrane
uaed,

The resalts (Figure 9) alse indicate thac the thermal
evaporation process resulted in & dramatie inerease of
ferulic acid and moderate increases of vanillin and
syringal, with a concomitant drastic decrease of sinapic
arid.

Vanillin and syringal have been previously reported
and aseribed Lo degradation of ligneous material present
in maple sap (Underwood er al, 18640 Hecantly,
Belford at al. (1892) reported the presence of a bound
vanillin freetion that could be hydrelyzed by 3-glucosi-
dases. Macheix et al. {15806} reported that ferulic acid
can be found in plants linked by ester bonds to various
polymers, such a= lipnin derivatives. Hence, the in-
crease in the concentrations of vanillin and fevulic acid
duriog the thermel evaporation process (Figare 9 coald
be velated to the hydrolysis of bound formy of these
phenolic compounds,



N4 S Agric. Food Chem, Vol 43, Mo, 3. 1845

Table 4. Analysis of Yeriance of Concentrations of Phenplic Componnds in Maple Products

Kermagha & al.

source of variation surs of squarea degree of {reedon todn douare F ratws sngnificent level*
main eflacts
A concentrabion’ phenclca? 8164 7T 4 ST35.84 4581 (0. [HBIH}
B: concentrationdsy 10274 .42 a3 48747 413 0. [HH 0
1 concentrationvmaple product’ 2979 69 2 1489 35 1% RE=e (0. CHRHD
¥ concent raion produsers 677362 2 JREA AL o, B (0.0
LRk L
AC 018131 14 334231 25317~ 0.0
AT 2151 14 118267 10 04== [N
resedual LES045 .70 1395 LI&.DG
total J1BETV.Y L4649

¢ All Frarios ave based o the residusl mesn square ervor. * All effects and anteractions are kighly significant with a the bevel 0.01.
¢ Concentrattons of phenole compourds are expreased as ng'mLoBrix. 7 Concentrations of 10 phenolic compovnds were determined,
¢ Concentratiprs of phenclic compounds were determined each day during the harvest time ¢ Concentrations of phenalic compounds were
determined in maple saps. concentrates, and syrops, £ Concentrariona of phenolic comnpoands were detarmined for thres different prodocers.

*Significant &t the 0.01 level
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Figure 7. Maans plots with 95 confidence for the vanable
cencentration of poenciic compounds (A phenol:c compound
effect tvanitiic acid, va: svringic acid, sa; homovanillic acid,
ha; peconrnarie acid, ca; cinapic acid, si; ferulic acid, fa;
coniberol, eo; coniferal, ol; syringal, zl; vanillia, vil, (B day
effect {C0 maple product effect. and (D) producer eflect.

The results {data not shown) indicate that vanillin s
present in maple syrups at concentrations from 1105
to 62.02 ng/ml/"Brix which corcespond, for syrups of
66 *Brix, to0.73 to 4.09 ppim, respectively. Vanillin has
been described as the most important compovnd derived
from ligneaps material with reapect to flavor contribu.-
tion in maple syrup (Filipic et al., 196%). Vanillin is
hoown to have extremely low flavor thresheld of 069
ppm {Fazzalari, 1978} The results (dacs not shown!
indicate concentrations of ferulic arid in maple syrups
from 1.61 to 2,80 ppr. Fazzalari (1978) reported that
the flaver threshold of ferulic scid is 90 ppim; it addition,
Huang and Ferrare (199320 suggeoted an anticareing-
genic effect of feralic acid.
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Figure 8. Means plots with 95% confidence for the vartahle
concentrrtion of phenolic compounds (3ee Figure 71 for the
analysea of variance sz relaled o maple products (A zaps,
{B) concentrates, and (C) svrupe.

Although there was an evidence of some variationg
in identified phenolic compound concentrations of maple
products, there was not a pronounced variation in
unknown phenclic related compounds U, Us, Us, U,
and Us &5 a result of the reverse oamosis concentration
of maple sap. However, the thermal evaporation pro-
cess resulted in decreage of major unknown phenolics
Uy, Uy, Uy, Uy, and Us (data net shown)

FProducers Effect. The results {Figure D) indicate
that the concentrations of phepolic compounds were
significantly different mmong the three producers and
that there were, in decreasing srder LL = ML = AT.

Analysea of the interaction bhetwean phenolic com-
pound and preducer sources of variations {Table 4} show
a highly significant effect. These results indicate that
the proportion of each phencolic compound is different
as relaled to the producer. ANGVA for producers ML,
AT, and LL were performed separately and the resyits
{data not shown) demonstrate that there were signifi-
cant differences between phenolic compeund concentra-
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A

Phenolic compounds concentrations (%6

va sa ha ca si fa co sl ¢l vi
Phenolics

Figure §. TDistrbution of phenalic ¢ompounds expressed isee
Figure T1 a5 percentage of total phenolics present i maple
productz Mrom the preducers (a) ML, (B AT, and C1 LL, The
bars are differentiated as follows: open, sap: dotted, concen-
trate; and hlled, syrup.

tions for each ANOY A Corresponding mean plots are
veported in Figure 10, The reswlts (Figure 10, pans
A—Ch show the presence of three similar homogeneous
groups for producers ML and LL (group 1, sinepic acid;
group 2, vanillic, homovanilbe, p-coumaric, syringic, and
ferulic acids, coniferal, syringel, and vanillin; proup 3,
coniferoll, whereas the proportion of each phenolic is
different for prodecer AT igroup 1. homovanillic, p-
coumariec, sinapie, and ferulic acids, coniferal, syringai,
and vanillin; group 2, vanillic and syringic acids; group
3, coniferol).

Those differences between producers may be related
to harvest and processing of maple products as well as
elirmatic and soil conditions,

COMCLUSION

The results gathered in this study demonstrated that
the opltimization of the HPLC analyses using UY and
EC detectors allowed the identification and quantifica-
tion of phenclic and fuorfural compounds in maple sap,
concentrate, and ayrup. The present work indicated
that HMF concentrations and phenolic profiles of maple
products were significamtly different as related to
harvest time and technological process used to manu-
facture maple syrup. Highest contents of phenolic
compounds ooeurred at the beginning and ag the end aof
harvest time [or all producers. Variations of the gquan-
titative phenolic profile were also obzerved between the
different producers, An inerease in the relative propor-
tion of phenolic acida and 2 decreaze in the relative
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Figure 1. Means plots with 95% confidence for the vanable
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propertions of aldehyde and aleohol was ebserved durning
Lthe peverse oamoais processing of maple sap. The
thermal evaporation of maple sap or concentrate re.
sulted in an increase of feralic acid, HMFP, vanillin, and
syringal and a concomitant drastic decrease of sinapic
acid.
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This study was undertaken to develop new probiotic products based on liquid maple sap or its concen-
trate. Sap and concentrate, with or without inulin (2%) were inoculated with Bifidobacterium lactis Bb12
and Lactobacillus rhamnosus GG valio at initial counts of 10’-108 CFU/ml. Viability was assessed over four
weeks of storage at 4 °C and under in vitro simulated gastrointestinal conditions using dynamic gastro-
intestinal model known as TIM-1. Viability was maintained throughout the storage period at the same
order of 107 to 108 CFU/ml. Inulin significantly enhanced the survivability during passage through the
gastrointestinal tract simulator. The developed products could be an excellent alternative for delivering
probiotics, especially for individuals suffering from lactose intolerance to dairy products.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Maple sap is a watery liquid produced by maple trees (Acer sac-
charum March) during the spring thaw. Canada is the world’s larg-
est producer of maple sap and on average accounts for 84% of the
world production of maple sap products (Aider and de Halleux,
2008; Lagacé et al., 2004; Yezza et al., 2007). The sap contains
about 97% water and 3% solids. The solids are primarily sucrose
and much smaller amounts of glucose and fructose plus nitroge-
nous, organic and phenolic compounds and minerals (Morselli
and Whalen, 1996). Traditionally, maple sap is concentrated by
evaporation to produce maple syrup. This process is time-consum-
ing and uses large amounts of energy, since 40 | of sap are required
to produce one liter of maple syrup. The prolonged heating also
breaks down sucrose to inverted sugars, which may participate
in the Maillard reaction (Aider et al., 2007). Due to their nutritional
value and wide range of applications in the food industry, maple
sap products could be used to develop a variety of functional foods
(Yezza et al., 2007).

Consumer interest in functional foods containing probiotics
and/or prebiotics is increasing due to their potential role in
improving human health and preventing disease (Prado et al.,
2008). The development and production of functional foods is
one of the fastest growing industries worldwide, with sales

* Corresponding author. Tel.: +1 418 656 2131x6825; fax: +1 418 656 3535.
E-mail address: ismail.fliss@fsaa.ulaval.ca (I. Fliss).

0960-8524/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biortech.2010.05.053

expected to exceed $167 billion US by 2010 (Just-Food, 2004). To
date, the majority of commercially available probiotic products
are based on dairy products or ingredients and none, to our knowl-
edge, are based on maple sap or its products. Maple sap and its
concentrate represent good candidates for the production of non-
dairy probiotic beverages for avoiding allergic reactions and/or lac-
tose intolerance associated with dairy products (Prado et al., 2008).

It has been suggested that adding non-digestible food ingredi-
ents known as prebiotics to certain foods may increase the viability
of bacteria passing through the gastrointestinal tract and thus ex-
ert a beneficial effect on human health (Chow, 2002; Fooks et al.,
1999; Iyer and kailasapathy, 2005; Roberfroid, 2000). Many prebi-
otic oligosaccharides are now available as consumer products,
including fructo-oligosaccharides, inulin, galacto-oligosaccharides,
lactulose and isomalto-oligosaccharides (Ozer et al., 2005). Prebi-
otic and probiotic combination, known as symbiotic, have been
shown to improve probiotic proliferation in the intestine (Holzap-
fel and Schillinger, 1998) and modify gut bacterial community
structure (Bartosch et al., 2005). Among prebiotics, inulin and oli-
gofructose have been extensively studied (Gibson et al., 2004)
and have been used to develop variety of functional dairy products
(Aryana et al., 2007; Cardarelli et al., 2008; Paseephol et al., 2008).
These prebiotics have been shown to stimulate the growth of Bifi-
dobacterium and Lactobacillus, two species used extensively as pro-
biotics and incorporated into various fermented products,
especially dairy products such as cheese and yoghurt (Aryana
et al., 2007; Maragkoudakis et al., 2006; Ong et al, 2006;



M. Khalf et al./Bioresource Technology 101 (2010) 7966-7972 7967

Tharmaraj and Shah, 2004). Bifidobacterium lactis Bb12 and Lacto-
bacillus rhamnosus GG are among most studied probiotic strains
and their health-promoting properties are well documented (Mo-
han et al., 2006; Roselli et al., 2006; Wang et al., 2004). The aim
of the present study was therefore (1) to develop a symbiotic ma-
ple sap product containing the probiotic strains Bifidobacterium lac-
tis Bb12 and Lb. rhamnosus GG in addition to the prebiotic inulin,
(2) to study the viability of these organisms in the product over a
proposed shelf life of four weeks at 4 °C, (3) to evaluate chemical
changes in the product during storage and (4) to evaluate the
capacity of the product to deliver viable probiotic organisms into
the human gastrointestinal tract in numbers sufficient to confer a
health benefit.

2. Methods
2.1. Maple sap

Maple sap and its concentrate were obtained from the Quebec
federation of maple syrup producers (Fédération des producteurs
acéricoles du Québec, Longueuil, Quebec, Canada). Samples were
collected at the beginning of season 2007 (March-April) and kept
frozen at —20°C until use. Upon thawing, sap and concentrate
were passed through a 0.8 um Versapor filter (Pall, NY, USA) using
a laboratory-scale microfiltration system (Osmonics, Oakville, ON,
Canada) at 10 psi, held at 63 °C for 20 min and then cooled to
4°C. Additions of maple syrup aroma (MasterTaste, Teterboro,
USA) and edible chicory inulin (Frutafit inulin™, Sunsus America,
Monmouth, NJ, USA) at 0.02% and 2%, respectively, were done prior
to heating. Cooled samples were immediately dispensed into ster-
ilized glass bottles.

The efficacy of the microfiltration/mild heat treatment on the
microbiological quality of the sap and its concentrate was deter-
mined by taking aliquots of each product just before and after
treatment. Total aerobes, psychotrophes and yeasts and molds
were enumerated using specific Petri-films (3 M Inc., London, ON,
Canada) incubated aerobically at 30 °C for 48 h, 7 °C for 10 days
and at room temperature for five days, respectively. Pseudomonas
was counted by the drop-plate method described by Herigstad
et al. (2001) using Pseudomonas-selective medium (Oxoid, Nepean,
ON, Canada) supplemented with cetrimide, fucidin and cephalori-
dine and incubating at 30 °C for 48 h (Lagacé et al., 2006).

2.2. Bacterial strains and probiotic formulation

Bifidobacterium lactis Bb12 (B. lactis Bb12) and Lb. rhamnosus GG
valio (Lb. rhamnosus GG) were obtained from Chr. Hansen Ltd. (Bar-
rie, ON, Canada). B. lactis Bb12 was reactivated in lactobacilli MRS
broth (EMD Chemicals Inc., Gibbstown, NJ, USA) supplemented
with 0.05% (w/v) L-cysteine hydrochloride (Sigma Chemical Co.,
St. Louis, MO, USA) and incubated anaerobically at 37 °C for 24 h
in jars using an atmosphere generation system (Oxoid Anaero-
Gen™, Oxoid Ltd., Basingstoke, Hampshire, England). Lb. rhamnosus
GG was reactivated in lactobacilli MRS broth and incubated aerobi-
cally at 37 °C for 24 h. Both strains were maintained as 20% glyc-
erol stock at —80 °C and sub-cultured at least three times at 24-h
intervals before use in experiments.

For probiotic formulation, cells from 24-h MRS cultures were
harvested by centrifugation at 8250g for 10 min (RC5C Sorvall).
After washing with sterilized 0.85% (w/v) sodium chloride solution,
cell pellets were resuspended in a small volume of pasteurized ma-
ple sap or its concentrate to obtain 107-108 CFU/ml of each organ-
ism. Three maple sap and/or its concentrate were designed; the
first one is supplemented only by both probiotic strains, while
the second is supplemented by probiotic strains with 0.02% natural

maple syrup aroma, and the third contained probiotic strains, ma-
ple syrup aroma and 2% of edible chicory inulin prior to heat treat-
ment. Samples were stored at 4 °C for four weeks and samples
were taken weekly for chemical and microbiological analyses.

2.3. Total solids and pH measurements

Since over 98% of the dry matter in maple sap is sucrose, Brix
measurements could be used to estimate sugar or total solids con-
tents, one degree Brix being equivalent to 1% sucrose (Aider and de
Halleux, 2008). This measurement was done at room temperature
25°C + 1 using a digital refractometer (Reichert, Depew, NY, USA).
The pH was determined using a pH meter.

2.4. Microbiological analysis

Viable counts of B. lactis and Lb. rhamnosus in maple sap were
determined using the drop-plate method described by Herigstad
et al. (2001). Samples were serially diluted (1/10) in sterile 0.1%
(w/v) peptone water (Difco laboratories, Detroit, MI, USA). For Lb.
rhamnosus, 20 pl of each dilution were plated in duplicate on lacto-
bacilli MRS agar (EMD Chemicals Inc., Gibbstown, NJ, USA) supple-
mented with 1 mg/l vancomycin (Sigma-Aldrich Canada Ltd,
Oakville, ON, Canada) and incubated at 43 °C for 48 h (Tharmaraj
and Shah, 2003). For B. lactis, 20 pl of each dilution were plated
in duplicate on Beerens agar and incubated anaerobically at 37 °C
for 3 days (Beerens, 1990).

2.5. Probiotic delivery capacity

2.5.1. TIM-1 dynamic model

The dynamic gastrointestinal model TIM-1 (TNO Nutrition and
Food Research Institute, Zeist, Netherlands) described previously
by Minekus et al. (1995) is presented in Fig. 1. The model consists
of four compartments connected in series to simulate the stomach,
duodenum, jejunum and ileum, separated by valve segments under
computer control. Each compartment is composed of two glass

Fig. 1. The multi-compartmental dynamic TIM-1 model of the gastrointestinal
system. Vessels (A-D) constitute the gastric, duodenal, jejunal and ileal compart-
ments, respectively. Modules (E) are semi-permeable hollow-fiber membrane
dialysis units. (F) Peristaltic valves, (G) ileo-caecal valves, (H) pH electrodes, (I)
temperature sensor, (J) stomach secretion inlets, (K) duodenal secretions inlet, (L)
and (M) bicarbonate secretion inlet, and (N) volume detecting sensors. Adapted
from Kheadr et al. (in press).
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jackets in series, in which a flexible tubular membrane is installed.
The space between the membrane and the glass jacket is filled with
warm water, which maintains the temperature of the chyme in
each compartment at 37 °C. The contractions of the space inside
the flexible membranes are achieved by varying the water pressure
on the two jackets using computer-controlled pumps. This imitates
the peristaltic movements of the stomach and small intestine and
thus ensures mixing of chyme in each compartment. The contrac-
tion frequencies were five and six times per minute for gastric and
duodenal compartments, respectively, and seven times per minute
for the jejunal and ileal compartments. Two independent sensors
connected to the stomach and small intestine compartments en-
sure temperature control. Hollow-fiber modules connected to the
jejunal and ileal compartments provide dialysis of the contents
thereof against small intestinal electrolyte solution. The pH in
the gastric and small intestine compartments is monitored with
four electrodes connected to the computer.

2.5.2. Model disinfection and preparation

Prior to each experiment, the TIM-1 was disinfected for 60 min
with 10% (v/v) commercial bleach solution (Lavo Inc., Montreal, PQ,
Canada) followed by successive rinsing with sterilized de-mineral-
ized water. To verify complete elimination of hypochlorite, the pH
of rinsing water from different sites was measured (pH 6.0 is con-
sidered satisfactory). Total bacterial count, yeasts, molds and coli-
forms in the water at the end of the rinsing protocol were
enumerated using specific Petri-films (3 M Inc.) in order to confirm
the effectiveness of disinfection procedure. Samples of 0.1 ml of
rinsing water were spread onto Beerens agar and MRS-vancomycin
agar and incubated anaerobically at 37 °C for 72 h or aerobically at
43 °C for 48 h, respectively, to detect any organism capable of
growing on these selective media.

2.5.3. Digestion and sampling

In vitro digestions of probiotic suspensions were done using
freshly prepared (i.e. filtered, heated and cooled to 4 °C) maple
sap or concentrate. Briefly, 300 g of suspension were introduced
into the stomach compartment. Digestions were done according
to a fast transit protocol, with delivery half times of 35 and
110 min respectively for the gastric and ileal compartments, based
on in vivo data on the gastric delivery of liquid milk reported by
Marteau et al. (1990, 1991). The gastric pH was initially 4.5 and de-
creased gradually to 2.4 after 30 min, 1.7 after 60 min and 1.6 after
90 min by injecting 1 M HCl solution and kept at 1.5 from 120 to
300 min. The pH in the duodenal, jejunal and ileal compartments
was adjusted to 6.5, 6.8 and 7.2, respectively, by injecting 1 M so-
dium bicarbonate solution.

Gastric secretions consisted of pepsin (~0.28 mg/ml) from por-
cine gastric mucosa (EC 3.4.23.1; Sigma-Aldrich Canada Ltd.) and
lipase (~0.25 mg/ml) from Rhizopus oryzae (EC 3.1.1.3, Amano
Pharmaceuticals, Nagoya, Japan), both in an electrolyte solution
(NadCl, 3.0 g/lI; KCl, 1.1 g/1; CaCl,, 0.15 g/l; NaHCOs, 0.60 g/1) deliv-
ered at flow rates of 0.25 and 0.13 ml/min, respectively. Duodenal
secretions consisting of 7% pancreatin solution (Pancrex V powder;
Paines and Byrne, Greenford, UK) in reverse osmosis-purified water
and 4% porcine bile extract (Sigma-Aldrich Canada Ltd.) as well as
small intestine electrolyte solution (NaCl, 5.0 g/l; KCI, 0.60 g/l;
CaCl,, 0.30 g/I; pH 7.0) were injected respectively at 0.25 ml/min,
0.5 ml/min and 0.25 ml/min and the total injected volumes were
logged. According to the manufacturer, 1 gram of Pancrex V pow-
der contains 1400, 25,000 and 30,000 British Pharmacopoeia units
of free protease, lipase and amylase, respectively.

Aliquots of 1 ml were taken in duplicate at 0, 20, 40, 60 and
80 min from the gastric compartment to evaluate the impact of
this stage of digestion on the viability of both probiotic organisms.
The ileal effluent was analyzed at 1 h intervals over the entire 5-h

digestion period. Viable B. lactis and Lb. rhamnosus were deter-
mined using the drop-plate method with Beerens and MRS-vanco-
mycin agars as described above. B. lactis Bb12 and Lb. rhamnosus
GG survival was expressed as log,o colony-forming units (CFU),
that is, the measured concentration multiplied by the cumulative
chyme volume outflow from the gastric or ileal compartment.

2.6. Statistical analysis

Statistical analyses were performed with STATGRAPHICS plus
4.1 (Manugistics, Inc., Rockville, MD). Treatment effects were
tested by analysis of variance and Fisher’s least-significant differ-
ences method (LSD). The level of significance was P < 0.05.

3. Results
3.1. Effect of microfiltering and heating on microbiological quality

In order to determine the effectiveness of microfiltration/mild
heat for improving the microbiological quality of maple sap and
its concentrate, we analyzed the microbial load before and after
treatment. No coliforms or spore-forming bacteria were detected
in either the raw maple sap or its concentrate. However, both prod-
ucts contained large numbers of psychrotrophs, total aerobes (10°-
107 CFU/ml), Pseudomonas sp. (10°-10° CFU/ml) and yeasts and
molds (10%-10° CFU/ml). The microfiltration/heat treatment elim-
inated the vast majority of all of these groups from the maple sap
products. Post-treatment viable counts were below the detection
limit of the enumeration method (<10 CFU/ml), which indicates
that the treatment was effective at improving the microbial quality
of both maple sap and its concentrate product (Data not shown).

3.2. Changes in total solids and pH during storage of maple products

The total solids content of raw maple sap and its concentrate
varied from 2.5% to 2.7% and 9.6% to 10.8%, respectively (Aider
and de Halleux, 2008). Adding inulin increased total solids by al-
most 2%. In general, total solids contents remained relatively con-
stant over 28 days of storage.

Changes in pH of the maple sap probiotic preparations during
28 days of storage at 4 °C are illustrated in Fig. 2. The initial pH
of maple sap and its concentrate was 6.88 + 0.01 and 7.06 * 0.06,
respectively. The addition of inulin resulted in significant
(P<0.05) reduction in pH to 6.62 +0.04 and 6.38 +0.03 for sap
and concentrate, respectively. During storage, inulin-containing

—#— Maple sape, inulin" —&— Maple concentrate, inulin-

=~ Maple sap,inulin*
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—&— Maple concentrate, inulin*
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Fig. 2. Changes in the pH of maple sap and its concentrate containing Bifidobac-
terium lactis Bb12 and Lactobacillus rhamnosus GG valio both at 107-10% CFU/ml,
with or without added inulin (2%, w/v) over 28 days of storage at 4 °C.
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samples had significantly lower pH than their counterparts with-
out inulin. The major shift in pH was observed at day 7, dropping
to 3.67 £ 0.03 and 5.36 + 0.03 in inulin-containing sap and concen-
trate respectively. However, no further significant reductions were
observed between days 7 and 28 of storage. In sap and concentrate
without inulin, the pH remained relatively constant during storage
and was higher in concentrate than in sap.

3.3. Probiotic viability under storage conditions

In a preliminary trial, we evaluated the capacity of four known
probiotic strains to survive in maple sap and its concentrate at 4 °C
(data not shown). These were B. lactis Bb12, Lb. rhamnosus GG valio,
B. longum ATCC 15707 and Lb. johnsonii LA-1. Strains Bb12 and GG
valio were selected on the basis of their greater survival under
these conditions.

Survival of B. lactis and Lb. rhamnosus in maple sap and its con-
centrate at 4 °C is illustrated in Fig. 3A and B, respectively. The
average initial counts of viable B. lactis Bb12 did not differ signifi-
cantly among the maple sap products and were approximately
7.8 log1o CFU/ml in each case. Counts remained relatively constant
(P> 0.05) during the 28 days at 4 °C except for statistically signifi-
cant decreases by approximately 0.5 log;o CFU/ml for B. lactis on
day 21 and for Lb. rhamnosus GG on day 28, both in sap with inulin.
Lb. rhamnosus viable counts at day 28 were all around 8 log;o CFU/
ml, which was quite similar to the initial counts.

3.4. The viability of probiotics under gastrointestinal conditions

The viability of B. lactis Bb12 and Lb. rhamnosus GG in maple sap
or concentrate under gastrointestinal conditions is expressed rela-
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Fig. 3. Survival of Bifidobacterium lactis Bb12 (A) and Lactobacillus rhamnosus GG
valio (B) in probiotic maple sap and its concentrate with or without added inulin
(2%, wfv) during 28 days of storage at 4°C. Means with different letters are
significantly different (P < 0.05).

tive to the total volume of gastric and ileal effluent at each sample
time during in vitro digestion in the TIM-1 (Figs. 4 and 5). Over the
entire 80-min gastric digestion, maple sap concentrate delivered
significantly more viable B. lactis Bb12 into the duodenal compart-
ment than sap did (Fig. 4A). The cumulative gastric delivery of via-
ble B. lactis Bb12 appeared to be influenced positively by inulin.
Based on the initial viable count of 10.2 log;o CFU, the loss in the
viability of B. lactis Bb12 during the gastric phase was from 0.4 to
1.2 log,o CFU. The total cumulative delivery of viable B. lactis
Bb12 from the gastric into the duodenal compartment was approx-
imately 9.6, 9.1, 8.9 and 8.8 log;o CFU for concentrate with inulin,
concentrate without inulin, sap with inulin and sap without inulin,
respectively. The loss of viability at this stage was not significant
for concentrate with inulin, but was for the other formulations.
In comparison, the cumulative delivery of B. lactis Bb12 from the
ileal compartment after 5h of digestion of inulin-free sap was
6.9 log,o CFU, which was significantly lower than 7.7-7.5 log,o CFU
determined for the other three samples (Fig. 4B). Thus, major
reductions in the viability of B. lactis Bb12 occurred during its tran-
sit through the intestinal compartment compared to the gastric
phase of digestion. This may indicate that intestinal bile salts are
more harmful to strain Bb12 than gastric acid. Gastric delivery of
viable B. lactis Bb12 into the duodenal compartment ranked in
the following order: maple concentrate, inulin® > maple sap, inu-
lin* > maple concentrate, inulin~ > maple sap, inulin~, respectively.
The ranking was the same for delivery into the ileum, albeit with
smaller differences.

Similar to B. lactis Bb12, the cumulative viable counts of Lb.
rhamnosus GG delivered from either the gastric or ileal compart-
ments were greater in suspensions containing inulin. The ranking
was maple concentrate, inulin®> maple concentrate, inulin™ >
maple sap, inulin® > maple sap, inulin—. After 80 min of gastric
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Fig. 4. Cumulative viable counts of Bifidobacterium lactis Bb12 suspended in maple
sap products with or without added inulin (2%, w/v), delivered from the gastric to
the duodenal compartment (A) and from the ileal compartment (B) during in vitro
digestion in the TIM-1 gastrointestinal model. Means +SD, two independent
repetitions.
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Fig. 5. Cumulative viable counts of Lactobacillus rhamnosus GG valio suspended in
maple sap products with or without added inulin (2%, w/v), delivered from the
gastric to the duodenal compartment (A) and from the ileal compartment (B) during
in vitro digestion in the TIM-1 gastrointestinal model. Means + SD, two independent
repetitions.

digestion, the total delivery of viable Lb. rhamnosus GG into the duo-
denal compartment was approximately 9.6 log;o CFU for both ma-
ple sap concentrates either with or without inulin (Fig. 5A) and
9.45 and 9.25 log;o CFU for maple sap with and without inulin,
respectively. Relative to the initial count of 10.6 log;o CFU contained
in the 300 g of suspension, the 1.35 log;o CFU reduction in viable Lb.
rhamnosus GG in maple sap without inulin was the largest loss sus-
tained during gastric digestion. Losses of viable Lb. rhamnosus GG
ranging from 1.6 to 4.5 log;o CFU occurred during transit through
the intestinal compartments (Fig. 5B). The total ileal deliveries of
strain GG were 8.0, 7.5, 7.0 and 4.8 log;o CFU after 5 h of digestion
of maple concentrate inulin®, concentrate inulin, sap inulin® and
sap inulin—, respectively.

4. Discussion

The vast majority of the microbial community of maple sap is
made up of aerobic, psychotrophic bacteria, particularly Pseudo-
monas sp., as well as yeasts and molds (Lagacé et al., 2004,
2006). The composition of the microbial community is an indica-
tor of microbiological quality, which can significantly affect the
chemical and organoleptic characteristics of maple products.
The higher the microbiological quality, the better the quality of
the maple concentrate or syrup. Several factors have been shown
to influence the microbiological quality of maple sap, including
temperature, transient time, nutrient availability and the sani-
tary status and sophistication of the maple sap collection system
and its handling (Chapeskie, 2005; Lagacé et al., 2004, 2006).
Although conventional evaporation techniques used for the pro-
duction of maple concentrate and syrup products often improve
the microbiological quality of these products, this is at the ex-
pense of organoleptic quality and certain valuable nutritional

components. For the probiotic preparation, maple sap should
be treated in a manner that eliminates its microbial load while
protecting its sensitive nutritional components such as sugars
and amino acids. A combination of microfiltration and mild heat
treatment at 63 °C for 20 min was therefore developed for the
present study and found effective for reducing viable bacterial
and mold counts in raw maple sap and its concentrate to as
low as 10 CFU/ml. In addition to its effectiveness for this pur-
pose, this combination could also decrease the energy required
for evaporation and improve the organoleptic and nutritional
quality of maple sap products by reducing undesirable effects
associated with the prolonged boiling usually done in conven-
tional maple syrup processing.

The pH of raw maple sap and its concentrates was within the
range of 6.8-7 and 7-7.5, respectively, as mentioned previously
by Dumont et al. (2000). To our knowledge, our study is the first
to examine maple sap fortified with inulin, a plant polymer used
extensively in dairy product fortification as a prebiotic. In yo-
ghurt and cheese, the addition of up to 3% inulin did not appear
to influence titratable acidity and pH (Yasar et al., 2005; Cardar-
elli et al, 2008). In cheese, inulin is known to increase whey
separation and consistency and thus decrease the amount of
residual lactose, which could otherwise be further fermented
by both dairy starter and probiotic cultures, leading to additional
lowering of pH during storage. Contrary to dairy products, maple
sap and its concentrate do not contain amphoteric proteins, thus
inulin would be expected to behave differently. Generally, chic-
ory inulin has a slight acidic behavior when dissolved in water
and could shift the pH to as low as 5.0, depending on its concen-
tration (Franck, 2002). This may explain the instant shift in pH
of maple sap and its concentrate upon inulin addition.

Both B. lactis Bb12 and Lb. rhamnosus GG appeared to have sig-
nificant potential for survival in maple sap with or without added
inulin and high tolerance to refrigerator temperatures. Viable
counts as high as 7 log;o CFU/ml over 28 days of storage at 4 °C
suggest promise as probiotic candidates for the development of a
variety of probiotic products. Although the viability of B. lactis
and Lb. rhamnosus GG decreased in maple sap containing inulin,
the counts of >7 log,o CFU/ml after 28 days of cold storage were
above the 6 log;o CFU/ml recommended for a probiotic to exert
its health benefits (Rasic and Kurmann, 1983).

Unlike other bifidobacteria, B. lactis Bb12 in this study ap-
peared to have the ability to survive at 4 °C even at pH as low
as 3.7, as determined in maple sap containing inulin since day
7 of storage. In general, the viability of bifidobacteria has been
reported significantly reduced in acidic conditions (pH below
5.0) and during storage at 5°C (Lankaputhra and Shah, 1995).
In comparison, the Lb. rhamnosus GG strain used in this study
is well known for its ability to colonize the intestine and defend
against travelers’ diarrhea and childhood rotavirus infection
(Ouwehand and Salminen 1998; Salminen et al., 1998; Saxelin
2001). Strain GG has also shown the ability to survive in dairy
products and to tolerate adverse storage conditions (Alampreese
et al., 2005). This is in agreement with its ability to survive in
maple sap products under the cold storage conditions in our
study.

To our knowledge, the present study is the first to deal with the
development of a probiotic product based on maple sap products.
Previous attempts have been undertaken to develop probiotic veg-
etable drinks for vegetarians or consumers who are allergic to dairy
products (Yoon et al., 2004, 2005, 2006). In their studies, Yoon et al.
used tomato, beet and cabbage juices as raw materials for the pro-
duction of fermented juices containing either Lb. acidophilus, Lb.
plantarum, Lb. casei or Lb. delbrueckii. Following fermentation at
30 °C for 48-72 h, the juices were stored at 4 °C for four weeks.
The resulting lactobacilli counts ranged from 10° to 108 CFU/ml,
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except for Lb. casei, which lost viability in fermented cabbage juice
after two weeks. The viability of a probiotic organism in such prod-
ucts depends largely on factors such as strain characteristics, rela-
tionships between species (when a probiotic mixture is used), pH
and/or product acidity, culture conditions and oxygen available
in the media (Yoon et al., 2004). Among these factors, strain char-
acteristics are considered the most crucial element in determining
the ability of a probiotic organism to survive adverse conditions
either during product manipulation and storage or during transit
through the gastrointestinal tract.

The tolerance of probiotics to gastrointestinal transit has been
evaluated in the past in acidified media (pH 2.0) or in media (usu-
ally oxgall) containing 0.3% bile (Lin et al., 2006; Mainville et al.,
2005), which does not mimic the sequential stresses to which in-
gested microorganisms are exposed during their passage in vivo
(Marteau et al., 1997). Meanwhile, numerous commercial probiotic
products have been developed over the past two decades and are
available as consumer products but very little is known about their
ability to deliver enough viable probiotic to the gastrointestinal
tract. We thus sought to determine the capacity of the maple sap
products to deliver viable probiotics using the TIM-1 model. This
model simulates gastrointestinal stress conditions such as gastric
acid, proteolytic enzymes, bile salts and peristaltic movements,
which distinguish it from single-compartment in vitro models
(Marteau et al., 1997; Minekus et al., 1995).

During in vitro digestion, B. lactis Bb12 and Lb. rhamnosus GG
showed quite similar tolerance to gastrointestinal conditions.
One exceptional tendency, observed for strain GG in maple sap
without inulin, was a huge reduction in cumulative viable counts
delivered from the ileal compartment, suggesting sensitivity to
bile salts. Inulin appeared to improve the tolerance of both
strains to gastric fluids and intestinal bile salts. The presence
of foodstuffs in general may improve the viability of probiotic
bacteria against gastrointestinal conditions by raising gastric
pH and increasing tolerance to bile salts (Lin et al, 2006;
Madureira et al., 2005).

In a previous study using a simulated gastric juice, it was found
that the ability of Lactobacillus cultures to tolerate acid varied
widely among species and that Lb. rhamnosus GG exhibited good
survivability (Corcoran et al., 2005). In vitro digestion of kefir using
a dynamic model simulating the upper gastrointestinal tract
(Mainville et al. (2005) revealed that Lb. rhamnosus GG survived
well at pH 2 for up to 60 min but as little as 0.1% after 90 min.
Kheadr et al. (2007) evaluated the ability of 13 bifidobacterial
strains to tolerate acid, oxgall and H,0,, as well as changes in their
antibiogram profile due to these stresses, showed that B. lactis
Bb12 could be classified among the most tolerant strains, suffering
little loss in viability due to oxgall or H,0, and only a slight loss by
exposure to pH 2.0 for 60 min.

5. Conclusion

In the present study, a method based on a combination of
microfiltration and mild heat treatment has been developed and
found adequate for reducing the microbial load of maple sap and
increasing its storability at refrigerator temperatures. This method
was also found effective in the case of maple products containing
inulin. B. lactis Bb12 and Lb. rhamnosus GG added to maple prod-
ucts remained viable under cold storage conditions for 28 days.
The probiotic products developed have thus shown their potential
usefulness as vehicles for the delivery of viable B. lactis Bb12 and
Lb. rhamnosus GG in large numbers in the gastrointestinal tract.
Further research should be done to validate these in vitro results
and to broaden the range of bacterial strains and prebiotic agents
assayed, both on a pilot scale and in vivo.
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Antioxidant Activity, Inhibition of Nitric Oxide Overproduction, and In Vifro

Antiproliferative Effect of Maple Sap and Syrup from Acer saccharum

Jean Legault, Karl Girard-Lalanceue, Carole Grenon, Catherine Dussault, and André Picheue

Labarateire d’Analyse et de Séparation des Essences Végéales, IMparterment des Sciences Fondamentales,
Université du (uébec & Chicowtimi, Chicoutiomi, Québec, Canada

ABSTRACT  Amtionkdant activity, inhibition of nitne oxide (NO) overproduction, and antiproliferative effect of ethyl
acetale extracts of maple sap and svrup from 30 producers were evaluated in regard vo the period of harvest in three different
regions of Québec, Canada, Oxyvgen ralical absorbance capacity (ORAC) values of maple sap and svrup extracls are,
n:xpﬂ;lilne'y._ | 1 = am,l Iﬁ t ﬁjrmnl of Trolox n:l[lliwﬂ:n‘lx 1117.]me. '111; ;lnlius:idmll ;u.:!i.'\.-'ily WiIkS alw- i,:d.1|'lﬁl'|'l'h:l,| 11_-..' F 4..1:!|-
bl sy, The p:ril.'n.l ol harvest has no ualisl.ic.'lll:,.' hipﬁli;iﬂ inciclence on the antsoxidant .m..1i'|.'iL.l.' ol both exiracts, The
antioxidant activity ol pure maple syrup was also determined wsing the ORAC assay. Results indicate that the ORAC value of
pure maple syrup (842 gmol of TE/mL) is lower than e ORAC value of blucherry juice (24 = 1 pmol of TE/mL}) but
comparable 1o the ORAC valoes of sirawberry (1007 £ 0.4 pmeel of TE/ml) and orange (108 £ 0.5 pmol of TE /ml) juices.
Maple sap and syrup extrcts showed o significantly inhibit lipopolysaccharide-induced NO overproduction in RAW2GL7
muring macrophages. Maple syrup extract was signilicantly more aclive than maple sap extract, sugpesting that the trans-
Tormation of maple sap into syrup increases MO inhibition aetivity. The highest MO inhibition induced by the maple syrup
exiracts was observed at the end of the season. Moreover, darker maple svrup was found to be more active than clear maple
svrup, suggesting that some colored oxidized compounds could be responsible in part for the activity. Finally, maple syrup
exiracts (30% inhibitory concentration = 42 £ 6 jug/ml.) and pure maple symp possess a selective in virre antiproliferative
activily agains< cancer cells.

KEY WORINS: » Acer saccharum » anti-inflanumatoery = antioxidant = artiproliferative activity = cancer cells = mitric oxide
inhibition = phenelic compoumds = sap = sugar naple = syrup

INTRODUCTION

APLE SYRUP 15 MADE from the sap of Acer seccfarim

(sugar maple), The commercial production of maple
syrup is mainly North American, with Québec, Canada, as-
suming over 80% of the world production.’ Maple sap is
essentially a water-like slightly sweetened solution consti-
tuted of sucrose (2-2.5%), organic compounds, and minerals
such as potassium, caleium, and magnesiom.” The main or-
ganic compounds identified are amino acids, proteins, and
phenolic compounds such as vanillic acid, homovamilic acid,
coniferyl alcohol, vanillin, p-coumaric acid, svringaldehvde,
sinapic acid, and coniferaldechyde.” Most phenolic compounds
arg known 1o have antioxidant and anti-inflammatory ac-
tivitics.* Inflammation is an important factor in the forma-
tion (mutagenesis) and development of cancer.” Chronic
inflammation can predispose an individual to cancer,® and,
in almost all cases, wmor development induces local or
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systemic chronic inflammation, thus favoering tumor growth
and the formation of metastases.” Several works have shown
that inflammation leads to an overproduction of nitric oxide
(N and reactive oxygen species such as superoxide amons
(#0), ).* The combination of these two reactants could lead
1o the formation of peroxynitrite (ONOO ), a powerful mu-
tagenic oxidant.®? Furthermore, NO itself can stimulate
tumor growth and metastasis by favoring migration, inva-
siom, and angiogenesis,"" During the tumor pro-inflammatory
process, NO can be generated by inducible NO synthase
(INOS)L" Generally, iINOS is overexpressed in fumor-
related activated macrophages and cancer cells.'™'" Con-
sequently, the use of nutracentical food having antioxidant
and NO inhibition activities could inhibit inflammation and
possibly prevent several diseases such as cancer.'? % Re-
cently, Thériault er al.'* showed that maple sap and syrup
extracts possess interesting antioxidant and antimutagenic
activities. However, inhibition of NO overproduction and
in vitre antiproliferative activity of maple sap and syrup
exiracts were never studied.

In this study, we measured phenol contents and we as-
sessed the antioxidant activity, inhibition of NO overpro-
duction, and in vitro antiproliferative activity against cancer
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cell lmes of maple sap and syrup onginating from 30 pro-
ducers in three different regions of the provinee of Québec
with regard to the period of harvest.

MATERIALS AND METHODS

Chemicals

6-Hydroxy-2.5,7 B-tetramethylchroman-2-carboxylic
acid {Trolox) and 2,2"-azobisi 2-methylpropionamidine) di-
hydrochloride (AAPH) were purchased from Aldrich (Mil-
wankee, WL, USA), Folin-Ciocalteu and sodium carbonate
decahydrate from Fluka (Buchs, Switzerland), fluorescein
disodium salt (FL), resazurin sodium salt, lipopolysac-
charide (LPS), N-l-naphthylethylenediamine  dihydro-
chlonde, N, -Nitro-L-arginine methyl ester hydrochloride,
2. Vdichlorofluorescin diacetate (DCFH-DA), tert-butyl
hydroperoxide, and sulfanilamide were purchased from
Sigma (51 Louis, MO, USA).

Harvest af the maple sap

The maple sap samples of 30 producers originating from
three regions of the Québec province were harvested in
2007, For region | (Québec region) and 11 (Beauce), the
maple sap samples were harvested as follows: between
March 13 and 31 for the beginning of the season: between
March 27 and April 14 for the middle of the season; and
between April 11 and 23 for the end of the season. For
region 111 (Bas-5t-Laureni=Gaspésic), the maple sap sam-
ples were harvested as follows: between March 26 and Aprl
14 for the beginning of the season; between April 15 and 22
for the middle of the season; and between April 20 and 30
for the end of the season.

Preparation of ethyvl acetate extracis

Sap and syrup samples were frozen upon reception untl
they were extracted. For sap, a volume of 2.5L was ex-
tracted with ethyl acetate (3=400 ml.). For each extraction,
a partial emulsion was observed and recovered with the
organic phase. The heterogeneous solution was partially
evaporated, and then water (150mL)y and ethyl acetae
(20MhmlL) were added wntil complete solubilization of the
residue, After recovery of the organic phase, the agqueous
phiase, to which NaCl was added, was re-extracted with ethyl
acetate (2= 200ml). The final organic phase was dried over
MgS0y, filtered, and evaporated under redvced pressure.
For syrups, an imitial volume of 500 mL was diluted in 1.51L
of distilled water. The solution was extracted with ethyl
acetate (3= mL)y The rest of the extraction procedure
performed for the syrup is identical 1 the procedure pre-
viously descnbed for sap.

Preparation af fruit and vegerable juices

Fruits and vegetables were purchased at a local grocery,
and their juices were extracted with a juice extractor. The
juices were centrifuged, and their supernatant was kept
froveen until they were tested without further preparation,

Desing of total phenal content

The total phenol contents were determined using the
Folin-Ciocalten reagent according to the procedure reponted
by Singleton and Rossi,'" with some modifications. In brief,
a volume of 50 ul. containing increasing concentrations of
extract ranging from 0.39 10 50mg/mL was mixed with
25 uL of 1:1 water-diluled Folin-Ciocalteu reagent in Falcon
transparent Aat-bottom %6-well plates (BD, Franklin Lakes,
NI, USA) All manipulations were performed in a light-
shiglded environment, After 5 minutes of reaction, 125 pl.
of sodium carbonate decahydrate solution (0.27 g/mlL) was
added o0 each well. Absorbance was then measured at
758 nm using an automated Varioskan™ Ascent plate reader
{Thermo. Waltham, MA, USA). The analvsis was per-
formed in duplicate, and the results were expressed in tannic
acid equivalenis.

Choygen radical absorbance capacity (ORAC gy assay

The procedure was modified from the method described
by Ou et al.'™ In brief, the ORAC assay was carried out in
Costar black round-bottom 96-well plates (Corning Inc.,
Comning, NY, USA) on a Fluoroskan Ascent FL™ plae
reader (Thermao). Trolox was vsed as a control standard, The
experiment was conducted at 37.5°C and pH 7.4, with a
hank sample in parallel. The fluorimeter was progranned
tor regord the Nuorescenoe every 60 seconds after addition of
AAPH (375mM). The final results were calculated by
comparing the net arcas under the FL decay curves between
the blank and the samples. ORAC values were expressed in
jemol of Trolox equivalents (TE) mg.

Cell crlnre

Human skin fibroblasts WS1 (ATCC number CRL-1502)
and murine macrophage BAW 264.7 (ATCC number TIB-
71} cell line were obtained from the American Type Culture
Collection (Manassas, VA, USA) Cells were grown in
Dulbecco™s Minimum Essential Medium supplemented with
105 fetal calf serum (Hyclone, Logan, UT, USA), solution
of vitamins (1), sodium pyrovate (=), nonessential amino
acids { 1), penicillin (100 1U), and stre ptomycin (100 gg /ml)
(Cellgro™, Mediatech, Manassas), Cells were culured in a
humidified atmosphere at 37°C in 5% C0O,.

Antioxidant cell-based assay

Antioxidant activity was evaluated vsing the DCFH-DA
assay as described by Girard-Lalancette er al.,"® with some
mahifications. In brief, W81 cells were plated in 96-
microwell plates at 100K} cells per well and incubated for
24 hours at 37°C and 5% C05. The cells were washed with
150l of Hanks™ balanced salt solution at pH 7.4 and in-
cubated for 30 minwtes with 100yl of Hanks™ balanced salt
solution (pH 7.4) containing 5 pM DCFH-DA  (Sigma-
Aldrich). The cells were then washed again with 150 gL of
Hanks” balanced salt solution. To assess antioxidant activ-
ity, the cells were incubated for | howr with a growing
concentration of extract, and then 100 gl of 200 b rerr-
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butylhydroperoxide was added. Fluorescence was measured
after ter-butylhydroperoxide addition and 90 minutes later
on an automated plate reader (Fluoroskan  Ascent FL)
using an excitation wavelength of 485 nm and an emission
wavelength of 530nm. Antioxidant activity is expressed as
the concentration of extract inhabiting 50% (1Cy) of DCFH
oxidation after blank subtraction,

Measurement of NO using the Griess reaction

Exponentially growing cells were plated in 24-well mi-
croplates (Falcon, BD) at a density of 2 10° ¢ells per well
in 400 gl of culiure medium and were allowed to adhere
overnight. Cells were then left untreated or treated with
positive control L-NAME or increasing concentrations of
cthyl acetate extracts dissolved in dimethyl sulfoxide:
acetone {1:1 vol/val). Cells were then stimulated with
100 ng/mL LPS and incubated at 37°C in 3% COy for 24
hours. The final concentration of solvent in the culture
medium was maintained ot 0.25% (vol/vol) 1o avoid sol-
vent toxicity. After 24 hours, cell-free supernatants were
collected, and the NO concentration was immediately de-
termined wsing the Griess reaction with minor modifica-
tions.'” In brief, 100-pl aliguots of cell supematants were
incubated with 100 gL of 3 mix of 1% sullanilamide in 2.5%
HyPOy and of 0.1% N-1-naphthylethylenediamine dihy-
drochloride in water at room temperature for 20 minutes.
Absorbance at 540nm was then measured using an anto-
mated Varioskan Ascent plate reader, and the presence of
nitrite was quantified by comparison with an NaNC-» stan-
dard curve,

Dyetermination of maple sveup fransmilianee

The percentage of light transmission of pure maple svrup
(40mL) having a density of 66.0° Brix was measured at
200 C with a spectrophotometer (Spectronic™ model Gene-
sys™ 20, Thermao) using optical cells with a S-mm light path
ata wavelength of 560 nm. The color values are expressed n
percentage of transmittance and were compared (o the an-
alytical reagent glycerol (Fisher Scientific, Ouawa, ON,
Canada) fixed s 100 transmission.

In vitro antipraliferative activity

Exponentially growing cells were plated at a density of
Sx 10 cells per well in Costar 96-well microplates (Com-
ing} in 100 uL of culture medium and were allowed o ad-
here for 24 hours at 37°C and 5% COs before treatment.
Then, 100 gL of increasing concentrations of maple sap and
syrup extracts ranging from 0 to 400 pg/mL were added.
The final concentration of solvent in the culture medinm was
maintained at 0.5% (vol/vol) to avoid solvent toxicity. Pure
muaple syrup, preparcd from a mixture from 10 producers, or
fruit and vegetable juices were diluted 1:20 in the cultre
medium. The cells were incubated for 48 hours in the
presence or absence of maple sap or syrup extracts, pure
maple syrup, or fruit and vegetable juices. The anti-
proliferative activity was assessed using the resaeurin re-

dusction test as described by O°Brien er al.™ Fluorescence
wis measured on an automated Fluoroskan Ascent FL plate
reader wsing an excitation wavelength of 53nm and an
emission wavelength of 3% nm. Antiproliferative activity
wirs expressed as the cell growth-inhibiting 1.

Stetistical amalvsis

Data were expressed as mean £ 50 values from at least
30 producers (r > 300 for sap and symups or two determi-
nations m triplicate for fruit and vegetable juices. Compar-
isons between groups were performed using one-way
analysis of variance followed by a Bonferroni post froc test or
the Student-Newman-Keuls method. Values of P< 05 or
less were considered as statistically significant, Correlation
between phenol contents, ORAC values, NO inhibition, and
antiproliferative activities were determinad vsing the Pear-
son correlation analysis or the Spearman correlation analvsis.

RESULTS AND DISCUSSION

The main objectives of this work were 1o evaluate the
in vitre antioxadant activity, inhibition of NO overproduc-
tion, amd antiproliferative activity of ethyl acetate extract of
maple sap and syrup from A, saccharnm and 1o assess the
incidence of the periods of harvest. In 2007, maple sap from
3 producers of three different geographic regions of the
provinee of Québee, including the Québee region, Beauce,
and Bas-S1-Lavrem-Caspésie, were harvested a three dif-
ferent periods of the scason described as the beginning, the
middle, and the end of the season. A part of maple sap from
each produecer for the three periods was transformed into
maple syrup. The maple sap and syrup samples were ex-
tracted with ethyl acetate to climinate sugars. Indeed, maple
sap and syrup contain relatively a lot of sugar, which can
interfere with some bioassays to assess phenol content and
nitric oxide. Ethyl acetate was found the best solvent 1o
climinate sugars in comparison with methylene chloride and
hexane (data not shown). In this sdy, we also investigated
in vitre antioxidant and antiproliferative activities of pure
maple syrup.

Extraction vield and fofal phensl content
af ethyl acetate extracis af maple sap and syrup

For the 30 producers. resulis show that the extracted
quantity ranged from | to 28 mg/L. of maple sap with a
mean of 54 3mg/L and from 23 w0 242 mg/L of maple
syrup with a mean of 141 £ 48 mg /L (n = 90). The extracted
quantities are about 38-fold higher for the maple syrup in
comparison with the maple sap, The method of extraction
was found reproducible with o coefficient of variation of
4.8% at the 95% confidence interval (data not shown). For
cthyl acetate extracts of maple sap and syrup, no significant
difference was found between the extraction yields for the
three harvest periods (P = .05).

The phenol contents of maple sap and syrup extracts were
determined wsing the Folin-Ciocalten assay.'® Results, ex-
pressed as grams of equivalents of tannic acid per 100g of
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FIG, 1. (A) Phenol comems and (B} amioxidant activity of ethyl
acciate extracts from maple syrup and maple sap using the ORAC
assay. Phenol contents are expressed as grams of equivalents of tannic
acid per 100g of extract. Quercelin was used as a positive conrol
wilh an ORAC valee of 224 2 pmol of TE/mg (7.6 £ 007 mal of
TE/ el p. All assays were conducied in duplicate. Each value is the
mean of 30 different producers for three periods of the season, and the
vertical bars represent the 5D of coch daia point,  *"Values with
diflferent letters differ significanily {one-way analysis of variance,
P < 05).

extract, are presented in Figure 1A, A great variability was
observed among the vanous producers for the maple
sap extracts. Indeed, phenolic contents in maple sap ex-
tracts ranged from 5 to 75g/100g with an average of
28 1T/ 100 g. Stvistical analysis indicates a significant
difference among the 30 producers (P < 1), As previ-
ously reported by Thériault er al.,'* a variability between the
three periods of harvest was alse observed. The average
comcentration in phenol tends 1o decrease during the season
from about 29% at the end of the season in comparnison with
the beginning of the season, but no statistically significant
differences were found between three periods of harvest

(P = 05, n=30). Some parareters could influence phenol
contents such as the climatic conditions and the type of
s0il 22 On the other hand, the phenol contents of maple
syrup extracts varied from 21 wo 35 g/ 100 ¢ with a mean of
394 Tg/ 100g, In contrast 1o maple sap extract, no signifi-
cant difference was found among the producers (n= 30);
P=072), Morcover, statistical analysizs using one-way
analysis of variance indicates that the average phenol con-
tents of maple syrup extracts from the penods of harvest are
not significantly different (£ = 05 ) from cach other (Fig. 1A).
Most phenolic compounds are known for their antioxidant
properties, * 14155 Therefore, the antioxidant activity of
maple sap and syrup was assessed using ORAC and cell-
based assays.

In vitro anticxidant activiey of maple sap
and syvrup using ORACg; and cell-based assavs

The antioxidant activity of the maple sap and syrup ex-
tracts, which are soluble in agueous solution, was evaluated
using the hydrophilic ORACH, assay developed by Ou
er al'7 Quercetin was wsed as a positive control with an
ORACH value of 22 £ 2 gmol of TE,/mg (7.6 £ 0.7 pmol of
TE/ pmol). This ORAC value i< in good agrecment with the
literature.'” For the 30 producers, the mean ORAC value
obtained for the extracts of sap is 12 £ 6 pmol of Trolox/
mg, whereas for the syrup it is 15 £ 5 gmol of Trolox'mg of
extract {Table 1), which corresponds to a portion of maple
syrup of 7 mL. These ORAC values are comparable to those
of grape seed extract.)” The antioxidant activity was con-
firmed with the cell-based assav as deseribed by Girard-
Lalancette e al.'® Quercetin was used as a positive control
with an 1Cs; of 0,02 £ 0,01 pg/mL. Resulis show that an-
tioxidant activity of maple sap and maple syrup extracts are
similar, with 1Cs; values of 3+ | pug/ml and 6 £ 2 yg/ml.,
respectively, Figure 1B shows the ORAC values for maple
sap and syrup extracts with regard o the periods of the
season. As observed for the phenol contents, ORAC values
of maple sap extracts tend o decrease about 24% at the end
of the season in comparison with the beginning of the sea-
son, suggesting that phenolic compounds could be respon-

TaBLE 1. Iv ViTeo ANTIOXIDANT ACTIVITY OF MaPLE Sap
AND SYRUF FROM A, sacorrarowr UsirG toe ORAC Assay

Senmyle (AL value Reference
Sap extracl 126 Present stisdy
Syrup exiract 155 Present sty
CQuercetin Pt el Present study
241+07 Ou ef al)?
Grape seed extract 11.7 & 0.8% Ou et al.)”
Pure maple ayrup g2 Present study
Blucherry juice 244> Ou er al)?
Orange juice 108 £ 0.5% Prior er ol ™
Red grape juice 19.1 + 06" Prior ef al ™
Strawberry juice 10,7 4 O4* Prior e al ™

*Results expressed as jamol of TE/'mg.
PResubls exprewasd w gl of TE'mil.
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sible, i part, for the antioxidant activity. A correlation be-
tween the phenolic compounds extracted from maple sap and
syrup and the antiradical activity was previoosly reported by
Thériault e al." Therefore, the coefficient of correlation
between the antioxidant activity and the phenol contents was
calculated and analyveed wvsing the Pearson correlation
method, For maple sap extracts, a weak but significant (L2,
P < 05) correlation was found while no comelation was
found for maple svrup extracts (0.13; P =.24). Therefore,
the results of this analysis confirm that phenolic compounds
are. in part, responsible for the antioxidant activity of maple
sap extract but not for maple syrup extract, Recently, Abou-
Zaid er ol idemified 24 phenolic compounds in soluble
cthyl acetate extract from maple syrup. including phenolic
acids, cimnamic acid derivatives, and flavanoids. Most of the
phenohe compounds wennfied possess a strong antioxidant
.'h:l:i\':il}".zT The correlations analysis between total phenol
contents and antioxidant activity must be taken with caution
because the method of dosage of phenols was found to un-
derestimate greatly some flavonoids such as kaempferol 3-
{3-glucoside present in the maple syrup exiracts (daia not
shown), Therefore, it is possible that the vaniation of somde
flavonoids influences largely the antioxidant activity of ex-
tracts. Morcover, the compounds can €0 in Synergy so a
variation of the composition of this complex mixture could
also have an important incidence on the antioxidant activity.

On the other hand, the ORAC values of pure maple syrup
were also determined from 36 producers and compared with
values for various froit juices in the literature (Table 1), The
average ORAC value of pure maple syrop is 8 4 2 pmol of
TE,/mL. This result is lower than ORAC values of blueberry
(24 £ 1 pmol of TF.,-":mI_!:' and red grape (19,1 £ 006 gmol
of TE/mLy*' juices but comparable 1o ORAC values of
strawherry (10,7 £ 04 pmol of TE/mL) and orange juices
{10.8 £ 0.5 pmol of TE/mL).*

Inhibition af NO production by maple
sap and syrup extracts

Some phenolic compounds also have an anti-inflammatory
activity including inhibition of NO overproduction.® The
presence of phenolic compounds in maple sap and svrup
extracts prompted us to investigate their effect on inhibition
of NO overproduction using LPS-stimulated RAW 267
macrophages, None of the tested concentrations of extracts
inhibited the growth of RAW 264.7 macrophages (data not
shown), The stimulation of BAW 2647 macrophages by
LPS induced iNOS and overproduction of NO, L-NAME, an
NO synthase nhibitor, prevents the formation of NO o
LPS-stimulated RAW 264.7 macrophages and thus was used
as a positive control, L-NAME (25 pg/mL) significantly
inhibited NO release by 24% in LPS-stimulated RAW 264.7
mascrophages (data not shown), A comparable result was
obained with maple sap extracts (Fig. 2A). Indeed, the ac-
vty is about 25% NO inhibition per 25 pg/mL of extract,
which corresponds to approximately 3.6mL of pure maple
sap. The inhibition of MO production induced by maple
syrup extracts is significantly higher in comparison with
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FIG. L (Adnhibition of MO production of ethyl acetate from maple
sap and maple syrup and (B) the relaionship with ransmittance.
L-MAME was used as a Fu.miln'r: comrol with 24% MO inhibition per
25 pg/mL. {A) Ami-inflammatory activity of sap and svrup eatracts
for three periods of the season, (B) The syrup grade—AA, A, B, C,
anl D—pxpressed as percentage of transmittance (0) versus the anti-
inflammatory activity (=), All assays were conducted in duplicate.
Each value 14 the mean of 30 dilferent producers for three periods of
the scason, and the vertical bars represent the 5D of each data point.
Values with different letters (a—c) differ significantly (one-way
analysis of vanance, P < 05),

maple sap with a mean of about 75% NO inhibition per
25 pg/mL of extract, which corresponds to a portion of
018 mL of pure maple syrup. These resulis show that the
constitwents of maple symp extracts strongly inhibit NO
production in comparison with positive controls and maple
sap extracts. These results show also that transformation of
maple sap in syrup improves NCY inhibition activity, The
heating process to transform maple sap in syrup induces
oxidation of the phenolic compounds, suggesting that these
could be implied in the activity. The Pearson’s correlation
analysis between phenel contents and NO inhibition shows a
weak correlation for the maple sap extract (0.28; /< 05)
and no significant correlation for the maple syrup extract
(0,20 P = .06) As previously discussed, some active fla-
vonoids identified in maple syrup extract are underestimated
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stich as kaemplerol 3-0-glucoside, limiting the relationship
studied between the wtal phenol coments and the activity, It
15 likely that some phenolic compounds are involved in the
activity. Indeed, some phenolic compounds identified in the
maple syrup extract such as quercetin and kaempferol were
found to inhibit NO overproduction.?7-2%

In addition, the incidence of the harvest periods on inhi-
bition of NO production was determined for the maple syrup
extracts. Resulls show thal the maple syrup extracts al the
end of the season (75 £ 25% NO inhibition per 25 pg /mL of
extract) have a significantly higher activity in comparison
with the beginning (50 £ 25% NO inhibition per 25 pg /ml
of extract) and the middle of the season (50 4+ 25% NO in-
hibition per 25 ug/mL of extract). Interestingly, it is re-
ported that the color of the syrup becomes deeper as the
SEUSON progresses, suggesting an increase in oxidized phe-
nolic compounds. Indeed, the heating process to transform
maple sap in syrup induces oxidation of the phenolic com-
pounds, which contributes to the brown color of the syrup. 2
Therefore, the possible cormelation between the NO inhibi-
tion of maple syrup extract amd the color of syrup was
evaluated,

Pure maple syrup is graded by the Canadian Food In-
spection Agency based principally on the color and the
percentage of light transmission (transmittance) as de-
scribed in Table 2. Five differemt grades—AA (extra light),
A (light), B (medium), C (amber), and D (darky—are -
tributed to maple syrup according o the percentage of
transmittance, AL the end of the season, a significant
(P < 05) decrease of the transmittance at 44 4+ H% was
observed in comparison with the beginning and the middle
of the season with 69 £ 9% and 61 £ 15% ransmittance,
respectively (data not shown). This result indicates a change
in the chemical composition of maple syrup during the
season. Figure 2B presents the relationship between the
transmittance and inhibition of MO production as a function
of the maple syrup grades, Results show that NO inhibition
is proportional to the dark color increase of maple syrup and,
consequently, 15 inversely proportional to the percentage of
transmittance. [ndeed, the inhibition of NO production of
maple syrup grade AA (45% NO imhibition per 25 pg/mL)
is significantly lower in comparison with grade B (72.5%
NO inhibition per 25 pg/ml), C (82.5% NO inhibition per
25 g /mL), and D (82.5% NO inhibition per 25 ug/mL)
maple syrup. These results show that the color of the syrup
darkens during the season, whereas NO inhibition of maple

TabLe 2. MarLe Syvrup Granpe AccorpiNG 10 CoLogr
AND TRANSMITTANCE

Girade Color class Percentage of Nghr rresunizsfon
AA Extra light >T5%

A Light =00.5% and < 75%

B Medivm H% and <605 %

C Amber =>27% and <44%

D Dhark <3

The criteria are those of the Canadian Food Inspection Agency (hatp://f
wwwinspection.ge.ca /1.5

SYPUp extract increases, suggesting a relationship between
these two paramelers, A comelation analysis using the
Pearson method indicates that the percentage of transmit-
tance of maple syrup is negatively comelated (—0.44,
P < 001) with mhibition of NO production. Therefore,
these results sugegest that some colored compounds probably
related to oxidized phenolic compounds could be involved
in MO inhibition of maple syrup extract. However, it is
possible that other compounds nod detectable by spectro-
photometry are also implicated im NO inhibition activity.

In vitro ansiproliferative activity af maple sap and syrup

I vitre antiproliferative activity of maple sap and syrup
extracts were wested against human lung carcinoma (AS49),
human colorectal adenocarcinoma (DLD-1), and normal fi-
broblasts (WS1). Etoposide was used as the positive control,
According to the National Cancer Institute, an extract having
an ICsy bess than 100 pg /ml s considered active.™ Resulis
presented in Figure 3 show that the maple sap extract is
ingctive against AS49, DLD-1, and WET cells with an 1C5;
= 100 g /mL. In contrast, the maple syrup extract is mod-
crately active against AS49 lung cancer cells (1Cs; of
4246 pg/ml) and sigmficantly selective in companson Lo
DLIE-1 {ICs of T2 6ug/mL) and WS {ICs, of 84 &
10 g/ mL)y cells, The perniod of harvest has no sigmificant
effect on the antiproliferative activity. However, there is a

—0— 4549
= DLD1 | Sap extract
-o= WS
_t +ﬂm
-%\ —+DLD1 | Syrup extract
. e

0 s 5 75 10 125 150 175 2
Concentration {pg/ml)

FIG. 3. Anticancer effect of cthyl acetale extracts of maple sap and
syrup, Anticancer activily is expressed as percentage of survival,
iﬂiqmit.le wask used as o ptm'live ool with an D of 1.8 &0 ;.L.I.-I',
A5 209uM, and 62 1 pM for AS4S, DLE-1, and WS-1 cells, re-
spectively, Each value is the mean of a1 beast 30 different prosucers,
and the vertical bars represent the SD of each dua poin.
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weak correlation between antiproliferative activity and
phenol contents, suggesting that these could be aetive (0,20;
P = 05). Alwgether, these results prompied us o test anti-
proliferative activity of pure maple syrup against normal and
vanous cancer cell lines,

The antiproliferative activity of pure maple syrup was
evaluated in virre against normal and human tumor cell lines
as previously described by Boiviner al *' The normal (WS1)
and cancer cell lines, including lung cancer {AS49), colo-
rectal cancer {XLDT), breast cancer { MCFT), prostate can-
cer (PC3), and brain cancer (U251), were incubated for
4% hours 1 the absence or in the presence of a 1:20 dilution
of maple syrup or the juices of carrot, tomato, broceoli,
blucherry, and garlic. Results presented in Figure 4 show
that, with the exception of garlic (100% inhibition), pure
maple syrup and all tested juices do not, or scarcely, inhibit
normal cell growth (4-21% inhibition). As observed by
Boivin er al..*" garlic juice was found very active against all
cancer cell lines tested with 1009 of inhibition, Interest-
ingly, pure maple syrup selectively inhibits the growth of
prostaie cancer {74% inhibition) and lung cancer (63% in-
hibition). Moreover, pure maple syrup possesses a moderate
antiproliferative activity against breast cancer and colorectal
cancer with 45% and 37% inhibition, respectively. Finally,
a weak activity was observed against brain cancer (28%
inhibition). In conteast, all the other ested juices do not,
or scarcely, inhibit the proliferation of cancer cells with a
percentage of inhibition ranging from 0% o 31%. Surpris-
ingly, broccoli juice was inactive against all cancer cell
lines, unlike the report of Boivin e al.- ! This result could be
explained by the bad quality of the cultivar and/or the bad
conditions of conservation, suggesting that they are impor-
tant 1o have and to maintain a good antiproliferative sctivity,
Altogether, these results show that pure maple syrup pos-
SEREES AN interesting i vitvo antiproliferative activity mainly
against prostate and lung cancer cells.

In conclusion, maple =ap and syrup extracls possess
in virro antioxidant and NO inhibition activities. The inhi-
bition of NO overproduction induced by maple syrup extract
is higher than maple sap extract, suggesting that transfor-
mation process improves activity. Interestingly, NO inhi-
bition activity of maple syrup extract is higher at the end of
the season, which is correlated with the darkening of the
syrup. The maple syrup extract but not maple sap extract
was found to be active against lung cancer cells. Finally,
pure maple syrup showed inhibition of in vitre prostate and
lumg cancer cell growth,
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Maple Syrup Phytochemicals Include Lignans, Coumarins, a
Stilbene, and Other Previously Unreported Antioxidant
Phenolic Compounds

Liva L1 AND NAVINDRA P. SEERAM*

Bioactive Botanical Research Laboratory, Department of Biomedical and Pharmaceutical Sciences,
College of Pharmacy, University of Rhode Island, Kingston, Rhode Island 02881, United States

Twenty-three phenolic compounds were isolated from a butanol extract of Canadian maple syrup (MS-
BuOH) using chromatographic methods. The compounds were identified from their nuclear magnetic
resonance and mass spectral data as 7 lignans [lyoniresinol (1), secoisolariciresinol (2), dehydroconiferyl
alcohol (3), 5'-methoxy-dehydroconiferyl alcohol (4), erythro-guaiacylglycerol-5-O-4'-coniferyl alcohol (5),
erythro-guaiacylglycerol-3-O-4'-dihydroconiferyl alcohol (6), and [3-[4-[(6-deoxy-a-L-mannopyranosyl)oxy]-
3-methoxyphenyl]methyl]-5-(3,4-dimethoxyphenyl)dihydro-3-hydroxy-4-(hydroxymethyl)-2(3H)-furanone (7)],
2 coumarins [scopoletin (8) and fraxetin (9)], a stilbene [(E)-3,3'-dimethoxy-4,4'-dihydroxystilbene (10)],
and 13 phenolic derivatives [2-hydroxy-3',4’'-dihydroxyacetophenone (11), 1-(2,3,4-trihydroxy-5-methylphe-
nyl)ethanone (12), 2,4,5-trihydroxyacetophenone (13), catechaldehyde (14), vanillin (15), syringaldehyde
(16), gallic acid (17), trimethyl gallic acid methyl ester (18), syringic acid (19), syringenin (20), (E)-coniferol
(21), C-veratroylglycol (22), and catechol (23)]. The antioxidant activities of MS-BuOH (ICs > 1000 ug/mL),
pure compounds, vitamin C (ICso =58 uM), and a synthetic commercial antioxidant, butylated hydro-
xytoluene (ICso = 2651 uM), were evaluated in the diphenylpicrylhydrazyl (DPPH) radical scavenging
assay. Among the isolates, the phenolic derivatives and coumarins showed superior antioxidant activity
(ICs0 < 100 uM) compared to the lignans and stilbene (ICso > 100 «M). Also, this is the first report of 16 of
these 23 phenolics, that is, compounds 1, 2, 4—14, 18, 20, and 22, in maple syrup.

KEYWORDS: Acer saccharum; sugar maple; maple syrup; butanol extract; phenolics; antioxidant

INTRODUCTION

Maple syrup is a natural sweetener obtained by concentrating the
sap collected from certain maple species including the sugar maple
(Acer saccharum Marsh.) tree, which is native to North America
(1, 2). Maple syrup is primarily produced in northeastern North
America, and the vast majority of the world’s supply comes from
Canada (85%; primarily Quebec), followed by the United States
(15%; primarily the New England/New York region) (2). Maple
syrup is the largest commercially available food product consumed
by humans that is derived totally from the sap of deciduous trees.

Maple syrup is produced by thermal evaporation of the colorless
watery sap collected from maple trees in late winter to early spring.
Because of its high water content, about 40 L of sap is required to
produce 1 L of syrup (/). During the concentration process of
transforming sap to syrup, the characteristic flavor, color, and odor
of maple syrup develops. Typically, the color of the syrup becomes
darker as the season progresses, and based on Canadian standards,
maple syrup is graded as extra light (grade AA), light (grade A),
medium/amber (grade B), and dark (grade C) (2).

Being a plant-derived natural product, it is not surprising that
maple syrup contains phytochemicals (naturally present in the
xylem sap), as well as process-derived compounds (formed during

*Corresponding author [phone (401) 874-9367; fax (401) 874-5787;
e-mail nseeram@uri.edu].

©2010 American Chemical Society

thermal evaporation of sap) (I —4). Apart from sucrose, which is its
dominant sugar, maple syrup contains organic acids, amino acids,
minerals, and lignin-derived flavor compounds (/ —4). Among the
phytochemicals that have been previously reported from maple
syrup, the phenolic class predominates. For example, vanillin,
syringaldehyde, coniferaldehyde, and cinnamic acid and benzoic
acid derivatives, as well as flavonoids (flavanols and flavonols), have
been identified in maple syrup extracts 3—6).

The presence of a diverse range of phenolic subclasses in maple
syrup is interesting given that this large class of dietary phyto-
chemicals has attracted significant research attention due to their
diverse biological functions and potential positive effects on human
health (6). Recently, phenolic-enriched extracts of maple syrup were
shown to have antioxidant, antimutagenic, and human cancer cell
antiproliferative properties (7, 8). Thus, a comprehensive investiga-
tion of maple syrup phenolics is necessary to evaluate the biological
properties and potential human health benefits of this natural
sweetener. Previous phytochemical research has been conducted
on maple syrup extracts, namely, ethyl acetate, chloroform, dichloro-
methane, and diethyl ether extracts (3—6). Whereas these organic
solvents are commonly used for the extraction of phytochemicals
from complex food matrices, it is possible that higher polarity sol-
vents, such as n-butanol, may contain previously unreported pheno-
lic compounds. However, there are no prior reported studies of com-
pounds found in butanol extracts of maple syrup (MS-BuOH).

Published on Web 10/29/2010 pubs.acs.org/JAFC
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Maple syrup is popularly consumed worldwide and is of
significant cultural and economical importance to northeastern
North America, particularly in Canada, where it is largely
produced. Therefore, increased knowledge of the chemical con-
stituents of Canadian maple syrup would aid in the authentica-
tion, characterization, and subsequent detection of intentional
adulteration of this premium natural sweetener. Also, character-
ization of the different chemical subclasses of bioactive phenolics,
and ascertaining their levels, would aid in evaluating the potential
human health benefits resulting from consumption of Canadian
maple syrup. Toward this end, our objectives were (1) to isolate
and identify the phytochemicals present in a Canadian MS-
BuOH and (2) to evaluate the Canadian MS-BuOH, and its
purified constituents, for antioxidant potential in the diphenylpi-
crylhydrazyl (DPPH) radical scavenging assay.

Here we report the isolation and identification of 23 phenolic
compounds, 1-23, from MS-BuOH, among which 16 com-
pounds, namely, 1, 2, 4—14, 18, 20, and 22, are being reported
from maple syrup for the first time.

MATERIALS AND METHODS

General Experimental Procedures. 'H and ">C nuclear magnetic
resonance (NMR) spectra were obtained either on a Bruker 400 MHz or
on a Varian 500 MHz instrument using deuterated methanol (CD;0D) as
solvent. Electrospray ionization mass spectral (ESIMS) data were ac-
quired on a Q-Star Elite (Applied Biosystems MDS) mass spectrometer
equipped with a Turbo lonspray source and were obtained by direct
infusion of pure compounds. Analytical high-performance liquid chro-
matography (HPLC) was performed on a Hitachi Elite LaChrom system
consisting of an L2130 pump, an L-2200 autosampler, and an L-2455
diode array detector, all operated by EZChrom Elite software. Semipre-
parative scale HPLC was performed on a Beckman-Coulter HPLC system
consisting of a Beckman System Gold 126 solvent module pump, a 168
photodiode array (PDA) UV—vis detector, and a 508 autosampler, all
operated by 32 Karat 8.0 software. All solvents were of either ACS or
HPLC grade and were obtained from Wilkem Scientific (Pawcatuck, RI).
Ascorbic acid (vitamin C), butylated hydroxytoluene (BHT), and DPPH
reagent were purchased from Sigma-Aldrich (St. Louis, MO).

Maple Syrup Butanol Extract (MS-BuOH). Maple syrup (grade C,
20 L) was provided by the Federation of Maple Syrup Producers of
Quebec (Canada). The syrup was kept frozen until extraction, when it was
subjected to liquid—liquid partitioning with ethyl acetate (10 L x 3)
followed by n-butanol (10 L x 3) solvents, to yield ethyl acetate (4.7 g) and
n-butanol (108 g) extracts, respectively, after solvent removal in vacuo.

Analytical HPLC. All analyses were conducted on a Luna C18 column
(250 x 4.6 mmi.d., 5 uM; Phenomenex) with a flow rate at 0.75 mL/min
and injection volume of 20 uL. A gradient solvent system consisting of
solvent A (0.1% aqueous trifluoroacetic acid) and solvent B (methanol,
MeOH) was used as follows: 0—10 min, from 10 to 15% B; 10—20 min,
15% B; 20—40 min, from 15 to 30% B; 40—55 min, from 30 to 35% B;
55—65min, 35% B; 65—85 min, from 35 to 60% B; 85—90 min, from 60 to
100% B; 90—93 min, 100% B; 93—94 min, from 100 to 10% B; 94—104
min, 10% B. Figure 1, panels A and B, show the HPLC-UV profiles of the
butanol extract and all of the isolated phenolics (combined into one
solution/injection), respectively. Unfortunately, due to limited sample
quantity, we were not able to include compound 13 in the HPLC-UV
injection shown in Figure 1B.

Isolation of Compounds from the MS-BuOH. The butanol extract
(108 g) of Canadian maple syrup was further extracted with methanol
(100 mL x 3) to afford methanol-soluble (57 g; dark brown powder) and
methanol-insoluble (51 g; off-white powder) fractions. Analytical HPLC-
UV analyses of the methanol-soluble extract revealed a number of peaks
characteristic of phenolic compounds at 220, 280, and 360 nm (see above for
details of methodology; see Figure 1A for chromatogram). Therefore, this
fraction was selected for further purification by repeated chromatography
on a Sephadex LH-20 column (4.5 x 64 cm), eluting with a gradient system
of MeOH/H,O (3:7 v/v to 7:3 v/v to 100:0 v/v), and then with acetone/H,O
(7:3 v/v). On the basis of analytical HPLC-UV profiles, 12 combined
fractions, fractions 1—12, were obtained. Fraction 4 (1.5 g) was subjected
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to column chromatography on a Sephadex LH-20 column (4.5 x 64 cm)
using a gradient solvent system of MeOH/H,O (3:7 v/v to 7:3 v/v) to afford
12 subfractions, fractions 4.1—4.12. These were individually subjected to a
series of semipreparative HPLC-UV separations using a Waters Sunfire Prep
Cig column (250 x 10 mm i.d., 5 um; flow =2 mL/min) and elution with
a MeOH/H,0 gradient system to yield compounds 1 (4.6 mg), 3 (3.8 mg), 5
(4.0 mg), 6 (41.6 mg), 7 (6.6 mg), 11 (3.5 mg), 15 (0.3 mg), 16 (0.8 mg), 18
(0.2 mg), 20 (1.3 mg), 22 (1.5 mg), and 23 (3.0 mg). Similarly, fraction 5
(0.47 g) was purified by semipreparative HPLC-UV using a Waters XBridge
Prep C,g column (250x19 mm i.d., 5 um; flow =3.5 mL/min) and a gradient
solvent system of MeOH/H,O to afford four subfractions 5.1—5.4. These
subfractions were separately subjected to a combination of semipreparative
HPLC-UV and/or Sephadex LH-20 column chromatography with gradient
solvents systems of MeOH/H,O to afford compounds 2 (1.9 mg), 4 (1.9 mg),
8(2.0mg), 9 (2.3 mg), 14 (2.5 mg), 17 (2.4 mg), 19 (1.8 mg), and 21 (1.3 mg).
Similarly, fraction 6 (0.2 g) afforded compounds 12 (1.4 mg) and 13 (1.3 mg),
and fraction 11 yielded compound 10 (4.8 mg).

Identification of Compounds. All of the isolated compounds
(Figure 2) were identified by examination of their 'H and/or *C NMR
and mass spectral data and by comparison of these to published literature
reports, when available (Table 1). The NMR data for compounds 12 and 13
have not been previously published and are provided here for the first time.

(4)-Lyoniresinol (1): yellowish amorphous powder; (+) ESIMS, m/z
443.1719 [M + Na]™, caled for molecular formula C,,H,g0s; 'H NMR
(CD;0D, 400 MHz) 6 1.64 (1H, m, H-8), 1.95 (1H, m, H-8'), 2.59 (1H, m,
H-7a), 2.72 (1H, m, H-7b), 3.36 (3H, s, 3-OCH3), 3.51 (2H, m, H-9a, 9a’),
3.61 (2H, m, H-9b, 9v'), 3.75 (6H, s, 3, 5'-OCH3), 3.87 (3H, s, 5-OCH3),
431(1H,d,J = 5.6 Hz, H-7'), 6.39 (2H, s, H-2, ¢), 6.60 (1H, s, H-6); '*C
NMR (CD;0D, 100 MHz) 6 149.09 (C-3, 5'), 148.77 (C-5), 147.80 (C-3),
139.44 (C-4, 1), 130.27 (C-1), 135.00 (C-4'), 126.36 (C-2), 107.84 (C-6),
106.91 (C-2, 6'), 66.87 (C-9), 64.21 (C-9), 60.26 (3-OCH3), 56.85 (3,
5'-OCH3), 56.69 (5-OCHs), 49.01 (C-8'), 42.43 (C-7'), 40.98 (C-8), 33.71
(C-7). 'H and °C NMR data were consistent with the literature (9).

Secoisolariciresinol (2): yellowish amorphous powder; (+) ESIMS m/z
385.1447 [M + Na]™, calcd for molecular formula CogH»¢Og; '"H NMR
(CD;0D, 500 MHz) 6 1.89 (2H, m, H-8, 8'), 2.55 (2H, m, H-7a, 7a'), 2.66
(2H, m, H-7b, 7V), 3.58 (4H, m, H-9, 9'), 3.74 (6H, s, 3, 3'-OCH3), 6.55
(2H,d,J = 8.0 Hz, H-6, ¢), 6.58 (2H, s, H-2,2)), 6.66 (2H, s, H-5, 5'); *C
NMR (CD;0D, 125 MHz) 6 147.38 (C-3, 3'), 144.05 (C-4,4'),132.45(C-1,
1), 121.28 (C-6, 6), 114.34(C-5,5'), 111.93 (C-2,2'), 60.69 (C-9, '), 54.74
(3, 3-OCHs), 42.69 (C-8, 8'), 34.61 (C-7,7'). "H and '*C NMR data were
consistent with the literature (10).

Dehydroconiferyl alcohol (3): yellowish amorphous powder; (+)
ESIMS m/z 383.1208 [M + Na]™, calcd for molecular formula CooH,4Og;
'HNMR (CD;0D, 400 MHz) 6 1.81 (2H, m, H-8'), 2.64 (2H, m, H-7'), 3.48
(1H, m, H-8), 3.58 (2H, m, H-9"), 3.70 (1H, m, H-9a), 3.80 (1H, m, H-9b),
3.82(3H, s, 3-OCH3), 3.86 (3H, s, 3’-OCH3), 5.50 (1H, d, J = 6.0 Hz, H-7),
6.74 (2H, s, H-4',6'),6.76 (1H, d, J = 8.0 Hz, H-5), 6.82 (1H, d, J = 8.0 Hz,
H-6), 6.96 (1H, s, H-2); *C NMR (CD;0OD, 100 MHz) ¢ 149.20 (C-3),
147.61 (C-4, 2'), 145.34 (C-3'), 137.03 (C-5), 134.92 (C-1), 129.79 (C-1"),
119.81 (C-6), 118.01 (C-6), 115.97 (C-5), 114.10 (C-4'), 110.56 (C-2), 89.11
(C-7), 65.09 (C-9), 62.35 (C-9), 56.81 (3-OCH3), 56.41 (3-OCH3), 55.61
(C-8),35.99(C-8),33.05(C-7). 'Hand *C NMR data were consistent with
the literature (11).

S-methoxydehydroconiferyl alcohol (4): yellowish amorphous powder;
(+) ESIMS mjz 413.1464 [M + Na]*, caled for molecular formula
CyHy07; 'TH NMR (CD;0D, 500 MHz) 6 1.80 (2H, m, H-8'), 2.60
(2H, m, H-7'), 3.47 (1H, m, H-8), 3.58 (2H, m, H-9), 3.76 (1H, m, H-9a),
3.80 (6H, s, 3,5-OCH3), 3.84 (1H, m, H-9b), 3.86 (3H, s, 3-OCH3), 5.49
(1H, d, J=5.5 Hz, H-7), 6.64 (2H, s, H-2, 6), 6.72 (2H, s, H-4, 6'); °C
NMR (CD;0D, 125 MHz) 6 147.91 (C-3, 5), 146.10 (C-2'), 143.80 (C-3'),
135.56 (C-4, 5'), 132.64 (C-1), 128.40 (C-1), 116.49 (C-6'), 112.71 (C-4),
102.71 (C-2, 6), 87.68 (C-7), 63.75 (C-9), 60.80 (C-9"), 55.36 (3,5-OCH3),
55.32(3'-OCHj), 54.17 (C-8), 34.39 (C-8'), 31.48 (C-7). '"H and *C NMR
data were consistent with the literature (12).

Erythro-guaiacylglycerol-f-0-4'-coniferyl alcohol (5): yellowish amor-
phous powder; (+) ESIMS m/z 399.1156 [M + Na]™, calcd for molecular
formula CyH,40+; "H NMR (CD;0D, 400 MHz) 6 3.81 (6H, 5, 3,2-OCHj),
3.87 (2H, m, H-9), 4.20 (2H, d, J=5.6 Hz, H-9), 4.37 (1H, m, H-8), 4.83
(1H, d, J=5.6 Hz, H-7), 6.24 (1H, dd, J= 6.0, 16.0 Hz, H-8), 6.52 (1H,
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Figure 1. HPLC-UV chromatogram of (A) butanol extract of Canadian maple syrup (MS-BuOH) and (B) 23 phenolic compounds isolated and identified in

MS-BuOH.

d,J = 16.0Hz, H-7),6.73 (1H,d,J = 8.0 Hz, H-5), 6.84 (1H,d, J = 8.0 Hz,
H-6), 6.88 (2H, brs, H-9, ¢), 7.01 (1H, 5, H-3"), 7.03 (1H, 5, H-2); *C NMR
(CD;0D, 100 MHz) 6 151.80 (C-2'),149.00 (C-1), 148.61 (C-3), 147.22
(C4), 134.18 (C-1), 133.11 (C-4'), 130.81 (C-7'), 128.57 (C-8"), 121.13 (C-6),
120.77 (C-5'), 118.95 (C-¢), 115.74 (C-5), 111.92 (C-2), 110.79 (C-3'), 86.31
(C-8), 74.19 (C-7), 63.90 (C-9'), 62.32 (C-9), 56.58 (3,2-OCH3). 'H and *C
NMR data were consistent with the literature (13).
Erythro-guaiacylglycerol-B-0-4'-dihydroconiferyl alcohol (6): yellow-
ish amorphous powder; (+) ESIMS m/z 401.1602 [M + Na]*, calcd for

molecular formula CoHysO7; "H NMR (CD;0D, 400 MHz) 6 1.81 (2H, m,
H-8'),2.62 (2H, m, H-7"), 3.47 (1H, m, H-9a'), 3.58 (2H, m, H-9), 3.72 (1H,
m, H-9b'), 3.82 (3H, s, 5-OCH3), 3.85 (3H, s, 2'-OCH3), 4.21 (1H, m, H-8),
4.90 (1H, m, H-7), 6.71 (1H, d, J = 8.0 Hz, H-5), 6.77 (1H, d, J = 8.0 Hz,
H-3),6.86 (1H, s, H-3'), 6.88 (1H, d, J = 8.0 Hz, H-2), 6.98 (1H, d, J = 8.0
Hz, H-6'), 7.03 (1H, s, H-6); *C NMR (CD,0D, 100 MHz) 6 151.80 (C-2'),
148.95 (C-5), 147.69 (C-4), 147.29 (C-1'), 138.35 (C-4), 133.88 (C-1), 122.18
(C-5),120.93 (C-2), 119.74 (C-6'), 116.01 (C-3), 114.02 (C-3'), 111.82 (C-6),
87.88 (C-8), 74.29 (C-7), 62.36 (C-9), 62.01 (C-9'), 56.65 (2/-OCH3), 56.48
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Figure 2. Structures of phenolic compounds (1—23) isolated and identified from a butanol extract of Canadian maple syrup (MS-BuOH).

(5-OCH3), 35.71 (C-8'), 32.86 (C-7). 'H and *C NMR data were consistent
with the literature (/4).

[344-(6-Deoxy-a-L-mannopyranosyl)oxyl-3-methoxyphenylmethyl]-5-(3 4-
dimethoxyphenyl)dihydro-3-hydroxy-4-(hydroxymethyl)-2(3 H)-furanone (7):
yellowish amorphous powder; (+) ESIMS /2 573.1913 [M + Na] ", caled
for molecular formula C7H3,01; '"H NMR (400 MHz, CD;0D) 6 1.25
(3H, d, J = 6.4 Hz, H-6"), 2.46 (1H, m, H-§'), 3.06 (1H, d, J=13.2 Hz,
H-7b),3.35(1H,d, J=13.2Hz,H-7a), 3.5-3.90 (3H, m, H-3", 4", 5"), 3.55
(1H, m, 9'b), 3.63 (3H, s, 4-OCHj;), 3.79 (3H, s, 3-OCH3), 3.80 (3H, s,
3-OCHs), 3.95 (1H, m, 9'a), 4.07 (1H, s, H-2"), 5.10 (1H, d, J=9.2 Hz,
H-7),5.31(1H, s,H-1"),6.37 (1H, s, H-2'), 6.62 (1H,d, J = 8.0 Hz, H-¢),
6.85 (1H, d, J=8.0 Hz, H-6), 6.87 (1H, d, J=8.4 Hz, H-5), 6.97 (1H, s,
H-2), 7.05 (1H, d, J = 8.4 Hz, H-5); *C NMR (100 MHz, CD;0D) 6
179.64 (C-9), 152.11 (C-3), 151.04 (C-3'), 150.74 (C-4'), 146.15 (C-4),
132.66 (C-1), 132.45 (C-1"), 124.54 (C-6), 120.92 (C-6'), 120.11 (C-5),
116.36 (C-2), 112.60 (C-5'), 110.39 (C-2), 101.82 (C-1""), 82.89 (C-7'),
79.47 (C-8), 73.94 (C-4"), 72.33 (C-3""), 72.25 (C-2"), 71.02 (C-5"), 58.69
(C-9), 56.75, 56.50 (C3,3',4-OCHjs), 51.79 (C-8'), 42.75 (C-7), 18.18
(C-6"). 'H and *C NMR data were consistent with the literature (5).

Scopoletin (8): yellowish amorphous powder; (+) ESIMS m/z 193.0787
[M + H]*, caled for molecular formula C;oHgOg; '"H NMR (500 MHz,
CD;0D) 6 3.81 (3H, s, 6-OCH3), 6.10 (1H, d, J = 9.4 Hz, H-3), 6.67 (1H,
s, H-8), 7.01 (1H, s, H-5), 7.75 (1H, d, J = 9.4 Hz, H-4). "H NMR data
were consistent with the literature (15).

Fraxetin (9): yellowish amorphous powder; (+) ESIMS m/z 209.0639
[M + H]*, caled for molecular formula C,oHgOs; 'H NMR (500 MHz,
CD;0D) 6 3.82 (3H, s, 6-OCH3), 6.22 (1H, d, J=9.4 Hz, H-3), 6.73 (1H, s,
H-5),7.85(1H,d,J = 9.4 Hz, H-4). "H NMR data were consistent with the
literature (16).

(E)-3,3'-Dimethoxy-4,4'-dihydroxystilbene (10): yellowish amorphous
powder; (+) ESIMS m1/z 294.9650 [M 4 Na] ™, calcd for molecular formula

C16H,604 'H NMR (400 MHz, CD,0D) 6 3.83 (6H, s, 3,3-OCHj), 6.76
(2H,d,J = 8.0 Hz, H-5, 5), 6.92 (2H, s, H-7,7'),6.95 2H, d, J = 8.0 Hz,
H-6, 6), 7.12 (2H, s, H-2, 2'); *C NMR (CD;0D, 100 MHz) 6 148.72
(C-3,3),147.35(C-4,4), 131.70 (C-1, 1), 127.40 (C-7,7'), 120.94 (C-6, 6'),
116.45 (C-5, 5'), 110.40 (C-2, 2'), 56.53 (3, 3-OCH3). 'H and '*C NMR
data were consistent with the literature (/7).

2-Hydroxy-3' 4'-dihydroxyacetophenone (11): brown amorphous powder;
(+) ESIMS m/z 191.0227 [M 4 Na] *, caled for molecular formula
CgHs0,; 'H NMR (500 MHz, CD;0D) 6 4.68 (2H, s, H-8), 6.72 (1H, d,
J=8.0 Hz, H-6), 7.27 (1H, d, J=8.0 Hz, H-7), 7.29 (1H, s, H-3). '"H NMR
data were consistent with the literature (/8).

1-(2,3,4-Trihydroxy-5-methylphenyl)ethanone (12): brown amorphous
powder; (—) ESIMS m/z 181.0691 [M — H], calcd for molecular formula
CoH,(0,; "H NMR (500 MHz, CD;0D) 6 2.15 (3H, 5, CH3), 2.51 (3H, 5,
CH;CO0), 7.08 (1H, s, H-7).

2,4,5-Trihydroxyacetophenone (13): brown amorphous powder; (—)
ESIMS m/z 167.0601 [M — H]; caled for molecular formula CgHgOy;
"H NMR (500 MHz, CD;0D) 6 2.48 (3H, s, CH3), 6.28 (1H, 5, H-5), 7.16
(1H, s, H-7).

Catechaldehyde (14): brown amorphous powder; (—) ESIMS m/z
137.0341 [M — HJ ", caled for molecular formula C;H¢O5; 'H NMR
(400 MHz, CD;0D) 6 6.92 (1H, d, J = 8.0 Hz, H-5), 7.31 (2H, br s, H-2,
6), 9.70 (1H, s, CHO). '"H NMR data were consistent with the litera-
ture (19).

Vanillin (15): white amorphous powder; (—) ESIMS m/z 151.0667
[M — HJ", caled for molecular formula CgHgO»; "H NMR (500 MHz,
CD;0D) 0 6.94(1H, d, J=8.0 Hz, H-5), 7.43 (1H, d, J=8.0 Hz, H-6), 7.44
(1H, s, H-2), 9.75 (1H, s, CHO). '"H NMR data were consistent with the
literature (20).

Syringaldehyde (16): white amorphous powder; (—) ESIMS m)/z
181.0768 [M — HJ~, caled for molecular formula CoH;oO4; '"H NMR
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Table 2. Antioxidant Activities of Pure Compounds Isolated from a Butanol Extract
of Canadian Maple Syrup (MS-BuOH) Showing 50% Inhibitory Concentrations
(ICsp) in the Diphenylpicrylhydrazyl (DPPH) Radical Scavenging Assay?

compd identification NMR data compd ICs0 (uM) compd ICs0 (uM)
1 lyoniresinol® 9 1 101.5+5.9 12 31.3+£06
2 secoisolariciresinol® 10 2 1479+ 3.6 14 355+3.7
3 dehydroconiferyl alcohol 11 3 1040.9 +103 15° >2600
4 5'-methoxydehydroconiferyl alcohol? 12 4 136.7 £3.9 16° 3571
5 guaiacylglycerol-3-0-4'-coniferyl alcohol® 13 5 943.5+21.9 17 20.3+0.3
6 guaiacylglycerol-3-0-4'-dihydroconiferyl alcohol? 14 6 1335.9+47.6 19 191.85+20.99
7 [3-[4-[(6-deoxy-at-L-mannopyranosyl)oxy]-3- 15 7 679.3+45.6 21° 115
methoxyphenyl]methyl]-5-(3,4-dimethoxyphenyl)- 8 68.2 +31.2 22 641+10.6
dihydro-3-hydroxy-4-(hydroxymethyl)-2(3H)-furanone® 9 465+ 3.6 23 89.5+27
8 scopoletin? 15 10° >2600 vitamin C 58.6+10.7
9 fraxetin® 16 1 51.8£8.1 BHT 2651.5+285.9
/_Ai ’.Ai q a
:(1) g-:_h) 3.9 d_|rr/1et/rj o 4 dlhydroxystllber;e 7 @Values are mean =& SD. BHT, a synthetic commercial antioxidant, butylated
ydroxy-3',4’-dihydroxyacetophenone 18
12 1-(2,3,4-trinydroxy-5-methylphenyhethanone®? hydroxytoluene. All clompl?unds were evaluated except 13, 18, and 20 (because of
) ab limited sample quantity). ° Stated as >2600 «M when IC5, values of sample exceed
13 2,4 5-trihydroxyacetophenone™ that of BHT; MS-BuOH and sugar fraction of maple syrup had ICs, values >1000 ug/
14 catechaldehyde® 19 mL. °Only tested once because of the quantity.
15 vanillin 20
16  syringaldehyde 20 CD;0D) ¢ 144.67 (C-1,6), 121.04 (C-2,6), 116.52 (C-3,4). 'H and "°C
17 gallic acid 21 NMR data were consistent with the literature (25).
18 trimethyl gallic acid methyl ester? 22 Antioxidant Assay. The antioxidant potentials of MS-BuOH, the
19 syringic acid 20 sugar fraction of maple syrup, and the pure compounds were determined on
20 syringenin® 20 the basis of the ability to scavenge the DPPH radical as previously
21 (E)-coniferol 23 reported (26). The DPPH radical scavenging activity of ascorbic acid
22 C-veratroylglycol® 24 (vitamin C) and the synthetic commercial antioxidant, BHT, were also
23 catechol 25 assayed as positive controls (see Table 2). The assay was conducted in a

@First report from maple syrup. °NMR data provided for the first time herein.

(500 MHz, CD;0D) 6 3.86 (6H, s, 3, 5-OCHj3), 7.24 (2H, s, H-2, 6), 9.76
(1H, s, CHO). "H NMR data were consistent with the literature (20).

Gallic acid (17). brown amorphous powder; (—) ESIMS m/z 169.1226
[M — H] , caled for molecular formula C;H¢Os; '"H NMR (400 MHz,
CD;0D) 6 7.02 (2H, s, H-2, 6). '"H NMR data were consistent with the
literature (27).

Trimethylgallic acid methyl ester (18): brown amorphous powder; (+)
ESIMS m/z 249.0735 [M + Na] ¥, calcd for molecular formula C;1H;4Os;
'H NMR (400 MHz, CD;0D) 6 3.35 (3H, s, COOCH3), 3.92 (9H, 5, 3, 4,
5-OCHjs), 7.34 (2H, s, H-2, 6). "H NMR data were consistent with the
literature (22).

Syringic acid (19): white amorphous powder; (—) ESIMS m/z 197.0256
[M — H], caled for molecular formula CoH;oOs; "H NMR (400 MHz,
CD;0D) 6 3.90 (6H, s, 3,5-OCH;), 7.34 (2H, s, H-2, 6). '"H NMR data
were consistent with the literature (20).

Syringenin (20): brown amorphous powder; (4+) ESIMS m/z 233.0630
[M + Na] ™, caled for molecular formula C;H;40,; "H NMR (500 MHz,
CD;0D) 6 3.75 (6H, s, 3,5-OCH3), 4.10 (2H, d, J = 5.5Hz, H-9), 6.12 (1H,
d,J = 16.0Hz, H-8),6.39 (1H,d, J = 16.0 Hz, H-7), 6.60 (2H, s, H-2,6). 'H
NMR data were consistent with the literature (20).

(E)-Coniferol (21): brown amorphous powder; (=) ESIMS mj/z
179.0833 [M — H]~, caled for molecular formula C;oH;,05; '"H NMR
(400 MHz, CD;0D) 6 3.88 (3H, s, 3-OCH3), 4.20 (2H, d, J = 5.0 Hz, H-9),
6.20 (1H, d,J = 16.0 Hz, H-8), 6.51 (1H, d, J = 16.0 Hz, H-7), 6.74 (1H, d,
J = 8.0Hz, H-5),6.86 (1H, d, J = 8.0 hz, H-6), 7.01 (1H, s, H-2). '"H NMR
data were consistent with the literature (23).

C-Veratroylglycol (22): brown amorphous powder; (+) ESIMS m/z
235.0582 [M + Na]*, caled for molecular formula CyoH;,Os; 'H
NMR (400 MHz, CD;0D) 6 3.78 (1H, m, H-9a), 3.90 (1H, m, H-9b),
3.93 (3H, s, OCH3), 5.13 (1H, dd, J=3.5, 5.5 Hz, H-8), 6.89 (1H, d,
J=28.0 Hz, H-5), 7.60 (1H, d, J = 8.0 Hz, H-6), 7.61 (1H, s, H-2);
3C NMR (100 MHz, CD;0D) ¢ 199.52 (C-7), 153.11 (C-4), 150.04
(C-3), 128.14 (C-1), 125.19 (C-6), 116.03 (C-5), 112.51 (C-2), 75.59
(C-8), 66.39 (C-9). 'H and '3C NMR data were consistent with the
literature (24).

Catechol (23): brown amorphous powder; (—) ESIMS m/z 109.0448
[M — HJ", calcd for molecular formula CgHgO»; '"H NMR (400 MHz,
CD;0D) ¢ 6.66 (2H, m, H-2, 5), 6.76 (2H, m, H-3, 4); '*C NMR (100 Hz,

96-well format using serial dilutions of 100 uL aliquots of test compounds
(ranging from 2500 to 26 ug/mL), ascorbic acid (1000—10.4 ug/mL), and
BHT (250,000—250 ug/mL). Then DPPH (150 L) was added to each well
to give a final DPPH concentration of 137 uM. Absorbance was determined
after 30 min at 515 nm, and the scavenging capacity (SC) was calculated
as SC% =[(4y—A1/Ag)] x 100, where A is the absorbance of the reagent
blank and 4, is the absorbance with test samples. The control contained all
reagents except the compounds, and all tests were performed in triplicate.
ICs values denote the concentration of sample required to scavenge 50%
DPPH free radicals.

RESULTS AND DISCUSSION

Isolation and Identification of Compounds in Canadian Maple
Syrup Butanol Extract (MS-BuOH). The primary objective of this
study was to isolate and identify the phytochemicals present in
Canadian maple syrup butanol extract. Because the constituents of
ethyl acetate, chloroform, dichloromethane, and diethyl ether
extracts of maple syrup have already been reported 3—6), we
focused our isolation and structural elucidation efforts on the
butanol extract. We speculated that the butanol extract may
contain phenolic compounds not previously identified from the
aforementioned organic extracts of maple syrup.

Figure 1A shows the HPLC-UV profile of MS-BuOH, which
revealed several peaks at 280 and 360 nm characteristic of phenolic
compounds. The extract was subjected to a series of chromato-
graphic isolation procedures to yield 23 (1—23) phenolics. Figure 1B
shows the HPLC-UV profile of the purified isolates all combined
into a single injection. All of the compounds were identified on
the basis of their "H and/or '*C NMR and mass spectral data and
by correspondence to published literature data when available
(Table 1). Figure 2 shows the structures of the compounds grouped
into their individual phenolic subclasses for ease of discussion as
follows.

Lignans. Seven lignans were isolated from MS-BuOH and iden-
tified as lyoniresinol (1), secoisolariciresinol (2), dehydroconiferyl
alcohol (also known as dihydrodehydrodiconiferyl alcohol) (3), 5'-
methoxydehydroconiferyl alcohol (4), erythro-guaiacylglycerol-3-0O-4' -
coniferyl alcohol (5), erythro-guaiacylglycerol3-O-4'-dihydroconiferyl
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alcohol (6), and [3-[4-[(6-deoxy-a-L-mannopyranosyl)oxy]-3-
methoxyphenyllmethyl]-5-(3,4-dimethoxyphenyl)dihydro-3-hydroxy-
4-(hydroxymethyl)-2(3 H)-furanone (7).

With the exception of dehydroconiferyl alcohol (3), which has
been previously reported as a lignin-derived flavor compound in
maple syrup (1, 2), this is the first reported occurrence of all of the
other lignans in maple syrup. Notably, compound 7 was recently
described as a constituent of the hardwood collected from the
sugar maple tree, 4. saccharum (15), and thus its occurrence in
maple syrup is not surprising. Also, apart from dehydroconiferyl
alcohol (3), previously found in maple syrup (/, 2), and lyonir-
esinol (1), previously reported from leaves of Acer truncatum (27),
this may be regarded as the first reported occurrence of these
lignans in the Acer genus.

Lignan-rich foods such as flaxseed, which contains secoisolar-
iciresinol (2), have attracted significant research attention for
their biological effects (28, 29). Thus, the presence of these
compounds in maple syrup is interesting from a human health
perspective. However, determination of the levels of these lignans
(as well as the other bioactive phenolic subclasses described
below) in different grades of maple syrup consumed by humans
and whether these compounds achieve physiologically relevant
levels after maple syrup consumption would be required to
evaluate their impact on human health.

Coumarins. Two coumarins, not previously reported from
maple syrup, were isolated from MS-BuOH and identified as
scopoletin (8) and fraxetin (9). Notably, scopoletin (8) has
recently been identified from the wood of A4. saccharum (15)
and has also been reported from the bark of Acer nikoense (30).
From a biosynthetic perspective, it is interesting that coumar-
inolignans have been previously reported from the heartwood of
A. nikoense (31), which would account for the occurrence of these
two individual phenolic subclasses, namely, coumarins and
lignans, in maple syrup.

Stilbene. A stilbene was isolated from MS-BuOH and identi-
fied as (E)-3,3'-dimethoxy-4,4’-dihydroxystilbene (10). Whereas
stilbene glycosides have been previously reported from the leaves
of Acer mono (32), this is the first reported occurrence of a
stilbenoid in maple syrup. Foods containing stilbenes have
attracted immense public attention for their potential human
health benefits due in large part to emerging research on resver-
atrol, a stilbene present in red wine, grapes, and berries (33).

Phenolic Derivatives. Thirteen phenolic derivatives were
found in MS-BuOH including 2-hydroxy-3',4’-dihydroxyaceto-
phenone (11), 1-(2,3,4-trihydroxy-5-methylphenyl)ethanone (12),
2,4,5-trihydroxyacetophenone (13), catechaldehyde (14), vanillin
(15), syringaldehyde (16), gallic acid (17), trimethyl gallic acid
methyl ester (18), syringic acid (19), syringenin (20), (E)-coniferol
(21), C-veratroylglycol (22), and catechol (23). Whereas several of
these compounds have been previously found in maple syr-
up (3, 4), this is the first report of catechaldehyde (14), trimethyl
gallic acid methyl ester (18), syringenin (20), and C-veratroylglycol
(22) in maple syrup.

Other Unidentified Compounds. It is noteworthy that similar
to the observations of Abou Zaid et al. (4), a number of peaks/
compounds in maple syrup remain unidentified (see Figure 1A).
Despite starting our initial extraction protocol with 20 L of maple
syrup, several compounds were unobtainable due to either rapid
degradation/decomposition on our columns or low yields.

In addition, we cannot rule out the presence of compounds
previously reported in the other organic extracts of maple
syrup (3—6), such as ethyl acetate (MS-EtOAc), being present
in the MS-BuOH. Toward this end, we conducted HPLC-UV
comparisons of the retention times of authentic phenolic stan-
dards of several of these previously reported compounds with the
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unidentified peaks in Figure 1A, along with comparisons of
HPLC-UV chromatograms of MS-BuOH and MS-EtOAc
(data not shown). However, due to considerable overlapping
and coelution of compounds in these HPLC-UV profiles, our
results were inconclusive. Our future work will include the
isolation and identification of compounds in MS-EtOAc in order
to have a comprehensive phytochemical/phenolic characteriza-
tion of maple syrup.

Finally, we speculate that apart from the “natural products”
identified here, there are “un-natural, artifacts or process-
derived” compounds present in maple syrup, possibly formed
under the conditions of intensive heating involved in transform-
ing sap to syrup. These compounds could potentially be formed in
situ as (1) decomposition/degradation products from the natural
compounds and (2) due to chemical reactions between native and
process-derived compounds. Further research to identify these
compounds is warranted because their contribution to the po-
tential health benefits and biological activity of maple syrup may
be significant.

Antioxidant Activity. Phenolic compounds identified from
maple syrup and maple syrup extracts have been reported to
show antioxidant activity (¢, 7, 8). Therefore, MS-BuOH, the
sugar fraction of maple syrup, and the pure isolates along with
positive controls, vitamin C and the synthetic commercial anti-
oxidant BHT, were evaluated for antioxidant potential in the
DPPH assay (Table 2). Vitamin C (ascorbic acid) and BHT
showed ICs, values of 58 uM (ca. 10 ug/mL) and 2651 uM (ca.
583 ug/mL), respectively. Whereas the antioxidant activity of
the MS-BuOH (ICso > 1000 ug/mL), the sugar fraction (ICsy >
1000 ug/mL), the stilbene (10), and vanillin (15) all exceeded that
of BHT, compounds 11, 12 and 14 all showed superior antiox-
idant activity compared to vitamin C. Among the diverse phe-
nolic subclasses of compounds identified in MS-BuOH, the
general trend in antioxidant activity was phenolic derivatives,
coumarins > stilbene, lignans.

In summary, 23 phenolics (1—23) with various antioxidant
activities were isolated and identified from MS-BuOH. Among
the isolates, 16 compounds (1, 2, 4—14, 18, 20, and 22) are being
reported from maple syrup for the first time. However, to get a
comprehensive phenolic profile and characterization of maple
syrup, further isolation work on other extracts (e.g., MS-EtOAc)
would be necessary. The results of the current study suggest
that the “cocktail” of bioactive phenolics present in Canadian
maple syrup may impart potential health benefits to this natural
sweetener. However, further research would be required to
confirm this.
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ABSTRACT

The province of Quebec in Canada leads the world’s production of maple syrup, a natural
sweetener obtained by thermal evaporation of sap collected from maple (Acer) species.
As part of our laboratory’s detailed chemical investigation of Canadian maple syrup, a
novel phenolic compound, 2,3,3-tri-(3-methoxy-4-hydroxyphenyl)-1-propanol, assigned
the common name of quebecol, was obtained. Quebecol was isolated using a combination
of chromatographic methods and identified by detailed 1D and 2D nuclear magnetic
resonance (NMR) and mass spectral (MS) analyses. Liquid chromatography mass spectral
(LC-MS) analyses revealed that quebecol is not originally present in maple sap. This obser-
vation, as well as the lack of a feasible biosynthetic pathway to explain its origin, suggests
that quebecol is formed during the processing and/or extraction of maple syrup. Thus, the
identification and biological evaluation of non-natural, process-derived compounds in
maple syrup are warranted since such molecules may contribute towards the biological
activities reported for this natural sweetener.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Young, 1973; Perkins & van den Berg, 2009; Potter & Fagerson,
1992). During the intensive heating process required to

Maple syrup is the largest commercially produced and
consumed natural product which is obtained entirely from
the sap of deciduous trees. It is produced by thermal
evaporation of the colourless watery sap collected from maple
(Acer) species in the spring months when freeze/thaw cycles
cause the sweet sap to rise and flow from taps made in the tree
trunk. Maple sap is boiled to concentrate the sugar and
approximately 40 L of the sap is required to produce 1L of the
rich 66° Brix syrup (Perkins & van den Berg, 2009). Apart from
sucrose which is its predominant sugar, the natural tree
sap contains minerals, oligosaccharides, amino acids,
polyphenols, and phytohormones (Ball, 2007; Davison &

* Corresponding author: Tel.: +1 401 874 9367; fax: +1 401 874 5787.
E-mail address: nseeram@uri.edu (N.P. Seeram).

transform the sap into syrup, a complex cocktail of both native
phenolics (originally present in the xylem sap) and derived
compounds (formed through chemical reactions during
processing) ultimately ends up in maple syrup (Ball, 2007). This
is interesting from a human health perspective considering
that phenolics have attracted significant research attention
for their potential roles in human health promotion and
disease prevention (Shahidi & Ho, 2005).

Canada and the United States are the only two countries
that commercially produce maple syrup in the world.
Canada’s production accounts for more than 80% of the world’s
supply of maple syrup with the province of Quebecleading this

1756-4646/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.

doi:10.1016/j.jf£.2011.02.004
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production with ca. 91% (Ontario Ministry of Agriculture Food
& Rural Affairs). Apart from its cultural significance, maple
syrup production is thus of great economic importance to the
north-eastern region of North America.

Given the worldwide popularity and consumption of this
natural sweetener, chemical identification of maple syrup
constituents is of great scientific interest. Moreover, published
studies have shown that maple syrup extracts have antioxi-
dant, antimutagenic, and human cancer cell antiproliferative
properties (Legault, Girard-Lalancette, Grenon, Dussault, &
Pichette, 2010; Theirault, Caillet, Kermasha, & Lacroix, 2006).
To this end, our laboratory has embarked on a collaborative
project to comprehensively identify the chemical constituents
in maple syrup from Canada (Li & Seeram, 2010). In that study,
we isolated 23 naturally derived phenolics belonging to lignan,
coumarin, stilbene, and phenolic acid sub-classes in maple
syrup. Here, we report the isolation and structural elucidation
of a novel process-derived phenolic compound from the
Canadian maple syrup which has been assigned the common
name of quebecol.

2. Materials and methods
2.1. General experimental procedures

All 1D and 2D nuclear magnetic resonance (NMR) experiments
including correlation spectroscopy (COSY), HSQC (Heteronu-
clear Single Quantum Coherence) and HMBC (Heteronuclear
Multiple Bond Coherence) were acquired on a Varian 500 MHz
Biospin instrument using DMSO-d6 as the solvent. Electro-
spray lonization Mass Spectral (ESI/MS) data were acquired
on a Q-Star Elite (Applied Biosystems MDS) mass spectrometer
equipped with a Turbo Ionspray source. Analytical and semi-
prep high performance liquid chromatography (HPLC) were
performed on a Hitachi Elite LaChrom system consisting of
an L2130 pump, L-2200 autosampler, and L-2455 Diode Array
Detector all operated by an EZChrom Elite software. Optical
rotation was performed on an Auto Pol IIl Automatic Polarime-
ter (Rudolph Research, Flanders, NJ, USA) with a sample
concentration of 0.5 mg/mL in methanol at 22 °C using a cell
with a 1dm pathway length. The result from the optical
rotation experiment was 0 indicating the presence of a racemic
mixture. All solvents were either ACS or HPLC grade and were
obtained from Wilkem Scientific (Pawcatuck, RI).

2.2.  Isolation of quebecol [2,3,3-tri-(3-methoxy-4-hydroxy-
phenyl)-1-propanol]

A description of the detailed methodologies used for the
extraction of maple syrup has been recently reported (Li &
Seeram, 2010). Maple syrup (grade C; obtained from Quebec,
Canada) is produced by thermal evaporation of sap, without
any additives, according to well-established methods in the
industry (Perkins & van den Berg, 2009). A 20L sample of
maple syrup was shipped to our laboratory and stored at
—20°C for 1week prior to the extraction. The entire 20L
maple syrup was subjected to an exhaustive liquid-liquid
partitioning with ethyl acetate (10Lx3; over 6 h) followed
by n-butanol (10 L x 3; over 6 h). After the solvent removal in

vacuo using a rotary evaporator at 37 °C, a portion of the dried
n-butanol extract (87 g portion; total = 108 g) was extracted
with methanol (100 mL x 3) to afford methanol soluble (36 g)
and insoluble (57 g) fractions. The methanol soluble fraction
was further purified by repeated Sephadex LH-20 column
chromatography followed by C-18 semi-preparative HPLC.
First, the extract was chromatographed on 65 x4 cm Sepha-
dex LH-20 column eluted with a CH;0H-H,0 gradient system
(3:7 to 1:0, v/v) to afford 12 subfractions, A1-A12. Subfraction
A4 (1.6 g) was re-chromatographed on a 65 x4 cm Sephadex
LH-20 column eluted with the same gradient system (3:7 to
1:0, v/v) to afford 12 subfractions, B1-B12. Subfraction B5
(137.2 mg) was purified by semi-preparative HPLC using a
Waters Sunfire C18 column (250x 10 mm i.d., 5pum, flow =
2ml/min) with a gradient elution system of CH3;OH-H,O
(0.1% trifluoroacetic acid) (1:4, v/v to 1:0, v/v in 60 min) to
afford quebecol (0.8 mg; off-white powder).

3. Results and discussion
3.1 Structural elucidation of quebecol

Quebecol (structure shown in Fig. 1A) was isolated as a pale off
white amorphous powder from a butanol extract of the maple
syrup from Canada. The positive ESI-MS data exhibited a
molecular peak at m/z 449.1571 [M+Na]" corresponding to a
molecular formula of C,4H;sNaO; (calcd. for 449.1576; see
online supplementary material). The complete NMR data for
quebecol are shown in Table 1. The *H NMR spectrum exhibited
signals for three sets of an ABX aromatic system as follows: oy
6.81 (1H,] = 8.0 Hz, H-6), 6.67 (1H, ] = 8.0 Hz, H-5), 6.98 (1H, s, H-
2); du 6.56 (1H, ] = 8.0 Hz, H-6'), 6.41 (1H, ] = 8.0 Hz, H-5), 6.78
(1H, s, H-2'); and dy 6.60 (1H, J=8.0Hz, H-6"), 6.50 (1H,
J=8.0Hz, H-5"), 6.56 (1H, s, H-2") respectively, suggesting the
presence of three aromatic/benzene rings. This was supported
by the 3C NMR data and *H-1H COSY spectrum analyses (key
connectivities are shown in Fig. 1B). In the *H NMR spectrum,
three individual singlet signals at dy 3.76, 3.66 and 3.63, each
integrating for three protons were consistent with the presence
of three methoxyl (OCHs) groups. These were corroborated
with the accompanying *C NMR shifts characteristic of meth-
oxyl carbons at56.14 (C-3), 56.01 (C-3’), and 55.94 (C-3"), respec-
tively. Additionally, one doublet signal at §;;4.02 (1H,] = 10.5 Hz,
H-7) and two multiplet signals at dy 3.41 (1H, m, H-8) and 3.40
(2H, m, H-9) were observed in the 'H NMR spectrum. This
corresponded to a CH-CH-CH, substructure which could be
deduced from the COSY correlation analyses (Fig. 1B).

All of the proton signals were assigned to their correspond-
ing carbons through direct *H-13C correlations in the HSQC
spectrum, with the exception of the two singlets at dy 8.67
and 8.43 integrating for one and two protons, respectively,
which were assigned to the protons of the three aromatic
hydroxyl groups. In the HMBC spectrum (Fig. 1B), the
correlation signals from &y 6.67 (H-5) and 3.76 (3-OCHj) to
C-3 (5 147.72); oy 6.41 (H-5) and 3.66 (3'-OCHs) to C-3'
(6 147.17); and dy 6.50 (H-5") and 3.63 (3”"-OCHj) to C-3”
(6 147.08), revealed that the three methoxyl groups were
substituted on the C-3, 3’ and 3” positions, respectively. In
the same HMBC experiment, correlation signals from dy 4.02
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Fig. 1 - Structure of quebecol (1A) and its key COSY (thick lines) and selected key HMBC (arrows) correlations (1B).

Table 1 - *H and *3C NMR data (in DMSO-d6, 500 and 125 MHz, respectively) of quebecol.

No. Jc 5Ha No. oc 5Ha

1 136.70 = 1’ 136.26 =

2 112.56 6.98 (s) 2/ 113.15 6.78 (s)

3 147.72 = 3 147.17 =

4 144.92 = 4 144.26 =

5 115.72 6.67 (d, 8.0) 5/ 115.23 6.41 (d, 8.0)
6 120.33 6.81 (d, 8.0) 6’ 121.04 6.56 (d, 8.0)
7 52.67 4.02 (d, 10.5) 1” 134.65 =

8 51.42 3.41 (m) 2" 113.90 6.78 (s)

9 64.92 3.40 (m) 3" 147.08 =

3-OCHj; 56.14 3.76 (s) 4" 144.48 =

3’-OCH3 56.01 3.66 (s) 5" 115.09 6.50 (d, 8.0)
3”-OCHj3 55.94 3.63 (s) (4 121.77 6.60 (d, 8.0)
4-OH = 8.64 (s) 4"-OH = 8.43 (s)
4/-OH - 8.43 (s)

& Multiplicity, Juy in Hz.

(H-7) to G-2 (5 112.56), C-6 (5 120.33) and C-1' (9 136.26), and
from 6, 6.78 (H-2'') to C-8 (9 51.42) suggested that the three aro-
matic/benzene rings were attached to the CH-CH-CH,OH sub-
structure on the C-7, C-7, and C-8 positions, respectively.
Thus, consideration of the NMR and ESI/MS spectral data led
to the proposed structure of 2,3,3-tri-(3-methoxy-4-hydroxy-
phenyl)-1-propanol that was assigned the common name of
quebecol.

3.2.  Origin of quebecol

Maple syrup is produced under intensive heating conditions
required to transform sap to syrup. Thus, it is not surprising
that maple syrup contains naturally occurring phenolics
(present in the xylem sap) as well as non-natural, artefacts
or process-derived compounds (formed by chemical reac-
tions during its production). Our recent research identified
23 naturally occurring phenolics in maple syrup including
coniferol and syringenin, which bear structural similarities
to quebecol (Li & Seeram, 2010). Notably, these natural
products have well accepted biosynthetic pathways, namely

of shikimate origin, and are the precursors of lignans and
lignins which are integral components of woody plants
(Mann, 1978). On the contrary, the substitution pattern of
the aromatic/benzene rings on the ‘coniferol moiety’ in
quebecol (Fig. 1A) and the lack of a feasible biosynthetic
pathway to explain its origin suggest that it is of a non-
natural origin. Further examination of the maple sap using
LC-MS analyses (results not shown) failed to identify queb-
ecol therein, confirming that it is formed during the syrup
and/or extract preparation. Also, the result from the optical
rotation experiment (i.e. 0) revealed that quebecol occurs
as a racemate mixture. Given that quebecol has a
stereocentre at position C-8, if it indeed was a natural prod-
uct, the occurrence of a specific stereoisomer would have
been expected. While the exact mechanism/s for quebecol’s
formation remain/s elusive, we speculate that this
compound may be produced in situ by chemical reactions be-
tween native and/or process-derived phenolic compounds
during the maple syrup production and/or extraction.
However, further research would be required to confirm
this.
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4, Conclusion

In summary, a novel phenolic compound, named quebecol,
was isolated from Canadian maple syrup. Our finding of a
non-natural phenolic compound in maple syrup is interesting
considering that such molecules may contribute significantly
towards the reported biological activities of maple syrup.
Unfortunately, we did not obtain sufficient quantity of the
pure isolated compound to conduct biological testing in the
current study. Thus, further studies to evaluate the levels
and presence of this compound in commercial maple
products as well as other grades of maple syrup are war-
ranted. Based on its structural similarities to natural
antioxidant phenolics previously identified in maple syrup
(Li & Seeram, 2010), it is possible that quebecol may also
possess similar biological properties.
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Abstract

The phenolic compounds in maple sap and syrup were extracted at different periods of the season and were separated to collect
the glycosylated compounds and the aglycone compounds. The antioxidant and antiradical activities of each phenolic compound
were studied using the thiobarbituric acid reactive substances (TBARS) assay and the N,N-diethyl-p-phenylenediamine (DPD)
decoloration test to measure the free radical scavenging. The results showed that in general the phenolic compounds had a good
antioxidant and antiradical properties. The glycosylated compounds from maple sap and maple syrup showed a better activity than
the aglycones. The antimutagenic effects of each phenolic compounds from maple sap and syrup were also investigated as the inhi-
bition of SOS induction by chemical agents in Salmonella typhimurium TA1535/pSK1002 containing the fusion gene umuC-lacZ.
Induction of the SOS gene (umuC) expression was assayed by measuring accumulated B-galactosidase activity using a modified
Umu test. The antimutagenic properties were studied per se and after metabolisation by S9 fraction. The results showed that an
optimum of antimutagenic properties of the glycosylated metabolites phenolic compounds from sap and syrup was observed at
75% of the season for the sap and at 25% of the season for the syrup. A higher antimutagenic activity was observed at 25% and
100% of the season for aglycones present in syrup and at 75% of the season for aglycones present in sap.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Oxidative stress by free radicals is an important
event in the cell that can cause aging and human
degenerative diseases including, cancer, heart diseases,
multiple sclerosis, Parkinson’s disease, autoimmune
disease and senile dementia. Stresses, physical damage,
viral infection, cytotoxic or carcinogenic compounds as
a consequence of chemical or biological aggression
may cause peroxidation of polyunsaturated fatty acids
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of cell membranes and liberation of toxic substances
such as free radicals. Studies concerning the relation-
ship between the morbidity due to cancer and heart
diseases and the consumption of fruits and vegetables
indicated that polyphenols present in large amount in
fruits and vegetables have a significant impact on the
morbidity decrease from these diseases (Heim, Taglia-
ferro, & Bobilya, 2002; Hertog, Hollman, & Van de
Putte, 1993; Rice-Evans, 2001). Attention has hence
been focused in recent years on antioxidant products
from natural sources isolated from plant products.
Polyphenolic compounds are found mainly in fruits
and vegetables as secondary plant metabolites. Many
polyphenols such as kaempferol, quercetin, luteolin,
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myricetin and catechin express strong antioxidative,
antiiflamatory, antiallergic and antineoplasic properties
(Balasinska & Troszynska, 1998). The high antioxidant
activity of plant phenolic compounds attractive to the
food industry, prompting their use as replacements for
synthetic antioxidants and also as nutraceuticals, play-
ing a role in preventing many diseases.

The discovery and exploration of chemical com-
pounds with antimutagenic and anticarcinogenic potency
is at the present time of great importance because of the
undesirable consequences of an increased rate of muta-
tions and the related possible risks of cancer in humans
(Kaur & Saini, 2000). Human epidemiology has indi-
cated that cancer risk may be modified by changes in
dietary habits or dietary components. Humans ingest
large numbers of naturally occurring antimutagens and
anticarcinogens, like the phytochemicals, in our food.
These antimutagens and anticarcinogens may inhibit
one or more stages of the carcinogenic process and pre-
vent or delay the formation of cancer. Thus, studies on
antimutagens in food are important to research on the
physiological functionality of food components.

Maple syrup is one of the most important plant prod-
ucts in Québec, Canada, and represents 72% of the
world production (Dumont, Saucier, Allard, & Arouze,
1993). Maple syrup is the product resulting from ther-
mal processing of the sap from Acer saccharum. Maple
sap represents a solution in which sucrose is the major
component; however other compounds like organic
acids, minerals and phenolic compounds have been
reported (Kermasha, Goetghebeur, & Dumont, 1995;
Kuentz, Simard, Zee, & Desmarais, 1976; Mollica &
Morselli, 1984). Phenolic compounds, widely distributed
in plants, contribute to the sensory properties associated
with food quality such as color, aroma and may have
potential health benefits, including reduction of cancer
risk (Macheix, Fleuriet, & Billot, 1990). The analysis
of phenolic compounds from maple sap and syrup have
been conducted and from the many reported studies
(Coté, 2003; Deslauriers, 2000) none had investigated
the antioxidant, antiradical and antimutagenic activities
of these compounds.

The aim of the present study was to evaluate the anti-
oxidant, antiradical and antimutagenic activities of total
phenolic compounds and phenolic compound extracts
from maple sap and syrup collected at different periods
of the season.

2. Materials and methods
2.1. Samples
Maple sap and syrup samples were provided by the

Centre de recherche, de développement et de transfert
technologique en acériculture (ACER, St-Hyacinthe,

Québec, Canada). The samples were collected at diffe-
rent periods of the season 2002; 0%, 25%, 50%, 75%
and 100% of the season (0% being the beginning and
100% the end of the season).

2.2. Extraction of phenolic compounds

Extraction of phenolic compounds from maple sap
and syrup was achieved according to slight modifica-
tions of Kermasha et al. (1995) method. The sap and
syrup samples (500 ml) were adjusted to pH 7. Three
successive extractions in ethyl acetate (Fisher Scientific,
Nepean, ON, Canada) were done. The first extraction
was done using 500 ml of ethyl acetate and for the two
last ones; a volume of 250 ml was used. A 2 | separating
funnel was used for the extraction. During each extrac-
tion period, 10 min of agitation were used in order to
separate the organic phase from the aqueous phase.
The organic phase containing the phenolic compounds
was recuperated after each extraction and kept at 4 °C.
The three organic phases were pooled and mixed with
100 ml of deionised water in order to eliminate the pres-
ence of residual sugars. Anhydrous Na,SO,4 was used to
dry the organic phase and then it was filtered on What-
man no. 1 filter (Fisher Scientific). Complete evapora-
tion of ethyl acetate extract was done using the
SpeedVac Automatic evaporation system (Savant Sys-
tem, Holbrook, NY). The dry extract was dissolved in
methanol (HPLC grade, Fisher Scientific) and dried un-
der nitrogen in preweighed vials.

2.3. Quantification of phenolic compounds

The HPLC analyses were performed on a ProStar 230
(Varian Canada Inc., Mississauga, ON, Canada), equi-
pped with a ternary pump delivery system, a Rheodyne
injection valve (500 pl capacity, Waters Ltd., Dorval,
QC, Canada) and a ProStar 330 diode-array UV—Vis
detector (Varian); integration and data elaboration were
performed using Star Chromatography Workstation
software (Varian). A Varian analytic column Cig,
5 um, 7.8 X 300 mm column was used. All solvents were
filtered with 0.45 pm Millipore (Millipore Canada Ltd.,
Etobicoke, ON, Canada) filter disk and degassed with
helium. A gradient elution was carried out using the
following solvent systems: mobile phase A, double
distilled water/acetonitrile (Laboratoires Mat, Beau-
port, QC, Canada)/formic acid (Fluka, Oakville, ON,
Canada), (94/5/1, v/v/v); mobile phase B, double dis-
tilled water/acetonitrile/formic acid (69./30/1, v/v/v).
The linear gradient elution system was: 100-90% A from
1 to 15 min and 90% A to 100% B from 15 to 50 min,
keeping 100% B for 10 min, returning to 100% A
followed by equilibration for 10 min before injection.
Twenty pl of total phenolic compounds dissolved in
methanol were injected after filtration through a



492 M. Thériault et al. | Food Chemistry 98 (2006) 490-501

0.45 pm filter disk. The flow rate was 0.7 ml min~' and
the detection was performed at 280 nm. Total phenolic
compounds concentration expressed as gallic acid equiv-
alent was determined with a standard curve (+* = 0.991)
made by concentrations from 0.0050 to 0.0175% (w/v)
of gallic acid solution dissolved in 10% (v/v) methanol.
This total phenolics concentration was determined using
the summed peak area of the different phenolic extracts,
and results were expressed as g of gallic acid equivalent
(GAE) per 100 g of extract. Chromatograms obtained
from maple sap and maple syrup during the season are
presented Fig. 1. Some peaks were identified by compar-
ison with standards and the retention times of known
maple phenolic compound peaks. The phenolic com-
pound standards were obtained from Sigma-Aldrich
(Oakville, ON, Canada).

2.4. Separation of the glycosylated and aglycone
compounds

The separation of the glycosylated and aglycone
compounds from the maple extracts was conducted
by dissolving 5mg of total phenolic extracts from
maple sap and syrup in 1ml of methanol (Fisher
Scientific, Nepean, ON, Canada) in order to apply
the sample to a Amberlite XAD-2 resin (Supelco,
Oakville, ON, Canada) conditionned in SR 10/50 col-
umn (Amersham Biosciences Corp., Baie d’Urfé, QC,
Canada) (300 mm x 100 mm i.d.) with methanol 100%
(grade HPLC, Fisher Scientific). The glycosylated
extract was eluted with a methanol/water (60/40, v/v)
solution (198 ml) using a peristaltic pump at flow of
0.5 ml/min. The glycosylated fraction was collected in
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Fig. 1. Chromatograms of Phenolic compounds obtained from maple sap and maple syrup during the season: (a) sap, beginning of the season; (b)
sap, mid-season; (c) sap, end of the season; (d) syrup, beginning of the season; (e) syrup, mid-season and (f) syrup, end of the season. (Peak 3)
Coniferol; (Peak 4) syringaldehyde; (Peak 5) hydroxycinnamic acid; (Peak 6) Flavonol; (Peak 7) hydrobenzoic acid (products of degradation of

phenolic compounds).
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a 250 ml amber bottle. The solvent was removed from
the fraction using the SpeedVac Automatic evapora-
tion system (System Savant, Holbrook, NY). The sam-
ple was dissolved in 2 ml of methanol (Fisher Scientific)
and dried under nitrogen in a preweighed vial and
stored at —20 °C until analyzed. After the collection
of the glycosylated fraction, the aglycone fraction was
eluted in the XAD-2 column. This was done using
289 ml of a methanol/acetonitrile (Fisher Scientific)
(50/50, v/v) solution. The first 7 ml were used to condi-
tion the column. The following 282 ml recuperated in a
300 ml bottle were evaporated with the SpeedVac. The
sample was dissolved in 2 ml of methanol and dried
under nitrogen in a preweighed vial and stored at
—20 °C until analyzed.

2.5. Determination of antioxidant activity (AA)

The determination of the antioxidant activity of
phenolic compounds from maple sap and syrup col-
lected at different period of the season was done using
a microtechnique based on the non-enzymatic peroxi-
dation of rat liver microsomes method (Esterbauer,
Cheeseman, Dianzani, Poli, & Slater, 1982) modified
by Lessard (1995) where artificial membranes were
used instead of rat liver microsomes, in order to obtain
a more stable and reproducible system. This test mea-
sures by spectrophotometry the TBARS (thiobarbituric
reactive substances) concentration producted during
the peroxidation of liposomes exposed to iron ions in
20 mM phosphate buffer solution in presence of ascor-
bate. The antioxidant activity is equivalent to the lipid
peroxidation inhibition capacity.

2.5.1. Liposomes preparation

Liposomes were formed by an injection method, as
described by Batzri and Korn (1973). Linoleic acid
(Sigma-Aldrich, Oakville, ON, Canada) was dissolved
in 95% ethanol. The mixture was injected into phos-
phate buffer (20 mM, pH 7.4) in a proportion of 1:9
(v/v), using an hypodermic syringe fitted with a fine nee-
dle (G26).

2.5.2. Control solution preparation

Positive controls were ascorbic acid (vitamin C) (Lab-
oratoires Mat, QC, Canada) for the hydrophilic com-
pounds and a-tocopherol (vitamin E) (Sigma—Aldrich)
for the lipophilic products. Solutions of each compouds
were prepared at 1.25mg/ml. Dilutions at 313 and
79 ng/ml were made. Negative controls were the solvents
used meaning distilled water for the hydrophilic com-
pounds and ethanol for the lipophilics.

2.5.3. Microplate preparation
Twenty-five ml of samples (1.25 mg/ml), positive and
negative controls were added to a microplate (96 wells).

The reaction mixture containing 4 ml of liposomes solu-
tion, 2.25 ml of phosphate buffer (20 mM, pH 7,4) and
0.25 ml of ascorbate solution (3.1 mg/ml) was prepared.
Sixty-five pl of reaction mixture was added to a micro-
plate using a multichannel pipette. Finally, 10 pl of
FeCl; (Sigma-Aldrich) solution (4.3 mg/ml) were added
to the wells. The microplate was then incubated at 37 °C
for 15 min. One hundred fifty ml of a fresh solution of
10% (v/v) SDS (Sigma—Aldrich) and 0.67% (v/v) thio-
barbituric acid (Sigma—Aldrich) in a 1:2 ratio was added
in the microplate. The colorimetric reaction was pro-
duced at 80 °C for 30 min. The TBARS of the controls
and samples were evaluated at 540 nm with a Microplate
Autoreader (model EL 309, Biotek Instruments, Winoo-
ski, VT). The reaction was calibrated using the positive
control whose the antioxidant activity was 100%. The
antioxidant activity (AA) was calculated using the
following equation:

AA (%) = [OD(negalive control) — OD(sample)/OD(negaIive control)
- OD(positivecontrol)} x 100.

2.6. Determination of Antiradical activity

Free radical scavenging capacities of phenolic com-
pounds from maple sap and syrup collected at different
period of the season were evaluated following a proce-
dure of DPD (N,N-diethyl-p-phenylenediamine) colori-
metric method as described by others (Le Tien,
Vachon, Mateescu, & Lacroix, 2001; Oussalah, Caillet,
Salmiéri, Saucier, & Lacroix, 2004). Two hundred ml
of sample from a methanolic extract (1.25 mg/ml) were
added in a cell containing 3 ml of 0.15M NaCl and
submitted to electrolysis for 1 min (continuous current,
400 V, 10 mA) using a power supply (Bio-Rad, model
1000/500, Mississauga, ON, Canada). After electroly-
sis, an aliquot of 200 ul was added to 2 ml of DPD
solution (25 mg/ml). The generated oxidative species
(superoxide anion (O, ), singlet oxygen ('O,) and OH
radicals) and their by-products (hydrogen peroxide
(H>O,) and hypochlorite ion (OCl™)) react instantly
with DPD, producing a red coloration that can be
measured at 515 nm using a DMS 100S spectropho-
tometer (Varian Canada Inc., Mississauga, ON, Can-
ada). The antiradical activity is equivalent to the
capacity of phenolic compounds to inhibit the accumu-
lation of oxidative species (able to oxidize DPD) and
consequently the red coloration at 515 nm. The reac-
tion was calibrated using the non- electrolyzed NaCl
solution (no oxidative species, ascribed to 100% scav-
enging) and the electrolyzed NaCl solution (0% scav-
enging, in the absence of any antioxydants). The
scavenging percentage was calculated according to the
following equation:

Scavenging (%) = 100 — [(ODsampie/ODcontror) X 100],
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where ODyniro1 Tepresents the OD of electrolyzed solu-
tion in the absence of phenolic extract and ODgympie, the
OD of electrolyzed solution with phenolic extract. The
OD is directly related to the degree of oxidation of
DPD reagent by the oxidative species, meaning that a
sample able to reduce completely the level of reactive
oxidative species will have a 100% scavenging capacity.

2.7. Determination of antimutagenic activity

The antimutagenicity of phenolic compounds from
maple sap and syrup collected at different period of
the season was investigated against potassium dichro-
mate and quercetin metabolites in presence of S9 frac-
tion using a modified Umu test. The antimutagenicity
per se and of the metabolites was conducted on total
phenolic compound extracts from maple sap and syrup
samples at 0%, 25%, 50%, 75% and 100% of the season.
On the other hand, the glycosylated and aglycone phe-
nolic compounds were analyzed for their antimutagenic-
ity only at 0% and 100% of the season since the middle
of the season was not significantly different from those
two periods. The Umu test used in this experiment de-
tects the induction of the SOS response following treat-
ment of Salmonella typhimurium strain TA1535 with test
compounds. This strain carries the plasmid pSK1002 in
which the umuC’ gene fused inflame to the lacZ’ gene.
The SOS-inducing potency of test compounds would
therefore be estimated by the measurement of the induc-
tion level of umu operon in terms of intracellular
B-galactosidase activity. The SOS response appears after
DNA damage or interference with DNA replication
(Miyazawa, Sakano, Nakamura, & Kosaka, 2001).

2.7.1. Bacterial strain

Salmonella  typhimurium strain TA1535/pSK1002
containing the fusion gene umuC’—lacZ that produces
a hybrid protein with B-galactosidase activity and whose
expression is controlled by the umu regulatory region
(Oda, Nakamura, Oki, Kato, & Shinagawa, 1985) was
purchased from DSMZ (Braunschweig, Germany).

2.7.2. Chemicals

Magnesium chloride (MgCl,) and potassium chloride
(KCl) were purchased from Fisher Scientific (Nepean,
ON, Canada). SDS, mercaptoethanol, Potassium
dichromate, quercetin, the enzyme substrate o-nitro-
phenyl-B-p-galactopyranoside (ONPG), glucose-6-phos-
phate and p-nicotinamide adenine (B-NAD) were
purchased from Sigma-Aldrich (Oakville, ON, Can-
ada). Sodium phosphate (NaH,PO,) and disodium
phosphate (Na,HPO,) were purchased from labora-
toires Mat (Beauport, QC, Canada). S9 fraction pre-
pared from livers of male Wistar rats pretreated with
Aroclor 1254 was purchased from Invitro Technologies
(Baltimore, MD).

2.7.3. Activation mixture

The activation mixture containing 1 ml of S9 frac-
tion, 10 ml of sterile phosphate buffer (0.2 M, pH 7.4),
0.4 ml of 0.4 M MgCl, + 1.65M KCI sterile solution,
7.7ml of sterile distillated water, 0.1 ml of 1M glu-
cose-6-phosphate sterile and 0.8 ml of 1 M sterile B-nic-
otinamide adenine (B-NAD) was prepared. This
solution must be kept at 4 °C and the S9 fraction and
NAD are added last.

2.7.4. Umu test

TGA medium containing 1% Bacto tryptone, 0.5%
NacCl, 0.2% glucose and 20 pg/ml ampicilin was inocu-
lated with 1 ml of the tester strain Salmonella typhimu-
rium TA1535/pSK1002 and was incubated at 37 °C
under moderate agitation during 16 h. The culture was
then diluted 10 times with TGA medium and incubated
for 2 h or until the bacterial density reached ODyggy, of
0.25-0.3 at 37 °C, resulting in log-phase cells. One ml
of the log-phase culture was further added to a test tube
containing the test mixture or 1 ml of TGA medium for
the control. Two hundred and eight ul of phosphate buf-
fer (0.1 M) for the antimutagenicity per se or 208 pl of
the S9 mixture was added for the antimutagenicity eval-
uation of the phenolic compound metabolites. Forty-
two ul of the test phenolic compound solution
(1.25 mg/ml) or the solvent (methanol 10% (v/v) for
the glycosylated and 100% (v/v) for the aglycone) in
which was dissolved the compound (control) was added
to each tube. Finally, 42 pul of potassium dichromate
(84 pg/ml) or quercetin (313 pg/ml) in presence of the
S9 fraction was added to the test tube. The metabolite
compounds of quercetin in presence of S9 fraction or
the potassium dichromate per se are mutagenic and
are used as control. The test mixture and control in test
tubes were incubated for 2 h at 37 °C under moderate
agitation. At the end of incubation, the cell density from
each tube was measured at 600 nm using a spectropho-
tometer (Unicam model UV4, Cambridge, UK). The
B-galactosidase activity was also assayed according to
others (Whong, Wen, Stewart, & Ong, 1986). In order
to evaluate the B-galactosidase activity, 50 pl of treated
cells and 100 pl of o-nitrophenyl-B-p-galactopyranoside
(ONPG) solution (4 mg/ml in 0.1 M phosphate buffer,
pH 7.0) were added to a test tube containing 450 pl of
B buffer prepared according to others (Whong et al.,
1986) with 16.1 g of Na,HPO,, 5.5g of NaH,PO,,
0.75g of KCl, 0.25 g of MgSO,4-7 H,O, 1 g of SDS,
2.7ml of B-mercaptoethanol and 11 of distilled water
at pH 7. Finally, the tubes were incubated at 28 °C dur-
ing 25 min. The enzymatic reaction was stopped by add-
ing 400 ul of 1 M sodium carbonate (Na,COs). The
ODy50 nm and ODssg ny, Were determined with a spectro-
photometer (Unicam, UV4 model, Cambridge, UK).
Inhibition of SOS response or antimutagenicity was cal-
culated as follows:



Antimutagenicity (%)
= (B-gal Unit Control-B-gal Unit sample/unit (-gal
Control) x 100

B-galactosidase activity was presented as units
according to the following formula: Unit = 1000 x
(ODy420nm — 1.75 ODssg nm)/(T % V' X ODggo nm) Where T
represented the time of reaction (min) and V' the
volume of cells (ml). Enzyme units with a one time dose
response were considered as positive results (Miller,
1972).

2.8. Statistical analysis

This experiment was done in replicate and three sam-
ples of each replicate were analyzed. Data were analyzed
using SPSS for Windows. Analyses of variance were per-
formed by ANOVA procedures. Significant differences
between means were determined by Duncan’s multiple
range test (p < 0.05).

3. Results and discussion

3.1. Antioxidant and antiradical properties
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3.1.1. Total phenolic extracts

The capacity of lipid peroxidation inhibition in rela-
tion to the total phenolic content of each extract during
the season is illustrated in Fig. 2. The antioxidant prop-
erties of phenolic compounds present in maple sap
showed antioxidant properties from 84.86% to 96.67%
from the beginning of the season to 25% of the season
(Fig. 2a). Then a decrease from 96.67% to 42.57% in
their antioxidant activity was observed. A maximum
of antioxidant activity was observed at the quarter of
the season. The concentration of phenolic compounds
in the extracts showed an gallic acid equivalent quantity
of 16.51-8.51 g/100 g from the beginning of the season
to 75% of the season. A value of 24.69 ¢ GEA/100 g
was observed at the end of the season. The antioxidant
properties of phenolic compounds extracted from maple
syrup showed a value of 83.78% (Fig. 2b). Optimal
antioxidant properties were observed at 50% of the
season representing a value of 95.58% and then a signi-
ficant (p < 0.05) decrease was observed at 75% of the
season and a stable value of 76.02% was observed until
the end of the season. The content of the phenolic
compounds showed a value of 63.81 g GEA/100 g at
the beginning of the season. A significant decrease
(p <0.05) to a value of 17.81 g GEA/100 g was observed
until 75% of the season. At the end of the season, a sig-
nificant increase (p < 0.05) occurred and a value of
59.41 g GEA/100 g was observed. These results showed
that there was no correlation (+* < 0.300) between the

—o— Lipid peroxidation inhibition

—>¢— capacity Gallic acid equivalent

Fig. 2. Lipid peroxidation inhibition capacity and the content of total
phenolic compounds in maple sap (a) and maple syrup (b) during the
season.

antioxidant activity of maple sap and syrup extracts
and the concentration of total phenolic compounds.
The free radical scavenging activity and the content
of total phenolic compounds of each extract during
the season are presented in Fig. 3. The results showed
that the free radical scavenging activity of maple sap
extract varies proportionally (r> = 0.947) with the total
phenolic content (Fig. 3a). At the beginning of the sea-
son, the extract had a free radical scavenging capacity
of 82.95% and it increased at 97.75% at the quarter of
the season to remain stable until the end of the mid-sea-
son. Then at the three quarter of the season, a significant
decrease (p < 0.05) occurred with a free radical scaven-
ging capacity of 67.09%. Finally, at the end of the
season, the free radical scavenging capacity increased
significantly (p < 0.05) at a value of 75.24%. The free
radical scavenging capacity profile of maple sap was
different from the one of maple syrup (Fig. 3b). A
proportional relation (+* = 0.859) with the concentra-
tion of total phenolic compounds was also observed.
At the beginning of the season, the extract had a free
radical scavenging capacity of 84.93%. A decrease at
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Fig. 3. Free radical scavenging capacities and the content of total
phenolic compounds in maple sap (a) and maple syrup (b) during the
season.

mid- season (73.62%) and increase were observed at the
end of the season (99.63%).

3.1.2. Glycosylated and aglycone compounds

The antioxidant and antiradical properties of the gly-
cosylated and aglycones compounds in maple products
extracts was analyzed. The capacity of the glycosylated
and aglycone compounds extracted from maple sap to
inhibit lipid peroxidation is represented in Table 1. Anti-
oxidant activity values of maple sap extract were found
to be superior to 100% regardless of the time of the sea-
son, meaning a higher antioxidant activity of the extract
than the control. An optimal antioxidant capacity was
observed respectively at 25% and 75% of the season with
values of 122.46% and 120.63%. A significant decrease
(» < 0.05) occurred at the end of the season with a value
of 103.69%. The glycosylated compounds from maple
syrup, showed also a value superior to 100% until 50%
of the season with respective values of 107.89% and
123.14% at 0% and 25% of the season. From 50% to
the end of the season, a constant significant decrease
(p < 0.05) was observed and a value of the antioxidant

the aglycone compounds showed weaker antioxidant
activities. A significant increase (p < 0.05) of the lipid
peroxidation inhibition capacity occurred from the
beginning to the mid-season. For the aglycone com-
pounds from the sap, a respective value of 67.48%,
82.73% and 96.78% was reached at 0%, 25% and 50%
of the season. A significant decrease (p < 0.05) hap-
pened at 75% of the season giving a weak value of
40.13% to finally increase at 84.67% at the end of the
season. The lipid peroxidation inhibition seems better
for the aglycone compounds from the syrup than from
the sap. Indeed, the value is similar and respectively of
99.35% and 95.41% at 0% and 25% of the season. The
results were superior to 100% at 50% and 75% of the
season (127.44% and 164.51%) and decreased signifi-
cantly (p < 0.05) at the end of the season to a value of
89.75%.

The results of the free radical scavenging activity for
the glycosylated and aglycone compounds extracted
from maple sap and syrup are presented in Table 2.
There is no significant difference (p > 0.05) for glycosyl-
ated extract present in maple sap at 0% and 50% of the
season and the free radical scavenging capacity was,
respectively, of 95.42% and 97.75%. At 75% of the sea-
son, a significant decrease (p < 0.05) occurred and a
value of 69.50% was observed. At the end of the season,
a significant increase (p < 0.05) allowed to reach a value
of 87.78%. The antiradical properties of the glycosylated
compounds from maple syrup extracts was superior to
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Table 2
Free radical scavenging capacity of the glycosylated and aglycone
phenolic compounds from maple sap and syrup extracts during the
season

Free radical scavenging capacity®
()

Periods of the season (%)

Sap Syrup
Glycosylated compounds
0 95.42 £3.59d 94.77 £ 0.4b
25 77.98 + 1.97b 96.84 +0.5¢
50 97.75 £ 0.82d 94.72 £ 0.3b
75 69.50 + 1.13a 90.51 £0.61a
100 87.78 + 1.71c 98.05 +2.81d
Aglycone compounds
0 48.19 £ 1.58b 39.86 + 1.54a
25 48.28 + 6.60b 47.24 £ 0.39b
50 89.09 + 7.58¢ 79.57 £2.94d
75 46.33 £ 0.55b 42.44 £ 3.13ab
100 3321 +4.22a 61.32 +2.29¢

% Means within a column for each type of compound that have
different letters are significantly different (p < 0.05).

90% regardless of the period evaluated. At 0%, 25% and
50% of the season, the free radical scavenging acti- vity
was 94.77%, 96.84% and 94.72%, respectively. The best
antiradical capacity was reached at the end of the season
with a value of 98.05%. The aglycone compounds from
maple sap showed a weak antiradical activity (inferior to
50%) excepted at mid-season where a significant higher
value (p < 0.05) of 89.09% was observed. The aglycone
compounds present in maple syrup offered a significant
increase (p < 0.05) until mid-season with a value of
39.86%, 47.24% and 79.57%, respectively. A significant
decreased (p < 0.05) free radical scavenging capacity oc-
curred at 75% of the season with a weak value of
42.44%. Finally, an increase at the end of the season
showed a free radical scavenging capacity of 61.32%.
The results of antioxidant activity of the total pheno-
lic compounds present in the extracts showed some
differences. In general, the literature reports that there
is a relation between the content of phenolic compounds
and the antioxidant property. However, these results
showed that other factors should be considered. The
nature and the structure of the compounds is indeed
very important (Heim et al., 2002). The antioxidant
activity of each compound is also important. However
a combination of different phenolic compounds struc-
tures was observed in maple extracts and some com-
pounds are more active than others. Furthermore, as
reported by Shahidi (2000), the efficacy of natural anti-
oxidant contained in bulk oils, emulsions and composite
food might be greater than that of individual phenolic
compounds. The technological process to manufacture
maple syrup can also influence the antioxidant activity
since it influences the phenolic content (Kermasha
et al., 1995). In addition to the phenolic compounds,
Maillard reaction products (MRPs) were found in maple

syrup (Akochi, Alli, Kermasha, Yaylayan, & Dumont,
1994). Since these compounds could have been extracted
in the organic phase with the phenolic compounds they
can add to the antioxidant capacity of the extracts.
Indeed, it has been reported that some MRPs found in
food processed by heat treatments showed antioxidant
properties (Anese, Manzocco, Nicoli, & Lerici, 1999).
The antiradical activities varies also according to the
nature of the compounds. Indeed, the glycosylated
moety influence the antioxidant properties (Heim et al.,
2002). In general, the glycosylated compounds have a
weaker antiradical activity than their aglycone equiva-
lent (Rice-Evans, Miller, & Paganga, 1996). However,
the present study showed that the glycoside compounds
of the maple sap and syrup phenolic extracts had a better
antiradical activity than the aglycone compounds. The
spatial arrangement of substituents is a greater determi-
nant of antiradical activity than the flavan backbone
(Rice-Evans et al., 1996). Consistent with most polyphe-
nolic antioxidants, both the configuration and total
number of hydroxyl groups substantially influence
several mechanisms of antiradical activity (Burda &
Oleszek, 2001; Cao, Sofic, & Prior, 1997). Free radical
scavenging capacity is primarily attributed to the high
reactivities of hydroxyl substituents. The B-ring hydro-
xyl configuration is the most significant determinant of
scavenging of reactive oxygen species (Burda & Oleszek,
2001). Hydroxyl groups on the B-ring donate hydrogen
and an electron to hydroxyl, peroxyl, and peroxynitrite
radicals, stabilizing them and giving rise to a relatively
stable flavonoid radical. Among structurally homolo-
gous flavones and flavanones, peroxyl and hydroxyl
scavenging increases linearly and curvilinearly, respec-
tively, according to the total number of OH groups
(Cao et al., 1997). The differences in antiradical activity
between polyhydroxylated and polymethoxylated flavo-
noids are most likely due to differences in both hydro-
phobicity and molecular planarity (Heim et al., 2002).

3.2. Antimutagenicity properties

3.2.1. Total phenolic extracts

Results of the antimutagen properties per se of total
phenolic compounds extracted from maple sap and
syrup are shown in Table 3. The B-galactosidase units,
represent the specific enzymatic activity of the B-galacto-
sidase produced by Salmonella typhimurium TA1535/
pSK 1002 due to induction of the SOS response in pres-
ence of mutagen agents (McDaniels, Reyes, Wymer,
Rankin, & Stelma, 1990). The SOS-inducing potency of
test compounds is estimated by the measurement of the
induction of the level of umu operon in terms of intracel-
lular B-galactosidase activity (Ong, Stewart, Wen, &
Whong, 1987). The percentage of antimutagenicity is
calculated to illustrate the inhibition of the SOS re-
sponse. The results of the B-galactosidase activity at
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Table 3

Antimutagenicity per se of total phenol extracts from maple sap and syrup during the season

Samples® (%) B-Galactosidase units®

d

% Antimutagenicity’

Sap Syrup Sap Syrup
Control® 44231 +17.69¢ 402.31 4 25.90a N/A N/A
0 426.79 4+ 12.69bc 396.02 - 9.51a 3.51 1.56
25 436.68 + 16.98bc 405.31 4 26.46a 1.27 —0.75
50 408.24 + 6.79ab 488.63 + 27.01b 7.70 —21.45
75 508.98 4 26.28d 524.43 + 14.11b —15.07 -30.35
100 387.25 + 8.24a 506.74 = 11.13b 12.45 —25.96

# Samples are phenolic extracts collected during the season 0 being the beginning and 100% the end of the season.
® Control is the mixture containing only the mutagen agent and the cells.
¢ B-Galactosidase units represents the enzymatic specific activity. Means in the same column bearing the same letter are not significantly different

(P> 0.05).

9 Percentage of antimutagenicity is the percentage of inhibition of the SOS response.

0% and 25% of the season are, respectively, 426.79 and
436.68 units for the maple sap extracts and no significant
difference (p > 0.05) was observed between the control
and those samples. At mid-season, a significant decrease
occurred (p < 0.05) giving a value of 408.24 units,
followed by an increase at 75% of the season to reach
508.98 units. However, a significant decrease (p < 0.05)
to a value of 387.35 units was observed at the end of
the season. The values of B-galactosidase activity of
phenolic extracts from maple syrup showed that at the
beginning of the season (0% and 25%) the samples are
not significantly different (p > 0.05) than the control with
respective values of 396.02 and 405.31 units. At mid-sea-
son until the end of the season, the values of B-galcatos-
idase activity increased significantly (p < 0.05) to values
of 488.63, 524.43 and 506.74 units at 50%, 75% and
100% of the season, respectively. The percen- tage of
antimutagenicity calculated in maple sap was 3.5% at
the beginning of the season. At 50% of the season, there
is a slight but significant increase (p < 0.05) representing
a value of 7.7%. Then at 75% of the season, there is a sig-
nificant decrease (p < 0.05) of the antimutagenic activity
and the obtained value is negative (—15.07%). Finally,
there is a significant increase (p < 0.05) of the antimuta-
genic activity at the end of the season to reach 12.45% of
antimutagenicity. The values of percentage of antimu-
tagenicity showed that there is no antimutagenic activity
per se for the maple syrup total phenol extracts.

The results for the antimutagenic properties of the
metabolites of total phenolic extracts from maple sap
and syrup are presented in Table 4. The data of B-galac-
tosidase units obtained for the maple sap showed that
only the values obtained for the samples at 0 and
100% of the season are significantly (p < 0.05) different
from the control with respective values of 492.56 and
484.45 units compared to 571.16 units for the control.
The values at 25%, 50% and 75% of the season were
respectively of 569.77, 556.49 and 520.04 units. No sig-
nificant difference was observed between these values
when compared with the control. There is no significant

difference (p > 0.05) among the values at 75% and 100%
of the season. The B-galactosidase activity of the meta-
bolites of maple syrup extracts confirms that there is
no significant difference (p > 0.05) between samples at
0%, 25%, 50% and 75% of the season and the control.
These values are respectively 625.22, 597.03, 614.11
and 652.99 units compared to 621.47 units for the con-
trol. A significant decrease (p < 0.05) is visible at 100%
of the season where a value of 529.12 units is observed.
The antimutagenic activity of the metabolites of the ma-
ple sap extracts indicated that at the beginning of the
season a value of 13.76% is observed. Then, a significant
decrease (p < 0.05) at the quarter of the season occurred
to a value of 0.24%. At 50% and 75% of the season the
values obtained are respectively of 2.57% and 8.95%. A
significant increase at the end of the season allowed
reaching a maximum of 15.18%. The total phenolic
extracts metabolites from maple syrup showed a weak
percentage of antimutagenicity. The percentages of anti-
mutagenicity of the metabolites of phenolic compounds
extracted in syrup, were, respectively, of —0.6%, 3.93%,
1.18% and —5.07%, at 0-75% of the season. At the end
of the season an improvement was observed to reach a
value of 14.86%.

The antimutagenic activity of the metabolites of
total phenolic extracts observed showed a low antimu-
tagenic potential but the value obtained was higher
than those obtained for the antimutagenicity per se of
the same compounds. This means that the compounds
are getting their antimutagenic activity after being
metabolized in the liver in presence of S9 fraction.
The phenolic compounds, especially the flavonoids,
possess antioxidant properties, but they are not nece-
ssarily able to prevent all kind of mutations that can
be induced by this mutagen agent. It has been reported
that the phenolic compounds can serve as screens
against UV radiation in plants (Escarpa & Gonzalez,
2001). Hence, they can be efficient in preventing muta-
tions in plants but they might need to be metabolized to
produce an antimutagenic activity in another organism.
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Table 4

Antimutagenicity of total phenolic extracts metabolites from maple sap and syrup during the season

Samples” (%) B-Galactosidase units®

% Antimutagenicity®

Sap Syrup Sap Syrup

Control® 571.16 +22.93b 621.47 + 39.70b N/A N/A
0 492.56 + 12.00a 625.22 +35.98b 13.76 —0.60
25 569.77 4+ 23.92b 597.03 + 1.65b 0.24 3.93
50 556.49 + 33.35b 614.11 + 18.78b 2.57 1.18
75 520.04 £ 33.06ab 652.99 +42.52b 8.95 —5.07
100 484.45 +24.08a 529.12 +4091a 15.18 14.86

# Samples are phenolic extracts collected during the season 0% being the beginning and 100% the end of the season.
® Control is the mixture containing only the mutagen agent and the cells.
¢ B-Galactosidase units represents the enzymatic specific activity. Means in the same column bearing the same letter are not significantly different

(P> 0.05).

4 Percentage of antimutagenicity is the percentage of inhibition of the SOS response.

Also, the mutagen agent used for the investigation of
the antimutagenicity per se is the potassium dichro-
mate, a strong oxidant. The mutations caused by the
potassium dichromate can differ in nature from the
damage inflicted by UV radiation and then, escape
the protection or repair mechanism of bacteria. Fur-
thermore, the phenolic compound extracts were com-
plex mixtures, meaning that different phenomenons
such as synergy or co inhibition can interfere with the
antimutagenic activity. Kaur and Saini (2000) have
associated antimutagenicity with antioxidant proper-
ties, due to the capacity of the compounds to inhibit
the DNA damage caused by the presence of free radi-
cals. In fact, inhibition of mutagenesis is generally not
based on one specific mechanism. Compounds and
complex mixtures with antimutagenic activity have dif-
ferent modes of action and act in parallel at different
levels. As inhibitors, they may prevent the formation
of mutagens. According to others (Krul et al., 2001),
as blocking agents, they can prevent the biotransforma-
tion of premutagens into reactive metabolites by inhib-
iting metabolic activation or by scavenging reactive
molecules. As suppressing agents they may modulate
intracellular processes, which are involved in DNA
repair mechanisms.

3.2.2. Glycosylated and aglycone compounds

The antimutagenic properties per se of glycosylated
and aglycone phenolic compounds at the beginning
and the end of the season are shown in Table 5. The
percentages of antimutagenicity show that both phenolic
extracts from sap and syrup are inferiors to zero and
hence do not present any antimutagenic activity. The
results obtained in sap showed a mean value of —15%
at the beginning of the season and —13% at the end of
the season for both extracts. In the syrup, a value of
—56.65% and —31.25% was observed at the beginning
of the season for the glycosylated and aglycone extracts,
respectively. At the end of the season, the valued
obtained for the same compounds were, respectively,

Table 5

Antimutagenicity per se of glycosylated and aglycones phenolic
compounds extracted from maple sap and syrup at the beginning
and the end of the season

Period of the season® (%) % Antimutagenicity®

Glycosylated Aglycones
Sap Syrup Sap Syrup
0 —-15.82  -56.65 —14.75 -31.25
100 —13.24 4046 —12.66 —13.63

% Samples are phenolic extracts collected at different periods of the
season 0 being the beginning and 100% the end of the season.

® Percentage of antimutagenicity is the percentage of inhibition of
the SOS response.

—40.46% and —13.63%. Those results could indicate a
mutagenic potential, but according to Whong et al.
(1986) to be considered a mutagenic positive result with
the Umu test the B-galactosidase unit should be one time
or more increased over the control, meaning in this case a
percentage of —100% or more antimutagenicity.

The antimutagenic activity of the metabolites of gly-
cosylated and aglycone phenolic extracts are illustrated
in Table 6. The results showed that the antimutagenic
properties of glycosylated compounds in sap were of
3.00% at the beginning of the season and of —18.16%
at the end of the season. The values of percentages of

Table 6

Antimutagenicity of glycosylated and aglycone phenolic compounds
metabolites extracted from maple sap at the beginning and the end of
the season

Period of the season (%)* % Antimutagenicity®

Glycosylated Aglycones
Sap Syrup Sap Syrup
0 3.00 14.05 —24.81 42.33
100 —18.16 11.81 ND° 31.39

# Samples are phenolic extracts collected at different periods of the
season 0% being the beginning and 100% the end of the season.

® Percentage of antimutagenicity is the percentage of inhibition of
the SOS response.

¢ Not determined.



500 M. Thériault et al. | Food Chemistry 98 (2006) 490-501

antimutagenicity obtained for the glycosylated com-
pounds present in syrup were 14.05% and 11.81% at
0% and 100% of the season respectively. The results
for the aglycone compounds present in maple syrup
showed the highest values. At the beginning of the
season, a percentage of antimutagenicity of 42.33%
was obtained. Then at the end of the season, the percent-
age was 31.39%.

The results obtained for the metabolites of aglycone
present in maple syrup showed a higher antimutagenic
activity than those from maple sap. These results could
be explained by the creation of new chemical com-
pounds produced during the processing of maple sap
to syrup. For example, Maillard’s reactions produced
during the heating can produce new compounds with
antimutagenic activity. The antimutagenic activity of
glycosylated compound is weak and similar when pres-
ent in both sap and syrup. These results can be explained
by the fact that the glycosylated compounds are more
stable and less active than the aglycones. As for the total
phenolic extracts there is no antimutagenicity per se for
the glycosylated and aglycone compounds from maple
sap and syrup.

4. Conclusion

The results observed in this study showed that the
phenolic compounds present in maple sap and syrup
have antioxidant and antiradical activities. The present
work indicated that a variation of the antioxidant activ-
ity of the phenolic compounds in maple sap and syrup is
observed throughout the season. Also, the nature of the
compounds, glycosylated and aglycone, also influenced
the lipid peroxidation inhibition and the free radical
scavenging capacities. The results obtained in this study
have also illustrated the antimutagenic potential of phe-
nolic compounds present in maple sap and syrup, except
for the per se glycosylated and aglycone compounds.
The aglycone compounds present in sap and syrup are
efficient to prevent the mutations in cells. However,
the efficienty level in both products is related to the sea-
son period.
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ABSTRACT

Background Oxidative damage is implicated in the etiology
of cancer, cardiovascular disease, and other degenerative
disorders. Recent nutritional research has focused on the
antioxidant potential of foods, while current dietary rec-
ommendations are to increase the intake of antioxidant-
rich foods rather than supplement specific nutrients.
Many alternatives to refined sugar are available, includ-
ing raw cane sugar, plant saps/syrups (eg, maple syrup,
agave nectar), molasses, honey, and fruit sugars (eg, date
sugar). Unrefined sweeteners were hypothesized to con-
tain higher levels of antioxidants, similar to the contrast
between whole and refined grain products.

Objective To compare the total antioxidant content of nat-
ural sweeteners as alternatives to refined sugar.

Design The ferric-reducing ability of plasma (FRAP) assay
was used to estimate total antioxidant capacity. Major
brands of 12 types of sweeteners as well as refined white
sugar and corn syrup were sampled from retail outlets in
the United States.

Results Substantial differences in total antioxidant con-
tent of different sweeteners were found. Refined sugar,
corn syrup, and agave nectar contained minimal antiox-
idant activity (<0.01 mmol FRAP/100 g); raw cane sugar
had a higher FRAP (0.1 mmol/100 g). Dark and black-
strap molasses had the highest FRAP (4.6 to 4.9 mmol/
100 g), while maple syrup, brown sugar, and honey
showed intermediate antioxidant capacity (0.2 to 0.7
mmol FRAP/100 g). Based on an average intake of 130
g/day refined sugars and the antioxidant activity mea-
sured in typical diets, substituting alternative sweeten-
ers could increase antioxidant intake an average of 2.6
mmol/day, similar to the amount found in a serving of
berries or nuts.
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Conclusion Many readily available alternatives to refined
sugar offer the potential benefit of antioxidant activity.
J Am Diet Assoc. 2009;109:64-71.

of cancer, cardiovascular disease, and other degen-

erative disorders (1-3). Antioxidants are compounds
with a reductive-oxidative potential and, therefore, have
the ability to scavenge free radicals and other reactive
oxygen species. Naturally occurring antioxidants in foods
include vitamin E (tocopherols), vitamin C (ascorbic acid),
flavonoids, lycopene, phenolic acids, and polyphenols, as
well as some food additives (eg, butylated hydroxyanisole
and butylated hydroxytoluene). Antioxidants prevent ox-
idative damage induced by free radicals and reactive
oxygen species generated in vivo as byproducts of metab-
olism or inflammatory processes by suppressing their
formation, acting as scavengers, or acting as their sub-
strate.

The total antioxidant capacity (TAC) of diets has been
correlated with increased concentration of specific anti-
oxidants (eg, carotenoids, tocopherols, vitamin C) and
foods (eg, coffee, wine, fruits) (4). Serafini and colleagues
(5) observed an inverse relationship between dietary TAC
and incidence of gastric cancer. Current dietary recom-
mendations are to increase the intake of antioxidant-rich
foods rather than supplement specific nutrients (6).
While the interaction of specific antioxidants and other
food nutrients as related to physiological effects remain to
be completely determined, TAC is generally considered a
valuable parameter for identifying potentially rich food
sources of biologically active antioxidants that might have
beneficial health effects. TAC is assayed by several meth-
ods, including ferric-reducing ability of plasma (FRAP)
(7), oxygen radical absorbance capacity (ORAC) (8),
Trolox-equivalent antioxidant capacity (9), 2,2’-azinobis
(3-ethylbenzothiazoline 6-sulfonate) (10), and 2,2-diphe-
nyl-1-picrylhydrazyl (11) radical scavenging assays.

The FRAP assay is a simple, fast, and inexpensive
method for quantitative determination of the amounts of
antioxidants in samples. The assay has little selectivity
and measures most reductants above a certain reduction
potential. The FRAP assay does not detect glutathione or
protein thiols. This is an advantage over the ORAC and
Trolox-equivalent antioxidant capacity assays because
these thiols, which are present in high concentrations in
animal and plant cells, are mainly degraded in the intes-
tine and poorly absorbed. The original FRAP assay has a
limited ability to measure fat-soluble antioxidants (7).
Therefore, a modified FRAP assay was developed and
reported previously (12) that also measures fat-soluble

0 xidative damage has been implicated in the etiology
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antioxidants. On the basis of these and other consider-
ations (13), the FRAP assay was chosen for assessing
TAC.

Some recommended dietary changes involve adding or
increasing the intake of antioxidant-rich foods, such as
berries, dark chocolate, nuts, green tea, and red wine
(14-17). Refined sugar and corn syrup are the predomi-
nate sweeteners in Western diets. The estimated annual
intake of added sugars in the United States (predomi-
nately from refined cane and beet sugar, corn syrup,
glucose, and dextrose) is 47.5 kg per capita (31 tsp or
130 g per person per day) (18), yet sugar and refined corn
syrup are virtually devoid of vitamins, minerals, and
phytochemicals. Substitution of whole grains for refined
flours and baked goods is recommended because whole
grains are richer in antioxidants and nutrients lost in the
refining process (19,20). It might be similarly expected
that unrefined sweeteners derived from plants would also
be richer in antioxidants, but little data exist on the
composition of these products. Current attention to re-
ducing refined sugar intake largely translates into re-
placement by artificial sweeteners (sucralose, aspartame,
etc) with the purpose of reducing energy and carbohy-
drate intake, whereas natural whole-food alternatives
represent a way to increase antioxidant and nutrient
consumption.

Many alternatives to refined sugar are available,
though not widely used. These include plant saps/syrups
(eg, maple syrup, agave nectar), syrups made from raw
sugar and grains (eg, molasses, barley malt, and brown
rice syrup), honey, and fruit sugars (eg, date sugar), as
well as raw cane sugar. It was hypothesized that some of
these alternatives contain higher levels of antioxidants
compared to refined white sugar. Blomhoff and colleagues
(12,21,22) recently published values for the TAC of foods
using the FRAP method. Results of the analysis of ap-
proximately 200 fruits, vegetables, spices and herbs, ce-
reals, supplements, juices and drinks sampled mainly
from European countries have been reported (21,22), and
a table of the FRAP content of 1,113 US food samples was
published recently (12). In the present study, additional
results are reported for sweeteners, along with estimates
of the impact on total antioxidant intake they could make
if used as alternatives to refined sugar.

METHODS
Samples
Samples (Table 1) were procured locally and also through
the United States Department of Agriculture’s (USDA)
National Food and Nutrient Analysis Program (NFNAP)
between 2002 and 2006 for the analysis of other nutrients
(23). NFNAP is designed to update and improve the food
composition data in the USDA’s National Nutrient Data-
base for Standard Reference (24). Data for selected arti-
ficial sweeteners (eg, aspartame and sucralose) were re-
ported previously (12) and found to contain FRAP <0.05
mmol/100 g; these products were not further considered
in this study because the focus was on natural alterna-
tives to refined white sugar that might be utilized by
consumers.

The sampling design for NFNAP has been described
previously (25). Local samples were procured from major

retail outlets and/or health food stores or online distrib-
utors and represented major brands available in the US
marketplace. Because the purpose of this study was to
screen antioxidant content, a full statistical sampling
plan was not implemented for all foods, although multiple
samples of most products were obtained (see Table 1).

Samples were handled according to standardized, thor-
oughly documented procedures (26). When composites
were prepared, each sample unit was mixed, if necessary,
and a representative subsample of no less than 1 cup (240
mL) of liquids and 4 oz (113 g) solids was taken, then
combined and stirred thoroughly. Subsamples were dis-
pensed among 30-mL glass jars with Teflon-lined lids
(Qorpak, Bridgeville, PA), sealed under nitrogen, and
stored at —60=5°C in darkness before analysis. Samples
were shipped on dry ice via express air delivery from
Blacksburg, VA to Oslo, Norway, received in frozen con-
dition, and stored at —80°C prior to analysis. The range of
storage time in Oslo was from 0 to 25 weeks prior to
analysis.

Reagents

TPTZ (2,4,6-tri-pyridyl-s-triazine) was obtained from Fluka
(Sigma-Aldrich, Deisenhofen, Switzerland), sodium acetate
trihydrate and FeSO, X7 H,0 from Riedel-deHaén (Sigma-
Aldrich, Germany), acetic acid and hydrochloric acid from
Merck (Merck, Darmstadt, Germany), FeCl;x6 H,O from
BDH Laboratory Supplies (Poole, Dorset, UK). MilliQ
water (Millipore, Bedford, MA) was used to ensure proper
water quality. Methanol of high-performance liquid
chromatography—grade was obtained from Merck.

FRAP Analysis

The antioxidant assay of Benzie and Strain (7) was used
with minor modifications that allowed quantitation of
most water- and fat-soluble antioxidants, as described
previously (12). A Technicon RA 1000 system (Technicon
Instruments Corporation, Tarrytown, NY) was used for
the measurement of absorption changes that appear
when the Fe3*-TPTZ2 complex is reduced to the Fe?"-
TPTZ2 form in the presence of antioxidants. An intense
blue color with absorption maximum at 593 nm develops.
Measurements were performed at 600 nm after 4 minutes
incubation. An aqueous solution of 500 pmol/L FeSO,X7
H,O was used for calibration of the instrument. Three
analytical portions of each sample were extracted, each
extract was analyzed in triplicate, and results are given
as reduced TPTZ-Fe®*-complexes in mmol/100 g.

Quality Control

Stability of samples during storage was established in a
previous study (12), where it was determined that differ-
ent homogenized foods could be stored at —80°C for 65
weeks with only negligible changes in antioxidant con-
tent. The assay was also fully validated as described in a
previous report (12). The within-day repeatability mea-
sured as relative standard deviation ranged from 0.4% to
6%. The variation in the values for replicate items ob-
tained from the same source was typically between 3%
and 10% relative standard deviation.
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Table 1. Antioxidant capacity [ferric-reducing ability of plasma (FRAP)] of sweeteners

No. of sample Product Product mean
NDB Composite  units per FRAP mean  Standard FRAP mmol/ mean FRAP  FRAP mmol/
Product number®  Brand® type® composite mmol/100 g error? Serving size® serving mmol/100 g  serving
Honey 19296 Sue Bee N 10 0.165 0.019 30mL (1 Tbsp=21¢g)  0.035 0.156 0.033
Sue Bee N 10 0.139 0.029
Store brand N 10 0.154 0.003 0.032
Store brand N 10 0.159 0.033
Multiple brands' N 10 0.135 0.028
Dutch Gold L 1 0.138* 0.029
Golden Blossom L 1 0.193* 0.041
FMV L 1 0.161* 0.034
Corn syrup, light 19350 Karo N 12 0.008* 30mL (1 Thsp=20g)  0.002 0.006 0.0012
Clement Foods Co P 3 0.005 0.001 0.001
Clement Foods Co P 3
Clement Foods Co P 3
Molasses, blackstrap NA Slow as Molasses L 1 4.394* 0.018 30 mL (1 Thsp=20 g) 0.879 4.894 0.979
Plantation L 1 4.776" 0.064 0.955
Brer Rabbit L 1 5.513% 0.048 1.103
Molasses, dark NA Grandma’s L 1 4.251 0.090 30mL (1 Tbsp=20¢g)  0.850 4.562 0.912
Golding Farms L 1 4.533 0.142 0.907
Brer Rabbit L 1 4.900 0.980
Maple syrup, 100% 19353 Private Selection L 1 0.412 0.026 30mL (1 Tbsp=20¢g)  0.082 0.412 0.082
pure Cary’s L 1 0.371 0.014 0.074
Spring Tree L 1 0.454* 0.091
Agave nectar, light NA Madhava L 1 0.032 0.024 30mL (1 Tbsp=21¢g)  0.007 0.019 0.004
Madhava L 1 0.005 0.003 0.001
Agave nectar, amber NA Madhava L 1 0.031 0.003 30mL (1 Tbsp=21¢g)  0.006 0.031 0.0065
Agave nectar, raw NA Madhava L 1 0.010 0.002 30mL (1 Tbsp=21¢g)  0.002 0.010 0.0021
Blue agave nectar NA Molino Real L 1 0.034* 0.003 30mL (1 Tbsp=21¢g)  0.007 0.089 0.019
Live Superfoods L 1 0.143 0.010 0.030
Brown rice syrup NA Lundberg Family Farms L 1 0.394% 0.042 30mL (1 Tbsp=20¢g)  0.079 0.200 0.040
NOW Foods L 1 0.006" 0.003 0.001
Brown rice syrup, Emperor’s Kitchen L 1 1.041* 0.295 10z (28.35 @) 0.295 1.041 0.295
powdered
Brown rice malt syrup NA Sweet Cloud L 1 0.717* 30mL (1 Tbsp=20¢g)  0.143 0.717 0.143
Barley malt syrup NA Eden Organic L 1 1.008 0.166 30mL (1 Tbsp=20g)  0.202 1.565 0.313
NA Sweet Cloud L 1 2121* 0.424
Sugar, granulated white 19335 Domino, C&H R 3 0.009 0.002 10z(28.359) 0.002 0.009 0.003
Domino, C&H R 3 0.017 0.009 0.005
Store Brand R 1 0.004 0.001 0.001
Store Brand R 2 0.009 0.002 0.003
Kroger L 1 0.004* 0.001
Sugar, light brown 193349 Domino, C&H, Dixie N 10 0.385 0.018 10z(28.35g) 0.109 0.361 0.102
Crystals
Store brand N 7 0.337 0.015 0.096

(continued)
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Table 1. Antioxidant capacity [ferric-reducing ability of plasma (FRAP)] of sweeteners (continued)

No. of sample Product Product mean
NDB Composite  units per FRAP mean  Standard FRAP mmol/ mean FRAP  FRAP mmol/

Product number®  Brand” type® composite mmol/100 g error? Serving size® serving mmol/100 g  serving
Sugar, dark brown 193349 Store brand N 6 0.689 0.039 10z (28.359) 0.195 0.689 0.195
Sugar, turbinado NA Sugar in the Raw R 3 0.079 0.019 10z (28.35g) 0.022 0.126 0.036

Sugar in the Raw L 1 0.210* 0.059

Hain Pure Foods R 3 0.090 0.013 0.026
Sugar, raw cane NA Florida Crystals L 1 0.165 0.017 10z (28.35g) 0.047 0.204 0.058

Wholesome Sweeteners L 1 0.120 0.004 0.034

Sweet Cloud L 1 0.327* 0.093
Date sugar NA Bob’s Red Mill L 1 4.586% 0.020 10z (28.350) 1.300 3.273 0.928

Barry Farm L 1 2.996" 0.053 0.849

NOW Foods L 1 2.237% 0.034 0.634

Entry reference number from US Department of Agriculture (USDA) Nutrient Database for Standard Reference (24). NA=not applicable (food not in database).

bSupplier information: Barry Farm (Wapakoneta, OH), Bob’s Red Mill (Bob’s Red Mill Natural Foods, Milwaukie, OR), Brer Rabbit (B&G Foods, Inc, Roseland, NJ), C&H (C&H Sugar Company, Inc, Crockett, CA), Cary’s (Specialty Brands of
America, Inc, Westbury, NY), Clements Foods Co (Oklahoma City, OK), Dixie Crystals (Imperial Sugar Company, Sugar Land, TX), Domino (Domino Foods, Inc, Yonkers, NY), Dutch Gold (Dutch Gold Honey, Inc, Lancaster, PA), Eden Organic
(Eden Foods, Inc, Clinton, MI), Emperor’s Kitchen (Great Eastern Sun, Asheville, NC), Florida Crystals (Florida Crystals Food Corp, West Palm Beach, FL), FMV (Inter-American Products, Inc, Cincinnati, OH), Golden Blossom (John Paton,
Inc, Doylestown, PA), Golding Farms (Golding Farms Foods, Inc, Winston-Salem, NC), Grandma’s (Mott’s, Inc, Stamford, CT), Hain Pure Foods (The Hain Celestial Group, Inc, Boulder, CO), Karo (ACH Food Companies, Inc, Memphis, TN),
Kroger (The Kroger Co, Cincinnati, OH), Live Superfoods (Bend, OR), Lundberg Family Farms (Richvale, CA), Madhava (Madhava Honey, Lyons, C0), Molino Real (Dictor S.A. de C.V., Guadalajara, Jalisco, Mexico), NOW Foods (Bloomingdale,
IL), Plantation (Allied OId English, Inc., Port Reading, NJ), Private Selection (Inter-American Products, Inc, Cincinnati, OH), Slow as Molasses (Honeytree, Inc, Onsted, MI), Spring Tree (Spring Tree Maple Products, Westbury, NY), Sue Bee
(Sue Bee Honey, Sioux City, IA), Sugar in the Raw (Cumberland Packing Corp, Brooklyn, NY), Sweet Cloud (Great Eastern Sun, Asheville, NC), Wk (W , Inc, Sugar Land, TX).

°N=national ite of samples; R=regional ite of samples (25); L=sample(s) from a single outlet; P=commodity product provided by directly by producer.

dStandard error, based on values from analysis of replicate subsamples.

°Based on product label and/or US Department of Agriculture Nutrient Database for Standard Reference (24).

fComposite of seven brands (ie, Madhava Mountain, Deep South, Barkmans Busy Bee, Billy Bee, Stollers, Winnie the Pooh, and Beemaid).

9“Sugars, brown.”

“2Means with different superscript letter (x,y,z), within data for that product, were significantly different for n=3 analytical replicates (c=.05); samples assayed with n=1 are marked with *.




Serving Sizes and Sweetening Equivalents

Weight and serving size of a typically consumed portion
of each food was determined from the USDA National
Nutrient Database for Standard Reference (24) and/or
the product label, generally based on the US Food and
Drug Association Nutrition Labeling and Education Act
guidelines (27), or actual measurement of average portion
weights taken during sample preparation.

Statistical Methods

Means, standard deviations, and standard errors were
calculated using Microsoft Excel 2000 (version 9.0, Mi-
crosoft Corp, Redmond, WA). Data were subjected to an
analysis of variance and Tukey test for multiple compar-
isons, with «=0.05, using SAS (version 8.2 [TS2MO],
2001, SAS Institute, Cary, NC).

RESULTS
Antioxidant Content of Sweeteners

Table 1 summarizes the FRAP content of the individual
samples, and the means for each product type. Refined
white sugar and corn syrup had FRAP <0.01 mmol/100 g,
while raw cane sugar had 0.2 to 0.3 mmol/100 g. Brown
sugar was notably higher in antioxidant content relative
to refined white sugar, with dark brown averaging nearly
twice that of light brown (0.69 vs 0.36 mmol/100 g). Mo-
lasses (blackstrap and dark) was richest in antioxidant
capacity of all products (4.89 and 4.56 mmol/100 g, re-
spectively), followed by malt syrups (brown rice and bar-
ley) with FRAP of about 1 to 1.5 mmol/100 g. Maple syrup
had FRAP of 0.41 mmol/100 g), while the antioxidant
content of honey was similar to that of raw cane sugar. All
types of agave nectar had low FRAP, similar to refined
white sugar and corn syrup. In cases where multiple
brands of a given sweetener were sampled and analyzed
in replicate, there were no large statistically significant
differences in antioxidant content except among black-
strap molasses, date sugar, brown rice syrup, and blue
agave nectar products (although all samples of the latter
contained a relatively low level of antioxidant activity).
These differences could be due to processing effects on
antioxidant components or inherent variation in the com-
position of the plant source.

Most refined white sugar worldwide is produced from
the sugar cane plant (Saccharum officinarum, S sponta-
neum, S barberi, S sinense, and hybrids thereof), in trop-
ical and subtropical locations, with the remainder coming
from sugar beet (28). Sucrose is concentrated in the stalk
of the sugar cane, which is harvested for sugar produc-
tion. The cane is crushed to extract a sucrose-rich juice,
then clarified, boiled to a thick syrup, and crystallized to
yield raw cane sugar (28), also known as Sucanat, dem-
erara, turbinado, muscavado, or juggeri. Refined sugar
results after additional steps are performed to remove
color and nonsugar components; and molasses is a by-
product of this process (28). Commercially available
“brown sugar” is refined sugar with varying amounts of
molasses added (~3.5% and 6.5%, respectively, for light
and dark sugars). The relative assayed antioxidant con-
tent of molasses, light and dark brown sugar, and raw
cane sugar (Table 1 and Figure) are consistent with the
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high concentration of antioxidants in the molasses syrup
vs refined sugar. The higher antioxidant content might be
a result of residual components from the sugar cane plant
or from byproducts produced during the cooking of the
cane juice. Duarte-Almeida and colleagues (29) found a
substantial concentration of antioxidant phenolic acids
(eg, hydroxycinnamic acids and sinapic acid) and fla-
vonoids (eg, tricin and apigenin) totaling ~160 mg/L.

Maple syrup is produced from the clear sap of the tree,
which is boiled and concentrated to yield what is sold as
maple syrup. Maple syrup contains approximately 67%
solids, mostly sugars, but also minerals and some vita-
mins, including notable amounts of calcium, potassium,
manganese, magnesium, phosphorous, iron, and thiamin
(30). Maple syrup also contains phenolic compounds,
which also have antioxidant activity (31,32).

Honey is a sugar-rich liquid produced by bees from the
nectar of flowers that is partially digested and then re-
gurgitated into the hive and stored in the honeycomb,
where evaporation of water concentrates the sugars (33).
Honey can be sold raw or refined, with the latter being
the case for most commercial retail products in the
United States. Honeys assayed in the present study (Ta-
ble 1) represent major available retail brands in the
United States and probably clover as the nectar source
because this is the predominant source for honey pro-
duced in the United States (34). Data do not reflect the
composition of the full range of honeys from different
nectar sources or various levels of refining. Phenolic com-
pounds have been widely reported in honey and would be
expected to vary with nectar source and level of refining;
for example, Baltruiityté and colleagues (35) found a
wide range of antioxidant capacity and phenolic compo-
nents in honey from different sources, and Blasa and
colleagues (36) found considerably greater antioxidant
activity, phenolic, and flavonoid levels in raw Millefiori vs
Acacia honey.

Somewhat surprising was the low antioxidant level in
agave nectar, which is produced from the sap from hearts
of the agave plant, a desert succulent. Agave nectar is the
filtered juice expressed from the hearts (pifias) of the
plant, which is then heated or enzymatically treated to
hydrolyze the complex carbohydrates (mainly fructans) to
sugars, then filtered and concentrated to a syrup (37).
Although found to be low in antioxidants (similar to re-
fined sugar, Table 1 and Figure), agave nectar is gaining
popularity as a healthful alternative sweetener because
of its low glycemic index (38,39). The taste and consis-
tency of agave nectar are similar to corn syrup and,
because it is unrefined, it might be expected to contain
other beneficial non-antioxidant nutrients, trace ele-
ments, or phytochemicals.

Date sugar is made by grinding dried dates (the fruit of
Phoenix dactylifera sp.), which contain 50% to 70% sugar,
into a coarse powder (40). Because the product is the
whole fruit it possesses the nutrient profile of dates, in-
cluding considerable amounts of fiber, minerals, and vi-
tamins [see (24), NDB numbers 09087 and 09421]. The
antioxidant content of date sugars measured in the
present study is consistent with the high FRAP analyzed
in dates (0.565 to 0.718 mmol/100 g) (12). Use of date
sugar might be limited to specific baking applications,
however, because it contains 30% to 50% nonsugar com-
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Figure. Estimated antioxidant contribution from sweetener used as a substitute for refined sugar in a standard cake recipe containing 1.5 cups
(350 g) granulated sugar and yielding nine servings, compared to 1 serving of selected foods. *Data from Halvorsen and colleagues (12), serving
sizes: walnuts, 1 0z. (28.35 g); blueberries, 1 cup (145 g); red wine (merlot), 3.5 oz (103 g); milk chocolate candy, 1 0z (28.35 g); broccoli, raw,
0.5 cup (44 g). Serving sizes for sweeteners: date sugar, dark brown sugar, light brown sugar, raw cane sugar, granulated white sugar, turbinado
sugar: 1 0z (28.35 g); blackstrap molasses, dark molasses, barley malt syrup, brown rice malt syrup, maple syrup, agave nectar, corn syrup: 1 Thsp
(30 mL; 20 g); honey: 1 Thsp (30 mL; 21 g). *FRAP=ferric-reducing ability of plasma.

ponents, which will not provide the physical properties
needed in many applications, nor does it dissolve in lig-
uids.

DISCUSSION
Potential Impact of Replacing Refined Sugar

Average intake of TAC, determined as FRAP, in a normal
adult healthy population in Norway has been reported to
be about 15 to 20 mmol (4), with the major contributors to
dietary intake being coffee, fruits and berries, tea, wine,
and cereals. In an Italian population (41), as measured by
three different methods, coffee and tea beverages were
the main contributors to TAC intake in women, followed
by alcoholic beverages, fruits, and vegetables. In Italian
men, the main contributors to TAC intake were alcoholic
beverages, followed by coffee and tea, fruits, and vegeta-
bles. Similarly, coffee also has been reported to be a major
dietary source of TAC in an American diet, followed by
tea and other beverages (42).

Estimated average per capita consumption of added
sugars in the United States is 130 g/day (18). Table 2
shows the calculated increase in antioxidant content that
would result from direct substitution of alternative

sweeteners (although not necessarily feasible in all prod-
ucts) for an amount equivalent to the sweetening power of
130 g refined sugar. On average, this amount was 2.6
mmol across all sweeteners (Table 2), ranging from 0.1 to
0.2 mmol (raw cane and turbinado sugars) to 10.7 mmol
(blackstrap molasses). Relative to the mean total FRAP
content of 17.3 mmol/day and 6.2 mmol/day (in diets
including and excluding coffee, respectively), reported by
Svilaas and colleagues (4), and of 2.8 mmol/day assayed
in an “average American diet (43) (Phillips and col-
leagues, unpublished data), the contribution of 2.6 mmol/
day represents a 15% to 92% increase, respectively. On an
absolute basis, the potential increased antioxidant intake
from these dietary modifications is similar to the contri-
bution of tea (1.4 mmol/day) and fruit (1.8 mmol/day) in
the diets studied by Svilaas and colleagues (4) and to the
assayed FRAP content of blueberries (2.7 mmol/1 cup
serving), red wine (2.2 mmol/serving) reported for indi-
vidual foods (12).

Complete substitution of these sweeteners for refined
sugar may not be realistic because of changes in product
quality, but one possible application is simple replace-
ment of refined sugar in recipes that are routinely pre-
pared. For example, considering a cake prepared with 1.5
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Table 2. Calculated increase in antioxidant content resulting from direct substitution of alternative sweeteners for refined white sugar
Sweetening equivalent® FRAP mmol® equivalent to Increased mmol/day

Product to 1 cup sugar (g) 130 g sugar vs refined sugar

Refined sugar, white granulated 200 0.013 0.0

Raw cane sugar 200 0.186 0.2

Brown sugar, light 220 0.516 0.5

Brown sugar, dark 220 0.986 1.0

Turbinado sugar 200 0.110 0.1

Date sugar 220 4.681 4.7

Honey 339 0.352 0.3

Maple syrup, 100% 322 0.820 0.8

Molasses, dark 337 9.621 9.6

Molasses, blackstrap 337 10.721 10.7

Agave nectar® 336 0.085 0.1

Brown rice syrup 337 0.437 0.4

Barley malt syrup 337 2.207 2.2

Average of alternatives to refined white sugar 2.6

@Berthold-Bond and Atlas (52).

bFrom nutrition facts panel of product label, or US Department of Agriculture Nutrient Database for Standard Reference (24).

°FRAP=ferric-reducing ability of plasma; mean value based on results shown in Table 1.

9Mean of all types of agave nectar (Table 1).

cups (350 g) sugar to yield nine servings, the antioxidant
content per serving would be increased by ~0.1, 0.25, 1.8,
and 1.8 mmol if raw cane sugar, dark brown sugar, dark
or blackstrap molasses, or date sugar, respectively, were
used instead of refined sugar. These data suggest that the
nutrient and antioxidant contribution of alternative
sweeteners could be similar to that of whole vs refined
flours (19) and foods high in antioxidants (eg, berries,
chocolate, and nuts). For example, the FRAP (mmol/100
g) reported previously was 2.15 to 2.33 for blueberries,
raspberries, and strawberries; 4.19 for unsweetened choc-
olate; and 9.67 to 13.12 for pecans and walnuts (12).

There are several examples that antioxidant-rich foods
(eg, pomegranates, berries, and nuts) can dampen oxida-
tive stress or reduce risk of developing oxidative stress-
related diseases, such as cancer and cardiovascular dis-
eases (44-46). It should be noted that, in general, various
methods to estimate total antioxidant capacities/activi-
ties give same ranking of the items measured [see refer-
ences (41,47,48)]. While the absolute values are most
often not easily comparable between the methods and in
various articles because the assays are performed differ-
ently (eg, different incubation time, concentrations), the
main result is that the ranking of items is fairly consis-
tent among assays. The dietary antioxidant activity
based on measured TAC of foods needs to be correlated
with physiological parameters related to oxidative stress
in vivo, but the benefit of increasing antioxidant intake is
generally recognized (49-51).

CONCLUSIONS

Data provided should be useful to researchers wishing to
study the relationship between dietary antioxidants and
physiological and/or health effects, as well as to regis-
tered dietitians making food-choice recommendations for
increasing consumption of antioxidant-rich foods. Use of
alternatives to refined sugar can add to the cumulative
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antioxidant content of the diet by replacing refined sugar.
Development of recipes and consumer-friendly methods
for replacing refined sugar in baking and cooking could
increase antioxidant consumption similar to replacement
of refined grains with whole grains.
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A toel of B) pure maple svrup samples received from primery producers in
Cunada snd the Umited States were analyzed for their chemical composition. pH
and “Brix. The major carbohydrates Mund in maple syrup (suerase, plocose and
fructess) were deterouned emploving amon cachange high performanee |iged
chromatagraphy (HPLC) with pulsed amperomelric delection. The sucrose con-
tend was (ound 10 range from 517 @ TH6%: glucose and fruglose contenrs m-
god Trom 0,00 o 9.59% and GO0 to 3.95%: respectvely. The major orgsmie aoed
presenl wmomAple syrup was malic acd. Trace amounts of cilic, succinie and
Fumaric acid were also present, Al orgeoie scids were determined by ion
exchange HPLC analysis with LY detection at 20 am. Malic aoid levels ranged
From 0.1 to 4.7%. Citric, sueeinic and fumang aceds were found o be present dl
levels tess than 006 ppm. Inductively coupled plasma atemic emisgion specteo-
senpy was employed (or the anabysis of powassivm. magnesiem and cuicivm, the
main minerals feond in maple syrep. Potassiom was Mfound to b peesent in the
preatest concentration ranging from 1005 te 2990 mp 1 ' Mapgeesium and
caleivm ranged from 10 to 380 me/d und 266 10 1702 my i), respectively, The
ECarl Fisched titeation method was emploved 1o determine maple syrup moisiure
comlent. The moaslure comlent of maple syoup ranged (rom 203 to M4%. The
pil and “Brix values for maple syrup ranged from 56 o 7%, and 62.2 @ 74,00,
respectively. Copyright 43 1990 Canadian Instilute of Food Scicnce and Tech-
nlogy. Published by Elsevier Stienes Lid

INTRODLUCTION

Maple syrup is a product of high commercial value
avergemg $126 million wholesale per year in Morth
America for 19831983 {Lockhart. 1990} This valuc
can be artributed 1o the limiwed geographical region of
produstien (it 15 produced only in Morth America on &
commercial scalel, its unigue Aavor and the high pro-
duction cests (Stephen, 1981% The uwnique flaver of
maple syrup has made iU popular both in the con-
leclionery industry and to consumers. In addition,
emphasis on the consumption of natural foods has
resulied 1 he use of maple syrup as an allernative
sweglener (Anom, 1984)

Maple syrup is praduced from the sap of the maple
tree {Acer Sarcharwm). The sap is collected [rom the
trees in early spring when temperaturss fluctuate from
freczing at night (—5 1o —10¢C) to thawing during the
day (5 to HFC) The sap itsell is a ciear waler-like

[}

substance which tastes only slightly sweet (Willils &
Hills, 1976y but which contains all the procursors
required for the development of Ravar and colat which
are characteristic of maple syrup (King & Morsell,
1923y, Qpee collected, the sup is conceniraled w 2 Brix
value of ~66.F . This is accomplished by water cva-
poration or by cmpleying reverse osmeosis Tollowed by
evaporation: (e unigue favor charucienstios of maple
syrup are developed during this evaporatton (~93-
NFEC for L5 R process (Willies & ENlls. 1974}
Accarding to trade iflormation. maple syrup consists
priatily of sucrose {~65.8%) with small amounis of
glucose {0.7%), lruclose (3.4%} and Irace levels of oli-
gosaccharides, organic acids. miperals, amino acids and
vitamms {Maorsellh, 19750 Anon, 1984).

The purmpose of this rescarch was to detcemine the
chemical compasition of maple syrup. In particular, the
carbohydreate (sucrosc, glocose and Iruetose}, organic
actd (malic, citric, succinic and lumarie), mineral
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{potassium. magnesiom and calcium} and moislure
content of eighty pure maple syrup samples were deler-
mied. The pH and “Brix of these samples were alsg
determined. The chemical composition of maple syrup
is of importance because temptation exisls lo adullerite
maple sytup viz the addition of inexpensive swecteners.
e is also tmportant for nuiritonal reasons (Morselli,
19738}, Il the chemical composition of maple syrup s
found to be significantly different from one peo-
graphical region to ancther, it may be possible to dewect
such adulteration and ensure product putity,

¥MATERIALS AND METHODS
Materials

In this siudy, 80 pure maple syrop samples collecied
during & 3-year production period were analyzed. The
geographical regions from which samples wore received
are shown in Table |, These seven geographical regions
represent the major produchon arcas in North America
wilth the exceplion of Mew York, Samples for chemical
anglysis were prepared upon ceceipt and were cither
analyzed immedigtely or were stored at —20°C until
anglyred,

Chemical analysis

Total solids were determined using a Canlab Alago
Mumirater relraclameter maintained at a temperature
of 22°C. All samples were analyzed in duplicate and
values reporied as “Brix.

Samplc moistuee contend wis determined emploving a
Karl Fischer Automat uirater (Metrohm AG Hersau,
Swilzerland; Model 433) with 2 645 Muli-Dosinrar.
High performance liquid chromatography {1iPLC)
grade mcthanol {Fisher Scientific. Edmonton. AB) was
blanked with pynidine-free Karl Fischer reapent (BDH,
Edmonton, AB, Comp § Aquastar] prior to analysis.
The system was standurdized by emploving 25 pi of
distilled. deionized water {Millipore, Milli-Q™ Water
Systemn. Milford. MA) with the titrator set for a 203

Tebk: 1. Geopraphicgl regions from which samples  were
received

Mo, of
samples roocived

Country Repioa

Ouzhee 7
OnRlario I

Canada

United Stutes Yermont L4
tassachusens H
Wisconsin &
Mew Hampshire 4
Michigan l

delay 1o cnsure o stable ond point. All samiples were
analyzed in tplicate al ropm lemperature,

Sample pH was determined in duplicals al room
lemperature ssing a Fischer Accumet, Model 624, pH
Meter (Fischer Scienuific, Edmonton, AH). Calibration
wis aceamplished cmploying pH 7.0 and 4.0 baflers.

Samples were pripared [or carbohydrale analysis by
making appropnste dilutions with distilled. deiondsed
water. For sucrese anaiysis ~0.03 g of maple syrup
wats atunrately weighed and dileted 1o 11, For glucose
and fruclose amabysis ~0.875 ¢ of sample was accu-
ralely weighed and brought tw a final dilution of 230 ml.
All sample solutions were passed through a2 0,20 pn
syrimpe lieer {Corning Glass Works, Corting, NY) o
remove parbicuiates prior o HPLC analyvsis. Samples
were gnalyzed on a Waters 625 metal (ree pradient
HPLC [Milford, MAj equipped with a Waters 712 Wisp
gutosampler wsing a CarboPac PAI columm {250 «
4 mrr) zoupled with & CarboPac PAL guacd column (30
» & mmw} {Dionex. Sunnyvale, CA)Y. The mobile phase
was 30 mM sodiom hyvdroxide (NaOH; Fischer Scien-
ufic, Edmonton, AB) at 1 flow rate of 1 ml min™" and
the sample volume was 100 ul. Detection was achieved
caploving a Waters Model 464 PALY with dual gold
clectrode and triple pulsed amperometry at a scnsitivity
of 50 pA. The potentials and durations of the working
clecirode wore maintaned at E, = J05Y. 4 =
U299 5 Ex = 080 ¥, 1o = 20 s By = —DE0 ¥V, {3 =
0.49% 5. Carbohydrates were quantfied by companson
to appropnate standards. The conventration of thes
standards ranged from 6.25 mg 17! 1o 100 mg 171 Stan-
durds were prepared uwsing D-glucose, D-fructose and
sucrose {Aldrich Chemucal Company Inc., Milwaukee,
Wil Chromatograms were plotted employiag Milien-
oiurn 2010 Chromatography Manager soltware {Walers
Chromatography, Milford, MA). Calibration curves
were constructed by plidling peak area versus carbohy-
drite concentration of the standards, Cabibration curves
had correlation coefficients of 0990 or belter,

Sataple orpanic acid {malic, citne, suceinic znd
fumarie acid} content was determined by HPLC. Sam-
ples were prepared by simple diation {~0.63 £in 25 ml
distilled, deionized water) followed by passage through
a 0.20 pemn syringe flter o remove paruculates. Analysis
was accomplished emploving & Waters 625 metal lree
gradient HPLC with a Waters 484 Tunable Absorbance
detector set al 210 nm. An anton exchange columnb
(Phenomener, Torrance, CTA; 300 = 7.8 mim:; Rezex
arganic acid) in series with an anion exchange guard
colomn {3 x 785 mm, Rezcx Organic Guardy was
cmployed for analysis. The mobile phase was U005 N
H,80, at » flow rate of 0.5 mi min ', and the sample
volume was 20 pi. Chromatograms  were  plotied
cmpioying 2 Waters T45E Data Module inicgrator.
The organic acid concentrations were gquantifted by
comparison 1o standards (625 mg 17', 123 mg 17",
250 mg 17! 2nd 300 mg 17! for malic, succinic and citric
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acid). Becaose fumaric acid had an increased detector
1esponse compared with the other organic acids, separate
slandards with concentrations of 0.625 mg 171, 1.25 mp
171, 25 mg 17" and 5 mg | | were emploved. Organic
actd standards were prepared using Dl-malic and
furnaric acid (Sigma Chemical Co., 5t Louis, MO,
succiaie acid (Fisher Scieniific Co., Edmonton, AB) and
citric acid (BDH, Fdmonten, AB). Calibration curves
were consiracled by plotling peak height versus con-
centralion of the standands. Calibration curves had
correlalion coefficients of 0,990 or betier.

Induenively coupled plasma atomic emission spectro-
scopy (ICP-AES} was employed lor analysis o magne-
sium, calcium and potassium in maple syrep {Thermo-
Jarrell-Ash Model 16 spectromeler, Waltham, MAY. The
power cmployed for caleium, magnesium and potassium
analysis was 1350 kW, 1350 kW and 250 kW, respec-
tively, The crossflow nebulizer prossure was 30 psi and
the plasma argon Howrates were 12,01 min~! lor the
torch gas few and 1.0 ml min ' for the auxiliary gas
flow. Sample uptake raie was 2.6 ml min~'. All samples
were diluted 100-fold {~0.25 g in 35 ml HPLC grade
waltr) and aspirated disecily into the ICPLAES The
waveldnigths al which measurements were [zken were
19 am for caldium, 2790 nm for magnesium and
7665 nm ior porassiom. Data was acquired a5 the
average of two 5-5 inegrations employing a Jarrell Ash
PC software system {Waltham, MaA) Caleium, mag-
nesiumn and polassium standards at 3 concentration of
1% mg 1! were prepared lrom commercially purchased
1000 mg 1! stock solutions (SCP Seience, Monteeal,
PO). Blanks (distilled, deionieed waterd, standards and
tuplicates were run at a 1% [mequency. The duplicates
had an average percent dilfercnce of 0.9% for calciwm,
2.6% lor magnesivin and 2.3% flor potassium. Eighi
samples, randomly chosen, were spiked at g level of
5 mg 17! and analyzed. The average petcent recoveries
were MI2% for calciom, 96% for magnesiovm and 1139
for patissium,

Statistical analysis was performed L siudy whether
maple syrap composition vaned significantly with peo-
graphicval ongin. This znalysis was accomplished
employing ANOVA with a muluple comparison proce-
dure (Shefle’s) on the program StaiView 4,00 [Abacus
Concepts, Berkeley, CA) A significance level of 5% was
employed (o dendfy statistical differences.

RESLLTS AND DISCLSSION

Results of 2il chemical analyses arc shown in Table 2. A
summary of these results is presented im Table 3. The
majer carbohydrale found 1o the 20 maple syrup sam-
ples analyzed in this sludy was sucrose. The concentra-
tion of sucrosc in (he maple syrup samples ranged from
3.7 1o 75.8% and had 2 mean value of 8.0 = 4.0%,
The plucose and fruclose concentrations ranged [Tom

0.00 o 9.59% (001% Hmil of detection) and 0.00 to
395% (0.01% limil of detection), respectively, with
mean concentralions of 043 £ 1.11% and 030 *
{.54%, rospectively. Mean values of 55.3%% sucrose,
0.7% glucose and §.4% Iruciose have been reported for
samples collected in 1984 in a trade publication {Anon,
1984y, Tn this study. wthe mean sucrose value obtained
lor maple syrup was higher, and the glucose and fruc-
lose valugs lower, than those reported im that trade
pubtication. Differences in plucose, fructose and sucrose
concentrations may be duc to the age of the maple syrup
sumnples analyzed wn the 1984 study. Unpablished resalts
frem our study have shown that monosacchande levels
increase as storape time increases. Two samples {(#18,
#21) contained levels of glocose and Fructose con-
siderably higher than those lound in the remaining 78
sampies in thiz study and in the afgrementioned trade
publicaiion. These levels cannot be explained by sucrose
mversion duning siorage as these samples were analyzed
within | menth of sap collection and processing. The
high levels of glucose and frectose observed in these
samples may be due to processing, processing method
andor microbial load (Whaten & Morselli, 1985).

Sample "Brx values ranged from 62.2 1o W0 and
had 2 mean vatue of 67.0 = 1.6, While “Brix is tiol a
measure of the actual carbohydrate content of & maple
syrup sample. the values obtained did cotrelae quie
closely to carbohydrate content. For example, maple
syrup sample #2 had a combined carbohydrate (glucose,
fruclose and sucrose) content of 67.5% which apreed
with the Brix vaiuve ol 67.3° This is because carhohy-
drate comprises approximadely 9% of the wial solids
present 1 a mapte syrup (Mocselli. 1973g). By defini-
ten, "Brix is the grams of suerose per 160 2 of sample
material, thos, 2 reltactomeler can be wsed 1o determine
the carbohydrate content of the sap undior finished
syrup (Willits & Hills. 1974).

The US tegai definiuon of maple syrup is “syrup that is
made by Lhe evaporation of maple sap ar by the solution
of mapie concrere {maple segar) and that conains nal
more than 35% water and weighs not less than 1
pounds (o the gallon™ (Wiliits & Hals, 1974). Under this
defimition, 68 samples in the siudy met this standard.

Sample moisture content had a mean vajue of 31.7 L
2.9% aod raniged from 265 to 39.4%. A value of 33%
has been reported for maple syrup {Anoa, 1984), The
méan value reparted for the 30 maple syrup samples in
this study was sigmifcantly diffcrent from that pre-
viously reported. with 20% of the samplecs having a
motslure content < 29% and 1% having 2 maisture
content = 237%, Combmmg moisture with carbghydrate
and "Brix vaiues gave mean valucs of 1M.5% and
8. 7% with a range of 92 8-105.0% and 94.1 H3.1%,
respectively. As the mujor chemical compeoneats of
maple syrup are carbohydrate and water {he combina-
tion of these expenmentally determined resulis should
and did approvimate 100%,.
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TR J5 Stuckal, N, K, Low

Samplke pH ranged ffom 544 12 790 and had 2
mean value of 6,66, These reseits agree wath those of
Robinson et o (1989) who reporied the mean pH of
61 pure maple syrup samples to be 6.60. The vana-
tion in sample pH can be related to microbial con-
mnatien, the removal of crganic acuds with the
niter, or their conversion to flavor compounds during
evaporation of the sap (Robinson e of., 1939 Wiilits
& Hills, 1976).

Tatle 3. Mean and range of chemical composition data for 80
pure maple ayrup samples

Mean Fange
Sucrose {%9) 5D x 400 1.7 154
Cilucose (%) N4y = 1.} 0.00-9.644
Frctose (%) 030 = 0.4 0,004, 0
“Bnx G700 x L6 622 4.0
Moisture content Nt 29 285 94

(%)

pH 67 : b5 36 7Y
Malic acid {%=) 047 = il 0106 b6
Fumaric aod (%) O = ()2 Q00r b2
Calciurm (mg’l) 775 - Y 26E 1707
Mapnesumimnp:l) 167 = 72 10381
Potagsium {mg:1h 26 = 375 1% 2990

Mlandard deviann.

The major orgamc 2cids preseni m maple syrup ure
mahe, ¢itric, succinic and Tumaric, OfF these four organic
acids, oniy malic apd fumarnc acid were quantilated
this study. This is because the citric and succinic acid
levels present in the maple syrup sampless approached
the detection limits of the HPLC system (<625 mg | ")
emplaved for analysis. Sample concentration of Fumaric
acid ranged [tom 0.G0] to 0.012% and had a tmean
valee of B.004 £+ Q.002%. The concentration of
malic acid ranged frem 006 o 0.66% with a mean
concentration of 047 = 0.11%. Momseli (1975a)
reported the mean fumaric and malic acid concenlra-
tipns of mapte syrep to be GO040% and 0.0938%,
respectively, The mean value obtained for malic acid in
thiz siudy was considerably higher than that reported by
Morselli (19752), This may be due to the fuct that only
Vermonl samples were snalysed in her stedy. Cur
results showed the Yermond samples to have 3 mean
malic acid concentration of 043 = 0.13% which is only
siightly lower than the value reported for all 8¢ samples,
however, only Yermont had @ sample with a mahic zcid
concentration as low as 0.06% .

Two maple syrup samples were subjecicd Lo scanning
ICP AES toidentify the major mmerals present. Resuls
from Ihese experimenls showed thal calvium, magre-
sium and potassium were the major metals present in
this natural product. Mineral analysis of the remaining

Talde 4. Chemical composition of maple syTup according 1o geographiczl orgin

Mo, of samples
Glucose
Fructoss
Suerose
CHO - M
MC

“Brix

“Hrix 1 ML
Malic actd
Fuorariyc acid
pH

Ca

Mg

K

ntars
18

I8 L 0.leY
(005475
0,15 + 0.1
(002 .95
#E =310
165.3-75.6)
(e = 2.1
(957104, 3
HL7 = 2%
{26.5-31.2)
T2 x I3
{63.6-6%.1)
UR oL 2.0
(R0 100 )
043 + 0.11
{10 3040 136)

DR+ 0042
{0002 (.07}
G86 + 0.4
{5 M-85
4% 1 271
[465-1 345}
1400 + 45

{34210

TH#&) £ 151

{130 2638)

Quehec
26

052 L L3S
(0.00-9_5%
e - 077
(00 395
L5777 + 45
(51.7-73.6)
V2 + 25
(2331058
3T £ 1.2
(25.0-32.4
s+ 1.4
(61.2-69.%)
0.2 + 26
(95,0102 98
51 + D{o
(MA065)
000 = 0002
AT Q)
&5 + 0,49
15 64-774)
530 4 149
(423 9500
208+ K2
(23-380)
2 £ 3
(1373 25300

Yermanl Massachusails Wisconsim Mew Hampshire
14 G § 4
43 @ .38 0.5 = .26 Q.37 L Qo 9.93 £ 1.32
(09-1.25} (0. 13095 (02065} 013288
D) — 037 51 ¢ 133 0.2 + Q.51 070 + 1.03
(005 1,23} {004 0.5 {009 (.45) {009 2.23)
R4 - 4.2 oG o1 23 o+ 12 BG4 317
(G1L7-74 % (65.7-72 5} {68.3-71.2) (60766 3}
AR 1008 + 2.4 021 + 1.5 HE < 1a
(92 H-104.3) (95 4104 4) L LIERL (96,7104, 23
nd 24 N2 x 15 e+ 1.5 e x 34
(27.3-35% (28.3-12.50 (2B.1-330% (28,8261}
06T = 0y ate £ 1.1 615 = 09 676 = 49
(G5 2-68 1) {65558 7} {(65.8-58.7) {62 2-74.0}
o7l = 2.2 918 + 1.0 o+ 1.3 B o= an
(9a.1-101.8} (95.9-990. %) (96 8- 100,71 (95.7-103.4}
0431 =013 0533 = Oy O £ 010 0.3% - 015
(0062 (0.32-01.62) (0. 3610 .65) (0240 54}
GO = 0002 0005 £ 0002 Od £ 0002 0003 = 0002
(ARSI LI 1) [LELTIRNVAL 4 (1.am02 4k} (IFOebL 1 AMDS)
4,58 = 0,26 G651 = 0.1 6,85 £ 056 4.54 = 009
(oL L-7.04) (627 498 (620 790} (079697
oM L 166 31 = 173 511 L 310 BRE - R
(392 170 (493 981} (457 1380 (266 11610
185 = 51 142 + 75 e = 43 117 = &6
(26 2600 (10 219) (55 18%) (362113
1640 + 211 243 + 395 Hiel + 353 1249 + 332
(1425 1) (1B20-2T17) Clade 24343 (1003 29%0)

“Mean. *Suandard deviaon. “Range. CHCY carbohydeate; MO maisture comeni; Cas caleiom; Mp magnesium, K potassivm,



The chemical compaosition of 80 pure maple syrup somples produced in Morth Apterica iy

purc maple syrep samples was vompleed by employing
[CP-AES. Sample caloium levels were Found to be pre-
SenE At 3 mesn concentration of 775 = 2793 me ! ! and
ranged fron: 266 10 1707 myg I-'. The mean magnesiem
amd polassiam concentrations were 167 = 72 mg 17!
and 2026 + 375 mgl ', respectively, und ranged from
10 to 3mg 7' for magnesivm and 1035 to
990 mg | ' for potassium, Morselli (19750) reporiced
ranges of 266 to 1362 mgsl for caleium, 7.8 to 239 mg
I ' for magnesium and $65 to 2304 mg 1 ¥ for potas-
sium. The caleium tange reported im this study was
slightly tightcr and the magnesium and  potassium
rinimum apd maximum levels were higher than those
reportod by Morselli (197 5a),

As samples were oblamed from each of the major
maple syrup producing regions i Morth America, sta-
listical eorrelation of chemical data and prographical
ongin wus investigated, Choemical dati based on gea-
graphical ongin s presented in Table 4. Unloriunately,
oo stalistical differenges were found between prographica)
regions {or carbohydeate, meisture, "Bz, organic acid
or pH. However, siatistical differences (at a significance
level of 3% were observed (or the three minerals ana-
ivzed, Culvium content varied significanudy  berween
Quebec and Yermoal, magresium cottent varied sip-
nilicantly boiween Guebec and Wisconsin and potas-
sium  content  vared significantly  between  boih
Massachusetts and Ontario and Massuchusetts and
Vermont, but net between Ontario and Yermoni. These
resulis suggest that the mineral conent of maple syrup
may b used o establish the origin of the syrop. This
hypothesis is supporied hy literature. Robinson ef .
{198%) found slatistically significant diffcrences in inter-
proviocial levels for copper in both sap uod syrup (27
sap and syrop samples znalyred from Mova Scolia, Mew
Brunswick and Quehee). Rohinson e wf. also reporied
the site lcation 1o bave a significant influence an sap
composition as they found statistical differences in the
amounts of copper, iton, lead and znc found in sap
eollected Mo different sites.

CONCLLUSIONS

The rexults of this study, which may be the first poer-
reviewed study ol its kind, represent chemical composi-
tivnal duty Tor 80 pure maple syrup samples obdained
fram six peopraphical locations in Morth America. The
chemical resulls showed some patural variation. This
variation may have been dus to genetic and metabolic
characteristics of the tree, environmental Factors (King
& Morsell, 1983), wree spucing (Willits & £hils, 19763,

Page 7 of 7

the time of sap collection (Laing & Howard, 1994, the
tims span between collection and processing, microbial
load, processmg method, the vpe of cquipment
employed and the type and Lthe leogth of maple syrup
storage (Whalen & Morselli, 1985) As delermined
hercin. small variabions do exisl i ell parameters
analyzed. However, ooly the mineral content of maple
syrup showed any signilicantl differences due lo peo-
graphical angin

This lack of chemical diflerence in these samples
may be useful in the detection ol adulterated syrup via
a matrix approach (e whore a nember of chomical
parameters are measured). Mineral analysiz, specili-
cally calcium, magnesium and polassium, may aiso be
uselul in determining the geographiczl oripin of the
S¥TUR.
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Maple sap and syrup are rich sources of
ABA and polyphenols with potential
benefits to health

Yves Desjardins, Ph. D., Agr.
IHC-2010, Lisbon, 25 August 2010
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Maple sap
composition

92-99% water

99% sucrose d.w.
0.15 % glucose d.w.

2 7% oligosaccharides
Organic acid

Polyphenols



Sap collected from:

Acer saccharum
Acer saccharinum
Acer rubrum

Betula alleghaniensis



World Production of Maple Syrup

Chart 1

B United States [ Canada

" | Total
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Production Statistics for Maple Products

190.0
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Glycemic index of Canadian Maple syrup

Low IG High IG

Honey mean ai 55+ 31

Agave syrup mean IG 74 + 84

Maple syrup mean iG 78 + 84

Okinawa syrup mean IG 99 + 51

Corn syrup mean 1G 127 + 54

Glycemic index (Gl)



Mandate

Characterize the physico-chemistry of maple products in
order to determine their potential use as a functional food
of nutraceutical with health added value




Variable measured during project

Antioxidant porantial
(ORAC)

Toral bhanols
Typas of phanols
Organic and amino acids

Acid invertase activity

Minerals
Riboflavin
Triacontanol

Polysaccharides

nature
Molecular mass

Peptides

Groweh regulators




Material and Methods

Starting material: lyophilized

Maple 10 %
Sap conc.

66 %
conc.
Syrup

d



Polyphenol analysis

Total phenols :
Folin & Ciocalteu

Liquid/liquid extraction with ethyl acetate to remove sugars

Phenols compomposition:
Extraction: Kermasha et al (1995)
Derivatization : Deslauriers (2000)
GC-MS:

GC Agilent 5890 - quadrupole MS 5972
SIM detection
Phenomonex ZB-5 column



ABA analysis

Plant material
sample 1

Labelled
Isotope
spiking

?
s

SPE

.....
-

an

1 UHIt ‘Plant 70m';>r.e£',
. = [LC-MS/MS| = | ‘\o' | ' - !‘CJOY‘-f'fC\"J.’\Oh ;
1 ‘ gt ’ [ng/g DW]
! ] P P A L
U v
2 34 7 .
: Selectivity
Extraction Y
Sensitivity

according to

Chiwocha et al.
Plant ].2003

Multiple reaction monitoring



Sugar content of the lyophilized maple
products

% saccharides

d



ORAC activity

Total ORAC
Total ORAC
(uMTE/100g fresh) (uM TE/60 ml fresh)

Sap 15
Concentrate 68
Syrup 726 549
MIfe
Sap 20
Concentrate | 25
964 768
Sap 7/
Concentrate 76

Syrup 805 635




Comparison of antioxidant
of different products

Total ORAC (uM TE /100g frais)*

Maple sap | 4
Maple concentrate 92
Cucumber
Water melon
Tomato
Green pea
Cauliflower
Apple
Pear
Peach
Banana
Kiwi

Maple syrup | 084

Carrot
Red grapes
Broccoli
Other maple products.
Spinach
Strawberry
Raspberry
blueberry

Adapted from Proteggente et al. (2002)




Total phenol concentration

(express in gallic acid eq.)

Total Phenols
(mg/g Dry Weigth)

Total Phenols
(mg/g Dry Weigth)

Sap 0.18 0.24
Concentrate 0.15 0.96
Syrup 0.30 4.92

Sap 0.15 0.19
Concentrate 0.14 0.92
Syrup 0.30 5.18

Sap 0.12 0.20
Concentrate 0.16 |.45
Syrup 0.26 5.14

Honey

Sucrose

AN
vV



Concentration in phenolic compounds
(ug/kg dry weight)

. 19
Vanillin #22 0

20
Hydroxybenzoic ac. %20

. 37 |dentified for |5t time
Syringaldehyde 53

ili . 10 '
Vanilic ac »

21
Homovanilic ac. 29
35
Protocatechuic ac.

. 3
Coniferyl aldehyde 2_29

Syringic ac. -

! 9
Coniferol 7“’

p-Coumaric ac. E—m

129

Concentré B Sirop




Total ABA and metabolites concentration
in different lyophilized maple products

Total ABA + metabolites

Sap Concentrate Syrup

d



Percentage change in ABA and
metabolites over times
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Clinical Nutrition (2007) 26, 107-116

Available at www.sciencedirect.com

-y

“e,? ScienceDirect

EVIER journal homepage: vww.clsevierhealth.com/journals/clou

Results: We found that ABA induced transactivation of PPARy in 3T3-L1 pre-adipocytes in
vitro. Dietary ABA-supplementation for 36 days decreased fasting blood glucose
concentrations, ameliorated glucose tolerance, and increased mRNA expression of PPARy
and its responsive genes (i.e., adiponectin, aP2, and CD36) in WAT. We also found that
adipocyte hypertrophy, tumor necrosis factor-z (TNF-«) expression, and macrophage
infiltration in WAT were significantly attenuated in ABA-fed mice.

Conclusions: These findings suggest that ABA could be used as a nutritional intervention
against type Il diabetes and obesity-related inflammation.
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In maple products we measure 3000 ng/g DW ABA and its
metabolites.

These levels correspond to 3 mg/kg DWV.

If we consider that the dry weight matter of maple syrup is

is about 20 %, one would find about 0.06 yg d’ABA/g in
syrup.

The consumption of 80 g of syrup contains about 5 ppm of
ABA and its metabolites to the body, a quantity close to the
levels showing anti-diabetes effects in mice.




Conclusions/perspectives

® Maple syrup has an antioxidant activity comparable to
that of carrots and kiwis

® The antioxidant activity correlates with the phenolic
content

® Presence of ABA may be related to better control of
glycemia despite the high sugar content of Maple syrup
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Abstract A new lignan glycoside, 5-(3”,4”-dimethoxy-
phenyl)-3-hydroxy-3-(4’-hydroxy-3'-methoxybenzyl)-4-hyd-
roxymethyl-dihydrofuran-2-one 4’-O-u-L-thamnopyranoside
(1), with seven known compounds, compound 2, koabur-
side, icariside E,, cleomiscosin C, cleomiscosin D,
scopoletin, and 5'-demethylaquillochin, were isolated from
the EtOH extract of the wood of Acer saccharum (Acera-
ceae). Their structures were determined by 1D and 2D
nuclear magnetic resonance (NMR) and mass spectroscopy
analysis. All of the isolated compounds, 1-8, were tested
for their antioxidant activity in superoxide dismutase
(SOD)-like assay.

Keywords Acer saccharum - Lignan glycoside -
Phenylpropanoid - Aromatic compound -
Antioxidant activity - SOD - Aceraceae

Introduction

As a part of a research program aimed at the discovery of
biologically active compounds from natural sources, we
reported previously the isolation, structure elucidation, and
the antimicrobial activity of phenylpropanoid, flavonol,
and lignan from Firmiana simplex [1]. Here, we have paid

This work was presented at the 124th Annual Meeting of the
Pharmaceutical Society of Japan, Osaka, Japan, March 2004.

K. Yoshikawa (D<) - Y. Kawahara - S. Arihara - T. Hashimoto
Faculty of Pharmaceutical Sciences,

Tokushima Bunri University, Yamashiro-cho,

Tokushima 770-8514, Japan

e-mail: yosikawa@ph.bunri-u.ac.jp

attention to the chemical study for Acer saccharum (sato-
ukaede in Japanese, Aceraceae), which is known for fallen
arbor leaves belonging to Aceraceae as the tree for which
their autochthonism is North America and to obtain maple
syrup [2]. The previous chemical studies on this tree led to
the isolations of scopoletin [3], urusane and oleanane type
triterpenes, and steroids [4].

Results and discussion

The wood of Acer saccharum was exhaustively extracted
with EtOH at room temperature for 1.5 months. The
extract was separated by ordinary-phase silica gel and
reverse-phase silica gel to furnish a novel lignan glycoside,
compound 1 (1), along with seven known compounds,
compound 2 (2) [5], koaburside (3) [6], icariside E4 (4) [5],
cleomiscosin C (5), cleomiscosin D (6) [7], scopoletin (7)
[3], and 5’-demethylaquillochin (8) [8] (Fig. 1). This is
the first report of the isolations of 2—-6 and 8 from
A. saccharum.

Compound 1 was obtained as a colorless oil, and showed
a [M+H]" peak at m/z 549.2006 in the high-resolution
(HR)-FAB-MS, which corresponded to the molecular for-
mula C,;H3401,, including eleven unsaturations. The IR
spectrum of 1 showed absorptions at 3400, 1760, and
1050 cm™"'. The '*C-nuclear magnetic resonance (NMR)
distortionless enhancement by polarization transfer (DEPT)
and the 'H-NMR spectra were similar to those of olivil [9],
except for the presence of one carbonyl carbon (6 178.8),
one methoxy carbon (6 55.6), and 6-deoxy-hexose moiety.
On acid hydrolysis with 2.5% H,SOy, 1 liberated L-rham-
nose identified by HPLC analysis using an optical rotation
detector (see the following section) [10]. The gross struc-
ture of 1 was determined by analysis of the 2D NMR data,

@ Springer
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OGlc

MeO OMe
OMe
koaburside (3)

0
“oH
OMe R

compound 2 (2) :R=H
icariside E4 (4) :R = Rham

cleomiscosin C (5) :R = OMe
5'-demethylaquillochin C (8) :R = OH

0L,
HO o 0

scopoletin (7)

Glc  : B-D-glucopyranosyl
Rham : oi-L-rhamnopyranosyl

cleomiscosin D (6)

Fig. 1 The chemical structures of compounds 1-8

including heteronuclear multiple quantum coherence
(HMQC), heteronuclear multiple bond correlation (HMBC),
and rotation-frame Overhauser enhancement spectroscopy
(ROESY) experiments. Two 1,3,4-trisubstituted aromatic
rings, one co-rhamnopyranosyl group, and CH-CH-CH,
partial structure were deduced from COSY correlations
(Fig. 2). In the HMBC data, the connectivity from H,-6
(03.88,3.71) to C-2 (6 178.8), C-3 (6 81.8), C-4 (6 52.0), C-1
(6 131.8),C-2' (6 116.1), C-6' (6 124.0), from H-5 (6 5.61) to
C-1" (8 131.9), C-2" (6 110.1), C-6" (6 120.0), from H-6'
(6 7.30) to C-4’ (6 145.7), and from H-1"" (6 5.99) to C-4
revealed the presence of y-butyrolactone, that is, 3-hydroxy-
4-hydroxymethyl-dihydrofuran-2-one, 4’-hydroxy-3’'-methoxy-
benzyl, and 3”,4”-dimethoxy-phenyl, and then they were
connected between C-3 and C-6, C-5 and C-1", ¢-rhamno-
pyranosyl group, and C-4' positions (Fig. 2, Table 1). The
relative configurations of three successive chiral centers at
C-3, C-4, and C-5 in 1 were indicated by the following
NOE analysis as shown in Fig. 3. The NOEs between H-5
(6 5.61)/H,-7 (0 4.63, 4.14), H-4 (6 3.06)/H-2' (5 7.40),
/H-6' (6 7.30), /H-2" (§ 6.80), and /H-6" (9 6.90) indicated
the f-orientations of HO-3 and H-5, and the a-orientation of
H-4. Three methoxy groups at two 1,3,4-trisubstituted
aromatic rings could also be confirmed at the C-3’, C-3”, and
C-4” positions from the NOEs between H-2'/OMe (5 3.65),
H-2"/OMe (6 3.69), and H-5" (6 6.82)/OMe (9 3.62) (Fig. 3).
Thus, from the above findings, the structure of 1 was
formulated as shown for 1.

@ Springer

HO

HO OH

Fig. 2 COSY (thick lines) and HMBC (arrows) correlations for
compound 1

Table 1 NMR spectral data for compound 1 (in pyridine-ds, 150 and
600 MHz)

Position  d¢ ou (J, Hz) Position J¢ ou (J, Hz)
2 178.8 1" 101.8  5.99 (d, 1.3)
3 81.8 2! 72.1  4.81(dd, 3.3, 1.3)
4 52.0 3.06 (m) 3" 72.6  4.72 (dd, 9.3, 3.3)
5 788  5.61(d, 9.3) 4" 73.8  4.36 (t,9.3)
6 426  3.88 (d, 13.1) 5" 71.1  4.47 (m)
3.71 (d, 13.1) 6" 18.6  1.60 (d, 6.3)
7 579  4.63(dd, 11.0,7.4)
4.14 (dd, 11.0,4.4)
1 131.8
2/ 116.1 7.40 (d, 1.6)
3/ 151.0
4 145.7
5 119.0 7.38 (d, 8.2)
6 124.0  7.30 (d, 8.2, 1.6)
1” 131.9
2" 110.1 6.80 (d, 1.9)
3" 150.2
4" 150.2
5 1119 6.82(d, 8.2)
6" 120.0  6.90 (d, 8.2, 1.9)

3-OMe 558  3.65s
3"-OMe 558  3.69s
4"-OMe 55.6  3.62s

Fig. 3 ROESY correlations for compound 1
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The antioxidant activity of 1-7 has been studied with
superoxide dismutase (SOD) assay kit. Vitamin C was used
as a positive control (ICsy 66.2 uM). Among these, com-
pounds 2, 5, and 6 exhibited significant SOD-like activity,
ICsq 3.6, 46.0, and 21.2 uM, respectively.

Experimental
General

Optical rotation was taken on a JASCO DIP-1000 polarimeter.
IR spectra were measured on a JASCO FT/IR-5300 instru-
ment. NMR spectra were recorded on a Varian UNITY 600
spectrometer. The chemical shifts are given in § (ppm) in
CsDsN solution, using tetramethylsilane (TMS) as an internal
standard. NMR experiments included COSY, HMQC, HMBC,
and ROESY. Coupling constants (J values) are given in Hz.
HR-FAB-MS were measured on a JEOL JMS-700 MS station.

Material

A. saccharum was collected at St. Roberts, Quebec, Canada,
in May 2003. A voucher specimen (TB 5429) is deposited at
the Herbarium of the Department of Pharmacognosy,
Tokushima Bunri University, Tokushima, Japan.

Extraction and isolation

The wood of Acer saccharum (3.7 kg) was exhaustively
extracted with EtOH at room temperature for 1.5 months. The
EtOH extract was partitioned between EtOAc and H,O. The
EtOAc soluble-portion (54.0 g) was subjected to silica gel
column chromatography with hexane—isopropyl ether—
MeOH (10:1:0 — 0:1:10). Fraction 6 (3.14 g) and 7 (2.64 g)
were purified by silica gel column chromatography with
isopropyl ether-MeOH (20:1) to yield scopoletin (7,
157.8 mg) from fraction 6, and compound 2 (14.6 mg) from
fraction 7, respectively. Fraction 9 (2.25 g) was subjected to
silica gel column chromatography with isopropyl ether—
MeOH-H,0 (25:3:0.1) and purified by HPLC (ODS, 40-50%
MeOH) to afford cleomiscosin C (5, 85 mg) and 5'-dem-
ethylaquillochin (8, 4.3 mg). Fraction 10 (4.99 g) was also
subjected to silica gel column chromatography with isopropyl
ether—-MeOH-AcOEt-H,0 (6:2:4:1) and purified by HPLC
(ODS, 30-60% MeOH) to afford compound 1 (22 mg),
koaburside (3, 38.7 mg), icariside E4 (4, 138.6 mg), cle-
omiscosin C (5, 37.3 mg), and cleomiscosin D (6, 13.4 mg).

Compound 1
Amorphous solid. [«]p —40.1° (c 1.7, MeOH). FT-IR (dry

film) cm™': 3400 (OH), 1760 (C=0), 1050 (OH). HR-FAB-MS
m/lz: 549.2006 (calculated for C,7H34015: 549.1973).

Page 3 of 3

Acid hydrolysis of compound 1

A solution of 1 in 5% H,SO4—dioxane (1:1) was heated at
100°C for 2 h. The reaction mixture was diluted with H,O
and then neutralized with Amberlite IRA-35 and evapo-
rated in vacuo to dryness. The identification and the b or
L configuration of rhamnose was determined by using RI
detection (Shimadzu RID-10A) and chiral detection (Sho-
dex OR-1) by HPLC (Shodex RSpak NH,P-50 4D,
CH;CN-H,0-H3PO,, 95:5:1, 1 mL/min, 47°C), by com-
parison with an authentic sugar (10 mmol of L-rham). The
sugar portion gave the following peak of L-(4+)-Rham at
4.60 min.

Superoxide dismutase-like activity

SOD-like activity was determined according to the method
of Ukeda et al. [11] using an SOD Assay Kit-WST (Dojindo
Lab., Kumamoto). A test sample was dissolved in DMSO to
obtain a final DMSO concentration of 0.8% (v/v).

Acknowledgments The authors are grateful to Ms. Y. Watanabe,
MIC Co. Ltd.,, Mr. L. Bergeron, L.B. Maple Treat Inc., and
Dr. T. Ishiguro, BioPharm Toyono, for supplying the material of
A. saccharum.
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