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S Honeys Varying in Glucose and Fructose
ontent Elicit Similar Glycemic Indexes
ENNIFER ILANA ISCHAYEK, MS, RD; MARK KERN, PhD, RD
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BSTRACT
he glycemic index of honey may vary, depending upon

ts floral variety and fructose-to-glucose ratio. We deter-
ined the glycemic index of four US honey varieties in 12
ealthy adult men and women with a mean (�standard
rror) age of 24.5�1.5 years. The glycemic index of
50-mL solution servings of clover, buckwheat, cotton,
nd tupelo honeys providing 50 g carbohydrate were as-
essed relative to triplicate feedings of 50 g carbohydrate
s a glucose solution. Fructose-to-glucose ratios were
.09, 1.12, 1.03, 1.54, for clover, buckwheat, cotton, and
upelo, respectively. Blood was collected after an over-
ight fast and 15, 30, 45, 60, 90, and 120 minutes after

ntake. Ten minutes were allowed for food consump-
ion. Areas under the glycemic response curves for each
oney were expressed as percent means of each partici-
ant’s average response to glucose feedings. The means
�standard error) of the glycemic index were 69.2�8.1,
3.4�6.4, 73.6�6.6, 74.1�8.2 for clover, buckwheat, cot-
on, and tupelo honeys, respectively. No statistically sig-
ificant differences between the honeys were apparent,
or was a relationship between glycemic index and the
ructose-to-glucose ratio detected, indicating that small
ifferences in fructose-to-glucose ratios do not substan-
ially impact honey glycemic index.
Am Diet Assoc. 2006;106:1260-1262.

lycemic index is a measure of the effect that foods
have on blood glucose and was developed as a means
to classify foods for practical applications, such as

reatment of diabetes (1). The glycemic index is calcu-
ated as the incremental area under the curve, as de-
cribed by Wolever and colleagues (2). Factors recognized
o raise glycemic index include a high glucose or starch
particularly amylopectin) content and low concentra-
ions of food components that will inhibit digestion or
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bsorption, while foods that produce lower glycemic in-
exes are often rich in fructose, fiber, fat, and/or protein
1,3-6).

Research has suggested that floral sources of honey
ay influence glycemic index (3). Some honey varieties

ppear to have a lower glycemic index, while others pro-
uce a more moderate response, which appears to depend
n nutrient content. No studies of US honey varieties are
vailable; therefore, determining the glycemic index of
oneys produced in the United States can have important

mplications for honey selection for specific situations.
According to the US Department of Agriculture Na-

ional Nutrient Database, honey has a typical fructose-
o-glucose ratio of 1.15. This high ratio is thought to be
he primary reason for the moderate-to-low (32 to 87)
lycemic index of honey varieties (3). Those honey vari-
ties with the lowest fructose-to-glucose ratio tend to
ave the highest glycemic index (3).
The objective of this study was to determine the glyce-
ic index of four varieties of US honey (clover, tupelo,

otton, and buckwheat) differing in carbohydrate compo-
ition. It was hypothesized that glycemic index would
ary among honey varieties, with glycemic index decreas-
ng as the ratio of fructose-to-glucose increased.

ETHODS
welve healthy subjects (six men and six women; mean

�standard error] age of 25�1.5 years; mean [�standard
rror] body mass index [calculated as kg/m2] of
4.0�0.99) from San Diego State University were re-
ruited to participate. Subjects were nonsmokers, not
regnant, free from metabolic disorders, and not taking
ny medications known to affect metabolism. Written
nformed consent was obtained from all subjects, and the
tudy was approved by the San Diego State University
nstitutional Review Board.

Clover (Vazza Farms, Hermiston, OR), tupelo (Tropical
lossom Honey Co, Edgewater, FL), cotton (Gene Brandi
piaries, Los Banos, CA), and buckwheat (Vazza Farms,
ermiston, OR) honeys were analyzed for their macronu-

rient contents and monosaccharide composition at Q
aboratories (Cincinnati, OH) by Association of Official
gricultural Chemists procedures 925.45D (moisture),
23.03 (ash), 981.10 (protein), 950.54 (fat), and 982.14
sugars). The portion size required to provide 50 g carbo-
ydrates was determined from these results. All honey
ested for nutrient content and human testing was from a
ingle batch prepared at the beginning of the study.
Glycemic indexes of servings of the honeys providing

0 g carbohydrates were assessed relative to 50 g glucose

s a 250-mL solution, according to the methods of

© 2006 by the American Dietetic Association
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olever and colleagues (2,5). The 50 g glucose was pro-
ided as Trutol glucose tolerance beverage from Nerl
iagnostics (Providence, RI). The honeys were diluted in
50 mL water prior to consumption and all test meals
ere consumed within 10 minutes. Subjects reported to

he laboratory after a 12-hour overnight fast on seven
eparate occasions. To reduce variability, the glycemic
esponse to glucose was assessed as the standard on three
ccasions. The mean (�standard error) area under the
urve for the standards was 4,266�588 units. The aver-
ge coefficient of variation for the triplicate measures was
1.8%. The control and test foods were assessed in ran-
om order. Capillary finger-prick blood samples were col-
ected in a 250-�L heparinized Natelsen capillary tube
uring fasting and at 15, 30, 45, 60, 90, and 120 minutes
fter consumption of each meal. Collected blood was cen-
rifuged at 5°C for 10 minutes at 1,200g. Aliquoted
lasma was frozen and stored at �70°C for subsequent
atch analysis of glucose concentrations. Plasma glucose
as assessed enzymatically with a kit from Stanbio Lab-
ratory (Boerne, TX). The area under the glycemic-
esponse curve of the four varieties of honey was ex-
ressed relative to the mean response to the glucose
tandard trials.
Results are given as mean�standard error of mean.

tatistical analyses were conducted using the Statistics
rogram for Social Sciences (SPSS, version 11.5.0, 2002,
PSS Inc, Lead Technologies Inc, Chicago, IL) computer
oftware package. Differences in glycemic index response
mong honey varieties were determined by analysis of
ariance tests. Tukey’s post hoc test was applied where
ppropriate. Pearson’s product-moment correlation anal-
sis was employed to explore a potential correlation be-
ween fructose-to-glucose ratio of honeys and glycemic
ndex. Statistical significance was selected at an � level of
�0.05. All outliers (�2 standard deviations from the
ean) were discarded, as described by Wolever and col-

eagues (2).

ESULTS AND DISCUSSION
acronutrient contents and sugar profiles of the honeys

re shown in Table 1. The fructose-to-glucose ratio of the
oneys ranged from 1.03 (cotton) to 1.54 (tupelo).

Table 1. Macronutrient composition and sugar profile of four va-
rieties of honey produced in the United States (g per 100 g)

Clover Tupelo Cotton Buckwheat

Water 13.32 14.19 11.10 12.86
Protein 0.36 0.33 0.40 0.74
Fat 0.49 0.99 0.48 0.60
Carbohydrates 85.77 84.41 87.67 85.66

Glucose 31.9 25.9 35.2 32.0
Fructose 34.8 39.8 36.4 35.7
Lactose �0.2 �0.2 �0.2 �0.2
Maltose 3.3 4.4 2.3 2.7
Sucrose 2.2 3.9 2.2 2.4

Fructose to glucose 1.09 1.54 1.03 1.12
Glycemic indexes for the different honey varieties are i
rovided in Table 2. There was an outlying glycemic
esponse (�2 standard deviations from the mean) for one
ubject for each of the cotton and buckwheat honey trials.
hose data were discarded from analysis. No significant
ifferences in glycemic index were detected among the
oneys [F(3,42)�0.093; P�0.964; �2�0.007). There was
o relationship detected between the fructose-to-glucose
atio of the honeys and their respective glycemic re-
ponses (r�0.031, P�0.410).
Glycemic indexes of clover, tupelo, cotton, and buck-
heat honeys fell in the range (range�32 to 87) reported

or other honeys (3). Interestingly, 10 of 11 previously
eported studies tested the glycemic indexes based on
ortion sizes of honey providing �25 g carbohydrates. In
ddition, it is unclear whether or not the available car-
ohydrate differed between the honey feeding and the
tandard feeding. The highest reported glycemic index for
oney (87�8) was observed by Jenkins and colleagues (1),
ho used a 50-g carbohydrate portion. Results of the
resent study call into question the glycemic indexes
eported in studies that failed to feed a standard amount
f carbohydrate.
For example, Ionescu-Tirgoviste and colleagues (7),
ho determined the glycemic index of Romanian locust
oney to be 32, did not follow the standard protocol to
etermine glycemic index (2). To begin with, subjects
ere only fed a 25-g carbohydrate portion of honey. Sec-

ndly, calculations for the area under the curve to deter-
ine glycemic index were based on the average blood-

lucose response of all subjects collectively instead of
xpressing the area under the glycemic-response curve as
percent of the mean response to the standard food taken
y the same subject. In addition, the glycemic response to
oney (n�8) was compared with the glycemic response of
he control food in subjects whose response to honey was
ot necessarily tested (n�13), and the response to the
lucose standard was only tested once. Finally, blood-
lucose response was evaluated at baseline and at 5, 30,
0, 90, and 120 minutes, omitting the 45-minute evalua-
ion typically used as well. These differences in protocol
re likely to explain much of the difference in glycemic
ndex between the locust honey and the honeys presently
valuated.
Contrary to our expectations, there was no trend ob-

erved between the fructose-to-glucose ratio and the gly-
emic index. Fructose has a lower glycemic response (gly-
emic index�19�2) than starch or glucose (glycemic
ndex�99�3) because it is absorbed by a saturable facil-

Table 2. Glycemic index of four varieties of honey produced in the
United Statesa

Glycemic index

4 mean�SEM a3
Clover 69.2�8.1 (n�12)
Tupelo 74.1�8.2 (n�12)
Cotton 73.6�6.6 (n�11)
Buckwheat 73.4�6.4 (n�11)

aSEM�standard error of the mean.
tated diffusion process and must be converted to a glu-
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ose derivative by the liver before entering the general
irculation (3). Some research suggests that the glycemic
ndex of pure fructose may be as low as 12 when assessed
ersus a glucose standard (8). Because glucose has a
ajor effect on glycemic response and because it is a

rimary carbohydrate of the honey varieties tested, sim-
lar glucose contents might explain the close glycemic
ndex values. Furthermore, when fructose is fed in com-
ination with other carbohydrates, fructose is absorbed at
much faster rate than when fed alone (9).
The observed glycemic indexes of clover, tupelo, cotton,

nd buckwheat honey (glycemic index range�69.13 to
4.14) are similar (3) to the average value reported for
able sugar (sucrose) (glycemic index�68�5); however,
o direct comparisons to sucrose were made in this study.
hile there does not appear to be a lower glycemic re-

ponse for the varieties of honeys tested here vs glycemic
ndex values previously reported for sucrose, honey may
rovide some nutritional advantages over some refined
weeteners, such as table sugar. For example, honey,
specially darker varieties such as buckwheat honey, pos-
esses natural antioxidants that can decrease oxidative
tress in humans (10,11). Furthermore, most varieties of
oney are sweeter than table sugar because of their fruc-
ose content, thus honey can provide equal sweetening
ower with a lower glycemic load and less energy con-
umption than some other sweeteners. Honey also pro-
ides prebiotic properties on bifidobacteria, which can
elp improve gut health (12). Because honey has poten-
ial health benefits and induces a similar glycemic re-
ponse, substituting honey in place of sugar may be war-
anted.

his study was supported by a grant from the National
oney Board (to M. K.).
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