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1. Introduction
It is important that a healthy diet includes proper and 
well-balanced nutrition. In patients with diabetes, which 
is rapidly becoming one of the major causes of premature 
illness and death worldwide, there is confusion about 
carbohydrates as the single most important source of food 
energy. The World Health Organization estimates that 
347 million people worldwide have diabetes and projects 
that diabetes deaths will be the 7th leading cause of death 
in 2030 (1). The rate of increase of diabetes in Turkey is 
greater than the rates in the rest of Europe (2). Diabetes 
mellitus is the fifth leading cause of mortality in the 
country and, according to the results of Turkey’s diabetes, 
hypertension, obesity, and endocrinology diseases 
prevalence study (TURDEP-II), the prevalence of type 2 
diabetes in the country is 13.7% (2,3). The financial cost 
of diabetes in Turkey has increased by 40% over the last 

15 years, with the main cause of this rapid increase being 
lifestyle changes, including those related to nutrition (2,3).

Some indices of carbohydrates based on their 
physiologic functions have been proposed. One well-
established index is the glycemic index (GI), which can 
be used to classify foods based on their blood glucose-
raising potential. The GI classification system in common 
use categorizes foods into 3 groups, as low (<55), medium 
(55–69) or high GI (>70). Clinical trials (4) in normal 
and diabetic subjects show that low-GI diets reduce mean 
blood glucose concentrations and insulin secretions. 
Therefore, compared with high-GI diets, low-GI diets 
offer a good means of reducing the rapidly increasing 
rates of diabetes in many countries (4). An international 
report on carbohydrates in human nutrition suggests that 
the concept of GI provides a useful means of selecting the 
most appropriate carbohydrate-containing foods for the 

Background/aim: Clinical trials have shown that low glycemic index (GI) nutrition reduces mean blood glucose concentrations and 
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maintenance of health and the treatment of several disease 
states like diabetes (4).

Honey has been a preferred healthy natural product 
and a valuable foodstuff since ancient times. Traditionally, 
honey has been consumed in Turkey to enhance health and 
to treat a number of different diseases; it is used by all age 
groups, from children to the elderly. However, “Is honey 
allowed for diabetic patients?” is a question frequently 
addressed to healthcare professionals in clinical practice.

Carbohydrates are very important nutrients in honey. 
Honey contains 25 different oligosaccharides, in addition 
to the main polysaccharides, glucose and fructose. The flora 
of the region in which honey is produced can significantly 
affect its properties such as color, taste, aroma, and the 
chemical composition of honey, which varies according to 
the nectar (5,6). The content of honey, especially the level 
of carbohydrates, varies according to the botanical origin 
(5,6). 

The International Tables of Glycemic Index list honey 
as having a GI of 32 to 87, depending on botanical origin 
and fructose content (7). It is known that unifloral honeys 
have varying fructose content and fructose/glucose ratios. 
Furthermore, a study has shown that honey produces 
an attenuated postprandial glycemic response when 
compared with sucrose in both patients with diabetes and 
healthy individuals (8).

Turkey is one of the world’s largest producers of honey. 
It has a wide range of honeys, which are defined according 
to both their botanical and geographical origin due to 
the many varieties of flora, ecological differences, and 
biological varieties. However, no study has been carried 
out to determine their GI values and their effect on glucose 
metabolism. Therefore, the current study was conducted 
to determine and classify the GI values of 6 different 
monofloral honey samples, all of which are produced 
nationwide, and to determine the changes observed in 
serum glucose, insulin, and C-peptide levels before and 
after the consumption of these honeys.

2. Materials and methods
2.1. Honey samples
The honey samples selected for analysis in the present study 
were collected from 6 different regions (Bursa, Muğla, 
Kayseri, Zonguldak, Aydın, and Mersin). The monofloral 
honey samples used in the current study were collected 
in a filtered form from beekeepers in 2012, with at least 
5 samples collected from each of the 6 monofloral honey 
varieties (citrus, milk-vetch, chestnut, thyme, lime, and 
pine honeys), upon which pollen analysis was carried out. 
The pollen in each area was analyzed using a Nikon E 200 
light microscope. Honeys containing 45% or more pollen 
were deemed to be “monofloral”, and those containing 

the most predominant pollen of most of the plants were 
included in the study. Each honey sample was tested on at 
least 15 volunteers and the reference food was tested twice.
2.2. Study group
The present study was initiated with approval by the 
Erciyes University Clinical Research Ethics Committee as 
the Institutional Review Board dated 07.08.2012, number 
212/564. The study group was composed of 20 healthy 
students with a mean age of 20.8 ± 1.8 years and enrolled 
at Erciyes University. The study inclusion criteria were: 
BMI < 25, no regular drug use, absence of food allergies, 
absence of family history of diabetes, absence of any known 
disease, and not being on a special diet. All volunteers 
were informed about the nature of the study, and after 
obtaining informed consent their data were recorded and 
blood samples were obtained. In terms of sample size, the 
presence of 10 individuals in each group had a power of 
80% to test a difference at a P level of 0.05; this was an 
acceptable size for GI investigations (9).
2.3. Determination of GI
The participants were instructed to include a daily intake of 
300 g of carbohydrates in their diet and to avoid excessive 
exercise on the day before the test. All participants fasted for 
10–12 h before the test. Each participant was given 50 g of 
pure glucose as the reference food twice in different weeks, 
while portions of honey carbohydrates were given as a test 
food 5 times in different weeks. The first blood sample of 
the participants was taken from the capillary vessels of the 
finger using an automatic lancet (Safe-T-Pro, Germany). 
The participants then consumed 50 g of the reference 
food or a honey equivalent to 50 g of carbohydrates with 
250 mL of water. Blood samples were taken in a similar 
manner at 15, 30, 45, 60, 90, and 120 min, and the amounts 
of blood glucose found in the obtained blood samples were 
recorded. The incremental area method was employed to 
determine GI values. The honeys were classified as having 
low, medium, or high GI. The honeys with GI values below 
55% were defined as having low GI, GI values between 
55% and 69% were defined as medium, and those with GI 
values above 70% were defined as high GI (10–13). 
2.4. Determination of biochemical parameters
Venous blood samples were taken from all individuals 
for biochemical analysis before and after the test. The 
biochemical analyses were performed in the Central 
Laboratory of Gevher Nesibe Medical Faculty Hospital at 
Erciyes University. Glucose levels were determined using 
the spectrophotometrical method in an Abbott Architect 
C 800 autoanalyzer (ISE rate of 400 tests/h) (Abbott 
Laboratories, Turkey). Insulin and C-peptide levels were 
measured using an Immulite 2000 XPi Immunoassay 
system (200 tests/h) (Siemens Healthcare, USA) and with 
compatible kits. 
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2.5. Statistical analysis
All of the data obtained during the study were assessed 
using SPSS 16.0 under the supervision of academicians 
from Erciyes University, Faculty of Medicine, Department 
of Biostatistics and Medical Informatics. The compatibility 
of the variables with the normal distribution was 
investigated using Shapiro–Wilk tests. As the GI values of 
the honeys had a normal distribution, descriptive analyses 
were given using the means and standard deviations. 
Significance tests were carried out to evaluate differences 
between the groups and correlation coefficients were 
determined between the GI values of the honeys and their 
glucose contents. Statistical significances were calculated 
using Pearson’s test. P < 0.05 was considered significant.

3. Results
The highest percentages of pollens were measured in 
chestnut and thyme honeys (Table 1). The GI values of 
monofloral honeys ranged between 44.9 ± 15.0 and 69.1 
± 27.3 (Table 2) and none of the GI values of the studied 
monofloral honeys were found to be high. While citrus 
(44.9 ± 15.0) and thyme honeys (52.6 ± 20.1) were in 
the low-GI group, the GI values of the milk-vetch (69.1 
± 27.3), chestnut (55.5 ± 20.2), pine (58.8 ± 27.0), and 
lime (55.3 ± 18.4) honeys were found to be medium. The 

honey with the highest fructose content was citrus (36.9 
%) and this variety also had the lowest GI. Serum glucose 
levels decreased 120 min after consumption of the honeys 
and the reference food compared with the initial values 
of those levels (Table 3). While no difference was found 
in serum insulin, C-peptide, and glucose levels before the 
consumption of honey or the reference food, the serum 
insulin and C-peptide values in all honey-administered 
subjects after consumption were found to be lower than 
those in the reference food-administered subjects. Serum 
insulin levels increased after reference food consumption, 
and this increase was significant, especially after the 
consumption of the second reference food (P < 0.05). 
While a decrease in serum insulin levels was observed 
after the consumption of chestnut, lime, and thyme 
honeys, only the decrease that occurred following the 
consumption of chestnut honey was significant (P < 0.05). 
Honey consumption caused no significant differences 
in C-peptide levels (P > 0.05). However, the increase 
observed following reference food consumption was quite 
prominent and it was higher than all of the values obtained 
following honey consumption (P < 0.05) (Table 3). All 6 
monofloral honey samples demonstrated similar blood-
glucose curves, and all samples (including glucose) had a 
mean blood-glucose level peak at 30 min (Figure). 

Table 1. Geographical and botanical origins of monofloral honey samples and predominant pollen rates (%).

Geographical origin Botanical origin Predominant pollen (%)

Mersin Citrus spp. (citrus) 71.5

Kayseri Astragalus spp. (milk-vetch) 60.39

Bursa Castanea spp. (chestnut) 93.60

Aydın Thyme spp. (thyme) 92.18

Zonguldak Tilia spp. (lime) 46.8

Muğla Pinus spp. (pine, honeydew) >3 HDE

Table 2. Glycemic index (GI) values and GI classification of honeys.

Honey types GI values ± SD Minimum Maximum GI classification

Citrus honey 44.9 ± 15.0 14.3 72.3 Low

Milk-vetch honey 69.1 ± 27.3 25.2 109.0 Medium

Chestnut honey 55.5 ± 20.2 26.1 89.4 Medium

Thyme honey 52.6 ± 20.1 17.1 85.0 Low

Lime honey 55.3 ± 18.4 20.7 84.5 Medium

Pine honey 58.8 ± 27.0 30.1 103.4 Medium

* P < 0.05.  Reference values: insulin: 2.6–29 µIU/mL; C-peptide: 0.9–7.1 ng/mL; glucose: 70–105 mg/dL.
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4. Discussion
GIs of many basic foods have been determined and 
International Tables of Glycemic Index have been 
published (14). However, it has been suggested that the GI 
of each food may vary from one region to another (15).

In the current study the citrus and thyme honeys 
fell in the low-GI group (<55), whereas the other tested 
monofloral honeys fell in the medium-GI group (55–
69) (Table 2). There are several studies related to the 

determination of GI of honey in healthy individuals. The 
International Tables of Glycemic Index list honey as having 
a GI of 32 to 87 (7). The reason for this is that the chemical 
constituents of honey are not constant, and they vary 
according to botanical and geographical origins. Deibert 
et al. (15) determined the GI values for chestnut and lime 
honeys as 53.4 and 55.9, respectively; in the current study, 
these values were 55.5 and 55.3, respectively.

Studies have shown that fructose reduces hyperglycemia 
or glucose levels in rodent models of diabetes, healthy 
subjects, and diabetic patients (16–20).  Evidence suggests 
that fructose consumption prolongs gastric emptying, 
which may slow down the rate of intestinal absorption 
(21,22). Besides that, fructose, which is an important 
component of honey, is known to cause a minimal 
stimulation of insulin secretion and a slow increase in 
blood glucose levels (23).

In a study in which natural honey, glucose, and 
simulated honey were compared, it was reported that 
natural honey modulated the physiological glycemic 
response with rebound recovery of plasma glucose levels 
(24).  Yaghoobi et al. (25) showed that, compared with 
sucrose, healthy individuals who consumed natural honey 
for 30 days had lower fasting blood-glucose levels. In 
another study conducted on healthy volunteers, lower 
serum-glucose concentrations and glycemic response were 
recorded with honey than with a glucose-fructose solution 
(26). Agrawal et al. (27) reported that honey decreased the 
postprandial glycemic response in patients with glucose 
intolerance.

Table 3. Serum biochemical analysis before and 120 min after intake of the reference food or the monofloral honey samples.

Parameters

Citrus honey Milk-vetch honey Chestnut honey Thyme honey

pre post pre post pre post pre post

Mean ± SD  Mean ± SD    Mean ± SD  Mean ± SD  Mean ± SD   Mean ± SD    Mean ± SD  Mean ± SD  

Glucose (mg/dL) 85.2 ± 11.6 77.8 ± 9.4* 78.2 ± 5.9 70.7 ± 8.2* 77.4 ± 5.4 72.5 ± 5.4 84.8 ± 6 75.5 ± 8.0*

Insulin (µIU/mL) 9.7 ± 7.9 10.2 ± 6.9 7.8 ± 5.4 9.4 ± 6.2 7.7 ± 4.3 5.5 ± 2.8* 10.6 ± 7.3 10.5 ± 6.1

C-peptide (ng/mL) 2.2 ± 1.6 2.1 ± 0.8 1.8 ± 0.6 2.0 ± 0.9 1.6 ± 0.5 1.6 ± 0.4 1.7 ± 0.7 1.9 ± 0.7

Parameters

Lime honey Pine honey Reference food; 1st test Reference food; 2nd test

pre post pre post pre post pre post

Mean ± SD   Mean ± SD   Mean ± SD   Mean ± SD    Mean ± SD  Mean ± SD   Mean ± SD   Mean ± SD  

Glucose (mg/dL) 76.1 ± 5 73.9 ± 4.4 82 ± 8.5 77.3 ± 6.2* 76.1 ± 4.8 65.7 ± 8.8* 80.5 ± 6.7 71.6 ± 11.9*

Insulin (µIU/mL) 7.8 ± 3.7 6.8 ± 3.3 6.8 ± 4.5 7.9 ± 3.2 7.7 ± 4.5 11.2 ± 10.0 7.8 ± 5.5 12.1 ± 7.1*

C-peptide (ng/mL) 1.6 ± 0.6 1.5 ± 0.5 2.2 ± 0.8 2.6 ± 1.1 1.8 ± 0.8 2.9 ± 2.2* 1.6 ± 0.8 2.9 ± 1.5*

* P < 0.05. Reference values: insulin: 2.6–29 µIU/mL; C-peptide: 0.9–7.1 ng/mL; glucose: 70–105 mg/dL.

–1.00

0.00

1.00

2.00

3.00

4.00

0 30 60 90 120

Ch
an

ge
s i

n 
pl

as
m

a g
lu

co
se

 le
ve

ls 
(m

m
ol

/L
)

Time

Glucose
Citrus
Milk–vetch
Chestnut
�yme
Lime
Pine

Figure. Changes in plasma glucose concentration after the 
reference food and the monofloral honey samples. 
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Oligosaccharides have modulatory effects on 
microbiota of the digestive system and systemic effects 
(20,28–30). Some studies reported that a diet based 
on Palatinose (isomaltulose), a disaccharide found in 
honey, suppressed postprandial hyperglycemia and had 
a beneficial effect on parameters related to metabolic 
syndrome (31). 

Citrus honey had the highest fructose content (36.9%) 
of all the honeys in the current study; at 30 and 60 min 
after the consumption of citrus honey, which recorded the 
lowest GI, a lower increase was observed in blood-glucose 
levels when compared with other honeys and glucose. The 
fastest increase in blood glucose at these durations was 
observed in the reference food and in milk-vetch honey, 
which had a higher GI (Figure). 

In one study honey caused a higher C-peptide increase 
than comparable amounts of sucrose or glucose (8), while 
in another study, it was found that lime honey caused a 
lower C-peptide increase than comparable amounts of a 
fructose/glucose mixture (28). It should be noted that there 
are differences in the results of studies related to the effects 
of honey on serum insulin and C-peptide levels. Watford 
et al. (28) stated that very small amounts of fructose, which 
is the main component of honey, could increase hepatic 
glucose uptake and glycogen storage, as well as reduce 
peripheral glycemia, and thus insulin levels. Fructose 
ingestion or fructose-enriched meals markedly reduced 
plasma glucose and serum insulin in healthy, impaired 
glucose-tolerant, overweight, obese, and type 1 and type 
2 diabetic subjects (17,18,30–33). In another study, it 
was found that honey significantly decreased the serum 
glucose concentration and C-peptide and insulin levels 
in healthy individuals when compared with a glucose-
fructose solution that was prepared at the same ratio 
(34). In healthy subjects, compared with dextrose, honey 
supplementation was shown to elicit lower increments in 
serum insulin and C-peptide levels (34). Elliott et al. (35) 
found that honey intake caused a significant lowering of 
plasma insulin and C-peptide in normal subjects when 
compared with sucrose and dextrose intake; they related 
their findings to the fructose content of honey.

In the current study, by the end of the 120 min after 
the consumption of glucose (the reference food), serum 
insulin and C-peptide levels were still significantly high, 
while honey consumption caused no such significant 
difference in C-peptide levels (P > 0.05). Moreover, 
following the consumption of chestnut (P < 0.05), lime (P 
> 0.05), and thyme (P > 0.05) honeys, serum insulin levels 
decreased (Table 3).

It can be said that the high fructose content and the 
combined presence of glucose and fructose in monofloral 
honeys produced in Turkey, as used in the current study, 
facilitate fructose absorption and have a positive effect on 
serum insulin and C-peptide levels. 

In conclusion, in the present study the GI values of the 
tested monofloral honeys from Turkey were determined 
to be low or medium. According to these results and the 
results of almost all previous studies, it is recommended 
that diabetic patients should consume honey rather than 
glucose. The diabetic diet is strictly controlled in terms of 
carbohydrates, and therefore individuals with diabetes and 
impaired glucose tolerance should prefer types of honey 
with a low GI in their nutrition. Citrus honey and thyme 
honey were determined to have a low GI. Additionally, it 
is interesting that serum insulin levels were determined to 
be significantly low 2 h after chestnut honey consumption, 
while a significant increase was observed after reference 
food consumption.  

To the best knowledge of the authors, there has not 
been any previous report related to the GI determination 
of different Turkish honeys. Long-term research is needed 
to evaluate in detail the metabolic effects of different 
types of honey with different GIs on healthy and diabetic 
individuals. 

Acknowledgments
The authors express their gratitude for the grant by 
TÜBİTAK (the Scientific and Technological Research 
Council of Turkey) (code 1002-112S549). The authors also 
would like to express special thanks to the academicians 
from the Department of Biostatistics and Medical 
Informatics at Erciyes University for their supervision in 
the statistical work. 

References

1. World Health Organization. Global Status Report on 
Noncommunicable Diseases 2010. Geneva, Switzerland: 
WHO; 2011.

2. Satman I, Omer B, Tutuncu Y, Kalaca S, Gedik S, Dinccag N, 
Karsidag K, Genc S, Telci A, Canbaz B et al. Twelve-year trends 
in the prevalence and risk factors of diabetes and prediabetes in 
Turkish adults. Eur J Epidemiol 2013; 28: 169–180. 

3. Satman I, Yilmaz T, Sengül A, Salman S, Salman F, Uygur 
S, Bastar I, Tütüncü Y, Sargın M, Dinççag N et al. The 
TURDEP group. Population-based study of diabetes and 
risk characteristics in Turkey: results of the Turkish diabetes 
epidemiology study (TURDEP). Diabetes Care 2002; 25: 1551–
1556. 

http://dx.doi.org/10.1007/s10654-013-9771-5
http://dx.doi.org/10.1007/s10654-013-9771-5
http://dx.doi.org/10.1007/s10654-013-9771-5
http://dx.doi.org/10.1007/s10654-013-9771-5


488

ATAYOĞLU et al.  / Turk J Med Sci

4. Report of a Joint FAO/WHO Expert Consultation. 
Carbohydrates in human nutrition. (FAO Food and Nutrition 
Paper-66). Rome, Italy: FAO/WHO; 1998.

5. Al-Mamary M, Al-Meeri A, Al-Habori M. Antioxidant 
activities and total phenolics of different types of honey. Nutr 
Res 2002; 22: 1041–1047.

6. O’Sullivan AM, O’Callaghan YC, O’Connor TP, O’Brien NM. 
Comparison of the antioxidant activity of commercial honeys, 
before and after in-vitro digestion. Pol J Food Nutr Sci 2013; 
63: 167–171. 

7. Foster-Powell FK, Holt S, Brand-Miller JC. International table 
of glycemic index and glycemic load values. Am J Clin Nutr 
2002; 76: 5–56.

8. Abdulrhman M, El-Hefnawy M, Hussein R, El-Goud AA. The 
glycemic and peak incremental indices of honey, sucrose and 
glucose in patients with type 1 diabetes mellitus: Effects on 
C-peptide level—a pilot study. Acta Diabetol 2011; 48: 89–94.

9. Arcot J, Brand-Miller J. A Preliminary Assessment of the 
Glycemic Index of Honey. A Report for the Rural Industries 
Research and Development Corporation. Publication No: 
05/027. Sydney, Austria: Rural Industries Research and 
Development Corporation; 2005.

10. Wolever T. How important is prediction of glycemic responses? 
Diabetes Care 1989; 12: 591–592.

11. Wolever T, Jenkins DJA, Jenkins AL, Josse RG. The glycemic 
index: methodology and clinical implications. Am J Clin Nutr 
1991; 54; 846–854.

12. Brouns F, Bjorck K. Glycaemic index methodology. Nutr Res 
Rev 2005; 18: 145–171.

13. Brand-Miller J, Barclay AW, Irwin T. A new food labeling 
program for glycemic index. Proc  Nutr  Soc 2001; 25: 
S21 (abstract). 

14. Atkinson F, Powell K, Miller B. International tables of glycemic 
index and glycemic load values. Diabetes Care 2008; 31: 2281–
2283.

15. Deibert P, Konig D, Kloock B, Groenefeld M, Berg A. Glycaemic 
and insulinaemic properties of some German honey varieties. 
Eur J Clin Nutr 2010; 10: 762–764.

16. Vaisman N, Niv E, Izkhakov Y. Catalytic amounts of fructose 
may improve glucose tolerance in subjects with uncontrolled 
non-insulin-dependent diabetes. Clin Nutr 2006; 25: 617–621. 

17. Stanhope KL, Griffen SC, Bremer AA, Vink RG, Schaefer EJ, 
Nakajima K, Schwarz JM, Beysen C, Berglund L, Keim NL et 
al. Metabolic responses to prolonged consumption of glucose 
and fructose-sweetened beverages are not associated with 
postprandial or 24-h glucose and insulin excursions. Am J Clin 
Nutr 2011; 94: 112–119.

18. Kwon S, Kim YJ, Kim MK. Effect of fructose or sucrose feeding 
with different levels on oral glucose tolerance test in normal 
and type 2 diabetic rats. Nutr Res Pract 2008; 2: 252–258. 

19. Erejuwa OO, Sulaiman SA, Wahab MS. Fructose might 
contribute to the hypoglycemic effect of honey. Molecules 
2012; 17: 1900–1915. 

20. Moran TH, McHugh PR. Distinctions among three sugars in 
their effects on gastric emptying and satiety. Am J Physiol 1981; 
241: 25–30. 

21. Kellett GL, Brot-Laroche E, Mace OJ, Leturque A. Sugar 
absorption in the intestine: the role of GLUT2. Annu Rev Nutr 
2008; 28: 35–54. 

22. Cani PD, Neyrinck AM, Fava F. Selective increases of 
bifidobacteria in gut microflora improve high-fat-diet-induced 
diabetes in mice through a mechanism associated with 
endotoxaemia. Diabetologia 2007; 50: 2374–2383.

23. Shambaugh P, Worthington V, Herbert, JH. Differential 
effects of honey, sucrose, and fructose on blood sugar levels. J 
Manipulative Physiol Ther 1990; 13: 322–325.

24. Ahmad A, Azim MK, Mesaik MA, Khan RA. Natural honey 
modulates physiological glycemic response compared to 
simulated honey and D-glucose. J Food Sci 2008; 73: H165–
H167.

25. Yaghoobi N, Al-Wail N, Ghayour-Mobarhan M, Parizadeh 
SM, Abasalti Z. Natural honey and cardiovascular risk factors; 
effects on blood glucose, cholesterol, triacylglycerole, CRP and 
body weight compared with sucrose. Scientific World Journal 
2008; 8: 463–469. 

26. Münstedt K, Sheybani B, Hauenschild A, Brüggmann D, 
Bretzel RG, Winter D. Effects of basswood honey, honey-
comparable glucose-fructose solution, and oral glucose 
tolerance test solution on serum insulin, glucose, and C-peptide 
concentrations in healthy subjects. J Med Food 2008; 11: 424–
428.

27. Agrawal OP, Pachauri A, Yadav H, Urmila J, Goswamy HM, 
Chapperwal A, Bisen PS. Subjects with impaired glucose 
tolerance exhibit a high degree of tolerance to honey. J Med 
Food 2007; 10: 473–478.

28. Watford M. Small amounts of dietary fructose dramatically 
increase hepatic glucose uptake.  Nutr Rev 2002; 60: 253–257.

29. Osei K, Falko JM, Fields PG, Bossetti, B, O’Dorisio TM. The 
effects of carbohydrate enriched meals on glucose turnover 
and metabolic clearance rates of glucose in type 2 diabetic 
patients. Diabetologia 1986; 29: 100–105.

30. Koh ET, Ard NF, Mendoza F. Effects of fructose feeding on 
blood parameters and blood pressure in impaired glucose-
tolerant subjects. J Am Diet Assoc 1988; 88: 932–938.

31. Bantle JP, Swanson JE, Thomas W, Laine DC. Metabolic effects 
of dietary fructose in diabetic subjects. Diabetes Care 1992; 15: 
1468–1476.

32. Heacock PM, Hertzler SR, Wolf BW. Fructose prefeeding 
reduces the glycemic response to a high-glycemic index, 
starchy food in humans. J Nutr 2002; 132: 2601–2604.

33. Tonouchi H, Yamaji T, Uchida M. Studies on absorption and 
metabolism of palatinose (isomaltulose) in rats. Br J Nutr   
2011; 105: 10–14.

34. Al-Waili NS. Natural honey lowers plasma glucose, C-reactive 
protein, homocysteine, and blood lipids in healthy, diabetic, 
and hyperlipidemic subjects: comparison with dextrose and 
sucrose. J Med Food 2004; 7: 100–107.

35. Elliott S, Keim N,  Stern J. Fructose, weight gain and the insulin. 
Am J Clin Nutr 2002; 76: 911–922.

http://dx.doi.org/10.1016/S0271-5317(02)00406-2
http://dx.doi.org/10.1016/S0271-5317(02)00406-2
http://dx.doi.org/10.1016/S0271-5317(02)00406-2
http://dx.doi.org/10.1007/s00592-009-0167-7
http://dx.doi.org/10.1007/s00592-009-0167-7
http://dx.doi.org/10.1007/s00592-009-0167-7
http://dx.doi.org/10.1007/s00592-009-0167-7
http://dx.doi.org/10.2337/diacare.12.8.591
http://dx.doi.org/10.2337/diacare.12.8.591
http://dx.doi.org/10.1079/NRR2005100
http://dx.doi.org/10.1079/NRR2005100
http://dx.doi.org/10.2337/dc08-1239
http://dx.doi.org/10.2337/dc08-1239
http://dx.doi.org/10.2337/dc08-1239
http://dx.doi.org/10.1016/j.clnu.2005.11.013
http://dx.doi.org/10.1016/j.clnu.2005.11.013
http://dx.doi.org/10.1016/j.clnu.2005.11.013
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.3945/ajcn.110.002246
http://dx.doi.org/10.4162/nrp.2008.2.4.252
http://dx.doi.org/10.4162/nrp.2008.2.4.252
http://dx.doi.org/10.4162/nrp.2008.2.4.252
http://dx.doi.org/10.3390/molecules17021900
http://dx.doi.org/10.3390/molecules17021900
http://dx.doi.org/10.3390/molecules17021900
http://dx.doi.org/10.1146/annurev.nutr.28.061807.155518
http://dx.doi.org/10.1146/annurev.nutr.28.061807.155518
http://dx.doi.org/10.1146/annurev.nutr.28.061807.155518
http://dx.doi.org/10.1007/s00125-007-0791-0
http://dx.doi.org/10.1007/s00125-007-0791-0
http://dx.doi.org/10.1007/s00125-007-0791-0
http://dx.doi.org/10.1007/s00125-007-0791-0
http://dx.doi.org/10.1111/j.1750-3841.2008.00887.x
http://dx.doi.org/10.1111/j.1750-3841.2008.00887.x
http://dx.doi.org/10.1111/j.1750-3841.2008.00887.x
http://dx.doi.org/10.1111/j.1750-3841.2008.00887.x
http://dx.doi.org/10.1100/tsw.2008.64
http://dx.doi.org/10.1100/tsw.2008.64
http://dx.doi.org/10.1100/tsw.2008.64
http://dx.doi.org/10.1100/tsw.2008.64
http://dx.doi.org/10.1100/tsw.2008.64
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2007.0608
http://dx.doi.org/10.1089/jmf.2006.070
http://dx.doi.org/10.1089/jmf.2006.070
http://dx.doi.org/10.1089/jmf.2006.070
http://dx.doi.org/10.1089/jmf.2006.070
http://dx.doi.org/10.1007/BF00456118
http://dx.doi.org/10.1007/BF00456118
http://dx.doi.org/10.1007/BF00456118
http://dx.doi.org/10.1007/BF00456118
http://dx.doi.org/10.2337/diacare.15.11.1468
http://dx.doi.org/10.2337/diacare.15.11.1468
http://dx.doi.org/10.2337/diacare.15.11.1468
http://dx.doi.org/10.1017/S0007114510003193
http://dx.doi.org/10.1017/S0007114510003193
http://dx.doi.org/10.1017/S0007114510003193
http://dx.doi.org/10.1089/109662004322984789
http://dx.doi.org/10.1089/109662004322984789
http://dx.doi.org/10.1089/109662004322984789
http://dx.doi.org/10.1089/109662004322984789

