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Effects of long-term consumption of high fructose corn syrup containing
peach nectar on body weight gain in sprague dawley rats

Gulsah OZCAN SINIR!, Senem SUNA!, Sevda INAN?, Deniz BAGDAS?, Canan Ece TAMER!,
Omer Utku COPUR™, Deniz SIGIRLI*, Emre SARANDOL?, Gursel SONMEZ? Ilker ERCANY,
Turkkan EVRENSEL’, Omer Faruk TARIM®, Erdal EREN®, Vildan UYLASER', Bige INCEDAYT!

Abstract

High fructose corn syrup (HFCS) is one of the most used sweeteners in the food industry. Health concerns regarding the consumption
of HFCS-containing foods have developed in parallel with the increasing amount of people who become overweight. This study
was conducted to investigate whether HFCS-containing peach nectar (pn-HFCS) consumption has more detrimental effects
on anthropometrical and biochemical parameters compared with sucrose-containing peach nectar (pn-sucrose). Fifty-day-old
Sprague Dawley rats were divided into three groups and were fed (A) pn-HFCS + ad libitum chow, (B) pn-sucrose + ad libitum
chow and (C) only ad libitum chow for 7 months. The percentage change in body weight (PCBW), body mass index (BMI), and
Lee index were calculated, and serum triglyceride, glucose, insulin and leptin concentrations were measured. The PCBW, BMI,
Lee index, serum triglyceride, glucose, insulin and leptin concentrations were insignificant among the three groups. We can
suggest that peach nectar consumption resulted in more energy intake than the control and since pn-HFCS group consumed
more chow than the pn-sucrose group. The results show that long term daily HFCS or sucrose consumption in peach nectar is

not associated with weight gain and does not stimulate metabolic changes in Sprague Dawley rats.

Keywords: HFCS; weight gain; insulin; leptin; BMI; peach nectar.

Practical Application: This paper shows the effects of peach nectar containing high fructose corn syrup consumption on

obesity parameters in Sprague Dawley rats.

1 Introduction

High fructose corn syrup (HFCS) is a corn-based sweetener
that is used in various food and beverages. Compared with
other sugars, the lower price and easier handling of HFCS has
made it the first choice for food and beverage companies which
produce beverages, baked goods, canned products, jams and
jellies, confectioneries and dairy products (Hanover & White,
1993; Park & Yetley, 1993). HFCS is also extremely resistant to
microbial spoilage and requires less storage space compared to an
equivalent amount of solid sweeteners (Hanover & White, 1993).

A sufficient consumption of fruit and vegetable is
recommended for human diet (Slavin & Lloyd, 2012). USDA’s
Food Guide Pyramid (United States Department of Agriculture,
2005) recommends 2-4 servings of fruit and 3-5 servings of
vegetables daily. Optimizing the use of fruits and vegetables
in different product formats, such as processed juice, provides
more options to the consumers. Consumption of fruit juice,
which is cheap and easy to access throughout the year, helps to
fulfill the recommended amount of fruits and vegetables. Fruit
juices, as well as fruits, contain many essential nutrients, such

as vitamins, minerals, carotenoids, flavonoids and dietary fiber,
which are important and integral part of a healthy diet and
are highly recommended for their nutritional content, their
phytochemical value and the presence of health-promoting
compounds (Khandpur & Gogate, 2015).

Obesity is a health problem worldwide, including in Turkey.
According to a National Statistical Institute Health Survey
(National Statistical Institute, 2012), more than one third of
Turkish adults (34.8%) were defined as overweight, and 17.2%
were considered to be obese. Many studies have reported an
incremental increase in energy intake over the past several decades,
which is believed to be one of the most important underlying
reasons of obesity (Nielsen & Popkin, 2004; Harnack et al., 2000;
Gibson & Shirreffs, 2013). High consumption of sugar-sweetened
beverages is considered to contribute to increased weight gain,
increased energy intake and development of diabetes mellitus
(Hernéndez-Cordero et al., 2015). Some authors have noted
that excess sugar intake from soft drinks is the main problem
(Melanson etal., 2008), and furthermore some others have reported
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Effects of peach nectar containing HFCS on weight gain

a connection between HFCS intake and obesity (Bray et al.,
2004; Elliott et al., 2002). It was suggested that diet containing
high-fructose cause hypertriglyceridemia, hyperinsulinemia,
insulin resistance, impair glucose tolerance and increased body
weight (BW) (Stanhope et al., 2015; Voznesenskaya & Tordoff,
2015; Johnson et al., 2007). There is a hypothesis that fructose
consumption could promote weight gain because it does not
stimulate insulin secretion or leptin production which may result
in disturbances of satiety (Havel, 2005; Bocarsly et al., 2010).

According to the Dietary Guidelines for Americans, the
calorie allowance from added sugars and sweeteners should not
exceed 10% of the total caloric intake; however, American’s actual
consumption was around 11 to 17% at different ages (United
States Department of Agriculture, 2015) and sweetened soft drinks
constitute 7% of the total energy intake (Gibson & Shirreffs, 2013;
Kit et al., 2013). Several short-term in vivo studies (Light et al.,
2009; Bocarsly et al., 2010, Babacanoglu et al., 2013) investigated
the effect of HFCS solution consumption (8-20%) on obesity
related parameters, and those yielded conflicting results. Since
HFCS is common in several food products other than beverages,
people are faced with chronic fructose consumption; so further
studies are needed to inquire about any long-term consequences
of HFCS intake on health. Accordingly, this study was conducted
to examine long-term (7 months) peach nectar containing HFCS
(pn-HFCS) and peach nectar containing sucrose (pn-sucrose)
consumption on weight gain and related anthropometrical and
biochemical parameters in Sprague-Dawley rats.

2 Materials and methods
2.1 Materials

For this study, fifty-day-old male Sprague-Dawley rats
were provided from the Experimental Animals Breeding and
Research Center, Uludag University, Medical Faculty, Bursa,
Turkey. Rats were housed individually in conventional cagesin a
temperature- and humidity-controlled room (21 + 2 °C, 50 + 5%)
under a 12-h light/dark cycle with free access to chow, peach
nectar and water. The animals were cared for in accordance with
the “Guide to the Care and Use of Experimental Animals” and
all procedures were approved by the Local Ethics Committee for
Animal Experiments, Uludag University (2011-05/11).

2.2 Experimental model

Male rats (55-150 g, n =41/ group) were fed either (A) peach
nectar containing HFCS (pn-HFCS) and chow, (B) peach
nectar containing sucrose (pn-sucrose) and chow or (C) chow
only for 7 months. Rats were sampled to groups systematically.
The peach nectar and chow were provided to the rats ad libitum
for 24 hours. Peach nectar consumption was measured daily,
and chow consumption was measured weekly at the same time
period (09:00 to 10:00 a.m.). In this study, HFCS-55 was chosen
because of its common and suitable usage in the food industry.
HFCS-55 was obtained from a private ingredient provider company
and its specifications were 76.5-77.5% dry solids, 3.5-4.5 pH
and 55% min. fructose. According to Turkish Juice Industry
Association (Meyve Suyu Endiistrisi Dernegi, 2011) peach
nectar is the most preferred fruit nectar in Turkey. According
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to consumer’s choice, peach nectar was preferred as a material
and formulations were determined based on preliminary tests
in this study. The peach nectar was produced in a commercial
fruit juice company in Bursa. Peach nectars, which aseptically
filled 1L water-soluble dry matter (Association of Analytical
Communities, 1980), fat (International Organization for
Standardization, 2009), carbohydrate (Food and Agriculture
Organization of the United Nations, 1998) and protein (Association
of Analytical Communities, 2000b) contents, titratable acidity
(Association of Analytical Communities, 2000a), ascorbic acid
level (Association of Analytical Communities, 1991), fructose
content (Association of Analytical Communities, 1979), total
phenolic matter (Zhang & Hamauzu, 2004) and antioxidant
activity (2,2-diphenyl-1-picrylhydrazyl - DPPH) (Zhang &
Hamauzu, 2004) were analyzed and energy (Food and Agriculture
Organization of the United Nations, 2003) values of nectars
were calculated. Standard rodent chow (2800 kcal/kg) and tap
water were provided to all groups. Body weight (BW) changes
were also measured weekly.

2.3 Anthropometrical and biochemical parameters

The abdominal circumference (AC) (anterior to the
hindfoot), thoracic circumference (under the foreleg), and body
length (BL) (nose-to-anus) were measured in all rats at the end
of 7 months. All measurements and surgical procedures were
performed under 2.5-3.5% sevoflurane (Abbott Lab., IL, USA)
inhaled anesthesia.

The BW and BL were used to determine the body mass index
(BMI) and Lee index, which are anthropometrical parameters
for the evaluation of obesity. The parameters were calculated
as follows:

Body mass index (BMI) = body weight (g) / length? (cm?); and

Lee index = cube root of body weight (g) / nose-to-anus
length (cm) (Bernardis, 1970).

Blood samples were collected by cardiocentesis into serum
tubes. The samples were centrifuged at 4000 rpm for 5 min.
Serum samples were frozen and stored at —80 °C until analyses
were performed.

Serum glucose and triglyceride concentrations were measured
(n =10) using an autoanalyzer (Aeroset System Abbott, Abbott
Laboratories, Diagnostic Division, IL, USA). Serum insulin and
leptin concentrations were measured (n = 10) with a commercially
available ELISA kit (Merck Millipore Corporation, Billerica,
MA, USA), following the manufacturer’s protocol. Systematic
sampling was used to identify 10 rats in each group to assess
the biochemical parameters.

Unilateral body fat pads were collected from the hepatic,
abdominal and gonadal regions after cardiocentesis and weighed
individually.

2.4 Statistical analysis

The Shapiro-Wilk test was used to assess the normality of the
variables. The Kruskal-Wallis test was used for comparing more
than two groups for the continuous variables. The Mann-Whitney
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U-test was used for comparing two groups after the Kruskal
Wallis test was performed, in cases in which significances was
determined. The Mann-Whitney U-test was used for comparing
the continuous variables not meeting normality assumption.
Continuous variables were presented as the median (of the
minimum and maximum values). Correlations between the
variables were examined with Pearson, Spearman and partial
correlation coeflicients. The significance level was set to a = 0.05.
Statistical analyses were performed with IBM SPSS Statistics
version 21.0 (IBM Corp., NY, USA).

3 Results and discussion

3.1 Composition of peach nectar, consumption of peach
nectar and chow and PCBW

The results of physicochemical analyses of the peach nectars
were presented as the mean value + standard deviation in Table 1.
Since the fructose content of the pn-HFCS (4.58 + 0.06%) was
higher than the pn-sucrose (3.94 £ 0.03%), fructose intake of
the pn-HFCS group was higher (p < 0.05) than the pn-sucrose
group (Figure 1) during the study.

There were significant differences in total chow consumption
(Figure 2) and total caloric (chow + peach nectar) intake (Table 2)
among the study groups. When the groups were compared
pairwise in terms of total caloric intake (chow + peach nectar),
significant differences were observed between the control and
pn-HFCS groups and the control and pn-sucrose groups (Table 2).
Light et al. (2009) investigated the effects of drinking different
caloric beverages sweetened with 13% (w/v) glucose, sucrose,
fructose, and HFCS-55 on the development of adiposity and
metabolic disorders in female rats over a period of 8 weeks.
Similar with our results, Light et al. (2009) found significant
difference in total energy intake in control group versus study
groups, but there were no significant differences in total energy
intake among the sucrose, HFCS-55 and fructose consuming
study groups during 8 weeks.

The control group, which was fed with chow, showed the
largest amount of chow consumption, followed by the pn-HFCS
group and the pn-sucrose group (Figure 2). Similar to our results,
Light etal. (2009) reported that rats in the control group obtained

Table 1. Results of the physicochemical analysis of the peach nectar.

the most calories from solid food compared with HFCS and
sucrose groups. According to these data, we can assume that
rats consuming caloric sweetener reduce caloric intake from
solid food.

There was no overall difference in peach nectar consumption
between the rats fed pn-HFCS and pn-sucrose (Figure 3).
Related to higher energy content of pn-sucrose (Table 1), rats
fed pn-sucrose obtained higher energy than did the pn-HFCS
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Figure 1. HFCS amount in peach nectars over the 7 months (p < 0.05).
Values were presented as median.
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Figure 2. Cumulative chow consumption over the 7 months (p < 0.05).
Values were presented as median.
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Analysis pn-HFCS pn-sucrose
Water soluble dry matter (g/100 g) 11.0 £ 0.05 13.0 £0.00
Energy (Kcal/100 mL) 38 £0.00 53 +0.00
Fat (%) 0+0.00 0+0.00
Carbohydrate (%) 8.10 = 0.00 11.9 £ 0.00
Protein (%) 1.34 +0.04 1.33 +£0.04
Fructose (%) 4.58 +0.06 3,94 +£0.03
Titratable acidity* (g/100 mL) 0.29 +£0.01 0.30 +0.00
Ascorbic acid (mg/100 mL) 11.87 + 4.88 12.07 £ 4.10
Total phenolic matter (mg 280.48 £23.54 315.61 +8.80
GAE**/100 mL)
Antioxidant activity 9.02 +0.35 8.65+0.51

(umol trolox/mL sample)
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Values were presented as median + standard deviation. * citric acid; ** gallic acid
equivalent.
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Figure 3. Cumulative peach nectar consumption over 7 months
(p > 0.05). Values were presented as median.
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Table 2. Total calories with pairwise comparison of three groups.

Control pn-HFCS pn-sucrose p- value
. 15617 17081 17440 <0.001
Total calorie of chow and peach nectar* (13362-18924) (14102-19977) (14254-20081)
L. . 100 82.58 (78-85) 75.78 (71-80) <0.001
Percentage of chow calorie in total calorie — - -
Pairwise comparison of chow consumption
Control-HFCS Control-sucrose HFCS-sucrose
1** month <0.001 <0.001 0.058
2" month <0.001 <0.001 0.013
3" month <0.001 <0.001 0.012
4% month <0.001 <0.001 0.021
5% month <0.001 <0.001 0.020
6" month <0.001 <0.001 0.026
7 month <0.001 <0.001 0.033
Total calorie of chow and peach nectar* 0.002 <0.001 0.183
*Total calorie intake at the end of 7 months.
group from peach nectar. In line with our results, Light et al. i
(2009) found that rats consuming sucrose (13% w/v) obtained _
more calories compared with those that consumed HFCS-55 E ‘
or fructose solutions. £ 25
- , : 0 7
In the present study, there were significant differences among 3 s
the groups in pairwise comparison of total chow consumption for g) . /- -~ Conl_tlrsés
all measurements performed throughout the 7 months, except 2 L / ...g:::sucmsc
for the first month data of the pn-HFCS and pn-sucrose groups &
(Table 2). Pn-HFCS and pn-sucrose groups obtained most of | :
their energy (82.58% and 75.78%, respectively) from chow, but g 0
as mentioned above, they consumed significantly less chow than U e Bl Bd G &b 46
the control group. Taking total energy intake into consideration, » Time (month)
we can assume that peach nectar consumption resulted in more Co . o _
Initial weight (g): Control: 83; pn-HFCS: 83,5; pn-sucrose: 83

energy intake than the control group. This increment in energy
intake might be related to the palatable sweet taste of peach
nectar or its effects on metabolism or satiety. However, it is
not clear why pn-HFCS group consumed more chow than the
pn-sucrose groups; it is possible that fructose consumption had
more stimulating effect on appetite compared with the sucrose.

Although the peach nectar-consuming groups of the
present study obtained higher energy than did the control
group, there were no significant differences in the PCBW
among the groups during and at the end of 7 months (Figure 4).
Babacanoglu et al. (2013) investigated the effects of 10% HFCS
and 20% HFCS-containing solution consumption in rats over a
period of 12 weeks and in another study Lowndes et al. (2014)
compared the consumption of sucrose or HFCS-sweetened (10%
and 20%) low-fat milk at the recommended daily caloric intake
for 10 weeks. Similar to our results, both of those authors reported
that the consumption of solutions or milk had no effect on the
PCBW among the groups compared to control. In another study,
Light et al. (2009) investigated the effects of drinking different
caloric beverages sweetened with 13% (w/v) glucose, sucrose,
fructose, and HFCS-55 on the development of adiposity and
metabolic disorders in female rats over a period of 8 weeks.
The HECS-55 group showed a higher final BW compared with
the glucose and control groups (p = 0.02), but there were no
significant differences observed among the HFCS-55, sucrose
and fructose groups. The results of Light et al. (2009) are partly
comparable to our findings. However, Bocarsly et al. (2010)
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Figure 4. Cumulative percentage changes of body weight (PCBW) from
baseline over the 7 months (p > 0.05). Values were presented as median.

reported an increased BW in the rats consuming HFCS solution
(8% v/v) compared with the sucrose (10% v/v) consuming rats
both in 8 weeks and 6 months studies.

3.2 Biochemical parameters

In this study, the concentrations of triglycerides, glucose,
insulin and leptin did not differ among the three groups at the
end of 7" month (Table 3). Similar to our study, several authors
did not find any difference in blood glucose, triglyceride and
insulin levels or abdominal adiposity between the groups in
their studies (Light et al., 2009; Bocarsly et al., 2010; Iida et al.,
2013; Lowndes et al., 2014).

Babacanoglu et al. (2013) found that plasma glucose,
insulin and triglyceride concentrations increased following
the consumption of 10% and 20% HFCS-containing solutions
for a period of 12 weeks. Alzamendi et al. (2009) reported that
the consumption of 10% fructose-containing feeding caused
increases in plasma leptin level and abdominal adipose tissue
in male rats compared with the control group. Shapiro et al.
(2008) observed that chronic fructose consumption in the form
of 60% fructose contained diet caused leptin resistance prior to
increases in BW, adiposity, serum leptin in male rats.
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In a study conducted on human subjects, researchers compared
the metabolic effects of HFCS and sucrose on the twenty-fourth
hour after the consumption of an 11% w/w (weight/weight) sugar
solution mixed with carbonated water. In that study, the glucose,
insulin and leptin concentrations did not significantly differ between
the individuals who consumed fructose or sucrose-sweetened
beverages with meals (Stanhope et al., 2008). In another study,
the consumption of high fructose containing beverages (30%)
with meals had lead to a reduction in insulin and leptin in
women at the end of a twenty-four hour period, compared to
the consumption of the same amount of glucose-containing
beverages with meals (Teff et al., 2004).

3.3 Anthropometrical parameters

Body weight gain alone is not sufficient to define obesity.
For this reason, criteria, such as the BMI, Lee index, TCand AC
are used. In this study, there were no significant differences among
the study groups in terms of the BMI and Lee index (Table 4).
Novelli et al. (2007) fed male Wistar rats with a sucrose solution,
high-carbohydrate diet or control diet for 30 days and compared
Lee index and BMI among the groups. They found no difference
in Lee index, which ranged from 0.29 to 0.33, among the study
groups. In another study, Engelbregt et al. (2001) investigated
the body composition of pubertal male rats and reported the
BMI of a normal rat as 0.53 g/cm?* Novelli et al. (2007) stated
that the BMI of normal adult rats ranges from 0.45 to 0.68 g/cm”.
According to assumption of Novelli et al. (2007), the rats in our
study with the BMI of 0.68 g/cm? were accepted as borderline
for obesity (Table 4). The differences between BMI and Lee
index were not significant among the groups. The HFCS group

Table 3. Biochemical measurements in serum at the end of 7" month.

showed a significantly larger AC than the control group. There
were no significant differences in TC or BL among the groups.
The ratio of AC to TC was higher in both the HFCS and sucrose
groups compared with the control group (Table 4). However,
Novelli etal. (2007) found a higher AC to TC ratio in the sucrose
group compared with the HFCS and control groups.

Also in our study, leptin concentration and Lee index were
found to be correlated in the control (p = 0.028) and pn-HFCS
groups (p = 0.016), but there was no correlation found between
leptin concentration and BMI. Maffei et al. (1995) have reported
a strong correlation between the plasma leptin concentration
and BMI in rodents and humans. Heden et al. (2014) found
that daily consumption of 355 mL HFCS-sweetened regular
soda did not significantly alter BW, insulin secretion, glucose,
lipid, or cholesterol responses in either normal weight or obese
individuals.

There were no significant differences in the weights of the
hepatic, abdominal and gonadal fat pads among the groups
(Table 4). Iida et al. (2013) investigated the tissue accumulation of
fatin rats fed corn starch, HFCS or rare sugar syrups (RSS) which
contain D-psicose and D-allose. They found that the weight of
mesenteric, perirenal and epididymal fat did not differ between
the starch and HFCS groups, but they observed significant
difference between the HFCS and RSS groups. Bravo et al. (2013)
investigated the effect that adding the most often consumed
fructose- and glucose-containing sugars to a daily diet had on
liver fat content and intramuscular adipose tissue. Sixty-four
individuals, men and women, aged 20 to 60, consumed low-fat
milk sweetened (8%, 18% and 30%) with either high-fructose corn
syrup (HFCS) or sucrose for 10 weeks. Computed tomography

Control pn-HECS pn-sucrose p-value
Triglyceride (mg/dL) 34.5 (29-39) 34.5 (30-53) 34.5 (30-51) 0.937
Glucose (mg/dL) 126 (100-169) 115 (99-168) 128.5 (105-159) 0.502
Insulin (ng/mL) 0.45 (0.26-2.61) 0.89 (0.46-2.64) 2.50 (1.41-3.74) 0.070
Leptin (ng/mL) 1.1 (0.73-3.72) 2.2 (0.53-4.86) 2.44 (0.28-6.44) 0.637
Values were presented as median (minimum value -maximum value).
Table 4. Anthropometrical parameters and pairwise comparison of three groups.
Control pn-HECS pn-sucrose p- value
BMI 0.68 (0.60-0.82) 0.67 (0.60-0.82) 0.68 (0.57-0.80) 0.594
Lee Index 0.30 (0.29-0.32) 0.30 (0.29-0.32) 0.30 (0.28-0.31) 0.205
AC (cm) 16.95 (13-20) 17.80 (13-23) 17.50 (14-23) 0.015
TC (cm) 14.50 (12-16) 14.30 (12-18) 14.40 (12-18) 0.786
BL (cm) 24.50 (23-27) 25 (22-27) 24.80 (23-27) 0.243
AC/TC 1.18 (1.03-1.35) 1.23 (1.05-1.42) 1.24 (1.05-1.39) <0.001
Hepatic fat (g) 10.73 (6.60-12.56) 10.74 (7.42-13.92) 10.09 (8.21-15.74) 0.991
Abdominal fat (g) 2.69 (0.96-7.43) 3.36 (0.83-7.29) 4.79 (0.89-13.38) 0.725
Gonadal fat (g) 1.55 (0.21-2.15) 1.81 (0.57-5.27) 2.80 (0.52-7.80) 0.523
Pairwise Comparison
Control-HFCS Control-sucrose HEFCS-sucrose
AC 0.003 0.061 0.575
AC/TC <0.001 0.033 0.153

Values were presented as median (minimum value -maximum value).
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imaging was used for fat content determination of the liver and
magnetic resonance imaging was used to find the fat content of
muscle. There were no significant differences identified in the fat
content of the liver, vastus lateralis muscle or gluteus maximus
muscle between the study groups. These results showed that
fructose consumption as a part of daily diet did not promote
fat storage either in the liver or in muscles.

4 Conclusion

The chronic consumption of pn-HFCS or pn-sucrose did
not cause significant differences in PCBW or anthropometrical
parameters except AC and AC/TC in both of the peach
nectar-consuming groups. The concentrations of glucose, insulin,
leptin and triglycerides did not significantly change after the
consumption of both peach nectars.

The results of the present study suggest that long term daily
HFCS or sucrose consumption in peach nectar is not associated
with weight gain and does not stimulate metabolic changes
(PCBW, BMI, Lee index, serum triglyceride, glucose, insulin
and leptin concentrations) in Sprague Dawley rats.
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