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INTRODUCTION

Western diets, which are high in fat content as well as refined 
sugars, combined with sedentary lifestyles, are recognized to 
be the causes of major health threats such as increasing obesity 
and associated metabolic disorders. The toxicological concerns 
regarding pharmacological intervention to control obesity have 
prompted researchers to try dietary interventions, e.g., changes 
in proportion/type of fat, carbohydrate, protein, and fiber. Whey 
protein isolate (WPI) is a rich source of branched-chain amino 
acids (BCAAs): Leucine, isoleucine, and valine. The BCAAs are 
thought to play an important role in the maintenance of lean 
body mass [1]. Protein-induced satiety appears to be of vital 
importance for weight loss and weight maintenance. After a 
breakfast with whey, increase in insulin and active glucagon-
like peptide-1 (GLP-1) has been reported to be larger than a 
breakfast with casein and soy [2]. Maurer et al. [3] reported that 
weaning diets high in protein or fiber caused a rapid increase 
in the secretion of satiety hormones and the expression of 

genes involved in glucose and lipid metabolism that reflect 
the response to a high-energy diet in adulthood. Protein 
feeding markedly increases the expression of the regulatory 
genes of gluconeogenesis (glucose 6-phosphatase [G6Pase] 
and phosphoenolpyruvate carboxykinase [PEPCK]) in rat small 
intestines. This promotes endogenous glucose synthesis and 
its release into the portal blood, a phenomenon lasting during 
the postabsorptive time. This portal glucose flux, potentiated 
by the portal glucose sensor, has been suggested to activate the 
hypothalamic nuclei involved in the regulation of food intake 
and to cause a decrease in subsequent food consumption [4].

Dietary fiber may decrease a diet’s metabolizable energy 
. Prebiotic fibers (both insoluble and soluble) are among 
the functional food ingredients which are gaining a lot of 
popularity. A prebiotic is a selectively fermentable ingredient 
that allows specific changes, both in the composition and/or 
activity in the gastrointestinal microflora, that confer benefits 
on host well-being and health [5]. Administration of prebiotics 
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observed. The administration of WPI and GOS exhibited maximum resistance (37.8%) to the rise in insulin 
level. Thus, the resistance to the increase in HOMA-IR was also noticed on the dietary incorporation of two 
functional ingredients . The positive effects on mRNA expression of phosphoenolpyruvate carboxykinase and 
glucose 6-phosphatase could be detected in liver only. Conclusion: Both types of functional components 
exhibit potential to improve glucose homeostasis under HFD fed conditions. Resistance to HFD-induced 
hyperinsulinemia and HOMA-IR is also recorded .
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leads to an improvement of fasting and/or post-oral glucose 
load glycemia [6]. Nondigestible carbohydrates which are 
largely fermented in the colon, such as oligofructose (OFS), 
when added in the diet, improve glucose tolerance, insulin 
secretion, and lower food intake in animals and humans alike. 
These effects are often associated with higher plasma GLP-1 
content [7].

Galactooligosaccharides (GOS) and fructooligosaccharides 
(FOS) are currently used in a wide range of commercial 
commodities, including infant formulas, dairy products, 
sauces, soups, breakfast cereals, and beverages [8]. Although 
lot of information is available signifying the role of GOS in the 
improvement of gut environment through modulation of gut 
microflora [9-11], very little information is available on efficacy 
of GOS in glucose homeostasis and insulin resistance under high 
fat diet (HFD) fed conditions. The GOS (prebiotic fiber) and 
WPI are expected to act through different mechanisms resulting 
in various physiological effects. The aim of this study was to 
investigate the effectiveness of WPI and GOS individually, and 
in combination on glucose homeostasis and insulin resistance 
developed under HFD fed conditions in C57BL/6 mice.

MATERIALS AND METHODS

Animals and Experimentation

Male C57BL/6J mice were purchased from National Institute 
of Nutrition, Hyderabad (India). The experimental animals 
(19-24 g) were housed in ventilated plastic cages under 12 h 
light/12 h dark conditions. The experiment was carried out in 
accordance with the guidelines of Institutional Animal Ethics 
Committee. After 2 weeks of acclimatization, the mice were 
divided into five groups (n = 10 mice/group), viz., control, HFD, 
HFD with WPI, HFD with GOS, and HFD containing WPI 
and GOS. The mice in different groups were fed on respective 
experimental diets . The HFD (4.45kcal/g) contained 45.47% 
energy from fat (lard) and 17.51% energy from protein. The low-
fat control diet (3.85 kcal/g) contained 11.68% energy from fat 
and 20.24% energy from protein, and detailed composition of 
all diets was given in Table 1. The prebiotic fiber (GOS 70-75% 
pure, gifted by Tata Chem., Ltd.) was incorporated at 7% (w/w) 
in HFD while WPI (80-90% pure, Glanbia Cheese, USA) was 
incorporated at 20% as a substitute of casein . All experimental 
diets contained ethoxyquin as an antioxidant. The animals 
were fed ad-libitum, had free access to water, and the feeding 
schedule was followed for 18 weeks.

The weekly body weight of different treatment groups were 
recorded for up to 18 weeks. After 14 weeks, a  significant 
reduction in the body weight gain was observed in 
WPI, GOS and in combination as compared to HFD group 
(Supplementary Figure 1).

Collection of Blood and Tissue Samples

Five animals from each group were sacrificed after 6 weeks of 
dietary intervention, and the remaining animals were continued 

on their respective diets up to 18  weeks and sacrificed by 
cervical dislocation under anesthesia using diethyl ether . Blood 
was collected by cardiac puncture using a sterile syringe and 
stored in sterile 1.5 ml Eppendorf Tubes. After clot formation, 
the blood samples were centrifuged at 2000 ×g (HERMLE 
Labortechnik) for 15 min at 4°C. Upper layer of serum was 
transferred to 1.5 ml of Eppendorf Tube and stored at −20°C. 
This was used for determining the serum GLP-1 and insulin 
level . Portions of liver and small intestine tissues were stored 
in RNAlater® (Sigma-Aldrich, Bengaluru, India) at −20°C for 
gene expression analysis.

Fasting Blood Glucose, Serum Insulin, Homeostasis 
Model Assessment of Insulin Resistance (HOMA-IR), 
and GLP-1

Tail vein was punctured to collect a drop of blood, and the 
fasting glucose levels were measured from overnight fasting 
animals using glucometer (ACCU-CHEK® Active, Roche 
Diagnostics). Serum insulin levels were measured by sandwich 
enzyme-linked immunosorbent assay (Crystal chem. Inc, USA). 
IR was assessed by HOMA. It was calculated by the formula: 
HOMA-IR = [Fasting serum insulin (mU/ml) × Fasting blood 
glucose (mmol/l)]/22.5 [12]. Active form of serum GLP-1 was 
measured by human/mouse/Rat enzyme immunoassay (EIA) 
kit based on the principle of competitive EIA (RayBiotech Inc 
Norcross, Georgia).

Isolation of Total RNA and Gene Expression Analysis 
by Quantitative Real Time-Polymerase Chain reaction 
(qRT-PCR)

Total RNA was isolated from liver and the entire portion of 
small intestine tissues using TRIzol (Sigma-Aldrich, USA). 
RNA was determined by measuring absorbance at 260 nm using 
nanodrop (NanoQuant M200 pro), and the purity was assessed 
by measuring the ratio of absorbance at 260 and 280 nm. The 

Table 1: Composition of diets
Ingredient 
(g/100 g)

Control HFD HFD‑WPI HFD‑GOS HFD‑WPI‑GOS

Casein 19.5 19.5 ‑ 19.5 ‑
WPI ‑ ‑ 19.5 ‑ 19.5
DL‑methionine 0.3 0.3 0.3 0.3 0.3
Sucrose 12.0 25.92 25.92 22.89 22.89
Corn starch 53.3 15.0 15.0 15.0 15.0
Cellulose 5.0 11.88 11.88 7.91 7.91
Soya bean oil 5.0 5.0 5.0 5.0 5.0
Lard ‑ 17.5 17.5 17.5 17.5
GOS ‑ ‑ ‑ 7.0 7.0
Vitamin mixture 1.0 1.0 1.0 1.0 1.0
Mineral mixture 
(AIN 76)

3.5 3.5 3.5 3.5 3.5

Calcium 
carbonate

0.4 0.4 0.4 0.4 0.4

Ethoxyquin 0.001 0.004 0.004 0.004 0.004
Total energy 
(kcal/100 g)

385.4 445.4 445.4 445.4 445.4

WPI: Whey protein isolate, GOS: Galactooligosaccharides, HFD: High 
fat diet
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total RNA with A260/ A280 between 1.7 and 1.9 was acceptable 
for subsequent use. The integrity of RNA was determined by 
subjecting it to agarose gel electrophoresis. The cDNA template 
was synthesized by reverse transcription of 500 ng of total RNA 
using first strand cDNA synthesis kit (Thermo Scientific). The 
primers used for qRT-PCR are listed in Table 2. SYBR green was 
used for real-time PCR detection. The qPCR data were analyzed 
by the method of Livak and Schmittgen [13].

Statistical Analysis

Data were expressed as mean ± standard error of mean (SEM). 
The statistical analysis was performed with one-way ANOVA 
followed by Tukey’s tests (GraphPad Software, version 5.01) 
for fasting blood glucose, serum insulin, HOMA-IR, GLP-1, 
and gene expression.

RESULTS

Fasting Blood Glucose

As shown in Figure 1, the fasting blood glucose level was found 
to increase significantly on feeding HFD and was measured 
to be 151.6 ± 3.14  mg/dl as compared to a low level of 
91.80 ± 3.89 mg/dl (mean ± SEM) in the case of the control 
group at 6 weeks. The dietary incorporation of WPI/GOS was 
observed to significantly resist (P < 0.001) the HFD-induced 
increase in blood glucose levels indicating a mitigating effect on 
glycemic load. Meanwhile, no additive effect of administration 
of WPI and GOS could be observed. A  similar trend was 
observed after 18 weeks of feeding also.

Serum Insulin and HOMA-IR

The data on serum insulin level and HOMA-IR at 6 and 
18  weeks of feeding period are presented in Figure 2. 
Serum insulin level was observed to rise as a consequence 
of HFD feeding (HFD group), however, it did not reach 
to a statistically significant level as compared to control 
group at 6 weeks. Feeding of HFD for a longer duration of 
18 weeks resulted in a significant rise in the serum insulin 
concentration in HFD group which reached to the level of 
1.72 ± 0.15 ng/ml, and was found to be significantly higher 

(P < 0.01) as compared to a low level (0.90 ± 0.18 ng/ml) in 
the control group. Dietary incorporation of WPI or GOS in 
HFD was observed to exhibit protective effect against the rise 
in insulin level caused by HFD feeding. Although the insulin 
level in HFD-WPI (1.12 ± 0.06 ng/ml) was lower than that in 
the case of HFD-GOS (1.21 ± 0.12 ng/ml), but these values 
were not statistically different. The administration of WPI 
and GOS exhibited maximum resistance (37.8%) to the rise 
in insulin level. The insulin concentration in HFD-WPI-GOS 
was measured to be 1.07 ± 0.07 ng/ml.

Both at 6 and 18 weeks, the HOMA-IR score was found to 
be significantly higher in HFD group as compared to the 
control group. After 6 weeks of feeding, HOMA-IR score in 
HFD group was calculated to be 7.35 ± 0.92 as compared to a 
significantly lower (P < 0.01) value of 3.1 ± 0.79 in the control 
group. Different dietary treatments involving incorporation 
of WPI/GOS resulted in protection from increase in 
HOMA-IR, almost to the same extent . After 18 weeks of HFD 
administration, HOMA-IR further increased and reached 
to a significantly higher level of 14.01 ± 1.52 (P < 0.001) 
compared to the level in the control group. Resistance to the 
increase in HOMA-IR was recorded on dietary incorporation 
of WPI as well as GOS. Apparently, there seemed to be a 
slight additive effect of two types of functional components, 
however, it did not differ significantly in comparison to the 
individual effects.

Serum GLP-1

Results of serum GLP-1 measured after 18  weeks are also 
depicted in Figure 2. It was found to decrease significantly 
as a consequence of HFD feeding, and the levels in HFD 
versus control group were measured to be 8.71 ± 2.29 versus 
29.48 ± 3.08 pg/ml (mean ± SEM). The dietary incorporation 
of WPI/GOS exhibited significant protective effect against 
the decrease in serum GLP-1 levels. The GLP-1 levels in 
HFD-WPI, HFD-GOS, and HFD-WPI-GOS were measured 
to be 36.39 ± 5.47, 39.31 ± 1.73, and 42.34 ± 3.34 pg/ml, 
which were significantly higher (P < 0.05) when compared 
to the HFD group and also indicated that maximum 
effect was reached in the case of HFD-WPI+GOS group 
(>4-fold vs. HFD level).

Table 2: Primer sequences used for qRT‑PCR
Gene Primer sequence (5’‑3’) Annealing 

temperature 
(°C)

Size 
amplification 
product (bp)

PEPCK F‑ATGAAAGGCCGCACCATGTA
R‑GCACAGATATGCCCATCCGA

60 140

G6Pase F‑GCTGGAGTCTTGTCAGGCAT
R‑ATCCAAGCGCGAAACCAAAC

60 120

glut2 F‑GTCCAGAAAGCCCCAGATACC
R‑GTGACATCCTCAGTTCCTCTTAG

60 100

β‑actin F‑TGTTACCAACTGGGACGACA
R‑GGGGTGTTGAAGGTCTCAAA

60 180

qRT‑PCR: Quantitative real time‑polymerase chain reaction, 
glut2: Glucose transporter 2, G6Pase: Glucose 6‑phosphatase, 
PEPCK: Phosphoenolpyruvate carboxykinase

Figure 1: Effect of dietary supplementation of whey protein isolate 
(WPI), galactooligosaccharides (GOS) and WPI + GOS on fasting blood 
glucose levels in mice fed high fat diet. Values are expressed as mean 
± standard error of mean (**P < 0.01 and ***P < 0.001)
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mRNA Expression Analysis of Genes Related to 
Gluconeogenesis

Quantification of mRNA expression levels of genes related to 
gluconeogenesis in liver and small intestine as affected by different 

dietary treatments was performed by qRT-PCR [Table 3]. The 
expression of PEPCK in liver tissue of animals fed HF-calorie rich 
diet was observed to be significantly increased (P < 0.05) and 
reached to the level of 2.02 ± 0.23 fold in HFD group as compared 
to the control group (1.02 ± 0.10). The dietary incorporation of 

Figure 2: Effects of whey protein isolate (WPI), galactooligosaccharides (GOS) and WPI + GOS on serum insulin, homeostasis model assessment 
of insulin resistance score, and glucagon-like peptide-1 levels in mice fed high fat diet. Values are expressed as mean ± standard error of 
mean.a-bMean values with different superscripts differ significantly (**P < 0.01 and *P < 0.5)
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WPI/GOS was found to be significantly effective in resisting the 
upregulation of PEPCK [Figure 3]. The results showed that WPI 
as well as GOS were almost equally and significantly effective 
individually, and did not exhibit any additive effect. A similar 
trend could be seen in small intestinal tissue in different groups. 
Although the PEPCK expression was higher in HFD group as 
compared to control group, the levels were not found to differ 
significantly among different treatment groups.

The mRNA expression of G6Pase (important enzyme of 
gluconeogenesis) in liver was significantly increased in HFD fed 
animals (HFD group) and reached to the level of 1.79 ± 0.21 
fold. The incorporation of either of the functional ingredient 
in HFD was significantly effective in resisting the upregulation 
of G6Pase, indicating 53% (P < 0.01) and 69.5% (P < 0.001) 
reduction in HFD-WPI and HFD-GOS group, respectively. The 

coadministration of WPI and GOS did not reveal any additive 
effect. As far as the expression of G6Pase in the small intestine is 
concerned, a similar trend, as observed in the case of liver, could 
be seen. However, the differences among different treatment 
groups were not found to be statistically significant.

The relative mRNA expression of glucose transporter 2 (glut2), 
(an important GLUT) as affected by different dietary treatments 
was also determined in liver as well as the small intestine. 
Glut2 expression in both tissues appeared to increase as a 
consequence of HFD feeding (HFD group), though it did not 
differ significantly in comparison to the control group. There 
seemed to be a positive effect in animals fed either WPI or 
GOS. However, these values were not found to be statistically 
different as compared to the HFD group.

DISCUSSION

Increased intake of calorie-rich food (HF and refined sugar) 
is known to induce obesity leading to insulin resistance and 
type 2 diabetes. The health benefits associated with increased 
dairy food intake may be attributed to the whey components 
of dairy proteins [14]. In this study, we could demonstrate the 
ameliorative effect of both functional components, viz., WPI 
as well as GOS. Fasting blood glucose levels were significantly 
increased as a consequence of HFD feeding for 6/18 weeks. Our 
results are in agreement with the findings of Tranberg et al. [15] 
who demonstrated that replacement of casein with WPI in the 
HFD (62% energy from fat) resulted in significantly lowered 
fasting blood glucose in the HF Whey group compared to HF 
Casein on the basis of fasting blood glucose levels measured 
before oral glucose tolerance test after 12  weeks of dietary 
intervention. To the best of our knowledge, no studies are 
available about how rodents are affected by GOS treatment 
on diet-induced hyperglycemia. We could demonstrate a 
significant effect of GOS in normalizing blood glucose level 
under HFD fed conditions.

Our results indicate a significant rise in serum insulin 
concentration in HFD group and protective effect of WPI as 
well as GOS against the rise in serum insulin levels which may 
be correlated with the significantly lowered blood glucose level 
in HFD-WPI and HFD-GOS groups. Zhang et al. [16] reported 
a reduced weight gain and improved glucose homeostasis when 
HFD was used along with leucine supplementation with drinking 
water. Other research workers have also reported beneficial 
effects of leucine supplementation on insulin resistance 

Table 3: Effects of WPI, GOS, and WPI+GOS on gluconeogenesis genes in liver and small intestinal tissues
Gene Tissue Control HFD HFD‑WPI HFD‑GOS HFD‑WPI‑GOS

PEPCK Liver 1.02±0.10a 2.02±0.23b 0.79±0.24a 0.86±0.14a 0.72±0.23a

Small intestine 1.05±0.14 1.32±0.24 0.87±0.14 0.82±0.17 0.62±0.23
G6Pase Liver 1.00±0.04a 1.79±0.21b 0.84±0.16a 0.54±0.22a 0.65±0.16a

Small intestine 1.06±0.16 2.65±0.47 1.44±0.64 1.57±0.57 0.94±0.21
glut2 Liver 1.03±0.10 1.43±0.08 1.03±0.20 1.16±0.13 1.20±0.17

Small intestine 1.01±0.07 1.40±0.28 0.95±0.27 0.60±0.11 0.71±0.19

a, bMean values with different superscripts differ significantly (P<0.05). Values are expressed as mean±SEM. WPI: Whey protein isolate, 
GOS: Galactooligosaccharides, HFD: High fat diet, glut2: Glucose transporter 2, G6Pase: Glucose 6‑phosphatase, SEM: Standard error of mean, 
PEPCK: Phosphoenolpyruvate carboxykinase

Figure 3: Effects of dietary supplementation of whey protein isolate 
(WPI), galactooligosaccharides (GOS) and WPI + GOS on the 
expression of phosphoenolpyruvate carboxykinase in liver and small 
intestine of mice fed high fat diet. Values are expressed as mean ± 
standard error of mean. a-bMean values with different superscripts 
differ significantly

Supplement Figure 1: Effects of dietary supplementation of whey 
protein isolate (WPI), galactooligosaccharides (GOS) and WPI + GOS 
on body weight of mice fed high fat diet. Values are expressed as 
mean ± standard error of mean (*P < 0.05 and **P < 0.01)
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without affecting body fat gain on a HFD [17]. In our study, the 
significantly higher HOMA-IR level could be seen in HFD group, 
and a distinct protection could also be seen as a consequence of 
dietary incorporation of WPI/GOS, and the maximal effect on 
the administration of the two functional components.

Whey protein is rich in BCAAs, e.g., leucine. Petersen et al. [18] 
explored the glycemic effect of adding escalating doses of a 
glycemic index lowering peptide fraction (rich in BCAAs) from 
whey to a glucose drink and reported decreased postprandial 
blood glucose levels.

Improved insulin sensitivity, mediated through leucine 
supplementation or administration of a high amount of whey 
protein diet for 20 weeks in male C57BL/6 mice, which was fed a 
HFD (20% w/w of fat), has been presented by the other research 
group also [19]. Shertzer et al. [20] evaluated the influence 
of WPI on systemic energy balance and metabolic changes in 
female C57BL/6J mice fed a HFD (40% energy derived from fat) 
for 11 weeks with or without 100 g WPI/L drinking water. Mice 
administered WPI had improved glucose tolerance and insulin 
sensitivity. They also showed that HOMA-IR values in mice 
receiving WPI were one-third the value observed with HFD alone.

Our findings also indicated greater insulin sensitivity in the 
HFD-WPI group as the HOMA-IR in this group was 42.3% of 
the value in HFD group at 18 weeks. Improvement in insulin 
sensitivity could be observed as a consequence of dietary 
incorporation of GOS also. The maximum positive effect on 
insulin sensitivity was recorded in HFD-WPI-GOS group as the 
HOMA-IR was 37.5% of the value in HFD group. In a recent 
study, Tranberg et al. [15] replaced casein with whey in HFD of 
C57BL/6NT ac mice and found that whey significantly alleviated 
certain parameters of the metabolic syndrome compared to 
casein along with attenuated glucose intolerance and insulin 
resistance in 14 weeks. The effectiveness of different prebiotic 
fibers in improvement of insulin sensitivity has been reported in 
different animal studies and human trials; as significant blunting 
of hyperglycemia and hyperinsulinism on administration of 10% 
(w/v) gum acacia dissolved in tap water to mice [21] and the 
lowering effects on of insulin concentration by administration 
of FOS [22] and by Bi2muno (B-GOS), a galactooligosaccharide 
mixture [23] in humans have been reported [21-23].

In this study, we could also demonstrate a significant decrease 
in serum GLP-1 level as a consequence of HFD feeding, and 
protective effect of dietary incorporation of WPI/GOS against 
the decrease in serum GLP-1 level . Akhavan et al. [24] in their 
attempt to identify the mechanism of action of whey protein 
on area under curve of insulin on the reduction of post-meal 
glycemia in healthy young men, reported that compared with 
glucose, whey protein resulted in higher post-meal GLP-1 and 
PYY, and lower insulin concentrations without altering the 
insulin secretion. They concluded that premeal consumption 
of whey protein lowered postmeal glycemia by both insulin-
dependent and insulin-independent mechanisms.

However, McAllan et al. [25] did not observe any impact of WPI 
when compared to casein on GLP-1 level in C57BL/6J mice 

fed HFD for 8 weeks. The significant increase in GLP-1 due to 
GOS administration, observed in this study, is in conformity 
with similar effects of other prebiotic fibers, viz., higher level of 
GLP-1 and PYY in HF-arabinoxylan oligosaccharides than in HF 
group mice [26], higher GLP-1 (7-36) amide concentration in 
portal vein serum of OFS and synergy-1 (consisting of Raftilose 
P95-Raftiline HP 1:1) fed Wistar rats [7].

Insulin resistance is the hallmark of metabolic syndrome. Increased 
endogenous glucose production has been recognized to be a crucial 
step during the development of illness from insulin resistance 
toward impaired glucose tolerance and further to diabetes [27]. 
Pillot et al. 2009 [27] have demonstrated that small intestine is 
the third gluconeogenic organ (after liver and kidney) expressing 
glucose 6-phosphase and other genes required for gluconeogenesis, 
and is able to contribute to endogenous glucose production 
in fasting situation and insulinopenic diabetes. In our study, 
significant increase in mRNA expression of PEPCK, as well as 
glucose 6-phosphase in liver of HFD, fed mice could be observed. 
However, only a tendency was observed in small intestine. The 
two functional components, WPI and GOS, were found to be 
effective in resisting the upregulation of PEPCK, as well as glucose 
6-phosphase. Mithieux et al. [4] have reported in that the protein 
diet-induced glucose release by the intestine, initiating satiety 
signals to the brains [28,29]. Reports are also available suggesting 
that the presence of glucose and insulin in the portal blood is 
necessary and sufficient to suppress hepatic glucose release and 
promote glycogen storage. The results can be correlated with the 
decreased expression of two important gluconeogenesis genes 
(PEPCK and glucose 6-phosphase) and decreased blood glucose 
levels on administration of WPI and/or GOS. Pillot et al [27] have 
strongly suggested that a redistribution of glucose production 
among gluconeogenic organs might occur on protein feeding. 
Contrary to expectations, we could not observe significant 
differences in the expression of PEPCK and glucose 6-phosphase 
in the small intestine of different treatment groups.

CONCLUSION

In this study, we have been able to demonstrate the effectiveness 
of WPI of high purity (80-90%) and a GOS preparation 
(70-75% purity) in amelioration of blood glucose levels under 
HFD fed conditions in C57BL/6 mice. To the best of our 
knowledge, this is the first report delineating the potential of 
GOS in improvement of glucose homeostasis under HFD fed 
conditions. Both types of functional components exhibited 
resistance to HFD-induced hyperinsulinemia and HOMA-IR . 
There seemed to be some additive effect in terms of resistance 
to the increase in insulin as well as HOMA-IR score, however, 
it was not significantly higher than the effects due to individual 
ingredients. Certainly, more studies are warranted to link the 
influences of these functional components of different chemical 
architecture on gut physiology and glucose metabolism.
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