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Abstract: Omani halwa is a traditional sweet delicacy. The present study evaluated the effects of feeding
different levels of Omani halwa on the growth performance, fasting plasma glucose, glycated hemoglobin
(HbA1c) and plasma lipid profile of Sprague-Dawley rats. Forty two, 4 weeks old male SD-rats were randomly
divided into 7 groups containing 6 rats in each. Six experimental diets, (in which the normal rat chow was
replaced with either white or black Omani halwa at 10, 15 and 20% level), were prepared and fed for 10
weeks. The group fed on rat chow acted as control. No significant {(p<0.05) differences were observed in the
feed consumption and growth performance of rats fed diets containing different levels and types of halwa.
Significant (p<0.0%5) differences were observed in fasting plasma glucose (FPG) and glycated hemoglobin
(HbA1c) values in rats fed different experimental diets. Diets containing 20% of halwa showed significantly
(p<0.05) higher FPG and HbA1c values. Similarly the rats fed diets containing 20% of halwa showed
significantly (p<0.05) higher lipid profile i.e., TC, TG, HDL-C and LDL-C values as compared to control.
However, the TC/HDL-C ratio did not differ significantly (p>0.05). The plasma creatinine levels differed
significantly {p<0.05) whereas the plasma albumin levels did not differ (p=0.05) in rats fed various
experimental diets. Feeding Omani halwa at 15% level in diets did not affect (p=0.05) the growth, fasting

plasma glucose, glycated hemoglobin (HbA1c) and lipid profile of rats.
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INTRODUCTION

Diet is one of the many lifestyle factors that influences
the risk of developing non-communicable diseases
(NCDs), the leading cause of death and disabilities
worldwide (Wagner and Brath, 2012; Siegel ef af,, 2014;
Vineis ef af., 2014). In the Arab-Gulf countries, including
Oman, the recent improvements in the socic-economic
status of the people, as well as an increased availability
of a wide variety of foods has led to drastic changes in
their lifestyle and food habits. The consumption of plant
based natural diets has reduced, whereas the use of
high fat, energy-dense, highly processed ready-made
foods has increased (Ali et al.,, 2013a). The prevalence
of obesity, impaired glucose tolerance, type 2 diabetes
mellitus, hypertension, hyperlipidemia and the rate of
cancer in Omani population are on the increase (Asfour
et al, 1995; Al-Riyami ef al, 2012). Although infant
mortality rates have decreased significantly in Oman, the
adult death rate due to NCDs, such as diabetes, cardio-
vascular diseases and cancer is on the increase (Al-
Lawati ef al, 2008, Al-Riyami et al, 2012). The
prevalence of metabolic syndrome (MetS) in the Gulf
Cooperative Council {(GCC) states, including Oman, is

also on the increase and is generally higher in women
than in men (Al-Lawati ef a/., 2003, Sliem ef af., 2012).
The available evidence indicates that the most cases of
MetS may be attributed to inappropriate dietary patterns
and sedentary life style (Aballay et af, 2013, Ahluwalia
et al., 2013; Calton ef &, 2014).

Considerable epidemiclogical evidence exits
concerning the dietary lipids and sugar intake as the
etiological factors in obesity. High-fat diets and high
intake of dietary sugars lead to excessive energy intakes
and are strongly linked to the pandemic of obesity that is
directly associated in the causation of non-
communicable diseases such as diabetes,
hypertension, cardiovascular diseases and cancers
(Al-Khudairy et al., 2013; Bolsinger et al,, 2013; Schwab
ef al,, 2014). Humans are known for their passion of
eating sweets and every nation has its own delights that
are synonymous with their ethnic, cultural, regional and
religious practices. The frequent consumption of
sweets, in particular by children can lead to excessive
intake of calories and is the risk factor for dental caries,
weight gain, obesity and cardiovascular risk factor in
adults (Schneider ef af, 2013; Nicklas and O’Neil, 2014).
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The Omani halwa is a traditional Omani sweet delicacy
that mainly consists of butter oil, starch and sugar. It is
not only served on special occasions but is also offered
and consumed together with Omani coffee as a gesture
of hospitality in everyday life. The details about its
ingredient composition, methods of preparation,
chemical composition and glycemic index value have
already been reported by us in a previous study (Ali ef af,,
2013b). Although the glycemic index values of different
types of Omani halwa were found to be within the
low Gl category (<595), its total fat and carbohydrate
contents were found to be about 14 and 73%,
respectively (Ali ef al., 2013b).

Being an energy-dense sweet dish (403-421 kcal/100 g)
containing high amounts of sugar and fat (mainly
saturated fatty acids), the increased daily intake of
Omani halwa may lead to over consumption of daily
discretionary calories allowances and ultimately to
overweight and obesity. The American Heart Association
recommends reductions in the intake of added sugars
to half of the discretionary calorie allowance (Johnson
et al.,, 2009). No data is available on the effect of eating
Omani halwa, in particular its effects on weight gain,
obesity and other physiological parameters in humans
or animals. Experimental dietary models in rats have
been developed to mimic the features of over
consumption and to study the weight gain, obesity,
hyperlipidemia, insulin resistance and other markers of
cardiovascular diseases (la Fleur et af, 2013; Munshi
et al, 2014). The present study was therefore conducted
to determine the effects of feeding different levels of
traditional white and black Omani halwva on the growth
performance, glycated hemoglobin (HbA1c), fasting
plasma glucose and lipid profile of Sprague-Dawley
rats.

MATERIALS AND METHODS

Preparation of experimental diets and animal
experiment. Representative samples of two different
types of Omani halwa (white and black) were collected
from the local market. The details about the preparation
process and chemical composition of Omani halwa
were given in our previous paper (Ali ef al, 2013b). The
percentage moisture, crude protein, total fat, ash, crude
fiber and nitrogen free extract (NFE) in white and black
halwa was 11.81, 12.13, 0.28, 0.44, 13.84, 12.94, 0.68,
0.57, 015, 0.27, 73.24 and 73.685, respectively. The
energy value of white and black halwa was 418.6 and
403.8 kcal/100 g, respectively. The normal rat chow was
obtained from the local Oman Flour Mills Company
(5.A.0.G), Muscat, Oman. The proximate composition of
normal rat chow indicated 11.7% moisture; 19.5% crude
protein; 4.9% crude fiber; 2.7% total fat; 6.4% ash and
54.8% nitrogen free extract (NFE). The gross energy
value of normal rat chow was 322 kcal/100 g. Six
experimental diets, in which the rat chow was replaced
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with either white or black Omani halwa at 10, 15 and
20% level respectively, were prepared. The substitution
of rat chow with either white or black Omani halwa at 10,
15 and 20% level in experimental diets increased their
gross energy values by 6.20, 9.34 and 12.52 or 4.78§,
7.17 and 9.56 kcal/100 g, respectively. The diets were
randomly allocated to different experimental groups.
Forty-two (4 weeks old) male Sprague-Dawley rats with
an average weight of (72.9+3.6) were used for this study.
They were randomly divided into 7 groups containing 6
rats in each group. The rats were kept in individual
cages with wire-meshed floors equipped with feeders to
facilitate the assessment of food intake and food
spillage. The rats were housed in a temperature
controlled room (24+1°C) under the standard housing
conditions with a 12 h light-dark cycle. The rats were
given a weighed mount of diet twice daily to ensure
ad fibitum feeding. The leftover food was collected daily
and the daily food intake was recorded. The rats had 24
h continuous access to water. The animals were
weighed weekly and their body weight gain was
recorded. The experiment lasted for 10 weeks. The
group fed on normal rat chow acted as control. The study
was approved by the Animal Research Ethics
Committee of Sultan Qaboos University, Muscat, Oman.

Blood sampling and analysis: At the end of the 10
weeks experimental period after an overnight fast (12 h),
the rats were euthanized by cervical dislocation and the
blood was collected in heparinized tubes. The blood
samples were centrifuged to collect the plasma, which
was then analyzed for determining the glucose, total
cholesterol, triglycerides, HDL-cholesterol (HDL-C),
LDL-cholestercl (LDL-C), TC/HDL-C ratio, creatinine and
albumin by enzymatic methods using an Alcyon 300
automated biochemical analyzer (Abbott Laboratories,
USA). The instrument was calibrated and validated
using the standard solutions before the actual samples
were analyzed. Fresh blood was used to determine the
glycated hemoglobin (HbA1c). The glycated hemoglobin
(HbA1c) was measured with the help of NycoCard
HbA1c method. NycoCard HbA1c is a Boronate Affinity
Assay. The kit contains test devices, which include a
porous membrane filter, test tube pre-filled with reagent
and a washing solution. The reagent contains agents
that lyse the erythrocytes and specifically precipitate the
hemoglobin. The reagent also contains a blue boronic
acid conjugate that binds cis-diols of glycated
hemoglobin. When blood is added to the reagent
mixture in the test device, the erythrocytes immediately
lyse and all the hemoglobin is precipitated. The
conjugate-bound and unbound glycated hemoglobin
remains on top of the filter in the test device. Any excess
of the coloured conjugate is removed with the help of
washing solution. The precipitate is then evaluated by
measuring the blue {glycated hemoglobin) and the red
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(total hemoglobin) colour intensity with the help of
NycoCard Reader Il. The ratio between the glycated and
total hemoglobin is proportional to the percentage of
HbA1c in the sample (Axis-Shield PoC AS, 2003).

Statistical analysis: The results obtained were analyzed
statistically using descriptive statistics and one way
analysis of Variance (ANOVA). The means were
compared by least significant difference (LSD) using
Duncan’s Multiple Range Test (DMRT) as described by
Snedecor and Cochran (1989). The data was analyzed
with the help of statistical software package, SPSS v. 16.
The data is presented as meantSD and the values
p<0.05 were considered as significant.

RESULTS AND DISCUSSION

Dietary intake and growth performance of rats: The
data on the average weekly feed intake and average
weekly body weight gain in rats is shown in Fig. 1 and 2.
No significant (p<0.05) differences were observed in the
average weekly consumption of control and experi-
mental diets. The rats fed diets containing different
levels of Omani halwa showed slightly higher intakes as
compared to control (normal rat chow) in the beginning
of experiment. However, as the experiment progressed,
the dietary intake was almost similar in rats fed diets
containing different levels of Omani halwa as compared
to control (Fig. 1). This may be attributed to improved
taste and flavour of the experimental diets because of
Omani halwa that is mainly composed of butter oil,
starch and sugar. The substitution of rat chow at 10, 15
and 20% levels with Omani halwa increased the energy
value of experimental diets from 4.78 to 12.52 kcal/100
g. There was a linear trend in the body weight gain of
rats in all the experimental groups (Fig. 2). No significant
(p<0.05) differences were observed in body weight gain
and the average growth rate of rats fed various
experimental diets as compared to control group. The
weight gain in rats was also well correlated with their
feed intake. As the animals were offered diets ad-
libitum, they might have compensated their energy
intake by adjusting their dietary intake and ultimately
didn't show any significant differences in weight gain.
The average growth rate of rats decreased significantly
(p<0.05) with the progress in the age of the animals. Our
results are in line with those reported by Wilkes et al.
(1998), who observed that the body weights of rats, fed
either high fat or high carbohydrate diets, did not differ at
any time during a 3 week study period and the rats in all
the dietary groups consumed similar amounts of food
throughout the study. Our results are also in line with the
previous findings reported by Leonardi ef al. (2010),
Caton et al. (2012) and Jurgonski et al. (2014).

Fasting plasma glucose (FPG) and blood glycated
hemoglobin {HbA1c): The results on fasting plasma
glucose (FPG) levels and blood glycated hemoglobin

Table 1: Fasting plasma glucose (mg/fdL)* and blood glycated
hemoglobin (%) wvalues in rats fed wvarious levels of
Omani halwa.

Group Fasting plasma glucose HbA1c (%)
Control 119.83+12.21" 3.0240.27°
BH10% 114.17+8.450° 3.2040.14
BH15% 131.67+13.32% 3.1710.27%
BH20% 123.33+18.29° 3.48+0.10°
WH10% 128.67+12.56% 3.3310.22%
WH15% 117.50+16.59° 3.230.26™
WH20% 135.67+16.06° 3.3040.13*

*Walues are meanstSD; a, b, c: Different alphabets in the same
column means significantly different at 5% (p<0.05)

(HbA1c) values of rats fed control and experimental diets
are shown in Table 1. Diets containing different
concentrations of Omani halwa significantly (p<0.0%)
affected both the FPG and HbA1c concentration in rats.
The blood glucose levels in rats fed wvarious
experimental diets ranged between 114.2 to 135.7
mg/dL. The highest value was observed in rats fed diet
containing 20% of white halwa. No significant (p<0.05)
differences were however observed in the FPG values of
rats fed various levels of black Omani halwa. The
glycated hemoglobin values in rats fed wvarious
experimental diets ranged from 3.02 to 3.48% (Table 1)
and differed significantly (p<0.05). The rats fed diet
containing 20% of black halwa showed the highest
HbA1c values (3.48%).

The relationship between the daily dietary nutrient
composition, in particular the intake of fats and
carbohydrates, with glucose homeocstasis has been
recognized since long (Heer and Egert, 2014,
Kawamura ef al, 2014). High fat diets have been shown
to produce quantitative effects on glucose homeostasis
in experimental animals and result in impaired glucose
tolerance (Lichtenstein and Schwab, 2000). Type of fat
e.g., saturated fats, relative to monounsaturated and
polyunsaturated fats appear to be more deleterious with
respect to fat induced insulin sensitivity, inflammation
and other risk factors for non-communicable diseases
(Chisholm and O’'Dea, 1987, Schwab ef af, 2014).
Metabolic studies suggest that high fat diets containing
higher proportions of unsaturated fats result in better
measures of glucose metabolism than  high
carbohydrate diets (Pedersen ef al, 1991). Fasting
plasma glucose is commoenly used as a marker for the
evaluation of glycemic control in diabetic patients.
However, it is only a short-term indicator of diabetic
control. The glycated hemoglobin (HbA1c) is considered
as a more useful biomarker in assessing the long-term
glycemic control as it reflects the retrospective time
averaged glycemic status in individuals {Davidson et af.,
2008). HbA1c has also been shown to be associated
with increased risk of CV¥D and cancer incidence (Kim et
al, 2010; Haring et al, 2014). Our results are in
agreement with these findings.



Pak. J. Nutr., 14 (8): 503-510, 2015

Table 2: Fasting plasma lipid profile {mg/dL)*in rats fed various levels of Omani halwa

Group TC TG HDL-C LDL-C TCHDL-C

Control 68.00+4.24° 35.67+4.68° 28.83+5.56° 32.00£5.57" 2.36+0.43"
BH10% 84.50+4.55" 32.5045.58%* 36.02+7.14° 41.9845.13%* 2.34+0.62M°
BH15% 79.50+7.87° 28.1746.31° 35.837.11° 38.0747 45" 2.22+0.67"
BH20% 100.31+5.57° 33.0045.53% 39.53+9.53% 54.18+7.32° 1.85%1.09"°
VWH10% 75.03+0.00 ¢ 27.0046.61° 33.0044.73% 36.6048.55" 2.27+0.58M¢
WH15% 85.67+9.7° 26.67+7.91° 42.83+5.19° 37.51£7.19° 2.00+0.41"8
VWH20% 85.33+8.5° 36.1746.33° 38.5+9.80%* 39.6147.31% 2.40+1.05"°

*Walues are meansiSD. a, b, c: Different alphabets in the same column means significantly different at 5% (p<0.05)
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Fig. 1: Average weekly feed consumption (g) of rats fed various experimental diets
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Fig. 2. Average weekly body weight gain (g) in rats fed various experimental diets

The fasting plasma glucose concentrations in rats fed
different concentration of halwa correlated well with the
HbA1c values and indicated the differences in the
glucose homeostasis of the rats. Glycation of
hemoglobin is a hon-enzymatic process and the degree
of glycation reflects the time-averaged concentration of
glucose over the previous 3 to 10 weeks period. The
results of this study could be attributed to prolonged
exposure of rats to higher dietary fat and carbohydrate
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concentrations contributed from halwa that might have
affected the pancreatic sensitivity causing a reduction in
insulin level in the blood stream and consequently the
elevated HbA1c levels. It has been shown that rats fed
higher levels of fat developed hyperglycemia that was
accompanied by impaired glucose tolerance (Zaragoza-
Hermans, 1974). Higher intake of dietary fat can induce
a reduction in glucose uptake and oxidation, or its
conversion to fatty acids that may cause a decrease in
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Table 3: Fasting plasma Creatinine and Albumin levels (mg/dL)*
in rats fed various levels of Omani halwa

Group Creatinine Albumin

Control 0.58+0.142 4.150.99"%
BH10% 0.50+0.12° 4.00£0.47"¢
BH15% 0.54+0.05* 3.67+1.65"
BH20% 0.40+0.15¢ 3.70+1.73%
WH10% 0.42+0.04¢ 4,1210.34"5
WH15% 0.49+0.11° 4.150.79"8
WH20% 0.36+0.03¢ 4.0710.86"°
Values are meanstSD; NS: Non-significant. ab,c. Different

alphabets in the same column means significantly different at 5%
(p<0.05)

insulin sensitivity (O'Dea ef af., 1989). Shimakawa ef al.
(1993) reported that the percentage of energy consumed
as fat was significantly correlated with HbA1c levels in
insulin-dependent male diabetic patients. Our results
are in agreement with these findings.

Plasma lipid profile: The results on the fasting plasma
lipid profile of rats fed various experimental diets are
shown in Table 2. The components of lipid profile
included total cholesterol (TC), triglyceride (TG), high
density lipoprotein cholesterol (HDL-C), low density
lipoprotein cholesterol (LDL-C) and total cholesterol to
high density lipoprotein cholesterol ratic (TC/HDL-C).
Significant {(p<0.05) differences were observed in the TC,
TG, HDL-C and LDL-C values of rats fed various levels
of Omani halwa as compared to control group. The TC
values in rats fed various experimental diets ranged
between 68.0 to 100.3 mg/dL. The highest TC values
were observed in rats fed diet containing 20% of black
Omani halwa, followed by diets containing 15 and 20%
of white Omani halwa (Table 2). The TG values in rats
fed various experimental diets ranged between 26.7 to
36.2 mg/dL. The diet containing 20% of white halwa
showed the highest TG values in rats. However, the TG
values in rats fed diets containing 20% of black and
white Omani halwa didn't differ significantly (Table 2).
The HDL-C values in rats fed various experimental diets
ranged between 28.8 to 42.83 mg/dL. The highest HDL-
C value (42.83 mg/dL) was observed in rats fed 15% of
white halwa followed by 20% of black and white halwa
(Table 2). The LDL-C values ranged between 32.0 to
54.18 mg/dL. The highest LDL-C value was observed in
rats fed diet containing 20% of black halwa (Table 2). No
significant (p<0.05) differences were observed in
TC/HDL-C values of rats fed various experimental diets
as compared to control as well as among each other
(Table 2).

Plasma lipid profile identifies a panel of risk factors that
are considered to be associated with the risk of
cardiovascular diseases (CVD). Out of these risk factors,
total cholesterol has traditionally been estimated to
study the effects of dietary lipids on developing the risk
of CVD (Munshi et al, 2014). Relying on cholesterol
alone, as a marker of CVD risk is however not enough,
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as the disease picture may change if the HDL-C and
other associated risk factors are not taken into account
(Mensink et al., 2003). Measuring the ratio of TC to HDL-
C is now considered a more reliable marker than the TC
alone in assessing the risk of coronary artery diseases.
High serum ftriglyceride levels have also been
recognized as an independent risk factor and biomarker
for cardiovascular diseases (Sarwar ef al, 2007;
Schwab ef al, 2014). The rats in the control group
showed the lowest TC value whereas the highest TC
values were observed in rats fed diet containing 20% of
black halwa (BH20% group). Similarly the rats fed diet
containing 20% of white and black halwa showed higher
TG values. The differences in the TC and TG values of
rats fed various levels of Omani halwa could be
attributed to the higher amount of dietary fat consumed
by the animals. Wang et a/. (2003) demonstrated that
long term feeding with a high fat/low carbohydrate diet
might produce adverse effects on the plasma lipid
profile, with elevated levels of triglycerides, NEFA, TC
and reduced levels of HDL cholesterol. High-fat/low-
carbohydrate diets have been shown to raise the
plasma cholesterol levels associated with the formation
of large low-density lipoprotein (LDL) particles (Guay
et al, 2012), which may adversely increase the
cardiovascular risk profile (Gerber and Berneis, 2012).
The short term exposure to high fat diets upregulates the
key genes involved in lipid and lipoprotein metabolism
at the enterocyte level (Tremblay et al, 2013). Low
carbohydrate and high fat diets have also been shown to
promote the hepatic steatosis in rats {Lecnardi ef a/,
2010). On the other hand, the high-carbohydrate/low-fat
diets may dictate the development of type 2 diabetes and
may also induce dyslipidemia and metabolic syndrome
(Bolsinger et al., 2013; Rajaie et al, 2014). The type of
fat rather than the total amount of fat in the diet also
plays an important role in determining the risk of
coronary heart diseases (CHD) (Stradling et a/., 2013,
Jurgonski et al., 2014). Cintra et al. (2008) observed that
rats fed high fat diets, in particular containing saturated
fatty acids showed significantly (p<0.05) higher levels of
total serum cholesterol, larger lipid molecules and
increased cholesterol deposition in their livers as
compared to those fed the normal diet. Consumption of
high amounts of carbohydrates at the expense of
polyunsaturated fatty acids increased the total and LDL-
cholesterol, reduced the HDL-C and promoted the
triglycerides concentration (Hauner ef al., 2012). The
quantity of ingested carbohydrates also affects the
quality of LDL particles by decreasing their size and
increasing their density, which may increase the risk of
cardiovascular profile {(Gerber and Berneis, 2012). Our
results on the lipid profile of SD-rats are in agreement
with these results reported in the literature.

Plasma creatinine and albumin: The results of the
plasma creatinine and albumin values in rats fed



Pak. J. Nutr., 14 (8): 503-510, 2015

various experimental diets are shown in Table 3. The
creatinine levels in rats fed various experimental diets
ranged between 0.36 to 0.58 mg/dL. The control group
showed the highest creatinine level whereas the rats fed
diets containing 20% white halwa showed the lowest
creatinine level. Although significant {p<0.05) differences
were observed in creatinine values of the rats fed
various experimental diets, the values were within the
normal range. Javapalan et a/. (2000) reported that
serum creatinine was 49% higher in male rats fed the
high fat diet. Creatinine is a catabolic product of
creatinine phosphate, which is important in the skeletal
muscle contraction. Creatinine is excreted by the kidneys
and is therefore directly proportional to the renal function.
Creatinine test is therefore used to diagnose the
impaired renal functions. The albumin levels of the rats
fed various experimental diets ranged from 3.67 to 4.15
mg/dL. No significant (p<0.05) differences were
observed in albumin values of rats fed wvarious
experimental diets (Table 3). Serum albumin is the main
protein synthesized by the liver and plays an important
role in maintaining the colloid osmotic pressure and
transporting fatty acids, toxins, drugs and bilirubin.
Chronic renal and liver diseases may lead to long-term
changes in the plasma concentrations of albumin
(Baumgartner ef al, 1996). The results of this study
indicated that the albumin levels in rats fed different
levels of Omani halwa were within the normal range.

Conclusion: Omani halwa is a traditional sweet delicacy
that is served in Omani homes together with Omani
coffee as a gesture of cultural hospitality. The present
study evaluated the effects of feeding different levels of
Omani halwa on the growth performance, fasting
plasma glucose, glycated hemoglobin (HbA1c) and
plasma lipid profile of male Sprague-Dawley rats.
Feeding Omani halwa at 15% level in diets did not affect
(p=0.0%) the growth, fasting plasma glucose, glycated
hemoglobin (HbA1c) and lipid profile of rats. Being an
energy-dense traditional sweet dish containing high
amounts of sugar and fat, mainly saturated fatty acids,
the habitual increased intake of Omani halwa may lead
to over consumption of daily discretionary calorie
allowances and ultimately to weight gain and obesity.
Based on the results of this study it is suggested that
only moderate amounts of Omani halwa should be
consumed daily to avoid weight gain and the risk of

developing non communicable chronic diseases
(NCDs).
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