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 The prevalence of obesity has increased rapidly worldwide and the importance of 

considering the role of diet in the prevention and treatment of obesity is widely 

acknowledged. This study aims at investigating the effect of high protein diet (HP) co-
supplemented with two levels of dried fenugreek seeds powder (FGP) on obese rats fed 

on high fat diet (HFD). Forty-eight male albino rats (Sprague Dawley) weighing 

(155+33g) were divided into two main groups. The first group (n=12) (control 
negative) was divided into two subgroups and fed basal diet (BD) containing (14 or 

20%) protein. The second group (36 rats) was fed on high fat diet (HFD) for (4 weeks) 

to induce obesity and was divided into six subgroups, two groups of them were fed on 
HFD containing (14 or 20%) protein (positive control groups). The remaining (4 

subgroups) were fed with HFD containing two levels of protein (14 or 20%) and co-

supplemented with two levels (4 or 8%) of dried fenugreek seeds powder (FGP) for 8 
weeks. The results revealed that feeding obese rats on HFD containing high protein 

level (20%) and supplemented with 8% (FGP) induced the greatest significant (P<0.05) 

decrease in body weight, relative weight of liver and peritoneal fat pad ratio. The level 
of serum leptin, glucose, total cholesterol (TC), triglycerides (TG), LDL-c and VLDL-c 

was significantly increased compared with obese groups. In conclusion, fenugreek seed 

have anti-obesity property, so it can be used in protecting against obesity induced by 
high fat diets. 
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INTRODUCTION 

 

 Obesity is known as an abnormal or excessive lipid accumulation in adipose tissue, caused by various 

environmental and genetic factors [1]. One of the common environmental factors causing obesity is the high-fat 

diet which has come into wide use today. Recent changes in human lifestyle have resulted in a marked increase 

in the incidence of obesity. Increased adiposity contributes to insulin resistance, dyslipidemia, and 

hyperglycemia [2]. Hyperlipidemia and hepatic steatosis are typical symptoms of dyslipidemia and are risk 

factors for arteriosclerosis and cirrhosis [3]. 

 Fenugreek is a legume, originated in South Eastern Europe and Western Asia, but is grown now in India as 

well as in certain parts of Asia, Northern Africa, Europe and the United States [4]. Fenugreek seeds are aromatic 

but bitter with carminative, galactagouge, antibacterial and antiviral properties [5]. 

 Fenugreek seeds are traditionally used for the treatment of many diseases. Studies show that the seeds have 

antioxidant properties. Many medicinal properties are attributed to fenugreek seeds and leaves [6]. Fenugreek 

seeds have several pharmacological attributes such as hypoglycemic [7,8], and anti hyperlipidemic properties of 

oral fenugreek seeds powder [9]. 

 The soluble fiber derived from fenugreek seeds has been identified as galactomannan similar to other 

soluble fiber of guar seeds, psyllium husk, other species [10]. The fenugreek galactomannan has the maximum 

content of mannans and galactose. The galactose to mannan ratio being 1:1; as they are uniformly linked and 

hence they provide maximum hydration, solubility are the reasons for the low viscosity of fenugreek gum 

solution and desegregation of molecular aggregates in solutions at any given temperature. This property makes 

it an excellent ingredient for various food applications compared to other natural hydrocolloids [11]. 
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 Shalini and Sudesh [12] made it clear that the chemical composition and antioxidant activity of husk (Seed 

Coat) and endosperm of fenugreek seeds have revealed that endosperm has the highest content of saponin 

(4.63%) and protein (43.80%). In contrast, husk (Seed Coat) contains higher amount of polyphenols (103.80 mg 

of Gallic acid equivalent) and total dietary fiber (77.10%) [13].  

 Fenugreek has long been used in traditional medicine systems for its hypoglycemic properties [14]. 

Fenugreek has also been shown to exhibit dose-dependent antioxidant properties. Preventing lipid peroxidation 

and other oxidative damage in several vitro models [15]. Finally soluble dietary fiber extracted from fenugreek 

seeds has been shown to blunt serum glucose increase following an oral glucose load associated intestinal 

disaccharides activity and glucose absorption together with increased gastrointestinal motility [16]. 

 The present study is aimed at investigating the effects of different levels of protein supplemented with two 

levels of fenugreek seeds powder on leptin hormone, total blood sugar, lipid profile and weight reduction of 

albino rats suffering from obesity. 

 

MATERIALS AND METHODS 

 

Materials: 

 Fenugreek seeds were purchased from the local market, Al Madinah Al Monawwarah, King Saudi Arabia 

(KSA). Cleaned, powdered and formulated for diet.  

 

Chemicals: 

 Casein, vitamins, minerals, cellulose and choline chloride were purchased from Hebei Kangdali 

Pharmaceutical Co., Ltd, China; Corn oil and corn starch were obtained from Zhucheng Runsheng Starch Co., 

Ltd. China. 

 Kits used to determine serum biochemical parameters were purchased from Alkan ABC Comp, United 

Kingdom. 

 

Rats:  

 Forty eight male albino rats of Sprague Dawley strain weighing 155+33g were obtained from the animal 

house, King Khalid Hospital, Riyadh, KSA.  

 

Experimental Design: 

 Rats were housed in individual cages hygienic laboratory conditions and were fed on basal diet ad libitum 

for one week for adaptation in the animal house. 

 The basal diet in the preliminary experiment consisted of 14% casein (protein > 85), corn oil 4%, salt 

mixture 3.5%, vitamins mixture 1%, choline chloride 0.25%, cellulose 5% and (72.25%) corn starch, according 

to Reeves et al. [17]. 

 The salt mixture and vitamin mixture were prepared according to Hegsted et al. [18] and Campbell [19]. 

After a period of adaptation on basal diet, rats were divided into two main groups. The first main group (12 rats) 

was divided into two subgroups, and fed on basal diet containing 14% or 20% protein (used as negative control 

groups).  

 The second Group: Thirty six rats were fed on high fat diet containing (14% protein from casein, 20% fat 

(19% saturated fat +1% unsaturated fat), 5% cellulose, 3.5% salt mixture, 1% vitamin mixture, 10% sucrose, 

0.25% choline chloride and the remainder is corn starch for 8 weeks to induce obesity in rats, then weight gain, 

serum (cholesterol, triglyceride, total lipid) were determined.  

 The obese rats were divided into six subgroups, the first and second groups were fed on high fat diet 

containing 14 or 20% protein used as a positive control group (+ve) and the other four groups were fed on high 

fat diet containing (1) 14% protein and supplemented with 4% (FGP) (2) 20% protein and supplemented with 

4% (FGP) (3) 14% protein and supplemented with 8% (FGP)  (4) 20% protein and supplemented with 8% 

(FGP). Body weight, food consumption were measured twice a week and total food intake of the experimental 

period (8 weeks) was calculated. 

 

Biochemical Analysis of Serum: 

 At the end of the experiment the rats were starved for 12h, and sacrificed under anesthesia ether. Blood 

samples were drawn from hepatic portal vein by the means of fine capillary glass tubes [20]. Blood samples 

were received into clean dry centrifuge tube and left to clot at room temperature, then centrifuged for 10 minutes 

at 3000 r.p.m. Serum was carefully separated into dry clean Wassermann tubes, using a Pasteur pipette and kept 

frozen at (-20
o
C) till estimation of some biochemical parameters. Serum samples used for determination of total 

cholesterol [21], triglycerides [22], HDL-c [23], LDL-c and VLDL-c [24]. Blood sugar was determined 

according to Trinder [25] and serum leptin was according to Elisa, [26]. 
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Statistical Analysis: 

 Results of biochemical analysis and physiological evaluations of each group were statistically analyzed 

using the mean, Standard Error and one way ANOVA test using SAS package [27]. 

 

RESULTS AND DISCUSSIONS 

 

 Effect of feeding of high fat diet (HFD) containing high protein (HP) and cosupplemented with fenugreek 

on body weight gain, organs weight/body weight percentage and peritoneal fat percentage in albino rats 

suffering from obesity was evaluated. 

 The data in Table (1) shows that the control (+ve) group which were fed on high fat diet (HFD) containing 

14 or 20% protein recorded a significant increase (P<0.05) in body weight gain % (BWG %), liver, kidney 

weight/body weight and peritoneal fat % as compared with the control (-ve) group which fed on basal diet (BD). 

Results reveal that obese group which fed on (HFD) containing high protein (HP) (20%), supplemented with 8% 

fenugreek powder (FGP) records significant decreases in (BWG %), liver, kidney weight/body weight % and 

peritoneal fat %  (P<0.05) as compared with the control (-ve) group. Furthermore, the group which was fed with 

(HFD) containing 14% protein and supplemented with 8% (FGP) results also reveal  that obese group was fed 

with (HFD) containing 20% protein and supplemented with 4% (FGP) record a significant decrease P<0.05 in 

BWG%, liver, kidney weight/body weight and peritoneal fat % as compared to the (+ve) group, fed on HFD 

containing 14%, while obese group which was fed on (HFD) containing 14% protein and supplemented with 4% 

(FGP) recorded non-significant difference in BWG%, liver, kidney weight/BW, peritoneal fat % as compared to 

the (+ve) control group which was fed on HFD containing 20% protein. These results suggest that fenugreek 

decreased lipid accumulation.   

 In this concern Handa et al. [28] reported that fenugreek seeds extract reduced the body weight gain 

induced by high-fat diet in obese rats. These results suggest that 4-hydroxyisoleucine is one of the effective 

compounds in fenugreek seeds extract, but not the only one. It has been reported that fenugreek seeds contain 

bioactive compounds, for example, amino acids [29], galactomannan [30], Flavonoids and saponins [30]. Reddy 

et al. [31] reported that the probable mechanism of fenugreek decreasing the total body weight and adipose 

tissue weight may be that 1) Fenugreek flushes out the carbohydrates from the body before they enter the blood 

stream resulting in weight loss 2) Fenugreek seeds contain a high proportion (40%) of soluble fiber. This fiber 

forms a gelatinous structure (similar to gaurgum) which may have effects on slowing the digestion and 

absorption of food from the intestine and create a sense of fullness in the abdomen, thus suppresses appetite and 

promotes weight loss.  

 On the other hand, high protein diet, rather than increased rate of lipid oxidation (LOX) decreased 

lipogenesis, the main mechanism that contributes to limiting body adiposity under conditions of (HP) feeding. 

Lox only transiently enhanced at a very early stage of adaptation, whereas CHo oxidation initial decreased but 

then was partially and gradually restored, leading to a null dieta CHo balance that prevented de novo 

lipogenesis. This inhibition of de novo lipogenesis may be the major process that permits a reduction in fat 

deposition under conditions of (HP) feeding and do not support the hypothesis that an HP diet limits fat 

deposition by increasing energy expenditure [32].  

 The Effect of Feeding high fat diet containing high protein and supplemented with Fenugreek on Serum 

glucose and leptin hormone level in obese rats: 

 Table (2) revealed that a significant increase (P<0.05) in the level of serum glucose in albino rats fed on HF 

diet with or without high protein as compared to the control (-ve) group.  

 Results revealed that all obese groups fed on HFD supplemented diet with FGP induced a significant 

(P<0.05) decrease in blood sugar as compared to the (+ve) control group. The high level of protein (20%) plus 

supplementation with 8% (FGP) recorded the best results followed by group fed on HF diet containing 14 

protein and supplemented with 8% (FGP), while obese group which fed on HF diet containing 20% protein and 

supplemented with 4% (FGP) recorded non-significant difference as compared to obese group which fed on H F 

diet containing 14% protein and supplemented with 8% fenugreek.  

 In this concern, Hannan et al. [16] reported that the soluble fiber of fenugreek can improve glucose 

homoeostasis by delaying carbohydrate digestion and absorption, and enhancing insulin action. An explanation 

could be the extensive gel formation and low viscosity of the resulting gels inside the intestine, which may delay 

the gastric emptying and decrease the intestinal transit time of the food mass. Glucose trapped inside the gel 

may leaches out slowly and prevents the sudden raise of blood-glucose level. 

 In this regard, Nahas and Moher [14] reported that fenugreek has long been used in traditional medicine 

system for its hypoglycemic properties.  This is widely attributed to the amino acid 4-hydroxyisoleucine, which 

has been isolated from fenugreek seeds and shown to have insulin tropic activity in isolated Pancreatic beta cells 

[33]. In addition to insulin sensitizing effects, fenugreek contains steroid saponin compounds including 

diosgenin, alkaloids and trigonelline, which have been shown to inhibit in vitro sodium-dependent intestinal 

glucose uptake and have anti-inflammatory properties [34].  
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 On the other hand soluble dietary fiber extracted from fenugreek seeds has been shown to blunt serum 

glucose increase following an oral load associated with decreased intestinal disaccharides activity and glucose 

absorption together with increased gastro intestinal motility. Soluble fiber of fenugreek can improve glucose 

homeostasis by delaying carbohydrate digestion, absorption, and enhancing insulin action[16].  

 Concerning leptin hormone results presented in Table (2) a significant (P<0.05) increase in serum leptin 

hormone in groups fed on (HF) diet with or without high protein as compared to the control (-ve) group. Obese 

groups fed on HFD containing 20 or 14% protein and supplemented with 8 or 4% FGP recorded a significant 

decrease (P<0.05) in serum leptin as compared to the (+ve) control groups fed on HFD containing 14 or 20% 

protein only. The greatest decrease in serum level of serum leptin hormone recorded by obese group fed on HFD 

containing 20% protein and supplemented with 8% FGP, followed by obese group fed on low protein diet (14%) 

and supplemented with 4% (FGP). 

 The Effect of feeding high fat diet containing high protein and cosupplemented with fenugreek on serum 

cholesterol and triglycerides levels of albino rats suffering from obesity, is presented in Table (3) that shows the 

effect of feeding HF; high protein diet supplemented with 4% or 8% fenugreek powder on serum cholesterol and 

triglycerides levels of albino rats suffering from obesity. The statistical data shows that the control (+ve) group 

which fed on high fat diet containing 14 or 20% protein recorded a significant (P<0.05) increase in serum total 

cholesterol (TC) and triglycerides (TG) levels as compared to the (-ve) control group. On the other side positive 

groups which fed on (HF), containing 20% protein and supplemented with 8% (FGP) recorded a significant 

decrease (P<0.05) in (TC) and (TG) levels as compared to the (+ve) group followed by group which fed on 

(HF), containing 20% protein and supplemented with 4% (FGP).  

 Handa et al. [28] reported that fenugreek seeds extract decreased the plasma triglyceride gain caused by 

corn oil administration. They suggested that 4-Hydroxyisoleucine is one of the effective compounds in 

fenugreek seed extract, but not the only one. It has been suggested that fenugreek seed contains some bioactive 

compounds, for example, amino acids, galactomannan, flavonoids, and saponins. Our results revealed that obese 

groups fed on diet supplemented with (FGP) recorded a significant (P<0.05) decrease in (TC) & (TG) levels. 

Fenugreek derived from galactomannan has shown to have the maximum efficacy in lowering the plasma 

cholesterol level due to its unique structure of galactose to mannose 1:1 ratio [11]. 

 The Effect of feeding high fat diet containing high protein and cosupplemented with fenugreek on lipid 

fractions of albino rats suffering from obesity is presented in Table (4). The Effect of high fat died containing 14 

or 20% protein and supplemented with 4 or 8% fenugreek on serum levels of LDL-c, VLDL-c and HDL-c in 

obese albino rats are presented in table (4). Results revealed that rats which fed on high fat died containing 14% 

protein have the highest serum levels of LDL-c and VLDL-c, while recorded the lowest level of HDL-c as 

compared to the (-ve) control group. On the other hand (+ve) control which fed on (HF) diet containing 20% 

protein recorded non-significant difference in LDL-c, VLD-c and HDL-c levels as compared to obese group fed 

on (HF) diet containing 14% protein and supplemented with 4% fenugreek. Our results revealed that (+ve) 

groups which fed on HF diet containing 20 or 14% protein and supplemented with 8% or 4% (FGP) induced a 

significant decrease (P<0.05) in serum levels of LDL-c, VLDL-c and recorded a significant increase in HDL-c 

as compared to the (+ve) control group. Our results revealed that obese group which fed on (HF) diet containing 

20% protein and supplemented with 8% (FGP) showed the best results and recorded significant decrease in 

VLDL-c and LDL-c, while recorded the highest levels of HDL-c.  

 In this respect, Hannan et al. reported that fenugreek seeds had lower serum triglycerides (TG), total 

cholesterol (Tc) and low-density lipoprotein cholesterol (LDL-c). These effects may be due to sapogenins, 

which increase biliary cholesterol excretion, in turn leading to lowered serum cholesterol levels.  

 The current results conclude that fenugreek) seeds can decrease serum total cholesterol, triglycerides, 

glucose and leptin hormone levels and induce a significant reduce weight gained in obese albino rats. 

 Moreover, we found that fenugreek supplement did not alter the food intake of animals. Fenugreek does not 

have any effect on the weight of organs like liver or kidney; it only decreases the total amount of peritoneal fat 

tissue. These results establish that fenugreek seeds have useful anti-obesity property. 

 
Table 1: The Effect of feeding high fat diet containing two levels of protein and cosupplemented with fenugreek seeds on Body weight,  

Organs weight/Body weight % and peritoneal fat % of albino rats suffering from Obesity. 

Parameters 

Groups 

Weight/g. BWG% Organs weight/body weight 

% 

Peritoneal fat % 

Initial Final BWG% Liver Kidney 

Control (-ve) basal diet (BD) containing 14% 

protein. 

155.333b 

+3.785 

198.333d 

+7.637 

27.653e 

+1.973 

2.884e 

+0.103 

0.543e 

+0.051 

3.500+0.130d 

Control (-ve) (BD) containing 20% protein. 155.333b 
+5.033 

191.666d 
+7.637 

23.375f 
+1.603 

2.726e 
+0.085 

0.491c 
+0.065 

3.310+0.288d 

H
ig

h
 f

at
 

d
ie

t 

co
n

ta
in

in
g
 

Control (+ve) 14% protein 225.667a 

+5.131 

328.333a 

+2.886 

45.549a 

+3.857 

6.339a 

+0.162 

0.754a 

+0.046 

5.377+0.110a 

Control (+ve) 20% protein 225.000a 
+3.605 

317.666b 
+3.055 

38.826b 
+1.115 

5.933b 
+0.133 

0.702ab 
+0.012 

4.822+0.141b 
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14% protein plus 4% Fenugreek 226.000a 

+1.732 

312.333b 

+2.516 

40.567b 

+1.880 

6.028b 

+0.144 

0.716ab 

+0.044 

4.290+0.060e 

20% protein plus 4% Fenugreek 224.333a 
+3.055 

301.666c 
+5.686 

34.468c 
+1.176 

5.515c 
+0.133 

0.642b 
+0.011 

4.200+0.121e 

14% protein plus 8% Fenugreek 226.666a 

+3.511 

300.666c 

+1.154 

32.663cd 

+1.670 

5.831b 

+0.096 

0.664b 

+0.041 

4.112+0.182e 

20% protein plus 8% Fenugreek 224.333a 
+3.511 

292.666c 
+7.505 

30.463de 
+2.842 

5.126d 
+0.110 

0.562c 
+0.022 

3.538+0.173d 

Non significant differences between the values had the same letter in each column  

Significant differences at P<0.05.  
LSD: Least significant differences at P< 0.05. 

 

Table 2: The Effect of high fat diet containing two levels of protein, and cosupplemented with fenugreek seeds on serum glucose and leptin  
hormone in albino rats suffering from obesity. 

Parameters 

Groups 

Mg/dl ng/dl 

Glucose Leptin 

Control (-ve) basal diet (BD) containing 14% protein. 90.613e 

+4.674 

2.103g 

+0.100 

Control (-ve) (BD) containing 20% protein. 85.852e 

+4.507 

1.943g 

+0.05 

H
ig

h
 f

at
 d

ie
t 

co
n
ta

in
in

g
 

Control (+ve) 14% protein. 171.266a 

+5.182 

30.780a 

+0.930 

Control (+ve) 20% protein. 160.533b 

+5.827 

27.946b 

+0.303 

14% protein plus 4% fenugreek seeds. 158.400b 

+6.323 

20.092c 

+1.930 

20% protein plus 4% fenugreek seeds. 142.030e 

+4.946 

15.728d 

+1.226 

14% protein plus 8% fenugreek seeds. 136.177c 
+4.011 

8.507e 
+1.488 

20% protein plus 8% fenugreek seeds. 117.322d 

+4.641 

4.386f 

+0.860 

Non significant differences between the values had the same letter in each column. 
Significant differences at P<0.05.  

LSD: Least significant differences at P< 0.05. 

 
Table 3: The Effect of high fat diet containing two levels of protein and cosupplemented with fenugreek seeds on serum total cholesterol  

and triglycerides levels of albino rats suffering from obesity. 

Parameters 

Groups 

Mg/dl 

Cholesterol Triglycerides 

Control (-ve) basal diet (BD) containing 14% protein. 88.803e 

+7.061 

42.153e 

+4.743 

Control (-ve) (BD) containing 20% protein. 80.00f 

+4.582 

38.333f 

+3.511 

H
ig

h
 f

at
 d

ie
t 

co
n
ta

in
in

g
 

Control (+ve) 14% protein. 170.663a 
+5.886 

84.276a 
+2.245 

Control (+ve) 20% protein. 139.923bc 

+7.528 

69.180b 

+3.547 

14% protein plus 4% fenugreek seeds. 147.703b 
+5.012 

69.063b 
+3.807 

20% protein plus 4% fenugreek seeds. 120.620d 

+3.244 

61.923c 

+3.576 

14% protein plus 8% fenugreek seeds. 132.998c 

+4.134 

60.677e 

+4.521 

20% protein plus 8% fenugreek seeds. 117.317d 

+4.553 

52.132d 

+2.618 

Non significant differences between the values had the same letter in each column  

Significant differences at P<0.05.  

LSD: Least significant differences at P< 0.05. 
 

Table 4: The Effect of high fat diet containing two levels of protein, and cosupplemented with fenugreek seeds on lipid fractions of albino  

rats suffering from obesity. 

Parameters 
Groups 

mg/dl 

HDL-c LDL-c VLDL-c 

Control (-ve) basal diet (BD) containing 14% protein. 45.943ab 

+2.307 

34.429f 

+3.973 

8.430e 

+0.948 

Control (-ve) (BD) containing 20% protein. 48.333f 
+3.214 

24.00g 
+2.358 

7.666e 
+0.702 

H
ig

h
 f

at
 

d
ie

t 

co
n

ta
in

in
g
 

Control (+ve) 14% protein. 26.676f 

+3.005 

127.131a 

+6.648 

16.855a 

+0.449 

Control (+ve) 20% protein. 33.480e 
+2.130 

92.640c 
+4.916 

13.836b 
+0.709 
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14% protein plus 4% fenugreek seeds. 31.874e 

+3.007 

102.016b 

+2.050 

13.812b 

+0.761 

20% protein plus 4% fenugreek seeds. 40.166ed 
+2.020 

68.070e 
+0.867 

12.383c 
+0.714 

14% protein plus 8% fenugreek seeds. 36.000de 

+3.605 

84.865d 

+0.591 

12.133e 

+0.897 

20% protein plus 8% fenugreek seeds. 41.333bc 
+3.214 

65.557e 
+1.358 

10.426d 
+0.523 

LSD: Least Significant Differences at p < 0.05  

Mean with the same letter are insignificantly different. 
HDL-c: High Density Lipoprotein cholesterol. 

LDL-c: Low Density Lipoprotein cholesterol. 

VLDL-c: Very Low Density Lipoprotein cholesterol. 
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