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Abstract:  

The present study aims to evaluate the effect of gamma irradiation on the quality and 

natural antioxidants of fenugreek (Trigonella joenum-greacum) and lupine (lupinus terms) 

seeds at dose levels of 10 and 20 kGy in hyperlipidemic rats. Rats were divided into: group 

(1) fed on balanced diet (negative control), group (2) fed on high fat high cholesterol (HFHC) 

diet (positive control), groups (3,4,5,6,7 and 8) fed on HFHC diet with either 15% non-

irradiated or irradiated at dose levels of 10 or 20 kGy fenugreek or lupine seeds, respectively 

for eight weeks. The results showed that the applied doses of non-irradiated or irradiated 

fenugreek or lupine seeds at dose levels of 10 or 20 kGy were significant decrease in relative 

liver weight except for group (3), PER except for group (4), food intake, final body weight, 

gain in body weight, serum alanine amino transferase (ALT), serum aspartate amino 

transferase (AST), total cholesterol, triacylglycerol, low density lipoprotein-cholesterol (LDL-

C), malodialdehyde and nitric oxide.  On the other hand, it was observed that  there were 

significant increase in FER except for group (5), blood hemoglobin, high density lipoprotein-

cholesterol (HDL-C), superoxide dismutase (SOD), glutathione peroxidase (GPX) and 

catalase (CAT) when compared with HFHC diet (group 2).             
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1. Introduction: 

Hyperlipidemia is a family of disorders that are characterized by abnormally high levels 

of lipid in the blood. While lipids play an important role in the body’s metabolic processes, 

high blood levels of lipid increase the risk of cardiovascular disease (CVD) [1]. 

          Cardiovascular disease (CVD) is a growing health concern both in developed countries 

and in-developing countries resulting from known risk factors such as physical inactivity, 

overweight, diabetes, hypertension, and hyperlipidemia. Role of food constituents in the 

prevention of degenerative diseases has received considerable attention. Effective nutritional 

intervention strategies for preventing or managing CVD also call for basic information on the 

nutraceutical potential of non-nutrient phytochemicals, due to their antioxidant property and 

beneficial modulation of lipid homeostasis [2]. 
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       The free radicals can be scavenged by using the antioxidant system including non-

enzymatic constituents as (phenols, flavonoides, vitamin C and E) and antioxidant enzymes as 

(glutathione peroxidase, catalase and superoxide dismutase) which the important antioxidant 

enzymes are playing a key role in minimizing the oxidative stress. The free radical 

scavenging activities of medicinal plants considered as the natural antioxidant, which is 

utilized in several medical applications of effectiveness and safety [3].   

 

      Fenugreek (Trigonella foenum- gracum) is one of the well-known herbs in human food. 

Its seeds and green leaves are used in food as well as in medicinal application which is an old 

practice of human history. Fenugreek, like other legumes, is a good source of dietary protein 

about 24% for consumption by humans and animals, fatty acids from 5-10% which include 

linoleic, linolenic, oleic and palmatic. It has 45-65% total carbohydrates with 15% of 

galactomannose (soluble fiber) and other active compounds required in a human body such as 

saponins, coumarin and fenugreekine [4]. 

 

       Bitter lupine (lupinus terms) is a good source of nutrients, not only proteins (28-48%) but 

also lipids (5-10%), dietary fibers (40%), minerals and vitamins. Furthermore, lupine contains 

phytochemicals with antioxidant capacity such as polyphenol mainly tannins and flavonoids 

[5]. A protein-rich legume as lupine has been shown to have similar effects of those of soy in 

lowering serum cholesterol levels [6]. 

 

           Irradiation is an ecofriendly technology utilized for improving the hygienic quality, 

nutritional safety and security. The technology involves ionizing radiations which ensured the 

food safety by extending the shelf life of the wide variety of foods [7].  In addition to the 

control of microorganisms of foods, ionizing radiation can be used to improve their flavor, 

palatability and enhance legumes flour protein digestibility. Also increase the bioavailability 

of nutrients by inactivation of antinutritional factors such as trypsin, tannin and hemagglutinin 

inhibitors, and it can be used to enhance the antioxidant properties to some extent [8].  

                                                                                                         

2. Material and methods: 

2.1.Materials: 

 

 

 

 

 

 

 

2.1.1. Irradiation treatment: 

            Fenugreek (Trigonella Foenum - Graecum) and lupine (lupinus terms) seeds were 

freed of husk, stone, etc. and were packed in polyethylene bags, and sealed by heat. Each bag 

contained about 2 kg. They were subjected at ambient temperature to gamma irradiation from 
60

Co, at National Center for Radiation Research and Technology (NCRRT) at Nasr City, 

Cairo, Egypt. The facility used was Gamma Chamber 400 A, 
60

Co
 
facility of India. The 

● Fenugreek (Trigonella Foenum-Graecum) and lupine (lupinus terms) seeds were 

purchased from the Agricultural Research Center, Ministry of Agriculture, Giza, 

Egypt.          

● Cholesterol and bile salts were purchased from Sigma Chemical Company, (St. 

Louis, Mo, USA).   

● ●          Animal fat (lard) was purchased from the commercial market.   
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applied doses were 10 and 20 kGy delivered at dose rate of 1.606 kGy /h as calibrated using 

small pieces of radiochromic film [9], at the time of experimentation. The irradiated samples 

were stored at 5ºC. in refrigerator until used.   
                     

2.1.2. Experimental design: 

2.1.3.1 Diet: 

             In the present study the experimental diets used were the balance diet which was 

prepared as described by Revees et al., [10] and high-fat high-cholesterol diet (HFHC) diet 

which was prepared as described by Lin-Lee et al., [11]. 
 

2.1.3.2. Animals: 

           Male albino rats, Sprague-Dawley strain, with an initial weight of about 75 ±5 g were 

used. They were obtained from animal house of National Center for Radiation Research and 

Technology. Atomic Energy Authority (NCRRT), Nasr City, Cairo, Egypt. 
 

2.1.3.3.Experimental design: 

         The animals were housed individually in plastic cages with wire mesh bottoms at a 

room temperature of 22 ± 5 ºC and 60 ± 5% relative humidity, with a photoperiod of 12/12 h 

and water was provided adlibitum for eight weeks. Groups of ten rats each were then assigned 

to receive one of eight experimental diets (i.e. balanced, high fat high cholesterol (HFHC), 

high fat high cholesterol (HFHC) with either non irradiated or irradiated fenugreek or lupine 

seeds at dose levels (10 or 20 kGy) diets were presented as follows: 

 

Group (1):         

 

Rats fed on balanced diet according to Revees et al., [10] and served as 

negative control. 

Group (2):        Rats fed high fat high cholesterol (HFHC) diet (15% saturated fat + 0.5 

% cholesterol) according to lin – lee et al., [11] and served as positive 

control.    

Group (3):         Rats fed HFHC diet containing 15 % non- irradiated fenugreek seeds. 

Group (4):         

 

Rats fed HFHC diet containing 15 % irradiated fenugreek seeds at 10 

kGy.             

Group (5):         

 

Rats fed HFHC diet containing 15 % irradiated fenugreek seeds at 20   

kGy.             

Group (6):         Rats fed HFHC diet containing 15 % non- irradiated lupine seeds.                                                 

Group (7):         Rats fed HFHC containing 15 % irradiated lupine seeds at 10 kGy.                                                                

Group (8):          Rats fed HFHC diet containing 15 % irradiated lupine seeds at 20 kGy.  

 

2.2. Methods: 
 

2. 2. 1. Blood and serum samples collection: 

 

     At the end of the experimental period (8 weeks), the animals were anesthetized with 

diethyl ether after 12 hours fasting and the blood was obtained by cardiac puncture using a 20 

gauge needle. Blood samples were collected in two sterile test tubes, the first tube containing 
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ethylene diamine-tetracetic acid (EDTA) sodium salt, as anticoagulant (20 mg/10 ml of 

blood). The other tube of blood samples were kept for about half a hr. at room temperature to 

allow blood to clot, then the tubes was centrifuged at 5000 rpm for 15 min and the clear 

serum was separated and stored in the deep freezer at -10º C for subsequent biochemical 

analysis. 
 

2. 2. 2. Organs weight: 

       The determination of organs weight was used as a good indicator of the general health 

status of the animal fed with feed ingredients treated with ionizing radiation. 

      The different body organs (liver, heart, kidney, spleen and testes) were removed, blotted 

to dryness then weighted to the nearest milligram and stored at -20 ºC for subsequent 

biochemical analysis. 
 

2.2.3. Biological assessment: 
  

● Determination of food intake, initial body weight, final body weight, gain in body weight   

    and organs weight.  

● Determination of protein efficiency ratio (PER) according to Hacker, [12] and feed    

   efficiency ratio (FER) according to Hasan et al., [13].  

                                                                      

2. 2. 4. Biochemical analysis in serum:  
                                                                                                                                

 ●   Blood hemoglobin (Hb) was estimated according to Young, [14].  

 ●  Serum ALT and AST activities were estimated according to Young, [15] 

●  Serum cholesterol, triacylglyserol, HDL-C and LDL-C were estimated according to Young, 

[16], Stein, [17], NCEPR, [18] and Friedwald et al., [19], respectively. 

● Superoxide dismutase activity (SOD), Glutathione peroxidase activity (GPX) and Catalase 

activity (CAT) were determined in liver tissues by (Biodiagnostic Kit) according to 

Minami and Yoshikana, [20], Paglia and Valentine [21] and Aebi, [22], respectively. 

● Malondialdehyde (MDA) and Nitric oxide (NO) were determined in liver tissues by 

(Biodiagnostic Kit) according to Montgomry and Dymock, [23] and Ohkawa et al., [24], 

respectively. 
 

2. 2. 9. Statistical analysis 

            The data were subjected to analysis of variance (ANOVA) with one-way classification. 

Linear regression analysis was utilized to define the relationship between different 

parameters and irradiation dose (kGy). All analyses were conducted using the general linear 

model procedure of the Statistical Analysis System Institute (SAS, 2003), where appropriate 

treatment means was separated using the Duncan’s Multiple Range Test [25]. Means with 

the same letter in column are not significantly affected at 5 % level of cofedence (P ≥ 0.05). 

3. Results and Discussion: 

3.1. Results: 

Organ weight is a good indicator of the general health status of the animals fed with 

ingredients treated with ionized radiation. 
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          As shown in table (1) there were no significant difference (P ≥ 0.05) in relative heart, 

spleen, kidney and testis weights in all applied doses except for liver which significantly 

deceased in groups (4 and 5) when compared with group (2). Meanwhile there was significant 

increase in group (2) when compared with group (1).  
 

Table (1): Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose 

levels on relative organs weight in rats fed HFHCdeit. 

Treatments Liver 

(g/100g) 

Heart 

(g/100g) 

Spleen 

(g/100g) 

Kidney 

(g/100g) 

Testis 

(g/100g) 

Group (1)  3.70
b
 ± 0.27 0.43

a
 ± 0.05 0.39

 a 
 ± 0.04 0.79

 a
 ± 0.05 1.68

a
 ± 0.17 

Group (2) 4.66 
a
 ± 0.11 0.42

a
 ± 0.02 0.38

a
 ± 0.01 0.78

a
 ± 0.10 1.75

a
 ± 0.23 

Group (3) 4.67
a
 ± 0.10 0.33

a
 ± 0.03 0.35

a
 ± 0.02 0.76

a
 ± 0.15 1.45

a
 ± 0.12 

Group (4) 3.67
b
 ± 0.22 0.42

a
 ± 0.03 0.42

 a
 ± 0.03 0.80

a
 ± 0.10 1.58

a
 ± 0.25 

Group (5) 4.07
b
 ± 0.08 0.39

a
 ± 0.08 0.40

a
 ±0.05 0.76

a
 ± 0.04 1.40

a
 ± 0.08 

- Group (1): rats fed balanced diet, Group (2): rats fed high fat high cholesterol diet 

(HFHC), Group (3): rats fed high fat high cholesterol diet (HFHC) with none irradiated 

fenugreek seeds, Group (4): rats fed high fat high cholesterol diet (HFHC) with irradiated 

fenugreek at 10 kGy, Group (5): rats fed high fat high cholesterol diet (HFHC) with 

irradiated fenugreek at 20 kGy. 

- Results presented as mean ± SE. - Means with the same letter in column are not 

significantly affected at 5 % level of cofedence (P ≥ 0.05). 

          Furthermore, table (2) presented that there were no significant difference (P ≥ 0.05) in 

relative heart, spleen, kidney and testis weights in all applied doses except for liver which 

significantly deceased (P ≤ 0.05) in groups (6, 7 and 8) when compared with group (2).  

 

 Table (2): Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose levels 

on relative organs weight in rats fed HFHC diet. 

 

- Group (1): rats fed balanced diet, Group (2): rats fed high fat high cholesterol diet 

(HFHC), Group (6): rats fed high fat high cholesterol diet (HFHC) with none irradiated 

lupine seeds, Group (7): rats fed high fat high cholesterol diet (HFHC) with irradiated 

lupine at 10 kGy, Group (8): rats fed high fat high cholesterol diet (HFHC) with 

Treatments Liver 

(g/100g) 

Heart 

(g/100g) 

Spleen 

(g/100g) 

Kidney 

(g/100g) 

Testis 

(g/100g) 

Group (1)  3.70
c
 ± 0.01 0.43

a
± 0.05 0.39

 a 
± 0.04 0.79

 a
± 0.05 1.68

a
± 0.17 

Group (2) 4.66 
a
± 0.01 0.42

a
± 0.02 0.38

a
± 0.01 0.78

a
 ± 0.10 1.75

a
± 0.05 

Group (6) 4.05
b
± 0.02 0.48

a
± 0.03 0.41

a
± 0.06 1.07

a
± 0.06 1.73

a
± 0.02 

Group (7) 3.94
b
± 0.03 0.49

a
± 0.03 0.40

 a
± 0.06 1.05

a
± 0.07 1.77

a
± 0.04 

Group (8) 3.55
d
± 0.04 0.40

a
± 0.03 0.43

a
± 0.05 1.09

a
± 0.04 1.76

a
± 0.02 
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irradiated lupine at 20 kGy. – Results presented as mean ± SE. - Means with the same 

letter in column are not significantly affected at 5 % level of cofedence (P ≥ 0.05). 
-  

           Analysis of PER presented in table (3) were significantly decreased in groups (3and 5) 

when compared with group (2). Meanwhile, there was no significant change between group 

(4) and group (2).  

         FER were significantly increased in groups (3 and 4) when compared with group (2). 

Meanwhile, there were no significant change between group (5) and group (2).  
  

Table (3): Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose 

levels on Protein efficiency ratio (PER) and feed efficiency ratio (FER) in 

rats fed HFHC diet. 

Treatments  PER (g)  FER (g)  

Group (1)  9.49
b
±0.41

 
5.48

c
± 0.01 

Group  (2) 10.62
a
±0.04

 
6.79

b
± 0.03 

Group (3) 9.56
b
±0.78

 
7.23

a
± 0.02 

Group (4) 10.37
a
±0.03

 
7.69

a
± 0.01 

Group (5) 8.87
b
±0.20

 
6.94

b
± 0.01 

- PER: protein efficiency ratio and FER: feed efficiency ratio. - Legends as in table (1). 
 

        Results in table (4) indicated that analysis of PER were significantly decreased in 

groups (6, 7 and 8) when compared with group (2). While FER were significantly 

increased in groups (6, 7 and 8) when compared with group (2). 

 

Table (4): Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose 

levels on Protein efficiency ratio (PER) and feed efficiency ratio (FER) in 

rats fed HFHC diet. 

 

Treatments  PER (g)  FER (g)  

Group (1)  9.49
c
±0.41

 
5.48

c
± 0.01 

Group  (2) 10.62
a
±0.04

 
6.79

b
± 0.03 

Group (6) 9.46
bc

± 0.03 7.09
a
± 0.01 

Group (7) 10.38
b
± 0.03 7.91

a
± 0.08 

Group (8) 10.34
b
± 0.05 8.02

a
± 0.03 

 

PER: protein efficiency ratio and FER: feed efficiency ratio. - Legends as in table (2). 
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     Table (5) presented a significant decrease in food intake, final body weight and gain in 

body weight of groups (3, 4 and 5) when compared with group (2). Also there were a 

significant decreased in final body weight and gain in body weight in group (5) when 

compared with groups (3 and 4). 

 

Table (5): Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose 

levels on food intake, initial body weight, final body weight and gain in body 

weight in rats fed HFHC diet. 

– Legends as in table (1). 

 

   Table (6) illustrated a significant decrease in food intake, final body weight and gain in 

body weight of groups (6), (7) and (8) when compared with group (2). Also a significant 

decreased in final body weight of group (6) when compared with groups (7) and (8).   

  

Table (6): Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose levels 

on food intake, initial body weight, final body weight and gain in body 

weight in rats fed HFHC diet. 

– Legends as in table (2). 

 

 

 

Treatments 

 

Food intake  

(g/day) 

Initial  

body weight (g) 

  

Final  

body weight (g)  

Gain in  

body weight(g)  

Group (1)  17.31
 a
±0.08 75.17

a
± 0.01 170.07

b
± 0.57 94.90

b
±0.78

 

Group  (2) 15.64
 b
±0.12 79.40

a
± 0.02 185.66

a
± 0.21 106.26

a
±0.08

 

Group (3) 13.23
 c
±0.15 80.61

a
± 0.05 176.30

b
± 0.34 95.69

b
±0.70

 

Group (4) 13.02
 c
±0.39 75.20

a
± 0.04 178.91

b
± 0.67 103.71

b
±0.71

 

Group (5) 12.77
 c
±0. 46 70.31

a
± 0.03 159.05

c
±0.57 88.74

c
±0.32

 

 

Treatments  

Food intake 

(g/day) 

Initial  

body weight (g)  

Final  

body weight (g)  

Gain in 

body weight (g) 

Group (1)  17.31
 a
±0.08 75.17

a
± 0.01 170.07

b
± 0.57 94.90

b
±0.78

 

Group  (2) 15.64
 b

±0.12 79.40
a
± 0.02 185.66

a
± 0.21 106.26

a
±0.08

 

Group (6) 13.33
 c
±0.15 73.75

a
± 1.70 168.38

c
± 8.33 94.63

b
±15.17

 

Group (7) 13.12
 c
±0.39 77.16

a
± 1.70 180.96

b
± 8.33 103.80

b
±15.17

 

Group (8) 12.88
 c
±0. 46 74.46

a
± 1.70 177.88

b
± 8.33 103.42

b
±15.17
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       Table (7) showed a significant increase in hemoglobin value of groups (3, 4 and 5) when 

compared with group (2). Although, there was no significant different (P ≤ 0.05) between 

groups (3, 4 and 5) when compared with group (1). 

Table (7): Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose 

levels on hemoglobin values in rats fed HFHC diet. 

Treatments Hemoglobin (g/dL)  

Group (1) 14.75
 a
 ± 0.07 

Group (2) 12.51
b
 ± 0.03 

Group (3) 14.28
a
 ± 0.15 

Group (4) 14.60
a
 ± 0.30 

Group (5) 14.23
a
 ± 0.14 

– Legends as in table (1). 

Table (8) explained that there was a significant increase in hemoglobin value of 

groups (6), (7) and (8) when compared with group (2). On the other hand, there was no 

significant different between groups (6), (7) and (8) when compared with group (1). 

Table (8): Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose  

                    levels on hemoglobin values in rats fed HFHC diet. 

Treatments Hemoglobin (g/dL)  

Group (1) 14.75
 a
± 0.05 

Group (2) 12.51
 b
 ± 0.08 

Group (6) 13.86
 a
 ± 0.01 

Group (7) 14.09
 a
± 0.02 

Group (8) 15.30
 a
± 0.05 

– Legends as in table (2). 

      Table (9) showed that there were a significant (P ≤ 0.05) decrease in both serum ALT 

and AST of groups (3, 4 and 5) when compared with group (2). Group (5) which was 

provided with highest dose of fenugreek at 20 kGy showed a significant (P ≤ 0.05) decrease in 

serum ALT and AST when compared with group (3 and 4).  

Table (9): Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose  

                     levels on serum ALT and AST activities in rats fed HFHC diet.  

 

 

 

 

 

 
 
 

– Legends as in table (1). 

Treatments ALT (U/L) AST (U/L) 

Group (1) 12.96
c
± 0.09 32.48

b
± 0.11

 

Group (2) 15.64
a
± 0.46 33.26

a
± 0.11

 

Group (3) 13.92
b
± 0.05 32.89

b
± 0.23

 

Group (4) 
b
± 0.1413.44 32.03

b
± 0.30

 

Group (5) 12.80
c
± 0.28 31.00

c
 ± 0.69

 



ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  J. Sci. Res. Sci.,Vol.(35), 2018 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

379 
 

        Table (10) indicated that there were a significant decrease in both serum ALT and 

AST activities of groups (6, 7 and 8) when compared with group (2). 

Table (10): Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose  

                     levels on serum ALT and AST activities in rats fed HFHC diet.  

Treatments ALT (U/L)  AST (U/L) 

Group (1) 13.92
b
± 0.09 32.48

b
± 0.11

 

Group (2) 14.82
a
± 0.46

 
33.17

a
± 0.11

 

Group (6) 12.88
c
± 0.08

 
32.37

b
± 0.34

 

Group (7) 13.17
cb

± 0.01 30.99
c
± 0.39 

Group (8) 13.97
b
± 0.05

 
32.14

b
± 0.11 

– Legends as in table (2). 

   Results in table (11) showed a significant decrease in serum total cholesterol, 

triacylglycerol and LDL-C in groups (3, 4 and 5) when compared with group (2). Meanwhile, 

there was a significant (P ≤ 0.05) increase in HDL-C in groups (3, 4 and 5) when compared 

with group (2).  

 

The mean value of serum cholesterol in groups (4 and 5) return to normal levels as in 

group (1). The high irradiation dose level of fenugreek seeds at 20 kGy (group 5) showed a 

significant decrease in triacylglycerol when compared with groups (3 and 4).     

           

Table (11). Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy dose  

                     levels on serum total cholesterol, triacylglycerol, HDL-C and LDL-C  in rats 

fed HFHC diet. 

Treatments Cholesterol 

 (mg/dL) 

Triacylglycerol 

(mg/dL)  

HDL- C 

(mg/dL)  

 

LDL – C 

(mg/dL) 

Group (1) 175.58
c
 ±0.66 80.42

d
 ± 1.52

 
 56.61

b
 ± 0.56  102.88

b
 ± 0.79 

Group (2) 211.59
a
 ± 0.65 183.27

 a
 ± 0.77 54.15

c
 ± 0.95

 
 120.79

a
 ± 1.16 

Group (3) 179.43
b
 ± 4.17 127.84

b
 ± 0.74 57.00

a
 ± 0.71 96.87

c
 ± 4.80 

Group (4) 177.11
c
 ± 1.17 127.52

b
 ± 0.68 58.05

a
 ± 0.58 93.56

c
 ± 1.18 

Group (5) 177.07
c
 ± 1.84 125.11

c
 ± 17.01 58.51

a
 ± 0.30 93.54

 c
 ± 1.85 

-  HDL-C: high density lipoprotein- cholesterol, LDL-C: low density lipoprotein- 

cholesterol. – Legends as in table (1). 
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      Results in table (12) showed a significant decrease in serum total cholesterol, 

triacylglycerol and LDL-C in groups (6, 7 and 8) when compared with group (2).                

     Meanwhile, there was a significant increase in HDL-C in groups (6, 7 and 8) when 

compared with group (2). 

  

The mean value of serum cholesterol in groups (7 and 8) return to normal levels as in 

group (1). The high irradiation dose level of lupine seeds at 20 kGy (group 8) showed a 

significant decrease in triacylglycerol when compared with groups (6 and 7).     

 

Table (12). Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy dose levels 

on serum total cholesterol, triacylglycerols, HDL-C and LDL-C in rats fed 

HFHC diet. 

Treatments Cholesterol 

 (mg/dL) 

Triacylglycerol 

(mg/dL)  

HDL- C 

(mg/dL)  

 

LDL – C 

(mg/dL) 

Group (1) 175.58
 c
± 0.66 80.42

 d
± 1.52 56.61

 b
± 0.56  102.88

 b
±0.79 

Group (2) 211.59
a
± 0.65 183.27

 a
± 0.77 54.15

 c
± 0.95 120.79

 a
± 1.16 

Group (6) 194.90
b
± 1.90 116.73

 b
± 2.38  57.81

 a
± 0.58 97.09

 c
± 2.44 

Group (7) 179.24
c
± 1.15 113.29

 b
± 1.59 57.19

 a
± 0.50 79.39

 c
± 0.46 

Group (8) 179.69
c
± 6.47 100.0

 c
± 3.47 57.41

 a
± 1.19 78.94

 c
± 6.09 

- HDL-C: high density lipoprotein- cholesterol, LDL-C: low density lipoprotein- 

cholesterol. – Legends as in table (2). 

          The results in table (13) explained the activity of liver superoxide dismutase (SOD), 

glutathione peroxidase (GPX) and catalase (CAT) enzymes which were significantly (P ≤ 

0.05) increased in groups (3, 4 and 5) when compared with group (2). The activity of liver 

SOD was significantly increased in group (5) when compared with groups (3 and 4). The 

activity of liver GPX was significantly increased in groups (4 and 5) when compared with 

group (3). While there were no significant differences (P ≥ 0.05) in liver CAT activity of 

groups (3, 4 and 5).  

  

Table (13). Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy on liver 

Superoxide dismutase (SOD), Glutathione peroxidase (GPX) and Catalase 

(CAT) activities in rats fed HFHCdiet. 
 

Treatments  SOD (U/gm) GPX (U/gm) CAT (U/gm) 

Group (1) 239.93
c
± 17.16 134.01

b
± 15.13 363.95

a
± 13.40 

Group (2) 220.47
d
± 36.10 101.59

c
± 5.72 355.78 

b
± 25.61

 

Group (3) 252.89
b
± 11.23 136.14

b
± 12.99 462.58

a
± 11.80 

Group (4) 268.59
b
± 42.52 169.60

a
± 1.73 465.99

a
± 21.15 

Group (5) 296.51
a
± 1.75 175.44

a
± 2.51 467.01

a
± 7.05 
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- SOD: superoxide dismutase, GPX: Glutathione peroxidase and CAT: Catalase. 

– Legends as in table (1). 

 

          Table (14) illustrated the activity of liver superoxide dismutase (SOD), glutathione 

peroxidase (GPX) and catalase (CAT) which were significantly increased in groups (6, 7 and 

8) when compared with group (2). There were no significant differences (P ≥ 0.05) in SOD  

and CAT activities of groups (6, 7 and 8). While the activity of GPX of groups (7 and 8) was 

significantly increased when compared with group (6).  

  

Table (14). Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy on liver 

Superoxide dismutase (SOD), Glutathione peroxidase (GPX) and Catalase 

(CAT) activities in rats fed HFHC diet. 

Treatments  SOD(U/gm) GPX (U/gm) CAT(U/gm) 

Group  (1)  239.93
a
± 17.16 134.01

b
± 15.13 363.95

b
± 13.40 

Group (2) 220.47
b
± 36.10 101.59

c
± 5.72 355.78 

c
± 25.61 

Group (6) 240.03
a
± 11.23 153.47

b
± 21.93 425.17

a
± 11.32 

Group (7) 242.66
a
± 23.38 163.28

a
± 12.99 440.15

a
± 28.30 

Group (8) 249.99
a
± 22.46 168.08

a
± 15.48 489.76

a
± 21.15 

-  SOD: superoxide dismutase, GPX: Glutathione peroxidase and CAT: Catalase 

- Legends as in table (2). 
 

        Table (15) showed a significant decrease in liver malondialdehyde and nitric oxide in 

group (3, 4 and 5) when compared with group (2). While there were no significant (P ≥ 0.05) 

differences between groups (3, 4 and 5) in liver malondialdehyde and nitric oxide.  
         

Table (15). Effect of non-irradiated or irradiated fenugreek seeds at 10 or 20 kGy on 

liver Malondialdehyde (MDA) and Nitric Oxide (NO) in rats fed HFHC 

diet.  

 

Treatments  MDA  

(nmol/gm) 

NO 

 (µmol/ gm) 

Group (1)  5.00
b
± 0.00 44.0

c
± 3.06 

Group  (2) 7.73
a
± 1.46 48.23

a
± 1.72 

Group (3) 4.74
b
± 0.23 47.32

b
± 4.32 

Group (4) 5.06
b
± 0.24 46.65

b
± 0.50 

Group (5) 4.29
b
± 0.55 46.09

b
± 3.53 

– Malondialdehyde: MDA, Nitric Oxide: NO - Legends as in table (1). 

      The data presented in table (16) showed that there were a significant decrease in liver 

malondialdehyde and nitric oxide in group (6, 7 and 8) when compared with group (2). While 

there were no significant (P ≥ 0.05) differences between groups (6, 7 and 8) in liver 

malondialdehyde and nitric oxide. 
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Table (16). Effect of non-irradiated or irradiated lupine seeds at 10 or 20 kGy on liver 

Malondialdehyde (MDA) and Nitric Oxide (NO) in rats fed HFHCdiet. 

 

 

 

 

 

  

 

- Malondialdehyde: MDA, Nitric Oxide: NO – Legends as in table (2). 
 

3.2. Discussion: 

         The values of relative liver weight of groups (4, and 5) were significantly decreased 

when compared with group (2). Also the liver size was decreased in groups (6), (7) and (8) 

when compared with group (2). This may be explained by the presence of both high fiber 

content and bioactive compounds (antioxidants) in fenugreek and lupine seeds which agrees 

with those obtained by El- Neily and El-Shenawy, [26]. 

 

  Analysis of PER were significantly decreased in all applied doses except for group (4).  

Meanwhile FER were significantly increased in all groups fed fenugreek and lupine seeds 

except for group (5) when compared to group (2). 

 

    Mahmoud et al., [27] who revealed that a significant decrease in FER when rats fed 

fenugreek seeds supplementation (5%) diets when compared with high fat diet. These effects 

are reflected by growth inhibition, negative nitrogen balance, reduced intestinal absorption of 

sugars and amino acids, reduced immune response and increased liver and protein catabolism. 

 

These results showed no significant differences in initial body weight between all 

groups. Also the results showed a significant decrease in final body weight and gain in body 

weight in groups (3, 4, 5 6, 7 and 8) compared with group (2).  

 

konopelnyuk et al., [28] illustrated  two possible mechanisms of fenugreek decreasing 

the total body weight. Fenugreek flushes out the carbohydrates from the body before they 

enter the blood stream resulting in weight loss. Fenugreek seeds contain a high proportion of 

soluble fiber. This fiber forms a gelatinous structure which may have effects on slowing the 

digestion and absorption of food from the intestine and creates a sense of fullness in the 

abdomen, thus suppresses appetite and promotes weight loss. 

 

Treatments  Malondialdehyde 

(µmol/g.T) 

Nitric Oxide  

(µmol/g.T) 

Group (1)  5.00
c
± 0.88 44.0

c
± 3.06 

Group  (2) 7.73
a
± 1.46 48.23

a
± 1.72 

Group (6) 5.94
b
± 1.31 43.27

b
± 0.15 

Group (7) 5.54
 b

± 1.49 42.57
b
± 1.44 

Group (8) 5.82
b
± 0.44 41.91

b
± 7.18 
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These results were agreeing with mahmoud et al., [27] who found that the greatest 

improvement effect on body weight gain where in rats fed raw fenugreek seeds than other 

experimental groups. 

  

There was significant increase in hemoglobin value of groups (3, 4, 5, 6, 7 and 8) when 

compared with group (2) but there were no significant different between groups (3, 4, 5, 6, 7 

and 8) when compared with group (1).  

 

These results were disagreeing with Abd-El Rahman, [29] who found decrease in 

hemoglobin value in rats fed diet supplemented with 5 % fenugreek seeds when compared 

with control diet. 

 

       The study revealed that the activities of ALT and AST of groups (3, 4, 5, 6, 7 and 8) 

were significantly decreased when compared with group (2). Group (5) which was provided 

with highest dose of fenugreek at 20 kGy showed a significant decrease in serum activities of 

ALT and AST when compared with group (3). 

  

          In the present study, there was a significant increased (p ≤ 0.05) in ALT and AST 

activities of rats fed the HFHC diet compared to the control. The supplementation of 

fenugreek in the HFHC diet caused a reduction in these enzyme activity compared to rats fed 

HFHC diet. Based on this result, fenugreek may have hepatoprotective effect. 

 

The results of the present study seems to be in line with Murugesan et al., [30] who 

demonstrated that, oral administration of fenugreek improved liver function toward normal 

values in rats that disturbed by isoproterenol. Also, administration of ethanolic extract of 

Fenugreek decreased ALT and AST activities in streptozotocin-induced diabetic rats. 

 

Eidi et al., [31] indicated that hepatoprotective effect of Fenugreek was supported by 

histopathological findings which revealed fatty changes in liver of rats fed high cholesterol 

diet and significant recovery when fenugreek seed powder has been administered. 

  

This experimental study showed that there was a significant decrease in serum total 

cholesterol, triacylglycerol and LDL-C in groups (3, 4, 5, 6, 7 and 8) when compared with 

groups (2). Meanwhile, there was a significant (P ≤ 0.05) increase in HDL-C in groups (3, 4 

5, 6, 7 and 8) when compared with group (2).  

 

The mean value of serum cholesterol in groups (4 and 5) return to normal levels as in 

group (1). The high irradiation dose level of fenugreek seeds at 20 kGy (group 5) showed a 

significant decrease in triacylglycerol when compared with groups (3 and 4).   

 

The mean value of serum cholesterol in groups (7 and 8) return to normal levels as in 

group (1). The high irradiation dose level of lupine seeds at 20 kGy (group 8) showed a 

significant decrease in triacylglycerol when compared with groups (6 and 7).     

   



ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  J. Sci. Res. Sci.,Vol.(35), 2018 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

384 
 

 

Chauhan et al., [32], Belguith-Hadriche et al., [33] and Korish and Arafah, [34] 

studied the effect of high cholesterol diet on rat's demonstrated different extract of fenugreek 

seeds. The results showed that ethyl acetate extract of Fenugreek reduced total cholesterol and 

LDL-c concentration and increased HDL-c concentration in rats fed high cholesterol diet. 

 

 Xue et al., [35] demonstrated that, administration of ethanol and aqueous extracts of 

fenugreek, respectively decreased triacylglycerol, total cholesterol, LDL-c and increased 

HDL-c concentrations in diabetic rats. Elmnan et al., [36] also reported that, fenugreek seeds 

powder reduced total cholesterol and LDL-c concentration and increased HDL-c 

concentration in dose dependent manner (0.25 - 0.75%) in rats. 

 

 In addition, other report Moosa et al., [37] demonstrated that oral administration of 25 

g of fenugreek seed produced by significant reduction of total cholesterol and LDL-c without 

any changes in HDL-c concentration in hypercholesterolemic patients. The 

hypocholesterolemic effect of fenugreek might be attributed to significant content of saponins 

which are known to have hypocholesterolemic effect [38]. Therefore, it has been suggested 

that, saponins prevent the absorption of lipid either directly in the intestine or bind to bile 

acids during enterohepatic reabsorption mechanism. 

  

The crude fibers contents of fenugreek seeds are one of the most hypocholesterolemic 

agents because the presence of soluble fiber may block cholesterol absorption from the 

intestine [36].  

 

It is well known that, protein quality and quantity play an important role on 

cholesterol levels. Plants proteins decreased the cholesterol level and exert a lipid lowering 

capacity [39]. 

 

            On determining the activity of superoxide dismutase (SOD), glutathione peroxidase 

(GPX) and catalase (CAT) in liver. There were significant increase in groups (3, 4 and 5) 

when compared with group (2). Also the results showed that the level of superoxide 

dismutase (SOD), glutathione peroxidase (GPX) and catalase (CAT) were significantly 

increased in groups (6, 7 and 8) when compared with group (2). 

  

Belguith-Hadriche et al., [33] found that, the content of catalase and superoxide 

dismutase (SOD) in liver tissues decreased significantly after oral administration of the ethyl 

acetate extract of fenugreek seeds, compared with those of rats fed high cholesterol diet. The 

phenolic and flavonoïd contents were highest in the methanol and the ethyl acetate extracts. 

These results showed that the ethyl acetate extract of the fenugreek seeds had a significant 

hypocholesterolemic effect and antioxidant activity in cholesterol-fed rats. 

 

It was found that the liver malondialdehyde and nitric oxide were significantly 

decreased in groups (3, 4, 5, 6, 7 and 8) when compared with groups (2).  
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It was documented that intake of high fat diet causes abnormal rise in lipid and 

lipoprotein levels and also increases the lipid peroxidation that may lead to oxidative damage 

due to the formation of free radicals in the liver. The decrease in lipid peroxidation can reduce 

the atherosclerosis development due to hyperlipidemia. The increase in formation of 

malondialdehyde (MOD) in rats fed high fat diet is responsible for the increase in 

hyperlipidemia process. 

 

          Arnoldi et al.,[40] studied the interest for lupine is continuously growing showed it 

provides useful health benefits. The addition of lupine to the diet of different models of 

hypercholesterolaemia, such as rat, rabbit, hamster and pig, induces increases of HDL 

cholesterol and cholesterol lowering activity provided controversial results. Those involving 

hypercholesterolaemic subjects and based on improved lupine foods gave statistically 

significant LDL-cholesterol reductions. 

  

Durkar et al., [41] reported that the administration of (symplocos bark) to 

hyperlipidemic rats significantly inhibit malondialdehyde formation in liver. The reduced 

GSH is one of the most non-enzymatic antioxidant present in liver and other tissues. The 

decreased GSH in high fat diet may be due to increased utilization of GSH to activities of 

GPX, SOD and CAT.  

  

4. Conclusion: 

 

        Food irradiation is a method of food preservation that may not be familiar to many, but it 

has been in development since the early decade of the twentieth century. If properly applied, 

irradiation can be effective way to treat a variety of problems in our food supply, such as 

insect, sprouting, rapid ripening and bacterial growth. The most effective of irradiated 

fenugreek and lupine seeds at dose levels of 10 and 20 kGy had antihyperlipidemic and 

hyercholesteromic effects due to accompanied  by a marked decreased in protein efficiency 

ratio (PER), serum ALT, serum AST, total cholesterol, triacylglycerol, malonaldehyde 

(MDA) and nitric oxide (NO). As compared with increased in blood hemoglobin, feed 

efficiency ratio (FER), superoxide dismutase (SOD), glutathione peroxidase (GPX) and 

catalase (CAT). This resulted from enhance the antioxidants properties and enzyme activities.   
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 تالعشبي باللغت الملخص

أثيش المعالجت الإشعاعيت علي مضاداث الاكسذة الطبيعيت وجودة  بزوس الحلبت و التشمس علي الجشران ت

 المصابت باستفاع دهون الذم 

 

أمل عبذ العضيض منصوس 
1

, باكينام علي محمذ
2

, محمذ ضياء الذيه حامذ فشج  
1
فاطمه حسه عبذ  و 

الشاصق
2

 

1
 , ٍُئخ الطبقخ الزسٌخ, القبُشح, ج.م.ع NCRRT)الوشكضالقْهً لجحْس ّركٌْلْخٍب الاشعبع )

2
قسن الكٍوٍبء الحٌٍْخ ّ الزغزٌخ, كلٍخ الجٌبد للاداة ّ العلْم ّ الزشثٍَ, خبهعخ عٍي شوس, القبُشح, 

 ج.م.ع. 

 

رِذف ُزٍ الذساسخ إلى رقٍٍن رأثٍش أشعخ خبهب على هضبداد الأكسذح الطجٍعٍخ ّخْدح ثزّس الحلجخ       

رن . شراى الوصبثخ ثبسرفبع دُْى الذمكٍلْ خشاي فً الد 21ّ أ 11سزٌْبد خشعخ هي ّالزشهس عٌذ هأ

( هدوْعَ 2( هدوْعَ ضبثطَ ّ هعطبٍ الْخجَ الاسبسٍَ, هدوْعَ )1رقسٍن الدشراى الً: هدوْعَ )

( هعطبٍ 8, 7, 5,6, 4, 3ّهعطبٍ ّخجَ عبلٍخ هي الذُْى ّ الكْلٍسزٍشّل, هدوْعبد ) خضبثطَ اٌدبثٍ

الغٍش  ّ الزشهسأثزّس الحلجخ  الٍِب %  15ٌب هي أهي الذُْى ّ الكْلٍسزٍشّل هضبف الٍِب  عبلٍخّخجَ 

.أظِشد الٌزأئح أى خشعبد الحلجَ اّالزشهس أسبثٍع 8لوذح  kGy 21ّ أ 11 عٌذ  خععالوشّ أ خععهش

هب عذا  فً ّصى الكجذ الٌسجً كٍلْ خشاي اًخفضذ اًخفبضب ًسجٍب 21أّ  11أّ الوشععَ عٌذ  هشععخالغٍش

ّصى الدسن ,, الطعبم الوأكْل( 4هب عذا هدوْعخ ) PER)) كفبءٍ الجشّرٍي هعذل , (3هدوْعخ )

 , AST) ) اًضٌن الاسجشربد اهٌٍْ رشاًسفٍشٌض , (ALT) اًضٌن الاًٍي اهٌٍْ رشاًسفٍشٌض الٌِبئً,

 الوبلْى, (LDL-C) شّرٌٍبد هٌخفض الكثبفَكْلٍسزٍشّل اللٍجْث, الذُْى الثلاثٍَالكْلٍسزشّل الكلً , 

هعذل كفبءح  , لْحع صٌبدح هعٌٌْخ فً علً الدبًت الاخش .(NO) ّأكسٍذ الٌٍزشٌك (MDA) ي الذٌٍِذاد

كْلٍسزٍشّل اللٍجْثشّرٌٍبد هشرفع , الذمٍُوْخلْثٍي  , (5هب عذا هدوْعخ ) (FER)  الغزاء

( ّ GPX( , خلْربثٍْى ثٍشّكسٍذٌض )SOD)ٍض اًضٌن السْثش اكسٍذ دٌسوٍْر,  (HDL-c)الكثبفَ

  .ٍ علً ّخجَ عبلٍَ الذُْى ّ الكْلٍسزٍشّلغزاوال (2الودوْعَ ) ثبلوقبسًخ هع (CATالكبرلاص )

            


