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ABSTRACT 

The aim of the study was to investigate the effect of gamma radiation at dose levels 
of 2.5, 5, 7.5 and 10 kGy  on chemical composition of full-fat linseeds especially 
fatty acids. Also, to explore the physiological and biochemical impacts of feeding 
irradiated  full-fat linseeds to growing male Albino rats. The study indicated that 
there was no effects of irradiation treatment on chemical composition of full-fat 
linseeds. Meanwhile, irradiation treatment produced changes in fatty acids of 
processed seeds as a function of radiation of dose especially on linolenic acid and α-
Linolenic which increase by irradiation at different doses but no effect on another 
fatty acid content. In the present feeding study, a thirty six male growing Albino 
rats were equally and randomly categorized into six groups. Animals were fed the 
experimental diets for 5 weeks. The results obtained revealed that feeding rats on 
processed seed at 10 kGy has exhibit higher body weight more than the 
experimental groups. Meanwhile, the internal organs (liver, spleen, kidneys, heart, 
lungs and testis) of rats fed raw or processed seeds up to 10 kGy were similar to 
these of rats casein diet. Same results were recorded for the hematological 
parameters (Hb, PCV and MCHC) and plasma proteins (TP, albumin and globulin). 
Feeding rat with raw and processed seed modulated the levels of liver enzymes 
activities AST and ALT and AST/ALT ratio. However, the feeding of raw and 
irradiated linseeds up to 10 kGy reduced the levels of total cholesterol, triglycerides 
and HDL more than those fed casein diet. Therefore, it could be concluded beside 
the irradiation treatments improve the nutritional quality and extended the shelf life 
of such seeds through protect them from insects and pathogens microorganism it 
dose not impaired their protective roles for consumer who are suffered from 
hypercholesterolaemic. 

Keywords: linseed meal, Fatty acids, Radiation processing, Animal feeding, 
Growth, Plasma biochemistry.  
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INTRODUCTION 

Linseed is belongs to the family Linaceae genera Linum. The genus 
Linum is further divided into various taxonomic sections such as linum, 
Dasylinum, Linastrum, and Syllinum, each containing well-identified 
species. Commercially, all cultivated linseed belongs to section Linum, and 
species usitatissimum. A proximate composition of linseed is: moisture 6.5-
10%, proteins 20-24%, oil 37-42%, carbohydrates 15-29%, crude fiber 4.8-
9% and ash 2.4-4% (1-3). Linseed is among the richest sources of lignans. It 
support normal cell multiplication and reduce cancer risk. Linseed in 
healthy diet supports normal cell development and growth and minimizes 
carcinogenic influences on cellular activities (4). Linseed meal in our diets 
has potential health benefits of omega-3 fatty acid-rich foods, of which 
flaxseed is a prominent source (5).  

The consumption of dietary fats have been long associated to 
chronic diseases such as obesity, diabetes, cancer, arthritis, asthma, and 
cardiovascular disease; although some controversy still exists in the role of 
dietary fats in human health, certain fats have demonstrated their positive 
effect in the modulation of abnormal fatty acid and eicosanoid metabolism, 
both of them associated to chronic diseases. Among the different fats, some 
fatty acids can be used as functional ingredients such as alpha-linolenic 
acid, arachidonic acid, eicosapentaenoic acid, docosahexaenoic acid,  
γ-linolenic acid, stearidonic acid and conjugated linoleic acid, among others. 
Special attention is paid to trans fatty acids due its increasing interest for the 
food industry (6). Linseed oil contains both omega-3 and omega-6 fatty 
acids. It is considered the nature ُ s richest storehouse of omega-3 fatty acid 
which is necessary for a wide variety of biological processes (7). A little 
more than half of the oil found in flaxseed is alpha linolenic acid which is 
converted by the body into eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). The benefits of EPA and DHA include 
protection frome fatal heart attack (thrombotic disease), decreased 
inflammation and pain in arthritis. DHA is one of the building blochs for 
brain growth and development and is noted for its effects on brain function, 
mood and behavior (8). 

Alpha-linolenic acid (ALA) is one of the two essential fatty acids in 
humans. Epidemiological studies and dietary trials strongly suggest that this 



El-Shennaway .et al / J. Rad. Res. Appl. Sci., Vol .3 , No.4(A)  (2010) 

 

967

fatty acid is important in relation with the pathogenesis (and prevention) of 
coronary heart disease. Like other n-3 fatty acids from marine origin, it may 
prevent cardiac arrhythmias and sudden cardiac death. The optimal dietary 
intake of alpha-linolenic acid seems to be about 2 g per day or 0.6 to 1% of 
total energy intake. Epidemiological studies and dietary trials in humans 
suggest that alpha-linolenic acid is a major cardioprotective nutrient (9).  
α-Linolenic acid (18:3n-3) is essential in the human diet, probably because 
it is the substrate for the synthesis of longer-chain, more unsaturated n-3 
fatty acids eicosapentaenoic acid (20:5n-3) and docosahexaenoic acid 
(22:6n-3) which are required for tissue function. Conversion to 18:3n-3 to 
20:5n-3 and 22:6n-3 is greater in women compared to men, due possibly to 
a regulatory effect of oestrogen, while partitioning of 18:3n-3 towards  
β-oxidation and carbon recycling was lower than in men. These gender 
differences may be an important consideration in making dietary 
recommendations for n-3 PUFA intake (10). The protected linseed oil PLO 
supplement was effective in significantly enriching lamb meat with longer 
chain n-3 polyunsaturated fatty acids (n-3 PUFA) in three weeks (11).  

Blood levels of polyunsaturated fatty acids (PUFA) are considered 
biomarkers of status. Alpha-linolenic acid, the plant omega-3, is the dietary 
precursor for the long-chain omega-3 PUFA eicosapentaenoic acid (EPA), 
docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA). Studies in 
normal healthy adults consuming western diets, which are rich in linoleic 
acid (LA), show that supplemental ALA raises EPA and DPA status in the 
blood and in breast milk (12). The possibility of cooking and manufacturing 
typical French cooked meats enriched in n-3 PUFA with n-6/n-3 and 
LA/ALA ratios below 4 without deleterious effects. The high levels of n-3 
PUFA incorporated in pig meat and cooked pork meats, obtained by feeding 
linseed supplemented diet to the pigs, can be of value in increasing the 3 
PUFA intake(13).  

Linseed meal is a valuable of protein source to poultry and 
ruminants. However, the meal cannot be directly used for feeding the 
animals. The linseed meal need to be proceed to remove mucilage, and 
inactivate compound such as mucilage, phytic acid, cyanogenic glucoside, 
an antipyridoxin factor and goitrogen which limit their utilization. The meal 
seed need to be processed to remove this antinutritional factor. The isolation 
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of the two new glycosides provides a probable explanation for the protective 
activity of linseed oil meal against selenium toxicity (14). 

Utilization of linseed protein by broiler chicks was worse than that 
from soybean meal and it attributable in all probability to the presence in 
linseed of antinutritional factors, such as mucilage, which can depress the 
retention of protein in chicks (15).  Pulses contain a number of bioactive 
substances including enzyme inhibitors, lectins, phytates, oligosaccharides, 
and phenolic compounds. Enzyme inhibitors can diminish protein 
digestibility, and lectins can reduce nutrient absorption, but both have little 
effect after cooking. Phytic acid can diminish mineral bioavailability. Some 
phenolic compounds can reduce protein digestibility and mineral 
bioavailability, and galactooligosacc-harides may cause flatulence. On the 
other hand, these same compounds may have protective effects. Phytic acid 
exhibits antioxidant activity and protects DNA damage, phenolic 
compounds have antioxidant and other important physiological and 
biological properties, and galactooligosaccharides may elicit prebiotic 
activity (16). Gamma irradiation has been recognized as a reliable and safe 
method for improving the nutritional value and inactivation or removal of 
certain anti-nutritional factors in foods and feeds (17, 18) . Gharaghani et al  (19) 
reported that gamma irradiation seems to be a good procedure to improve 
the nutritional quality of canola meal for human and animals. Gamma-
irradiation of full-fat soybean was effective in improving the nutritive value 
of its protein and increasing in vitro CP digestibility (20).  

The present study was performed to investigate the changes in 
chemical compositions of full-fat linseeds up an irradiation treatment 
alongside the physiological and biochemical impacts of feeding irradiated of 
full- fat linseeds at dose levels of 2.5, 5, 7.5 and 10 kGy to growing male 
Albino rats for 5 weeks. 

MATERIAL AND METHODS: 

Full Fat Linseed  

Linseeds samples were obtained from the Field Crops Research 
Institute, Ministry of Agriculture and Land Reclamation, Giza, Egypt, and 
stored in sealed plastic slaves at -20C until exposed to gamma rays. 
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Processing treatments 

In irradiation treatment, raw linseeds samples were packed in well-
sealed polyethylene bags. Each bag contained about 2 kg. They were 
subjected at ambient temperature to gamma irradiation from a 60Co source at 
the National Center for Radiation Research and Technology, Nasr City, 
Cairo, Egypt. The irradiation facility used was an Egypt’s Mega Gamma-I, 
of the type J-6500 supplied by the Atomic Energy of Canada Limited. The 
applied doses were 2.5, 5, 7.5 and 10 kGy as monitored by radiochromic 
film McLaughlin et al. (21).  

Analytical procedures  

Samples of raw and processed linseeds were analyzed for dry matter 
(DM), crude protein (CP), ether extract (EE), crude fiber (CF) and ash 
content according to the AOAC method (22).  

The free fatty acid of raw and processed linseeds samples were 
determined according to the method described in AOAC (22) on oil extracted 
by petroleum ether (BP 40-60ºC) at room temperature from raw and 
processed sample. Fatty acid profile was estimated on the oil extracted from 
all processed samples according to AOAC (22). Fatty acid methyl esters were 
prepared according to Hamilton and Hamilton (23). The fatty acid methyl 
esters of all samples were analyzed using gas liquid chromatography/ Pye 
Unicam PRO-GC equipped with a flame ionization detector. 

Animals 

Male Albino rats weight 50± 5g obtained from animal house at the 
National Center for Radiation Research and Technology, Nasr City, Cairo, 
Egypt. Animals were maintained under suitable ventilation, temperature, 
humidity and illumination condition and allowed to normal nutrition and 
fresh tap water. Male rats were divided into 6 equal groups of 7 animals 
each. Control group fed a casein diet, other groups were fed on diets 
containing raw, irradiated linseed meal at dose levels 2.5, 5, 7.5 or 10 kGy. 
During whole experiment period, rats were individually weighted every two 
weeks. At the end of the feeding period (5 weeks), the rats were sacrificed 
and various blood collected for analysis according to Evans (24). 
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Experimental diets 

Raw and irradiated full- fat linseeds were freshly grinded and 
incorporated into the experimental diet at level 388.70 g kg-1 to represent 
10% crud protein. The experimental diets contained adequate levels of 
nutrients as recommended by the NRC (25). The experimental animals fed: 
control diet (casein diet), diets containing raw, irradiated linseed at dose 
levels 2.5, 5, 7.5 and 10 kGy. The composition of experimental diets (g kg-1) 
is shown in Table (1). 

Organs weights:  

Internal organs (liver, spleen, kidney, heart, lung and testes) from 
each male Albino rat were immediately dissected out and weighted. The 
relative organs weights were calculated (g of organ / 100g of live body 
weight). Organs weighted to be used as early indices for the toxicity of raw 
and treated linseeds according to Farag (26, 27). 

Hematological parameters  

Hematological parameters; Hemoglobin (Hb), Packed Cell Volume 
(PCV) were carried out according to the methods reported by Dacie and 
Lewis (28) and Williams et al. (29), respectively.  Mean Corpuscular 
Hemoglobin Concentration (MCHC) was calculated from the result of Hb 
content and PCV according to Dacie and Lewis (28) .  

MCHC% = Hb / PCV×100  

Biochemical assays 

After 35 days, blood specimens were withdrawn by cardiac 
puncture ¾ inch, needle and collected from each rat in heparinised tubes and 
preserved in ice cold condition, the blood samples were then centrifuged at 
5000 rpm for 15 min. After which blood plasma could be separated and 
collected using Pasteur's pipettes and frozen pending analyses were 
undertaken for total protein (TP) according to Johnson et al. (30), albumin 
by Tielz (31), globulin, AST and ALT described  by Reitman and Frankel 
(32), total cholesterol (TC) performed was according to methods of  Allain et 
al. (33), high density lipoprotein (HDL) was determined according to 
Demacer et al. (34), and triglyceride (TG) by Fossati and Principle (35).                                                                                                                              
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Table (1): Composition of the experimental diets (g kg-1 diet). 

Ingredient Diet (g kg-1) 
Casein Linseeds 

Linseedsa 
Casein 
Corn oil 
Cellulose 
Sucrose 
Corn starch 
Water 
Vitamin mix.b 
Mineral mix.c 

-- 
115.0 
80.0 
10.0 
125.0 
560.0 
50.0 
10.0 
50.0 

388.70 
-- 
-- 
-- 

143.83 
394.71 
27.26 
10.0 
35.5 

Total 1000.0 1000.0 
Crud protein 100.0 100.0 

a Raw or irradiated full-fat linseeds at 2.5, 5, 7.5 or 10 KGy. 
 b The vitamin mixture provides the following (mg/100g): Vit. A, 2000 IU; Vit. D, 200 

IU; Vit. E, 10 IU; Menadion, 0.5; Choline, 200; mg. Aminobenzoic Acid, 10; 
Inositol, 10; Niacin, 4; Ca D- Pantothenate, 4; Riboflavin, 0.8; Thiamine. HCI, 
0.5; Pyridoxine- HCI, 0.5; Folic acid, 0.2; Biotin, 0.04; Vit. B12, 0.003; Glucose, 
to make 1000. 

c The mineral mixture provides the following: 139.3 g NaCI; 0.79 g KI; 389.0 g 
KH2PO4; 57.3g MgSO4 anhydride; 381.4 g CaCO3; 27.0 g FeSO4.7H2O; 4.01 g 
MnSO4.H2O; 0.548 g ZnSO4. 7H2O; 0.477 g CuSO4.5H2O; and 0.023 g 
CoCI2.6H2O. 

Statistical analyses of the data 

Four determinations were made for all assays. Analysis of variance 
(ANOVA) was conducted for all data using the general linear model (GLM) 
(SAS Institute (36)). Duncan's multiple-range test were used for comparison 
of treatments (Duncan (37)). Data were reported as means with their standard 
error. A value of P<0.05 was taken as criterion of significant. 

RESULTS AND DISCUSSION: 

Chemical composition of full-fat linseed: 

Proximate analyses of raw and irradiated full-fat linseed is shown in 
Table (2). The analysis of non-processed sample gave a mean crude protein 
concentration of 25.73%, ether extract of 26.24% crude fat, crude fiber was 
6.93%, ash content 5.17% and moisture was 8.13%. In general, subjected 
full-fat linseeds to gamma irradiation at 2.5, 5, 7.5 and 10 kGy induced no 
any significant effects on their chemical composition. An exception to this 
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general observation was to the results recorded for the fiber content where a 
statistically significant with increasing of radiation dose up to 10 kGy where 
slightly reduction had been occurred from 6.93% to 6.47% however, the 
contents of crud fiber in the processed samples are closed to there of non 
processed sample. The aforementioned results may be due to that linseed 
contain limited amount of water (8.13%) which could not be easily 
influenced to be radiolyzed by irradiation to producing enough free radicals 
that could induced significant changes in chemical comparison. In addition, 
crude protein and fat are in a complex matrix of foodstuffs which take than 
more resistant to radiation processing than these in pure status (38, 39). El- 
Niely (39) reported that the chemical composition of full- fat peanut kernels 
didn’t affected by radiation processing at dose levels 5, 7.5 and 10 kGy. 
Also, Abo El-Ella et al.(40) reported that the chemical composition of raw 
lentil and cowpea did not affect by radiation processing up to 20 kGy.  

Table (2): Effect of gamma irradiation on the chemical composition of full-fat 
linseeds. 

Dose (kGy) Protei
n % 

Fat 
 % 

Fiber  
% 

Ash 
 % 

Moistur
e % 

Dry- 
matter % 

0.0 
25.73 

±0.175a 
26.24 

±0.058a 
6.93 

±0.088a 
5.17 

±0.033a 
8.13 

±0.007a 
91.87 

±0.007a 

2.5  
25.65 

±0.158a 
26.26 

±0.047a 
6.93 

±0.208a 
5.04 

±0.107b 
8.00 

±0.054a 
91.99 

±0.053a 

5 
25.78 

±0.191a 
26.21 

±0.146a 
6.67 

±0.167b 
5.02 

±0.090b 
8.01 

±0.196a 
91.99 

±0.196a 

7.5  
25.64 

±0.098a 
26.24 

±0.100a 
6.71 

0.049b 
5.07 

±0.089b 
8.15 

±0.247a 
91.85 

±0.247a 

10  
25.64 

±0.127a 
26.22 

±0.074a 
6.47 

±0.088c 
4.93 

±0.052c 
8.00 

±0.041a 
92.00 

±0.041a 
Probability 0.9507 0.9970 0.1439 0.3942 0.8839 0.8839 

a-c means with the same letter are not significantly different. 

Effect of radiation processing on fatty acid contents of full-fat linseed:                        

Table (3) represented the effects of the applied radiation doses on 
fatty acids profile of irradiated full- fat linseeds compared to these of non- 
processed seeds. The results indicated that irradiated full-fat linseed at 2.5, 
5, 7.5 and 10 kGy exhibited higher palmetic acid  compared to raw linseed, 
but stearic acid showed some changes where it decreased by 2.63%, 7.7%, 
37.8% and 9.6% at 2.5, 5, 7.5 and 10 kGy, respectively. Meanwhile, the 
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results indicated that oleic acid increased by 3.9%, 3.1%, and 3.7% at dose 
2.5, 5 and 10 kGy, respectively while the oleic acid was decreased by 1% at 
dose 7.5kGy. Concentration of linoleic acid was significantly increased 
more than double by 124.3%, 122.1%, 122.2% and 119.5% at doses 2.5, 5, 
7.5 and 10 kGy, respectively. α-Linolenic acid (omega 3) percentage in raw 
and irradiated linseed at doses levels 2.5, 5, 7.5 and 10 kGy were increased 
by 7.1%, 5%, 4.6% and 3 %, respectively. Makoto et al.(41) reported that 
hydrocarbons increases as the dose increases. El-Niley (39) on her works 
reported that peanuts contain 45-50% lipids, 80% of which are unsaturated 
fatty acids that are highly susceptible to oxidation 42. However, some fatty 
acids were increased as compared with their concentration in roasted kernels 
at zero time, these fatty acids are stearic acid, olic, linolic and arachidic. 
Meanwhile, linolenic acid was appeared in concentration of 0.346% due to 
storage treatment. Moderate losses were observed for some fatty acid 
components of oil extracted from processed peanuts up to 10 kGy, but not 
sever, even after storage, as for oil extracted from roasted peanut. Also, she 
indicated that linoleic (18:2) and linolenic (18:3) acid contents decreased 
slightly with increased irradiation dose. The increased was more 
pronounced when peanuts had been stored for six months. This may due to, 
the effect of irradiation on such changes and their consequent influence on 
the fatty acids. Among changes induced by irradiation, free radicals formed 
by unsaturated fatty acids, which engage in chemical reactions with each 
other during storage, are of concern to those interested in sensory qualities 
of peanuts (42). 

Tale (3): Fatty acid concentration (%) of raw and irradiated full-fat linseeds. 

Treatments 

Palmitic 

acid 

C16:0 

Stearic 

acid 

C18:0 

Oleic acid 

C18:1 

Linoleic acid 

C18:2 

α-

Linolenic 

acid 

C18:3 

Raw 5.79262 3.05827 12.75877 7.2300 53.81987 

2.5 kGy 6.2487 2.97789 13.25487 16.21956 57.61395 

5 kGy 5.89488 2.82288 13.15474 16.05978 56.49526 

7.5 kGy 6.03087 1.90333 12.63653 16.06817 56.29573 

10 kGy 6.05825 2.76498 13.23292 15.86663 55.45662 
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Effect of feeding radiation processed full-fat linseeds on body weight: 

The effects of supplemental dietary raw and irradiated full-fat 
linseed up to 10 kGy for 5 weeks on rat body weight are presented in Table 
(4). The data indicated that the higher body weight was recorded with rats 
fed diet treated at 10 kGy during the experimental period (5 weeks). The 
data presented in Table (4) also, showed that the total and daily body weight 
gain of rats fed raw or irradiated full-fat linseeds at 2.5, 5, 7.5 and 10 kGy 
were lower than these fed to casein diet. However, rats fed irradiated seeds 
at 10 kGy exhibited some improve in their body weight gain than these 
received irradiated seeds at 2.5, 5 and 7.5 kGy in their diets. These results 
explain that the radiation processed at such higher radiation dose (10 kGy) 
improve the total and daily body weight gain (49.10 g and 1.40 g, 
respectively, Table 4). This may be due to that irradiation treatment 
inactivated the antinutritional factors, that may be present naturally in 
samples. Moreover, gamma irradiation has been recognized as a reliable and 
safe method for improving the nutritional value (17-19).  

Table (4): Effect of feeding irradiated full-fat linseeds at 2.5, 5, 7.5 or 10 kGy 
on rats performance. 

Diets 
Body weight (g) Total 

gain(g) 
Daily 

gain(g) W1 W3 W5 

Casein diet 
68.40 

±1.644 d 
105.70 

±8.960 e 
132.73 
±6.481d 

64.33 
±7.242 a 

1.84 
±0.207 a 

RL diet 
111.80 

±11.342 c 
122.30 

±8.602 d 
157.13 

±7.921 c 
45.33 

±9.084 b 
1.30 

±0.545 b 

IL 
  (2.5kGy) 

109.87 
±9.048 c 

137.00 
±10.150 c 

149.83 
±5.929 c 

39.97 
±10.87 b 

1.14 
±0.310 b 

IL 
(5 kGy) 

124.00 
±14.654 b 

144.73 
±7.744 bc 

174.87 
±25.529 b 

50.87 
±32.800 ab 

1.45 
±0.937 ab 

IL 
(7.5 kGy) 

144.07 
±3.688 a 

153.67 
±9.207 ab 

182.10 
±14.809 ab 

38.03 
±12.377 b 

1.09 
±0.354 b 

IL  
(10 kGy) 

139.97 
±2.454 a 

158.67 
±23.491 a 

189.07 
±5.745 a 

49.10 
±5.016 ab 

1.40 
±0.143 ab 

Probability 0.0006 0.0881 0.0779 0. 0360 0. 0360 

           a-e, means with the same letter are not significantly different. 
           RL, raw linseeds diet. 
           IL irradiated linseed diet. 
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Effects of feeding raw and irradiated linseeds on relative organ weights:  

Relative organ weights of rats fed the experimental diets for 5 
weeks are summarized in Table (5). Results showed that there was no 
significant changes in relative liver, spleen, kidneys, heart, lungs and testis 
weight (g/100g body weight) of rats fed raw or irradiated full-fat linseeds at 
dose level of 2.5, 5, 7.5 or 10 kGy when compared with those fed casein 
diet (Table 5). Orcheson 4 reported that there was no effect of linseed diet 
on liver weights. In contrast, other studies 43,44 stated that the weight of 
kidney and spleen increased (p<0.01) linearly as prolonged the time of 
feeding linseeds diet.  

Table (5): Average relative organ weights (g/100g body weight) of rats fed diets 
supplemented with raw and irradiated linseeds. 

Diets Liver Spleen Kidneys Heart  Lungs Testis  

Casein diet 
3.609 

±0.040a 

0.368 

±0.022a 

0.630 

±0.027a 

0.363 

±0.007a 

0.551 

±0.014a 

1.463 

±0.035 a 

RL diet 
3.513 

±0.041a 

0.366 

±0.003a 

0.644 

±0.051a 

0.356 

±0.001 a 

0.557 

±0.012 a 

1.337 

±0.055a 

IL 

(2.5kGy) 

3.506 

±0.020a 

0.364 

±0.003a 

0.624 

±0.032 a 

0.365 

±0.014a 

0.559 

±0.003 a 

1.413 

±0.129 a 

IL 

(5 kGy) 

3.505 

±0.023a 

0.360 

±0.016 a 

0.615 

±0.022a 

0.363 

±0.006 a 

0.555 

±0.006 a 

1.332 

±0.056 a 

IL 

(7.5 kGy) 

3.507 

±0.024a 

0.356 

±0.005a 

0.626 

±0.003a 

0.359 

±0.038 a 

0.557 

±0.004 a 

1.312 

±0.157 a 

IL  

(10 kGy) 

3.533 

±0.033a 

0.363 

±0.004a 

0.636 

±0.007 a 

0.371 

±0.012 a 

0.555 

±0.001 a 

1.310 

±0.086 a 

Probability  0.2128 0.9772 0.9802 0.9933 0.9917 0.8273 

Means with the same letter are not significantly different. 
Legend as Table 4 
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Influence of raw and irradiated full-fat linseeds on hematological 
parameters of male albino rats: 

The result presented in Table (6) shows that the hemoglobin 
concentration and packed cell volume of male albino rats fed irradiated 
linseed for 5 weeks at dose 2.5, 5, 7.5 and 10 kGy were significantly not 
changes as compared with those fed non processed diet or with those fed 
casein diet. Irradiation treatment of linseeds did not reflect any adverse 
effect on the heamoglobi, packed cell value (PCV) and MCHC of groups of 
rats under the investigation as compared with these received casein diet for 
5 weeks. Linseed, the richest known source of plant lignans, has been 
shown to have chemoprotective effects in animal and cell studies (45). 
Bourre (46) stated that omega-3 polyunsaturated fatty acids play important 
role in the development and maintenance of different organs and 
hematological parameters.  

Table (6): Effect of feeding male albino rats raw and irradiated linseed for five 
weeks  on heamatological parameters . 

Diets 
Hb 

(g dl-1) 

PCV 

(%) 

MCHC 

(g dl-1) 

Casein diet 
12.90 

±0.058 a 

34.33 

±0.333 a 

0.376 

±0.002 a 

RL diet 
12.87 

±0.384a 

35.33 

±0.882a 

0.364 

±0.007a 

IL 

  (2.5kGy) 

12.90 

±0.321a 

35.00 

±1.00 a 

0.369 

±0.007 a 

IL 

(5 kGy) 

13.03 

±0.186 a 

34.00 

±0.00 a 

0.383 

±0.005 a 

IL 

(7.5 kGy) 

12.80 

±0.152 a 

34.67 

±0.333a 

0.369 

±0.001a 

IL  

(10 kGy) 

12.87 

±0.201a 

34.67 

±0.882a 

0.371 

±0.004a 

Probability  0.9900 0.7847 0.1666 

Means with the same letter are not significantly different 
Legend as Table 4 
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Effect of feeding raw and processed linseeds on plasma proteins of 
growing male albino rats. 

The statistical analyses of the data presented in Table (7) indicated 
that feeding growing Albino rats on irradiated full-fat linseed at dose levels 
of 2.5, 5, 7.5 and 10 kGy for 5 weeks as compared with these kept on casein 
diet, did not exhibited any  significant difference between plasma proteins 
(total protein, albumin, globulin) values. The above mentioned result 
confirmed that the radiation processing full-fat linseed up to 10 kGy did not 
impaired the nutritional value of linseed proteins. These results are 
agreement with Farag (27) who mentioned that irradiated different sorts 
animal feeds up to 50 kGy did not affect the levels of plasma proteins.       

Table (7): Effect of feeding growing rats raw and irradiated full-fat linseed for 
five weeks on plasma proteins. 

 

Diets 
Tp 

(g dl-1) 

Albumin 

(g dl-1) 

Globulin 

(g dl-1) 

Casein diet 
4.57 

±0.120 a 

2.97 

±0.088a 

1.60 

±0.200 a 

RL diet 
4.57 

±0.088a 

2.93 

±0.176 a 

1.63 

±0.120 a 

IL 

  (2.5kGy) 

4.67 

±0.120 a 

3.00 

±0.115 a 

1.67 

±0.186 a 

IL 

(5 kGy) 

4.60 

±0.173a 

2.97 

±0.088a 

1.63 

±0.218 a 

IL 

(7.5 kGy) 

4.67 

±0.067 a 

2.97 

±0.088a 

1.70 

±0.058 a 

IL  

(10 kGy) 

4.67 

±0.033 a 

3.00 

±0.115 a 

1.67 

±0.088a 

Probability  0.9521 0.9984 0.9981 

Means with the same letter are not significantly different 
Legend as Table 4 

Influence of feeding raw or irradiated linseeds on biochemical parameters 
of growing male Albino rats. 

Data obtained on the activity of the aspartic and the alanine 
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transaminases in the plasmas of growing male Albino rats fed raw or 
irradiated full-fat linseed at 2.5, 5, 7.5 and 10 kGy during the experimental 
period (5 weeks) are presented in Table (8). The result indicated that there 
are no significant difference in the activity of the plasma alanine 
transaminase between animals received raw and processed linseeds, while 
the data obviously indicated that the level of AST and ALT of animals fed 
casein diet were higher than the levels of those fed raw and processed 
linseed. Yearul and Takashi(47) reported that linseed are rich in α-18:3 acid 
which caused characteristic changes in the activity of hepatic enzymes (AST 
and ALT). However, AST/ALT ratio for rats fed casein diet was similar to 
those fed raw or irradiated full-fat linseeds at 2.5, 5, 7.5 and 10 kGy. On top 
of that, there are no significant differences between AST/ALT ratio for 
groups of rats fed raw or irradiated linseed and groups kept on casein diet.  

Plasma total cholesterol (P=0.0001), high- density lipoprotein 
(P=0.0008) and triglyceride (P=0.0001) of growing male albino rats fed 
casein diet for 5 weeks were significantly higher (Table 8) more than these 
kept on diet containing raw or irradiated full-fat linseed (Table 1) for 
5weeks. Meanwhile, there are certain significant differences between group 
of rats fed irradiated linseeds and as well between these fed raw and 
processed full-fat linseed up to 10 kGy. In general, as a function of radiation 
dose the TC, HDL and TG were decreased by increasing radiation dose for 
5 to 10 kGy. This may be due to that irradiation treatment modified the fatty 
acids profile of linseed and subsequently could changed the levels of TC, 
HDL and TG of rats fed irradiated linseed for 5 weeks. High serum 
cholesterol levels are known to be one of the major risk factors for coronary 
heart diseases (48). Both TG and cholesterol levels are largely food/feed 
dependent and the fatty acid composition seem to be one of the most 
important factors, that effect the level of TC, HDL and TG (49). Many 
experiments have been performed to establish how particular fatty acids 
affect blood cholesterol levels (9,49,50). Generally, it has been found that 
saturated fatty acids (SFA) are hypercholesterolaemic, and polyunsaturated 
fatty acids (PUFA) are hypocholesterolaemic 51. Feeding of linseed oil or 
fish oil in the safflower oil diet resulted in lowering of the liver 
triacylglycerol levels (52).  
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Table (8): Comparison of plasma biochemical parameters of growing male 
Albino rats maintained on experimental diets containing raw and 
irradiated linseed for 5 weeks. 

Diets 
AST 

(U L-1) 

ALT 

( U L-1) 

AST/ALT 

   ratio 

TC 

(mg dl-

1) 

HDL 

(mg dl-1) 

TG 

(mg dl-

1) 

Casein diet 
23.43 

±0.472a 

7.43 

±0.120 a 

3.156 

±0.108a 

138.90 

±0.600 a 

88.33 

±0.882a 

100.39 

±0.314 a 

RL diet 
21.50 

±0.808b 

6.80 

±0.272  b 

3.182 

±0.253 a 

122.03 

±0.606 c 

78.33 

  ±0.882 d 

83.33 

±2.185 b 

IL 

  (2.5kGy) 

21.92 

±0.877b 

6.93 

±0.176 b 

3.162 

±0.112 a 

122.13 

±0.612c 

79.00 

  ±2.082 cd 

83.47 

±1.330 b 

IL 

(5 kGy) 

21.70 

±1.325 b 

6.96 

±0.167  b 

3.127 

±0.247 a 

123.03 

±0.233 b 

80.00 

±0.577bc 

84.53 

±0.291b 

IL 

(7.5 kGy) 

21.92 

±0.133 b 

6.99 

±0.319 b 

3.152 

±0.163 a 

123.60 

 ±0.819 b 

80.00 

±1.00 bc 

84.27 

±0.176 b 

IL  

(10 kGy) 

22.30 

±0.115b 

6.79 

±0.179 b 

3.288 

±0.095 a 

123.00 

±0.833 b 

81.00 

±1.155 b 

84.47 

±1.835 b 

Probability  0.5466 0.3762 0.9893 0.0001 0.0008 0.0001 

  a-d, Means with the same letter are not significantly different. 
  Legend as Table 4 

In conclusions, the present study indicated that there were no 
significant effects on chemical composition of full-fat linseed after exposure 
to gamma rays up to 10 kGy. Irradiation process improvemed fatty acids 
such as linoleic acid, oileic acid and α-Linolenic acid (omega 3). Feeding 
growing Albino rats for 5 weeks on diet containing irradiated full-fat linseed 
at 2.5, 5, 7.5 and 10 kGy at level (388.7g kg-1 diet) did not produced any 
adverse effect on the growth rate of rats fed the experimental diets for 5 
weeks. Moreover, kept rats on the experimental diet induced no significant 
effect in total protein, albumin, globulin and transaminases enzymes. 
However, feeding both raw and irradiated full-fat linseeds induced 
significant in reduction in total cholesterol, triglycerides and HDL levels. In 
spite of, there are certain changes in fatty acid profile of linseed after 
irradiation (up to 10 kGy), the benefit effect of using full-fat linseed as a 
hypocholesterolaemic and modifying to the plasma lipid profile did not 
affected up on irradiation treatment therefore, it could be concluded that the 
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above mentioned applied radiation doses are safe for treated such seeds rich 
in fat.  
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  التأثيرات الفسيولوجية والكيموحيوية لبذور الكتان المعالجة بأشعة جاما
   رفعت جلال حمزة –ھنیة فتحى غریب النیلى  - الشناوى حكمت محمود  

مدینة نصر ، القاھرة ،  29. ب.، المركز القومى لبحوث وتكنولوجیا الاشعاع ، ص قسم بحوث تشعیع الاغذیة
  مصر

  
كیلو  10، 7.5، 5، 2.5تھدف ھذه الدراسة إلى دراسة تأثیر التشعیع الجامى بالجرعات  

ى لبѧѧذور الكتѧѧان كاملѧѧة الدسѧѧم خاصѧѧة محتواھѧѧا مѧѧن بعѧѧض الأحمѧѧاض   جѧѧراى علѧѧى التركیѧѧب الكیمیѧѧائ
وكذلك دراسة التأثیرات الفسیولوجیھ والكیموحیویھ نتیجة تغذیة الجرذان على وجبة تحتوى . الدھنیة

أظھѧرت النتѧѧائج المتحصѧل علیھѧا انѧѧھ لѧیس ھنѧѧاك     %. 38.87علѧى بѧذور الكتѧѧان كاملѧة الدسѧم بنسѧѧبة     
علѧѧى التركیѧѧب الكیمیѧѧائى لبѧѧذور الكتѧѧان ولكѧѧن المعالجѧѧة الإشѧѧعاعیة        تѧѧأثیرات للمعالجѧѧة الإشѧѧعاعیة   

بالجرعѧѧات المختلفѧѧة أدت الѧѧى زیѧѧادة نسѧѧب كѧѧل مѧѧن حمѧѧض اللینولیѧѧك وحمѧѧض اللینولینѧѧك وھمѧѧا مѧѧن   
فѧѧى . الأحمѧاض الدھنیѧة الضѧروریة ولكѧن لѧѧیس لھѧا تѧأثیر علѧى محتѧѧوى الأحمѧاض الدھنیѧة الأخѧرى          

. أسѧابیع  5عشوائیا الى ست مجموعѧات واسѧتمرت لمѧدة     جرذ ذكر قسمت 36تجربة التغذیة استخدم 
أظھرت النتائج ان الجرذان المغذاة على علیقة تحتوى على بذور الكتان والمعالجة إشѧعاعیا بجرعѧة   

كیلو جراى حققت زیادة فى وزن الجسم أعلى من المجموعات المغذاة على جرعات اخرى كمѧا   10
ھ لم یحدث أى اختلاف معنوى بین المجموعات المغذاة على بذور الكتان كاملة الدسѧم  بینت النتائج ان

 -الرئتین -القلب -الكلى -الطحال -الكبد(خام او مشععة أو المجموعة الضابطة فى أوزان الأعضاء  
المحتѧوى مѧن الھیموجلѧوبین، حجѧم الكتلѧة الخلویѧة و تركیѧز الھیموجلѧوبین         (وقیاسات الѧدم  ) الخصیة

التغذیѧة علѧى البѧذور الخѧام     . كѧذلك البѧروتین الكلѧى والألبیѧومین والجلوبیѧولین     ) یات الدم الحمراءبكر
ایضѧا التغذیѧة   . والنسѧبة بینھمѧا   AST  ،ALTأوالمعالجة إشѧعاعیا نظمѧت مسѧتویات انزیمѧات الكبѧد      

ثیѧة  على البذور الخام والمشععة أدى إلى خفѧض مسѧتویات الكولیسѧتیرول الكلѧى والجلیسѧریدات الثلا     
وبجانب أھمیة المعالجة الإشعاعیة فى . واللیبوبروتینات عالیة الكثافة بالمقارنة بالمجموعة الضابطة

تحسین القیمة الغذائیة لبذور الكتان وزیادة فترة تخزینھا وذلك بحمایتھا من الحشѧرات والمیكروبѧات   
ثر علѧى الѧدور الѧذى تلعبѧھ     المرضیة فإن الدراسة القائمة توضح أن تلك المعالجѧات الإشѧعاعیة لا تѧؤ   

 . المحتویات الحیویة فى بذور الكتان لحمایة الأشخاص الذین یعانون ارتفاع كولیستیرول الدم

  


