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ABSTRACT 
 

Wheat germ was irradiated with two types of radiations; gamma and 
microwave. Gamma irradiation was used at a dose of 6 k.Gy. Microwave radiation 
was performed by continuous supply of 200 W/Kg of wheat germ for 3 min, and wheat  
germ was fermented. The gross chemical composition as well as the caloric value of 
all studied samples, in addition the mineral composition and vitamins of these studied 
samples was estimated. The amino acid composition and fatty acids composition 
were studied as well. The results showed that treated and untreated wheat germ had 
relatively high content of protein, fat, and minerals. Moreover, it proved that it is a 
good source of vitamin E. It was also noticed that wheat germ protein was rich in most 
of the essential amino acids, especially leucine, and lysine. Data revealed that wheat 
germ is considered as a rich source of fatty acids ,and showed that the dominant fatty 
acid was the linoleic acid. The data revealed that fermented wheat germ recorded the 
highest percentages in crude protein (36.42%).However microwave treated wheat 
germ had the highest content of crude fiber (6.13%) . While gamma irradiated wheat 
germ recorded the highest percentages of carbohydrates (60.75%). On the other 
hand, raw wheat germ recorded the highest percentages of the ash (5.00%) on dry 
weight basis. The data concerning mineral contents of the present study are revealed 
that the fermented wheat germ had the highest iron, manganese, copper, sodium, 
potassium and sulphur levels. The data revealed that fermented wheat germ recorded 
the highest percentages in Vitamin (A) and Vitamin (C).However microwave treated 
wheat germ had the highest content of vitamin (E). Moreover, the data revealed that 
there were obvious variations in the amino acid composition and in the fatty acids 
composition as well among all studied types of wheat germ. 
Keywords: raw wheat germ, gamma irradiated wheat germ, microwave treated wheat 

germ,  chemical composition, mineral, vitamin, amino acids, fatty acids. 

 

INTRODUCTION 
 

Wheat germ constitutes about 2.5-3% of the wheat seed. Wheat germ 
is rich in protein and fat and contains carbohydrate especially sucrose and 
vitamins with special reference to vitamin E. Due to its high content of fat 
wheat germ deteriorates rapidly as a result to fat rancidity and appearance of 
off-smell products. 

Sjovall et al.  (2000), Arrigoni et al.  (2002), Hessen (2003)   found that 
the wheat germ, accounted   for(2~3 %) of the whole grain and  had a high 
nutritional value.Wheat germ is a by-product of the flour milling industry. Its 
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composition includes vitamins, minerals, dietary fibers, proteins and some 
essential trace elements and hence, also considering its low cost, it has a 
high nutritional value.  Ge  et al.  (2002). 

Ibrahim et al.  (1990) showed that the mean proximate composition of 
crude   wheat germ was: 13.35 %, 23.40 %, 6.04 %, 51.53%, 1.33 % and4.35 
% for moisture, protein, fat, carbohydrates, fiber and ash contents; 
respectively (on dry basis). Rekha-Sharma et al.  (1998) found that the 
proximate composition of wheat germ was:( 8.40 %) moisture, (26.25%) 
protein , (6.20 %) ether  extactives, (3.20 % )ash ,(1.87 %)crude fiber and 
(54.04%) carbohydrates. Sidhu et al.  (1999) stated that the mean proximate 
composition of wheat   germ was: 27.88+0.28%, 9.86 +0.11 and 4.33 +0.12% 
for protein , fat and ash content; respectively (on dry basis).Kozlov (2003) 
reported that the mean proximate composition of wheat germ was: (25.7 %) 
and (9.6 %) for protein and fat content; respectively. According to (ES),  
(2004 )  the proximate composition of wheat germ was: (14 % as maximal 
level) of moisture, (22 % as minimal level) of crude protein, (6 % as minimal 
level) of crude fat, (2.8 % as maximal level) of crude fiber and (5 % as 
maximal level) of ash (on dry basis). Pinark et al.  (2004) reported that the 
mean composition of wheat germ was: 11.5 +0.005 %, 24.6 +0.071 %, 
20.4+0.052%, 39.9+0.049% and 3.9 +0.07% for moisture, protein, crude oil, 
carbohydrate and ash content; respectively (on dry basis). Bilgiçli et al.  
(2006) and Bilgiçli and İbanoğlu (2007) found that the mean proximate of 
wheat germ was: 10.80 + 0.71 % 26.50 + 1.41 %, 8.56 + 0.79 % and 4.18 + 
0.08 % for moisture, crude protein, crude fat and  ash content; respectively 
(on dry basis). Arshad et al.  (2007) stated that the mean proximate 
composition of defatted  wheat germ was: 3.2 +0.3, 27.8 + 0.4  ,0.05+ 
0.01,5.35 +0.3 and 4.52 + 0.2 for moisture, crude protein, crude fat, crude 
fiber and ash content; respectively (g / 100 g ). 

Bilgiçli et al.  (2006) found that the mean mineral composition of wheat 
germ was: 365.1+ 7.21, 0.6 + 0.03, 9.45 + 0.35, 1365.1+ 21.35, 310.3 + 7.49, 
13.0 + 1.41, 775.2 + 7.35 and 9.05 + 0.07 (mg / 100 g) for Ca, Cu, Fe, K, Mg, 
Mn, P and Zn content; respectively (on dry basis). 

Arshad et al.  (2007) detected that the mean mineral composition of 
defatted wheat germ was: 45.9 +0.3, 7.36 + 0.8 and 1050 +2.0 (mg / 100 g) 
for calcium, iron, and potassium content; respectively.Su (1993) found that 
the wheat germ contained 25.6 (mg / 100g). alpha-tocopherol and 9.8 (mg 
/100 g). beta- tocopherol. 

Ibrahim  et al.  (1990)  detected that the mean essential amino acid of 
the protein in crude wheat germ was:( 3.70, 7.81, 6.72, 1.92, 5.00, 3.95, and 
7.05) for isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 
valine content; respectively. Meanwhile non essential amino acids were: 
(6.64, 4.50, 9.19, 0.65, 17.96, 6.09, 6.51, 4.75, and 2.55) for alanine, 
arginine, aspartic acid, cystine, glutamic acid, glycine, proline, serine, tyrosine 
content; respectively on wet basis.  

Zhu et al. (2006) and Arshad et al.  (2007)   identified that the mean 
essential amino acid   profiles of defatted wheat germ was: (2.92, 1.73), 
(6.64, 1.11), (6.69, 2.32), (1.64, 0.25), (4.06, 1.04), (4.50, 0.93), (1.15, 
0.20),(4.53,1.40) (g /100 g) for isoleucine, leucine, lysine, methionine, 
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phenylalanine, threonine, tryptophane, valine. Meanwhile non essential 
amino acid profiles were: (7.89, 1.66), (6.43, 4.76), (9.43, 1.63), (15.19, 5.09), 
(5.64, 1.47), (4.46, 1.43), (2.39, 0.78) for alanine, arginine, aspartic acid, 
glutamic acid, glycine, serine, tyrosine content; respectively. 

Ibrahim et al.  (1990) outlined that the total unsaturated fatty acid of 
crude wheat germ oil amounted to (79.1 %). While the saturated ones were 
(20.9 %). Among the saturated fatty acid, palmitic acid C16:0 was found to be 
the major saturated acid having a percentage of (19.4 % )followed by myristic 
acid C14:0 ( 0.9 %) and Stearic acid C18:0 (0.6% )which were  detected in 
minor percentages. Linoleic   acid C18:2 was not only the major fatty acid in 
the  unsaturated fatty acid group, but it was also the dominant  fatty acid in 
crude wheat germ oil, reaching a value of (58.7 %) followed by oleic C18:1, 
which represented (18.6 %).the Linolenic acid was also detected at a lower 
level, being (1.8 %). Ostlund et al.  (2003) founded that the fatty acid content 
of original wheat germ, original wheat germ oil and purified wheat germ oil 
was: C14:00 (0.12 ± 0.00, 011± 0.00, 0.11± 0.00 ); C16:0 (19.52 ± 0.05, 
18.27 ± 0.06, 18.08 ± 0.02 );C 16:1 (0.23  ± 0.01, 0.20 ± 0.00, 0.21 ± 0.00 );C 
18:0 (0.77 ± 0.01, 0.79 ± 0.00, 0.70 ± 0.00), C18:1 (17.38 ± 0.02, 16.58 ± 
0.04, 18.14 ± 0.03 );C18:2 (55.71 ± 0.07, 57.50 ± 0.11, 57.08 ± 0.05 ) and 
C18:3 (6.27 ± 0.01, 6.57 ± 0.01,5.69 ±  0.02). 

In the present study, some processing methods were used to improve 
the stability of wheat germ. Such methods included microwave and gamma 
irradiation aiming to destroy the antinutritional factors present in the wheat 
germ. In the present investigation an attempt was carried out to evaluate the 
nutritive  value of the stabilized wheat germ and the oil extracted from it.  

 

MATERIALS AND METHODS 
 

Materials: 
Source of samples:     

2 wheat germ varieties namely: Giza 60 and Saha 40 were mixed in the 
Asdekaa mill and the resultant wheat germ was used in the present study 20 
Kg samples of wheat germ were procured from this mill during Marsh 2008. 
Preparation of samples: 

Twenty kilograms samples was divided into four samples. The first 
sample raw wheat germ (about 5.0 kilograms) was used as control. The 
second sample of raw wheat germ (about 5.0 kilograms) was irradiated at 
Egyptian Atomic Energy Authority using a 60Co gamma source at an average 
dose of (6 kGy), which is the average dose recommended by the (Codex 
Alimentarius commission (1990), to reduce microbial load and the number of 
pathogenic microrganisms for wheat germ. The third sample of raw wheat 
germ (about 5.0 kilograms) was treated by microwave radiation. The 
treatment using microwave radiation (MS143SCE, Samsung Electronics, 
Korea) was performed by continuous supply of wheat germ in the 
pasteurization chamber at 200 W/Kg of wheat germ for 3 min., where 
microwave oscillators allowed the sanitization with drastic reduction of the 
microbic contamination (Less than 103 microorganisms per gram).  
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The wheat germ was subjected to microwave heating for 3.0 min. at 
200 W using a householed microwave oven . Sample was placed in a pyrex 
Petri dish (8.0) cm diameter by 1.0 cm deph; each Petri dish contained 
approx.25g) and heated for the required period. .after that the the wheat germ 
samples was allowed to cool at room temperature (Yousif (2004).On the 
other hand, the forth   sample of wheat germ (about 5.0 kilograms) was 
fermented as described by(Hidvègi et al. (1999) . 
 
Methods: 
(1)  Chemical methods: 

 Moisture, protein, fat, crude fiber, and ash contents were determined 
according to the methods described by A.O.A.C. (1990). While, total 
carbohydrates were calculated by difference according to Pellet and Sossy 
(1970).The caloric value was calculated according to Seleet (1990).  
Determination of mineral contents: 

The samples were wet acid-digested using a nitric acid and perchloric 
acid mixture (HNO3; HCSO4; 2:1 v / v). The amounts of iron, zinc, copper 
and manganese in the digested sample were determined using a GBC 
Atomic Absorption 906 A, as described in A.O.A.C.,(1990). Sodium and 
potassium were determined by a flame photometer 410, calcium and 
magnesium were determined by titration with version 0.0156 N according to 
Jackson (1967). Phosphorus, sulphur and selenium were determined 
according to the methods described by A.O.A.C. (1990). 
Determination of vitamin contents: 

Vitamin C was determined according to Bajaj and Kaur,(1981). On  the 
other vitamins E. and A. were determined according to the methods 
described by Principal Central Lab. of Cairo University,(2008).  
Determination of amino acids contents: 

Amino acids were determined according to the method described by 
Block et al.  (1958)using Automatic Amino Acid Analyzer AAA 400 INGOS Ltd 
at Principal Central Lab. of Cairo University,(2008). Tryptophan was 
determined by chromatography using UV-1601 PC, SHIMADZU. UV-VISBLE 
spectrophotometer (550 nm) according to the method described by Sastry 
and Tummuru ( 1985). 
(II)  Computation of chemical score: 

The chemical score was defined according to Bhanu et al.    (1991) 
as follows: 

                  mg of essential amino acids in 1 gm test protein  
Chemical score  = ----------------------------------------------------------------------------  x 100  
                                mg of essential amino acid in 1 gm reference protein 
 
(III)  Computation of A/E ratio:  

The relationship between the content of an individual essential amino 
acid in the food protein (A) and the total essential amino acids content (E) 
was calculated according to FAO, ( 1965) as follows: 

                       mg of the individual essential amino acids 
A/E ratio   =   ----------------------------------------------------------------  

                                    mg of total essential amino acids 
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 (IV) Computation of protein efficiency ratio (PER):  
Protein efficiency ratio was calculated using the equation mentioned by 

Alsmeyer et al.  (1974) as follow: 
 

PER = - 0.684 + 0.456 (leucine) – 0.047 (proline)(g/100g protein) 
 

 (V)  Computation of biological value (BV): 
Biological value (BV) of protein samples was calculated  according  to 

the equation of Oser, (1959) as follows:  

 

 
Determination of fatty acids methyl esters by gas liquid 
chromatography: 

The methyl esters of fatty acids were separated using a PYE Unicam 
Pro-GC gas liquid chromatography with a dual flame ionization and carried 
out on (3.0 m  0.25 mm) SP-2310 ’packed with 55% cyanopropyl phenyl 
silicone dimensions. Column temperature: At first the temperature was 100˚C 
at the rate of 8˚ minute, and then isothermal for minutes at 195˚C. The 
injector and detector temperature were 250˚C and 300˚C; respectively 
(Rossell et al. , 1983). Carrier gas : Nitrogen at the rate 30 ml/minute. 
Hydrogen flow rate 33 ml/minute and air flow rate 330 ml/minute. The chart 
speed was 0.4 cm/minute. Peak identifications were established by 
comparing the retention times obtained with standard methyl esters. The 
areas under the chromatographie peak were measured with electronic 
integrator. 

 

RESULTS AND DISCUSSION 
 

Gross chemical composition and caloric value:  
The data given in Table (1)  revealed that fermented wheat germ 

recorded the lowest percentages in moisture, fiber and carbohydrates were 
(3.70%), (0.72%)and (49.73%) and highest percentages in crude protein 
(36.42%).However microwave treated wheat germ had the highest content of 
crude fiber (6.13%) . While gamma irradiated wheat germ recorded the 
highest percentages of carbohydrates (60.75%). On the other hand raw 
wheat germ recorded the highest percentages of the ash (5.00%) on dry 
weight basis. Besides, fermented wheat germ recorded the highest caloric 
value (421.46 K. cal.), while microwave treated wheat germ recorded the 
lowest caloric value (399.87 K. cal.). However both raw wheat germ and  
gamma irradiated wheat germ recorded intermediate position among the four 
studied wheat germ groups. 

The data  presented in Table (1) indicated that moisture content of raw 
wheat germ  and gamma irradiated wheat germ were (13.49 %) and (13.17 
%) .Such values are in close agreement  with Ibrahim (1990), (ES), (2004 ), 

                                
  BV = 49.09 + 10.53 (PER) 
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and Arshad et al.  (2007) .On the other hand , Pinark et al.  (2004) recorded 
rather lower moisture values. 

The data given in Table (1) showed that crude protein  content of raw 
wheat germ, gamma irradiated wheat germ and microwave treated wheat 
germ agree with Ibrahim (1990), (ES), (2004 ), and Pinark et al.  (2004) On 
the other hand the results in the present study were lower than that reported  
for crude  protein value  by  Rekha-Sharma et al. , (1998) ,  Sidhu et al.  
(1999), Kozlov (2003), and Arshad et al.  (2007) on dry weight basis. It is 
woth-noty  that fermented wheat germ recorded the highest protein content 
among all studied wheat germ samples. 
 
Table (1): Gross chemical composition of raw wheat germ, gamma-

irradiated wheat germ, microwave treated wheat germ and 
fermented wheat germ.(On dry weight basis)* 

 
Estimates % 

Raw 
Wheat 
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated wheat 

germ 

Fermented 
wheat 
germ 

moisture 13.49 13.17 09.28 03.70 

Crude protein 23.47 22.54 23.12 36.42 

Crude fat 08.72 08.99 08.35 08.54 

Crude fiber 03.86 02.92 06.13 00.72 

Ash 05.00 04.80 04.34 04.59 

Carbohydrates** 58.95 60.75 58.06 49.73 

Caloric value (K. cal) 408.16 414.07 399.87 421.46 
*Mean of three replicates.                             
**Carbohydrates were calculated by difference. 

 
The data given in Table (1) revealed that  wheat germ and it’s three 

studied  treatments  are good in accord with  Bilgiçli et al.  (2006) and Bilgiçli 
and İbanoğlu (2007). The data given in Table (1) indicated that the fiber 
content of raw wheat germ and gamma irradiated wheat germ (3.86 %) and 
(2.92 %), which coincides with (ES), (2004).  The data given in Table (1) 
showed the ash content of wheat germ and it’s three studied treatments quite 
agree with  Ibrahim, (1990),  Sidhu et al.  (1999) and (ES), (2004 ), Bilgiçli et 
al.  (2006) and Bilgiçli and İbanoğlu (2007), and Arshad et al.  (2007).The 
data given in Table (1) revealed that the carbohydrates content of wheat 
germ and it’s three studied treatments agree with Ibrahim, (1990), and 
Rekha-Shrama et al.  (1998). 

Generally, the recorded variations in the gross chemical composition of 
the four studied wheat germ samples could be attributed to the 
environmental, climatic conditions, soil type, as well as varietal differences 
(Mohamed (2006). 
 

Mineral content: 
The data concerning mineral contents of the present study are 

tabulated in Table (2) and revealed that the fermented wheat germ had the 
highest iron, manganese, copper, sodium, potassium and sulphur levels, and 
the lowest of phosphorus. Moreover, microwave treated wheat germ recorded 
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the lowest copper, and sulphur levels . Furthermore, gamma irradiated wheat 
germ recorded the highest level of phosphorus, and the lowest levels of iron, 
zinc, magnesium, sodium, potassium, and sulphur . Besides raw wheat germ 
recorded the highest zinc and magnesium levels. 
 
Table (2): Minerals content of raw wheat germ, gamma-irradiated wheat 

germ,microwave treated wheat germ and fermented wheat 
germ. (mg /100g).* 

 
Minerals 

Raw  
Wheat  
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated 

wheat germ 

Fermented 
wheat 
germ 

Fe 09.07 08.22 08.55 11.41 

Mn 11.24 11.23 12.00 12.36 

Cu 1.59 1.50 1.37 1.98 

Zn 17.38 14.58 15.03 15.38 

Mg 312 216 228 240 

Ca 100 140 100 140 

Na 70 65 75 95 

K 440 430 455 491 

P 705 748 708 690 

S 344 401 310 504 

Se 300 300 300 300 
*Mean of three replicates. 

  
Arshad et al.  (2007) detected that the mean mineral composition of 

defatted wheat germ was: 7.36 + 0.8 (mg / 100 g) for Fe contents. Such 
values are in rather   agreement with that of the present study. While, Bilgiçli 
et al.  (2006) found that the mean mineral composition of wheat germ was: 
9.45 +0.35, 310.3 + 7.49,13.0 +1.41,775.2 + 7.35 and 9.05+0.07 (mg / 100 g) 
for Fe, Mg, Mn, P and Zn contents; respectively. Such values were similar 
with that of the present study.  

 
Vitamins contents: 

The data given in Table (3)   revealed that fermented wheat germ 
recorded the highest percentages in Vitamin (A)  and Vitamin (C)  (16555.70 
IU/100g) and (125.82 mg/100g) .However microwave treated wheat germ had 
the highest content of vitamin (E) (1840  IU/100g ).While gamma irradiated 
wheat germ recorded the lowest percentages of Vitamin (A) and Vitamin (C) 
(7941.80 IU/100g and 87.78 mg/100g). On the other hand, raw wheat germ 
recorded the lowest percentages of Vitamin (E) (1312   IU/100g). 

The results presented  in Table (3) revealed that Retention of vitamin 
(E) was greater in steamed and dried germ.( Srivastava et al.  (2007).  
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Table (3): Vitamins content of raw wheat germ, gamma-irradiated wheat 
germ, microwave treated wheat germ and fermented wheat 
germ.* 

Treatments Vitamin 
(A) IU/100g 

Vitamin (E) 
IU/100g 

Vitamin (C) 
mg/100g 

Raw wheat germ 10343.23 1312 98.45 

Gamma irradiated  wheat germ 7941.80 1360 87.78 

Microwave treated heat germ 16311.10 1840 106.17 

Fermented wheat germ. 16555.70 1552 125.82 
*Mean of three replicates. 

 
Amino acids content: 

The data concerning the amino acids contents presented in Table (4)  
revealed that the fermented wheat germ had the highest threonine, praline, 
serine and tyrosine values, and the lowest isoleucine, lysine , methionine , 
arginine and histidine values. On the other hand, microwave treated wheat 
germ recorded the highest of methionine values and the lowest of aspartic 
acid and proline values. 
 
Table (4): Amino acid composition of raw wheat germ, gamma-irradiated 

wheat germ,   microwave treated wheat germ and fermented 
wheat germ.on dry weigh basis (g amino acid/ 100g protein). 

 
Amino acids 

Raw 
wheat 
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated 

wheat germ 

Fermented 
wheat 
germ 

Isoleucine 04.06 03.47 04.05 03.34 

Leucine 10.47 08.68 10.43 08.67 

Lysine 10.26 08.30 10.14 05.57 

Methione 02.08 01.97 02.20 01.77 

Phenylalanine 05.03 04.24 05.03 04.45 

Threonine 02.54 01.49 03.48 05.38 

Tryptophan 01.80  01.25 01.00 01.24 

Valine 06.21 05.09 06.10 05.11 

Total Essential amino acids  
(A.A.) 

42.45 

 

34.49 42.43 35.53 

Alanine 09.81 07.84 09.67 07.84 

Arginine 11.28 09.13 11.21 08.33 

Aspartic acid 02.49 09.91 02.34 03.49 

Cystine 02.42 01.39 0.79 01.90 

Glutamic acid 09.13 19.67 11.34 18.72 

Glycine 08.90 08.07 08.78 08.08 

Histidine 05.04 04.15 04.98 04.00 

Proline 00.25 00.78 00.03 01.21 

Serine 04.54 01.47 04.66 06.20 

Tyrosine 03.69 03.10 03.77 04.70 

Total Non Essential amino 
acids (N.E.A.A.) 

57.55 65.51 57.57 64.47 

E.A. A. / N.E.A.A. 0.74  0.53 0.74 0.55 
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Moreover, gamma irradiated wheat germ recorded the highest aspartic and 
glutamic acid values and the lowest of phenylalanine ,threonine , serine, 
phenylalanine and tyrosine. Besides raw wheat germ recorded  the highest 
lysine, valine alanine arginine, cystine glycine, histidine and serine values 
and the lowest of glutamic acid values.  

The results given in Table (4) revealed that methionine, threonine, 
valine, serine and tyrosine content of wheat germ are similer to Ibrahim et al  
findings (1990). 
A/E ratio: 

Table (5) showed   that  A/E  ratio indicated the relationship between 
the content of essential amino acids in the food protein (A) and the total 
essential amino acids content (E). 

High A/E ratio of Leucine   level in wheat germ and in the other studied 
three treatment was recorded. Whereas, the lowest A/E ratio was recorded 
for tryptophan level in wheat germ and in the other studied three treatments. 
 
Table (5):  compution of A/E ratio of of raw wheat germ, gamma-

irradiated wheat germ,   microwave treated wheat germ and 
fermented wheat germ.(mg essential amino acids /  mg of 
total essential amino acids) 

 
Amino acids 

Raw 
wheat 
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated 

wheat germ 

Fermented 
wheat 
germ 

Isoleucine 0.10 0.10 0.10 0.09 

Leucine 0.25 0.25 0.25 0.24 

Lysine 0.24 0.24 0.24 0.16 

Methione 0.05 0.06 0.05 0.05 

Phenylalanine 0.12 0.12 0.12 0.13 

Threonine 0.06 0.04 0.08 0.15 

Tryptophan 0.04 0.04 0.02 0.03 

Valine 0.15 0.15 0.14 0.14 

 
Protein efficiency ratio (PER) and Biological value (B.V.):   

Table (6) showed the PER values of wheat germ and its three studied 
treatments were more than(3.00) . This means that wheat germ protein is a 
good protein with a high quality ,Kumar et al. ,(1980); Gasiorowski and 
Czyz,(1981) and Barnes,(1982) reported that  quantitatively  cereals are poor 
sources of proteins and have poor  protein efficiency ratio (PER). 

The table (6) showed that the biological value of  protein(BV) of  raw 
wheat germ was similar to  (BV) of microwave treated wheat germ  ,and  (BV) 
of gamma irraditated wheat germ was similar (BV)  of fermented wheat germ. 

The results given  in table (6) showed that the (BV) of gamma irradiatin 
reduced (BV)of raw wheat germ .These results agree with Metta et al(1957) 
who reported that  the BV of the pea protein was reduced by 5 % due to 
gamma  irradiation. 
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Table (6): computation of protein efficiency ratio (PER) and Biological 
value (B.V.) of protein in raw wheat germ, gamma-irradiated 
wheat germ, microwave treated wheat germ and fermented 
wheat germ. 

Ratio Raw 
Wheat   
germ 

Gamma 
irradiated wheat 

germ 

Microwave 
treated 

wheat germ 

Fermented 
wheat 
germ 

PER 4.08 3.24 4.08 3.21 

BV 92.05 83.21 92.05 82.89 
 

The biological value (BV) is a very important nutritional parameter 
because it is directly related to the biological metabolism. It also shows the 
rate of utilization of the proteins absorbed into the body. Proteins that show 
BV of (90) or more, are considered as good source of nitrogen such as whole 
egg protein (93.7) and milk (91) (Renner, 1983). The data given in table (7) 
revealed that the BV of raw wheat germ was(92.05) nd ranged from ( 82.89  ) 
to ( 92.05  ) for theother treated samples  as compared with casein (77), beef 
(74.3) and fish (76) (FAO,1970). Therefore  the BV of wheat germ proteins 
could be considered  equal to highly rated animal proteins. Lásztity et al. 
(1995)reported that the biological value ranged from (63-75) for the germs of 
wheat ,rye, barley, rice and maize. 

From all the above-mentioned data it could be concluded that wheat 
germ could be used as an effective additive for increasing the protein content 
and improving the biological value of vegetative foods.  
Chemical score and limiting amino acids : 

The data present in table (7) revealed that threonine, tryptophan and 
leucine were the first  limiting amino acids for raw wheat germ and the other 
three studied wheat germ treatments.  However, isoleucine, methionine and 
tryptophan  were the second limiting amino acids. 
Fatty   acids content:  

The data concerning the fatty acid contents of the present study 
tabulated in Table (8) revealed that the fermented wheat germ had the 
highest palmitic , stearic, arachidic, and oleic levels. Moreover, microwave 
treated wheat germ recorded the highest of  myristic and palmitoleic levels . 
Furthermore, gamma irradiated wheat germ recorded the highest level of 
arachidonic. Besides raw wheat germ recorded the highest  linoleic and  
Lionlenic levels. 

The data given in Table (8) revealed that palmitic acid and linoleic acid 
in  raw wheat germ are in agreement with  Ibrahim et al.  (1990) and Ostlund 
et al.  findings(2003).While lionlenic acid in raw wheat germ coincides  
agreement with  Ostlund et al.  findings (2003).  
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Table (7): Chemical score and limiting amino acids of raw wheat germ,      
gamma-irradiated wheat germ, microwave treated wheat and 
fermented wheat germ.  

D =amino acid of wheat germ. E= amino acid of whole egg. C = amino acid of casein.  

 
Table (8): Fatty acid composition of raw wheat germ, gamma-irradiated 

wheat germ,   microwave treated wheat germ and fermented 
wheat germ. (% of total fatty acids). 

 
Fatty acids 

 
Carbon 
chain 

Raw 
Wheat 
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated wheat 

germ 

Fermented 
wheat 
germ 

Myristic C14:0 0.28 2.30 10.25 1.59 

Palmitic C16:0 19.06 17.47 15.27 19.66 

Stearic C18:0 0.45 0.52 0.42 0.95 

Arachidic C20:0 0.98 1.01 0.67 1.04 

Palmitoleic C16:1 N.D.* 0.93 3.10 0.13 

Oleic C18:1 13.91 13.77 11.62 15.74 

Linoleic C18:2 57.90 55.83 45.13 52.89 

Lionlenic C18:3 7.41 6.46 3.60 5.54 

Arachidonic C20:4 N.D.* 1.01 0.34 N.D.* 

Total fatty acids  99.99 98.37 90.40 97.54 

Unknown   - 1.63 9.6 2.46 

SFA  20.77 21.30 26.61 23.24 

USFA  79.22 77.07 63.79 74.30 

SFA/USFA  0.26 0.28 0.42 0.31 
*N.D=Not detect. 

 

Essential amino acid 
(E.A.A.) 

Whole 
eggs 

Casein 
 

 
Chemical score 

 mg (E.A.A.)/g 
protein 

Raw 
wheat 
germ 

Gamma 
irradiated 

wheat germ 

Microwave 
treated 

wheat germ 

Fermented 
wheat 
germ 

  D/E 
×100 

D/C 
×100 

D/E 
×100 

D/C 
×100 

D/E 
×100 

D/C  
×100 

D/E 
×100 

D/C    
×100 

Isoleucine 56 52 72.50 78.08 61.96 36.15 72.32 77.88 59.64 64.23 

Leucine 83 96 126.14 109.06 104.58 90.42 125.66 108.65 104.46 90.31 

Lysine 63 69 162.86 148.70 131.75 120.29 160.95 146.96 88.41 80.72 

Methionine 32 16 65.00 130.00 61.56 123.13 68.75 137.50 55.31 110.63 

Phenylalanine 51 35 98.63 143.71 83.14 121.14 98.63 143.71 87.25 127.14 

Threonine 51 46 49.80 55.22 82.78 32.39 68.24 75.65 105.59 116.96 

Tryptophan 18 17 100.00 100.59 60.94 70.35 90.44 100.00 60.89 70.29 

Valine  76 60 81.71 103.50 66.97 84.83 80.26 101.67 67.24 85.17 

 
 

First limiting amino acids 
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Conclusion 
In conclusion, the present study revealed that treated and untreated 

wheat germ had relatively high content of protein, fat, and minerals. 
Moreover, it is a good source of vitamin E. It was also noticed that wheat 
germ protein was rich in most of the essential amino acids, especially leucine, 
and lysine. Data revealed that wheat germ is considered as a rich source of 
fatty acids.    
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 التقييم التغذوى لجنين القمح الخام والمعامل بأشعة جاما والميكروويف و المتخمر
محمددك كمددال اليدديك يويددفق   مددارولا محمددك الددت وىقق  نجدد ى *ددو حن دد  الم يجدد ققق و 

 مشيرة محمك حين محمكقققق
 جامعة أييو*  – ك ية الزراعة -ع وم وتكنولوجيا الأغذية قيم       ق
 جامعة عين شمس. –ك ية التربية النوعية  -نولوجيا الأغذيةع وم وتكقيم     قق
 جامعة أييو* – ك ية ال*ب - الكيمياى الحيوية ال*بية قيم   ققق
 جامعة أييو*. -ك ية التربية النوعية   –  قيم الاقتصاك المنزل قققق

 
،والتةى تمت الدراسة على عينات من جنين القمح الخام والمعامل ببعض المعاملات المختلفةة 

تمثلت فى تشعيع جنين القمح بنوعين من الأشعة و هما أشعة جاما وأشعة الميكروويف كما تم اجةرا  
عملية تخمر لجنةين القمةح ليحةبح بةألب أربعةةعينات مدروسةة هةى جنةين القمةح الخةام ، جنةين القمةح 

 المعامل بأشعة جاما،جنين القمح المعامل بأشعة  الميكرويف ،جنين القمح المتخمر.
كيلةو جةرا، ،و بأشةعة الميكروويةف مةن  6تم تشعيع العينة باشعة جاما عند جرعةة مقةدارها 

 دقائق ،كما أجريت عملية تخمر لجنين القمح. 3وات لمدة  022محدر اشعاعى مستمر عند معدل 
ولقةةد تمةةت دراسةةة مكونةةات جنةةين القمةةح المعامةةل و يةةر المعامةةل مةةن  يةة  تقةةدير التركيةة  

 سا  الطاقة السعرية ،وتقدير بعةض الأمةلاا المعدنيةة و الفيتامينةات ،والأ مةاض الكيميائى العام  و
 الأمينية ،والأ ماض الدهنية.   
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أوض ت النتةائ  وجةود نسةبة عاليةة مةن البةروتين والةدهن فةى جنةين القمةح الخةام و المعامةل 
ة عاليةة مةن الفيتامينةات بالمعاملات الثلاثة الختلفة السابقة الأكر ونسبة عالية من الأمةلاا وكةألب نسةب

وخاحة فيتامين )د( كما وجد ان بروتين جنين القمح  نى فةى معمةم الأ مةاض الأمينيةة الأساسةية و 
خاحةة  مةض الليوسةين و مةض الليسةةين كمةا أنةلأ  نةى بالأ مةةاض الدهنيةة  يرالمشةبعة كمةا  اثبةةت 

ئ  ارتفةا  قيمةة معامةل الدراسة ان  مض اللينولييب هةو ال مةض الةدهنى السةائد. كمةا أوضة ت النتةا
 كفا ة البروتين ،القيمة ال يوية للبروتين.

وجد ان أعلى م تو، للبروتين فى العينات المدروسة  كان فى بروتين جنةين القمةح المتخمةر 
( بينما أعلى م تةو، للليةاف كةان فةى أليةاف جنةين القمةح المعامةل بأشةعة الميكروويةف) 36٫20%)

، للكربوهيةةةدرات كةةةان فةةةى جنةةةين القمةةةح المعامةةةل بأشةةةعة  (،  فةةةى  ةةةين ان أعلةةةى م تةةةو 6٫33%
 ( .  % 7.%( وأعلى م تو، للرماد كان فى جنين القمح الخام )62٫57جاما)

، ، الن ةا  ، الحةوديم ، البوتاسةيومأوض ت النتائ  ان أعلى نسبة لكل من ال ديةد،المنجني  
 فى العينات المدروسة  كانت لجنين القمح المتخمر لكبريتا

( فةى العينةات المدروسةة  D(،و فيتامين) Aت النتائ  ان  أعلى نسبة لكل من  فيتامين)أوض 
( كانةةت لجنةةين القمةةح المعامةةل بأشةةعة Eكانةةت لجنةةين القمةةح المتخمةةر بينمةةا أعلةةى نسةةبة لفيتةةامين )

الميكروويةف. و كةةان هنةةاب تباينةا فةةى الأ مةةاض الأمينيةة والأ مةةاض الدهنيةةة بةين العينةةات موضةةو  
 . الدراسة 

جنين القمح الخام،  جنين القمح المعامل بأشعة جاما،  جنين القمح المعامل بأشةعة  الك مات الم تاحية:
كيميةةائى العةةةام، الأمةةةلاا الميكروويةةف،  جنةةةين القمةةح المتخمةةةر، التركيةةة  ال

 الأ ماض الدهنية . الأ ماض الأمينية، الفيتامينات، ،المعدنية
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