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Abstract 

At the level of unfavorable areas, there has been noticed a lack of proteins, as well as an unbalanced and 
inappropriate contribution of essential amino acids because the vegetable proteins, which stand for the 
main source of proteins at the level of these areas, are lacking such amino acids. This study has in view 
the proteic fortification of the wheat flour with wheat germs and the analysis of the results obtained, 
quantitatively and qualitatively as well, respectively in ensuring the optimal equilibrium of essential 
amino acids, without which the protein contribution has only a reduced efficacy. Through fortification 
with wheat germs, an increase of the protein content of bread has been noticed, concomitantly with a 
depreciation of the quality of bread, proportionally with the increase of the size of the proteic 
contribution. Wheat flour fortification with 15% wheat germs ensures the getting of a bread with a 
content of 11, 67 % proteins and an index of essential amino acids of 101, 81%. The deficit of threonine 
is restored in a greater degree compared with that of the lysine.  

Keywords: proteic fortification, bread, wheat germs, bread quality, protein content, proteic value, 
essential amino acids 
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1. Introduction 
 
Being an essential link of man with the 
environment and the basis condition of his 
existence, food can act in the direction of a 
normal development of the metabolism, 
material or energetic, or, on the contrary, 
food can disturb it, if it doesn’t correspond 
to some well defined conditions, meant to 
ensure the quality and security of man’s 
food and nourishment (Costin, 1999). To 
ensure the protein need of the population 
from unfavorable areas, different methods 
have been approached, one of them being 
the fortification of the bakery products, the 
main vector of fortification included in the 
population’s daily nourishment.  

 

  

The supplement of exogenous proteins in 
the wheat flour aims at obtaining bakery 
products valuable in proteins, recommended 
to consumers, and especially to people who 
suffer from proteic malnutrition, increasing 
the proteic value of the flour and bread 
respectively by correcting the content of 
essential amino acids, without generating a 
substantial deterioration of its technological 
features. 

The proteic exogenous source used in this 
study to fortify the flour in order to obtain 
fortified bakery products were wheat germs, 
in concentrations of 3, 5, 10 and 15% 
respectively. 
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Because of the high content of essential 
amino acids, the protein from the wheat 
germs, although it is a vegetable protein, 
has a nutritive value comparable to the 
animal protein. Through the wet thermal 
treatment of the wheat germs it is ensured 
the complete inactivation of the anti 
nutritive factors, which prevent the 
efficient use of the proteins in the digestive 
tube. 
 

2. Materials and methods 
 

The flour used in these experiments was 
white flour, type 650, obtained by means of 
grinding wheat of Triticum aestivum L 
species, in the mill of S.C. Boromir Prod 
Buzău. In order to standardize the content 
of α-amylase, the flour was ameliorated in 
the mill by adding 1g α-amylase/100 kg 
flour, with an amilolitical activity of 
140000scp/g. In order to increase the 
extensibility of the dough, to decrease of 
the unfavorable effect of the insoluble 
hemicelluloses on the continuity of the  

 

 gluten motion and to increase the 
conservation period of bread freshness, 6g 
hemicellulase/100 kg flour have been 
added. 

For a better tolerance of the dough rising, 
2g xilanase/100 kg flour has been added, 
and for the hardening of the gluten receipt 
1g ascorbic acid/100 kg flour has been 
added. In order to improve the technological 
quality of the flour 8 g cystein (50%)/100 
kg flour have been added. 

The stabilized wheat germs were obtained 
by grinding the wheat and separating the 
germs, then followed by the wet thermal 
treatment of total inactivation of the 
enzymes that ensure the increase of the 
period of preservation of the germs, and the 
total inactivation of the anti nutritive 
factors. The chemicals parameters of the 
wheat germs are presented in table 1 and the 
essential amino acids composition of wheat 
germs compared with FAO/OMS 
recommendations is indicated in table 2.  
S.C. Dobrogea SA Constanta was the wheat 
germs producer. 

 
Table 1. Chemicals parameters of wheat germs 

Component U.M. Wheat germs 
Proteins % 25,4 
Fat % 10,5 
Ash % 4,8 
Moisture % 7,0 

 
 

Table 2. Essential amino acids content of wheat germs compared with 
 FAO/OMS recommendations (g/100g protein) 

Essential amino acids FAO/OMS 
recommendations 

glutenic 
proteins 

Wheat germs 

Phenylalanine + Tyrosine (Phe + 
Tyr) 
Treonine (Tre) 
Triptofan (Trp) 
Leucine (Leu) 
Isoleucine (Ile) 
Valine (Val) 
Lysine (Lys) 
Methionine + Cystein (Met + Cys) 

6,00 
4,00 
1,00 
7,00 
4,00 
5,00 
5,50 
3,50 

7,70 
2,40 
1,00 
6,90 
4,20 
4,30 
1,60 
3,40 

4,79 
3,46 
1,22 
6,65 
4,27 
4,73 
5,48 
2,88 
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For a good comparative appreciation of the 
effects of the proteic supplements over the 
organoleptic characteristics of the end 
products, their sensorial evaluation is 
realized through scoring, using an 
evaluation scale of 20 points. The quality 
evaluation of the proteins consisted in the 
analysis, by liquid chromatography of high 
performance (RP-HPLC), of bread samples 
obtained from the fortification of wheat 
flour with wheat germs (Altmann, 1992). A 
Hewlett-Packard HP 1050 series system 
equipped with a programmable auto 
injector capable of performing the pre 
column derivation step was used. 
 
3. Results and Discussions 
 
Wheat germs supplements in proportions 
of 3, 5, 10 and 15 % respectively in the 
sample flour, determined an increase of the 
protein content of the flour, and of the 
bread respectively, at the same time with 
the increase of the concentration of the 
proteic supplement (table 3).  

The results of the sensorial evaluation of 
the bread fortified with wheat germs are 
presented in table 4. Bread fortified with 
3% wheat germs has presented a volume 
almost close to that of unfortified bread, 
and a crumb with slightly irregular pores, 
with small holes. Bread fortified with 5% 
wheat germs has presented a slightly 
decrease of the volume, a crust with 
wrinkles, from place to place, a crumb with 
irregular pores and small holes, slightly 
dark colored. Bread fortified with 10% 
wheat germs presents a smaller volume, 
sticking crumb, irregular pores and small 
holes, dark colored. Bread fortified with 
15% wheat germs has a more reduced 
volume, the crust is darker, and the crumb 
is denser, with small, irregular pores. The 
crumb of the product is darker and slightly 
elastic. There were not recorded taste and 
smell changes of the fortified samples, no 
matter the size of the proteic supplement 
used. 
 
 

 Bread volume has recorded a decreasing 
variation with the increase of the 
concentration of the proteic supplement (table 
4). Bread fortification with maximum 10% 
wheat germs has generated bread whose 
volume joins the quality limits indicated by 
the standard, while bread fortification with 
over 10% germs leads to end products whose 
volumes are inferior to the quality limit. 
Therefore, wheat flour fortification with 3%, 
5% and 10% wheat germs respectively has 
determined the decrease of bread volume by 
5,5%, 13,1% and 18,6% compared with the 
sample, while bread fortification with 15% 
wheat germs has decrease bread volume by 
23,3% compared with the sample. The 
decrease of bread volume with the increase of 
the concentration of wheat germs used in the 
fortification process has been determined by 
the decrease of the detention capacity of the 
fermentation gases as a result of the increase 
of the tightening strength of the dough and 
the decrease of its extensibility with the 
increase of the concentration of the proteic 
supplement used. 

The variation of the crumb elasticity of the 
products fortified with wheat germs was a 
decreasing one, with the increase of the 
concentration of the proteic contribution 
(table 4). Thus, wheat flour fortification with 
3% and 5% wheat germs has reduced the 
crumb elasticity with 5,3 % and 7,4 % 
respectively compared with the sample, while 
the fortification with 10% and 15% 
respectively wheat germs has determined the 
decrease of the crumb elasticity with 12,2 % 
and 19,1 % compared  with the sample. 

The crumb porosity of the bread has recorded 
a decreasing variation, the decrease being 
more significant as the concentration of the 
proteic contribution increases (table 4). The 
fortification of the sample flour with 
maximum 10% wheat germs ensures the 
maintenance of the values recorded for the 
crumb porosity in the limits indicated by the 
quality standard, while flour fortifications 
with over 10% wheat germs generate end 
products whose crumb porosity decreases 
under the optimal indicated limit.  
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Wheat flour fortification with 3%, 5% and 
10% respectively wheat germs has 
determined the decrease of the crumb 
porosity with 1,9 %, 5% and 9,4% 
compared with the control sample, while 
flour fortification with 15% wheat germs 
has decreased the crumb porosity with 
11,9% compared with the control sample. 
No matter the concentration of the wheat 
germs used in the fortification process, the 
value of bread acidity has maintained into 
the limits indicated by the quality standard. 

In order to appreciate the quality of the 
proteic supplement of the bread through the 
fortification of the wheat flour with wheat 
germs, it has been performed the RP-HPLC 
analysis of the samples of fortified breads. 
The most significant quantitative increases 
have been recorded by the lysine, threonine 
and methionine, and the lowest increases 
have been recorded by the cystein, 
phenylalanine and isoleucine.  The rest of 
the amino acids have recorded average 
increases with the increase of the proteic 
supplement used in the fortification 
process, which varies between 1-5%, in the 
case of one fortification with 3% wheat 
germs, 8-17%, in the case of a supplement 
of 5% exogenous protein, 15-25% in the 
case of a concentration of 10% germs and 
19-28% respectively, in the case of a 
fortification with 15% exogenous proteic 
supplement (table 5). 

 In order to analyze the efficiency of the 
fortifications realized with wheat germs, the 
content of the essential amino acids of the 
fortified samples has been compared with the 
content of the essential amino acids of the 
FAO protein (table 6). The main limiting 
amino acids of the fortified products with 
wheat germs remain the lysine and threonine, 
although part of their deficit is covered 
through fortification. 

Thus, the lysine from the unfortified samples 
covers only 32, 64 % from the necessary of 
this amino acid recommended by FAO. 
Through wheat germs fortification, part of the 
deficit is covered, the fortified products 
covering up to 51, 33% of the content of 
lysine of the FAO protein, corresponding to a 
concentration of 15% wheat germs, the 
maximum technological limit admitted. 

The deficit of threonine of the unfortified 
sample is more reduced and can be covered to 
a greater extend through fortification.  

Thus, the threonine content can ensure 
between 74, 18% of the content of this amino 
acid of the FAO protein, in the case of the 
unfortified sample, and 89,0 % in the case of 
the sample obtained from wheat flour 
fortified with 15% wheat germs, the 
maximum technological admitted limit. 
 

 
 
 
 

Table 5. The amino acids content of fortified bread with wheat germs [mg/g protein], related to dry 
matter and covering degree of FAO combination 

Essential amino acids content of  fortified bread 
[mg/g protein] 

The coverage proportion of the content of FAO 
protein 

Essential 
amino acid 

control wg 3% wg5% wg 10% wg 
15% 

FAO protein 
content 
[mg/g 

protein] 
control wg 3% wg 5% wg 

10% 
wg 15% 

Thr 29,67 33,03 33,78 34,88 35,60 40 74,18 82,58 84,45 87,20 89,00 
Tyr + Phe 87,72 87,87 89,00 89,07 89,19 60 146,20 146,45 148,33 148,45 148,65 
Val 46,10 46,30 46,65 46,79 46,88 50 92,20 92,60 93,30 93,58 93,76 

Ile 46,10 40,21 40,48 40,52 40,70 40 100,53 100,53 101,20 101,30 101,75 
Leu 80,93 80,96 81,11 81,48 81,54 70 115,61 115,66 115,87 116,40 116,49 
Lys 17,95 21,82 22,47 25,04 28,23 55 32,64 39,67 40,85 45,53 51,33 
Cys + Met 42,46 42,60 42,66 42,92 43,11 35 121,31 121,71 121,89 122,63 123,17 
Trp 12,11 12,24 12,30 12,35 12,42 10 121,10 122,40 123,00 123,50 124,20 
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Table 6. Essential amino acids indices and EAA-Index of bakery products fortified with wheat germs 

Protein 
additions 

EPVLys EPVTre EPVTyr+Phe EPVVal EPVIle EPVLeu EPVCys+Met EPVTrp EAA-
Index 

martor 
3%gg 
5%gg 

10%gg 
15%gg 

32,64 
39,67 
40,85 
45,53 
51,33 

74,18 
82,58 
84,45 
87,20 
89,00 

146,20 
146,45 
148,33 
148,45 
148,65 

92,20 
92,60 
93,30 
93,58 
93,76 

100,53 
100,53 
101,20 
101,30 
101,75 

115,61 
115,66 
115,87 
116,40 
116,49 

121,31 
121,71 
121,89 
122,63 
123,17 

121,10 
122,40 
123,00 
123,50 
124,20 

92,95 
96,78 
97,83 
99,81 
101,81 

 
The content of valine of the unfortified 
samples records a small deficit compared 
with the recommended necessary, covering 
92, 20% from the contribution of this 
amino acid in the FAO protein. This small 
deficit maintains also in the case of the 
products fortified with 15% wheat germs 
(the maximum technological admitted 
limit), which ensures 93, 76% from the 
valine necessary recommended by FAO. 

The rest of the essential amino acids have 
covered the whole necessary recommended 
by FAO, their proportion recording 
increasing variations with the increase of 
the proteic supplement used.  
 
4. Conclusions 

In the case of wheat flour fortification with 
3% and 15% respectively wheat germs an 
increase of the protein content of the flour 
with 3% and 13, 77% respectively has been 
recorded. A wheat germs fortification of 
15% can be accepted, when comparing the 
values of the physical-chemical indices of 
bread fortified with wheat germs with those 
of the control sample and the variation 
limits indicated by the quality standard.  

 

 The increase of the concentration of wheat 
germs over this technological limit could 
determine the decrease of the extensibility of 
the dough, the increase of its resistance and of 
the P/L rapport, fact that leads to an increase 
of the dough capacity to retain gases, to a 
more reduced volume and implicitly to a 
substantial decrease of the bread quality. 

The fortification of the wheat flour with 15% 
wheat germs ensures the getting of a bread 
with a content of 11,67% proteins and an 
index of the essential amino acids of 
101,81%. The deficit of threonine is restored 
to a great extend compared with that of the 
lysine, but the value of the chemical indices 
of the essential amino acids, with values over 
50%, ensures the maintenance of the 
nitrogenous equilibrium of the body. 
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