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ABSTRACT 

Barley (Hordeum vulgare L.) is an ancient and important cereal grain crop. It has been an 
important food source in many parts of the world. This study was carried out to investigate the effect 
of germination and pressure cooking on the chemical composition and various antinutritional factors 
(Phytic acid, tannins and trypsin inhibitor activities) of the barley cultivar Giza 131. Processing 
treatments showed significant effect on protein, amino acids, fat, mineral, fiber and antinutritional 
factors contents of barley. Germination increased the protein, fiber and calcium content to 9.86%, 
1.58% and 75.89 mg/100g, respectively. Also, all essential amino acid contents were increased by 
germination. In contrast protein, fiber and calcium showed decrease by pressure cooking to 8.56%, 
1.24% and 54.12 mg/100g, respectively. In germination and pressure cooking of barley fat, ash, P, Fe, 
and Zn content were decreased. Pressure cooking showed maximum decrease of antinutritional factors 
(Phytic acid, tannins and trypsin inhibitor activities). Maximum reduction was observed in trypsin 
inhibitor (61.4%), followed by phytic acid (51.2%) compared with raw barley.  
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INTRODUCTION 

Historically, barley (Hordeum vulgare L.) is 
an important food source in many parts of the 
world, including the Middle East, North Africa, 
Northern and Eastern Europe (Iran, Morocco, 
Ethiopia, Finland, England, Denmark, Russia 
and Poland), and in Asia (Japan, India, Tibet and 
Korea) (Newman and Newman, 2006). 

Barley is the fourth most produced cereal in 
the world after wheat, maize and rice. It is 
mainly used as animal feed, but there is a 
growing interest for human food. In most 
European countries, wheat and barley are the 
most common used cereal grains in poultry and 
pig feeding (Bergh et al., 1999).                                          

Barley flour prepared from pearled grain 
through hammer milling or roller milling, can 
easily be incorporated into wheat based products, 
including bread, cakes, cookies, noodles and 

extruded snack foods (Newman and Newman, 
1991). 

Unfortunately, very little barley is utilized as 
human food because of its hulled nature, 
difficulties in milling and lack of gluten 
proteins. Among cereals, barley has one of the 
highest levels (up to 6%) of β-glucan, a water 
soluble polysaccharide that is a linear chain of 
the β-glucopyransoyl unit; about 70% are linked 
(1 → 4 ) and about 30% (1 → 3) (Lazaridou et 
a.l, 2003). 

Barley foods are healthful when added to the 
diet. Barley whole grain ingredients are low fat, 
and high in fiber, which make them ideal 
choices for individuals. Their beta-glucan 
soluble fiber content confers barley products 
with cholesterol-lowering properties similar to 
oats. Emerging data also suggest benefits 
beyond cholesterol reduction, including lowered 
postprandial blood glucose, and an increased 
feeling of satiety following barley consumption 
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(United States Department of Health and Human 
Services and United States Department of 
Agriculture, 2005).   

U.S. Food and Drug Administration allowed 
whole grain barley and barley containing products 
to carry a health and recommended that, 3g daily 
intake of β–glucan reduces the risk of coronary 
heart diseases by lowering blood cholesterol. 
Considering the health benefits of barley β–
glucan, the human consumption of barley should 
be encouraged (FDA, 2005).  

Anti-nutritional factors are compounds which 
reduce the nutrient utilization and/or food intake 
of plants or plant products used as human foods 
and they play a vital role in determining the use 
of plants for humans (Habtamu et al., 2014). 

Different authors have reported that soaking, 
cooking, toasting, autoclaving, microwave 
cooking, pressure cooking, extrusion cooking, 
germination and chemical treatment improve the 
quality of seeds because of the removal or 
inactivation of some anti-nutritional factors in 
many instances, usage of only one method may 
not effect the desired removal of anti-nutritional 
substances and a combination of two or more 
methods may be required. Wet processing 
including soaking, germination and fermentation 
leads to a reduction in phytic acid and increases 

of the minerals solubility in foods and could thus 
improve bioavailability of minerals in cereals 
and legumes (Afify et al., 2011). The most 
effective treatments are fermentation and 
germination (El Maki et al., 2007; Elkhalifa and 
Bernhardt, 2010; Liang et al., 2008). 

The aim of this work was to investigate the 
effect of germination and pressure cooking on 
the chemical composition and various 
antinutritional factors (phytic acid, tannins and 
trypsin inhibitor activities) of the hulless barley 
(Giza 131 cultivar). 

MATERIALS AND METHODS 

Barley (Giza 131 cultivar-naked barley) was 
obtained from the Agriculture Research Center, 
Ministry of Agriculture, Giza, Egypt. The raw 
seeds were purified from impurities, washed, 
soaked in distilled water overnight. The soaked 
seeds divided into two portion, the first portion   
was allowed to germinate for two days at room 
temperature. The second portion was cooked in 
a pressure cooker for 7 minutes. The germinated 
and cooked cereals were dried in forced hot air 
drier at 40°C for 48 hours. The dried seeds were 
milled with laboratory mill and compared with 
raw barley (Fig. 1). 

Clean barley 

 

Soaked in distilled water overnight 

 

Divided into two portions 

first portion                                                        second portion 

 

Germinated (2 days)                                              Cooked in a pressure 

cooker (7min) 
 

Dried (40 °C for 48 hours) 
 

Milling 
 

Flour 

Fig. 1. Preparation of barley flour 
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Determination of Gross Chemical 
Composition 

Moisture, protein, fat, crude fiber and ash 
contents were determined according to the 
methods described in the AOAC (2005). Total 
carbohydrate was calculated by difference TS-
(fat + protein + ash) according to Guzman et al. 
(1999). 

Determination of Mineral Contents 
To extract P, Ca, Zn and Fe, samples were 

dried and ashed at 550-600ºC, then the ash was 
dissolved in hydrochloric acid according to 
Jackson (1973).  Determination of phosphorus 
was carried out according to the procedure for 
phosphorus analysis by the sulphomolybdo-
phosphate blue colometric method according  
to Tsai et al. (1975). Calcium, Iron and Zinc 
were determined by atomic absorption 
spectrophotometry (AOAC, 1990).  

Determination of amino acids 

Amino acids were determined by using 
amino acid analyzer according to Becker et al. 
(1981). The essential amino acids were 
calculated as per cent of 100g protein.  

Determination of anti-nutritional compounds 

Trypsin inhibitor activity (TIA) 

Trypsin inhibitor activity was assayed by the 
method of Hamerstand et al., (1981). 

Tannins content 

Tannins were determined using vanillin 
hydrochloric acid (V. HCl) method as described 
by Price and Butler (1977). 

Phytate content 

Phytate contents were determined by an 
anion exchange chromatography method 
(AOAC, 1997).  

Statistical Analysis  
Experiment was carried out in triplicate and 

the data were transferred to the SPSS (2007) 
version 16 program, data was statistically 
analyzed by using one way ANOVA 

RESULTS AND DISCUSSION  

Gross Chemical Composition of Barley 
Gross chemical composition of raw and 

treated barley, is illustrated in Fig. 2. Results 
revels that the protein content of raw barley 
(8.70%) increased to 9.86% on germination. In 
contrast, it was decrease to 8.56% after pressure 
cooking. Dagnia et al., (1992) reported that, the 
increase in protein content with germination 
treatment could be attributed to the utilization of 
fats and carbohydrates as energy sources for the 
developing sprouts. Kamal et al. (2013) found 
that the content of protein of raw and 
germinated barley ranged between 8.75-13.05%. 

In germination and pressure cooking of 
barley, fat and ash percentages were decreased 
compared to raw barley. Kamal et al. (2013) 
reported that germinated barley showed rather 
slight decrease in crude fat content. The 
decrease of crude fat may be due to the increase 
activity of lipases during soaking and 
germination (Kylen and Mc Cready, 1975). 

The decrease of ash content may be due to 
the transfer of some elements from seeds to 
surrounding aqueous medium (Tabekhia and 
Luh, 1980).  

Crude fiber content increased in barley by 
germination, while it decreased by pressure 
cooking (Fig. 2). These results agree with those 
reported by Kamal et al., (2013). Chung et al., 
(1998) reported that in barley sprouting was 
associated with significant increase in crude 
fiber from 3.75% in unsprouted barley to 6% in 
5 days sprouts due to synthesis of structural 
carbohydrates such as cellulose and hemicellulose, 
a major constituent of cell walls. 

Results in Table 1 reveal increment in calcium 
by germination treatment, while phosphorus, 
iron and zinc were decreased. The same Table 
indicated that pressure cooking of barley 
showed decreased of  Ca,  P,  Fe and Zn. This 
observation is supported by Kamal et al. (2013), 
who found that germination barley decreased Fe 
and Zn and increase Ca. Processing techniques 
such as soaking, cooking, germination and 
fermentation of white sorghum decreased each 
of P,  Fe and Zn contents (Abd El-Moneim et 
al., 2012). Reduction of P, Fe and Zn contents 
after soaking may be attributed to leaching each 
of Fe and Zn ions into the soaking medium 
(Saharan et al., 2001). 



 
Mohamed, et al. 

 

958 

 
Fig. 2. Chemical composition of barley 

 

Table 1. Mineral composition of raw, germinated, and cooked barley (mg/100g) 

Macro elements Micro elements Treatments 

Ca P 
 

Fe Zn 

Raw barley 68.35 567 5.88 3.05 

Germinated barley 75.89 542 5.11 2.75 

Cooked pressure barley 54.12 358 4.98 2.15 

  

Essential Amino Acid Contents of Barley 
Germination is a biotechnological process in 

which metabolic enzymes, such as proteinases 
are activated and thereby, release some amino 
acids and peptides. This may use to synthesis 
and utilization to form new proteins. 
Consequently the nutritional quality of proteins 
is enhanced. Thus germination has been 
identified as a simple technological procedure 
for improving the nutritional quality of legumes 
and cereals (Khattak et al., 2008). 

Amino acid contents (g/100g protein) of raw 
and treated barley flour were determined and the 
obtained results are presented in Table 2. It is 
observed that there was an increase of all 
essential amino acid contents induced by 
germination. It is noticed that germinated barley 
flour had higher quantity of all essential amino 
acids compared with cooked barley flour. The 
essential amino acids content in the products 
was found to meet the essential amino acids 
profile of the FAO/WHO reference protein for 
0.5-1years children (FAO/WHO, 2002). These 
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Table 2. Essential amino acid contents of barley (g/100g protein) 

Barley (Giza 131) *FAO/WHO Amino acid 

Raw Germinated Cooked pressure 

 

0.5-1 yr 

Isoleusein 3.59 3.75 3.22 3.2 

Leusein 6.95 6.98 5.63 6.6 

Lysine 2.97 2.98 2.66 5.7 

Methionine + Cystine 4.22 4.36 4.08 2.8 

Phenylalanine +Tyrosine 7.37 7.67 6.36 5.2 

Valine 4.16 4.21 4.11 4.3 

Histidine 2.73 2.89 2.77 2 

Threonine 3.05 3.12 2.98 3.1 

*FAO/WHO (2002). Energy and protein requirements, report of a joint, FAO/ WHO/ UNU expert consultation 
technical report, Series No. 724, Geneva 

 

 

results are in agreement with Kamal et al. 
(2013), who showed that the germination of 
barley showed an increase of the essential amino 
acid contents. The increase in the amino acids 
by germination might be due to an increase in 
proteolytic activity during sprouting desirable 
for nutritional improvement of cereals because it 
leads to hydrolysis of prolamins and the liberated 
amino acids such as glutamic and proline which 
converted to limiting amino acids such as lysine  
(Chavan and Kadam, 1989). Also, it was suggested 
that heat processing could dissociate the 
structure of carbohydrate-protein interaction 
products, thus making protealysis easier (Scathe 
and Salunkhe, 1981). 
Anti-nutritional Factors of Barley 

The obtained data in Table 3 revealed that 
phytic acid, tannins and trypsin inhibitor 
contents were reduced after germination and 
after pressure cooking. Pressure cooking 
resulted in maximum reduction of all type of 
antinutritional factors. These results agree with 
Ko¨ksel et al., (1999) who reported that barley 

bulgur had significantly lower levels of phytate 
by pressure cooking. Hussain et al. (2011) and 
Abd El-Moneim et al., (2012) reported that 
processing techniques such as soaking, cooking, 
germination and fermentation of white sorghum, 
wheat and mungbean reduced the levels of 
antinutritional factors, which including phytates, 
phenols, tannins and enzyme inhibitors. 

The breakdown of phytic acid during 
germination could be due to increase the activity 
of endogenous phytase for its use as source of 
inorganic phosphate during germination (Megat 
and Azrina, 2012). 

The reduction of trypsin inhibitor by soaking 
treatment may be due to the water soluble nature 
of inhibitor that permits its migration from 
barley seeds into the soaking medium (Abd El-
Hady and Habiba, 2002). 

In conclusion, germination and cooking 
pressure treatments improve the quality of 
barely flour because of the removal or 
inactivation of some anti-nutritional factors. 
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Table 3. Phytic acid, tannins and trypsin inhibitor of barley 

Treatment Phytic 
acid 
(%) 

Reduction 
(%) 

Tannins 
(mg/g) 

Reduction 
(%) 

Trypsin 
inhibitor 
(U/mg) 

Reduction 
(%) 

Raw barley 2.5±0.28 - 12.39±0.45 - 0.33±5.44 - 

Germinated barley 2.07±0.21 17.20 10.82±0.23 12.67 0.29±3.39 37.68 

Cooked pressure barley 1.22±0.02 51.20 0.19±6.97 43.74 2.10±0.23 61.4 

Data presented as means ± standard deviation (N = 3). Means are significantly different (p < 0.05). 
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 الشعیر العاري لدقیق  وبعض مضادات التغذیةالتركیب الكیمیائيعلى والطبخ تحت تأثیر الضغط نبات تأثیر اإل

  العباسيمجدىمحمد  –  الشیوي عبدالجواد مدیحة– على عبدالرحمن عبدالجلیل -  محمدحنان السید
  مصر- جامعة الزقازیق-  كلیة الزراعة- قسم علوم األغذیة

أجرى ھذا ، ئي مھم في كثیر من بلدان العالمكما یعتبر مصدر غذا ،یر من أقدم محاصیل الحبوب وأھمھایعتبر الشع
حمض ( وبعض مضادات التغذیة المختلفة ثیر الضغط على التركیب الكیمیائي والطبخ تحت تأتأثیر اإلنباتالبحث لمعرفة 

تأثیرھا  أوضحت المعامالت التصنیعیة ،)١٣١جیزة صنف ( الشعیر العاريلدقیق ) مثبطات التربسین، التانینات، الفیتك
لى إ فقد أدى اإلنبات ،عوامل مضادات التغذیة، األلیاف، مالحواأل، األحماض األمینیة ،على محتویات كال من البروتین

دى  كما أ،جم على التوالي/مجم٧٥٫٨٩، %١٫٥٨،  %٩٫٨٦الىوالكالسیوم ، واأللیاف، حتویات كال من البروتینزیادة م
انخفاض  الذى أدى إلى  على عكس الطبخ تحت تأثیر الضغط،لى زیادة جمیع األحماض األمینیة األساسیةإنبات اإل

 وقد لوحظ أن كال ،جم على التوالي/ مجم٥٤٫١٢، ١٫٢٤، %٨٫٥٦ إلى والكالسیوم، واأللیاف، البروتین محتویات كال من
 كما ،والزنك، الحدید، والفوسفور، الرماد،  الدھن انخفاض محتویات كال منىلإ ى أدالضغطمن اإلنبات والطبخ تحت تأثیر 
مثبطات ، التانینات، یتكحمض الف(على انخفاض لجمیع عوامل مضادات التغذیة أ إلى أدي الطبخ تحت تأثیر الضغط

 %.٥١٫٢یلیھا حمض الفیتك % ٦١٫٤ن أعلى انخفاض كان في مثبطات التربسین بنسبة أوقد لوحظ  ،)لتربسینا

 ــــــــــــــــــــــــ
 :المحكمون 

 . جامعة الزقازیق– كلیة التكنولوجیا والتنمیة –أستاذ الصناعات الغذائیة   محمـــــــد أحمــــــد سـلیمان. د. أ-١
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