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Abstract

Barley is considered a functional food as it is a good source of antioxidants and
dietary fiber such as B-glucan. The current study aims to evaluate the
characteristics of common and germinated barley. This was done by estimating
the effect of germination on the antioxidant content, the content of anti-
nutritional factors, the content of amino acids, some vitamins and minerals, as
well as the rheological properties (dough raising ability) of common and
sprouted barley. Results indicated an improvement in the chemical composition
of barley after germination. ~Germination of barley increased its content of
folic acid, vitamin E, and vitamin B complex. The content of minerals such as
chromium, magnesium and calcium also increased significantly upon
germination. Anti-nutritional factors such as tannin and phytic acid decreased
while amino acids such as lysine and leucine significantly increased after
germination. Results also showed a significant increase in flavonoids and
phenolic contents along with antioxidant activity in sprouted barley compared
to normal barley. The study recommends promoting and encouraging
consumption of sprouted barley products in Egypt.
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Introduction:

Functional food science has gained momentum recently in response to the
changing health status of developed countries. As healthcare costs and average
life expectancy rise, the public has sought ways to become healthier and
develop higher qualities of life. The concept of “functional food” developed as
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a convenient and in expensive solution to chronic health problems
(Martirosyan & Jaishree, 2018).Functional foods are defined as traditional
food (conventional food) or food derived product which can be fortified or
modified (enriched) to enhance its nutritive value and thereby improving
physiological health status (Santini et al.,(2017); Shahidi ,2012). Whereas,
nutraceuticals are as a whole food product or part of food (bioactive
components from plant or animal source) which could be used as supplements
or medicine (pills/capsule) to render various health promoting function in
addition to its nutritional value ( Daliu et al.,( 2019); Santini & Novellino ,
2018).

Barley (Hordeum vulgare L) is a wonderful cereal grain that was used by
ancient civilizations as a food for humans and animals. In addition barley water
has been used for various medicinal purposes (Francois, 1996).Barley is a
widely consumed cereal among the most ancient cereal crops. Almost 80—-90%
of barley production is for animal feeds and malt, but now barley is gaining
renewed interest as an ingredient for production of functional foods due to their
concentration of bioactive compounds Jadhav et al., (1998). Barely is gaining
more interest due to its nutritional value, especially because of the dietary fiber
content and the presence of non-starch polysaccharides, barely is a rich source
fiber providing beneficial Pejcz et al., (2017).

Germination is a process in which physical modification of endosperm is
carried out to increase the bioactive compounds. During germination, starch
degradation is very limited, despite the fact that starch degrading enzymes are
synthesized. The total protein content of cereals increases slightly during
germination due to more intensive degradation of other kernel components for
respiration (Kaukovirta,2004). Germination process leads to structural
modification and synthesis of new compounds with high bioactivity and can
increase the nutritional value and stability of grains (Nonogaki,2010). During
germination, storage molecules (proteins, starch) are degraded under enzymatic
action. Added to, some bioactive compounds such as polyphenols, vitamins are
newly synthesized. Sprouting affects also functional and sensory properties of
barely. All modifications occurring during sprouting make sprouted barely
seeds a functional ingredient, naturally enhanced by bioactive molecules. Its use
in food industry would provide an added value Jribi et al., (2018).

Therefore, the present study aims to investigate the effect of germination
process on chemical properties such as amino acid, antioxidant activities, anti-
nutritional and rheological properties of barely after germination
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MATERIALS AND METHODS

Materials:

e A total of 10 kilograms of each varieties of Egyptian barely grain
(Hordeum Vulgare) (Giza 126 and Giza 132) were purchased from Farm
College of Agriculture, Alexandria University. Other components which
were used in the preparing products were purchased from local markets
in Alexandria, Egypt.

e The used chemicals and reagents were analytical grade and obtained
from EL- Goumhorya Company, Egypt.

Methods
Preparation of Germinated Barely

e Soaking

Good seeds were separated from broken seeds, dust and foreign materials,
and then soaked in water for 12 hours.

e Germination

The pre- soaked seeds were spread on wet cotton in aluminium baskets
for 3-4 days until germination then, the germinated seeds were dried on air for
48 hours Youssef et al., (2013).

Chemical analysis

Chemical composition of barely and germinated barely raw were carried
out in the central lab, Faculty of agriculture, University of Alexandria, whereas,
moisture content, ash, crude protein contents, crud fiber and carbohydrate
concentrations were determined according to the procedure described in
Association of Analytical Chemist AOAC, (2000). Total fat determined by
method described by Folch et al., (1957). B-glucan estimation was carried out
according to the method of McCleary & Codd,1991.

Antioxidants activity (Free radical scavenging assay):

The DPPH free radical scavenging activity assay was performed using a
method adopted from Brand-Williams et al., (1995), Total flavonoids
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extraction was carried out using the method of Siddhuraju & Becker ,2003.
Total phenolic content was measured, the method reported by Makkar et
al.,(1997).Extraction of phenolics from bakery products was carried out, with
modifications, following the method reported by Siddhuraju & Becker, 2003.

Mineral content:

Fe, Ca, Mg, Zn, were determined using Atomic Absorption
Spectrophotometer (Shimadzu model AA- 6650) as described in Wall ,2006.

Vitamins content:

Vitamin E was colorimetrically estimated by HPLC technique as
described by Batifoulier et al., (2005) was used for separation and
quantification of folicacid, pyridoxine by a new reversed- phase
chromatographic method.

Determination of ant nutritional factors

Qualitative and quantitative analysis of tannin, phytate and trypsin inhibitor
were done in the Unit of analysis and scientific service, Faculty of Agriculture,
Alexandria University. Trypsin inhibitor (Trl) was extracted and determined
according to Hamerstrand et al., (1981).Tannin content of each blend was
measured by the modified vanillin-hydrochloric acid method Price & Butler,
1977. Phytic acid was determined following the procedure of Davies &Reid
,1979.

Amino acids composition using HPLC:

The amino acids composition of experimental samples were determined
using HPLC-Pico-Tag method according to Millipore Cooperative (1987). The
Pico-Tag method, was described by Heinrikson & Meredith ,1984and Cohen
etal., (1989).

Rheological properties:

Rheological properties of dough were evaluated using Mixolab |,
extensograph and falling number according to American Association of
Cereal Chemists [AACC] ,2000 Sample of 50 g was placed into the mixolab
bowl and mixed. After tempering the solids, the water required for optimum
consistency was added. Special attention was carried to the determination of the
water absorbtion; in order to ensure the complete hydration of all the
components Bonet et al., (2006). The running parameters of the mixolab device
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during the tests are: mixing rate 80 rpm, temperature of the first plateau
30c,duration of the first plateau 8 min, temperature of the second plateau
90c,first temperature gradient 4c/min,duration of the second plateau 7 min
,second temperature gradient 4c/min, temperature of the third plateau 5t and
duration of third plateau 5 min as described by Antanas et al. (2013).Falling
number and gluten characters were measured according to (AACC, 2000).

Statistical analysis of the data

Data were fed to the computer and analyzed using IBM SPSS software
package version 20.0. (Armonk, NY: IBM Corp)(Kirkpatrick & Feeney,
2013) Quantitative data were described using mean, standard error of mean.
Significance of the obtained results was judged at the 5% level. The used tests
were F-test (ANOVA) For normally distributed quantitative variables, to
compare between more than two groups, and Post Hoc test (LSD) for pairwise
comparisons. Student t-test For normally distributed quantitative variables,
to compare between two studied groups. Kotz et al.( 2006)

Results:

The results and discussion of the research as follows: Proximate analysis of
normal and germinated barely, Antioxidant activities, phenols, flavonoids,
amino acid content, anti-nutritional factors, and the Rheological properties of
normal and germinated barely.

Gross chemical composition of normal and germinated
raw barely

Gross chemical composition and B-glucan of germinated barely compared
to normal barely are shown in table (1).

The mean value of protein was 9.91% for normal barely while it was
12.81% for germinated barely. Protein is very important and main component
to all living cells, the protein percentage is more in barely grains compared to
other crops elevating the nutritional value of barely .During germination many
components are breaking down to simpler forms of nutritional components
Sangronis et al.,(2006). Protein was increased in the flour of germinated
barely that could be attributed to the role of enzymes during germination which
produce of some amino acids during protein synthesis Afify et al.,(2016). These
results agreed with the results of Montanuci et al.,(2013) . Abdallah & Abo
El-Naga ,2013 they reported that barley protein content is ranging from 9.55%
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to 10.56%. The crude protein increased after germination compared to whole
barely flour.

The mean value of fat content of normal barely was (2.53%) while in
germinated barely flour was(2.10%).These results are in agreement with many
reports indicated that fats are 1-3% in barely grains and very important in
organization physical and chemical properties for barely grains as fatty acids
support the embryo with nessecery nutrients during germination and also very
important to transfer protein (Sharma et al.,( 2007); Youssef et al.,(2012);
Cozzolino & Degner, 2016).

Ash level decreased from 3.24 to 2.81% after germinated. These results
agreed with the result of Donkor et al.,(2012) who stated that ash content of
barley before and after germination was (2.33%) and (2.16%), respectively. While
Hung et al., (2012) found that the ash content did not change significantly during
the first 36 h of germination.The current results showed that the amount of ash are
too small to be considered an important nutritional source.

Results indicated that the content of crude fibers was 4.75 % for normal
barely while 5.15 % for germinated barely. Fibers are important bioactive
components, namely prebiotics. Prebiotics represent an important category of
functional foods. Prebiotics are polysaccharides and oligosaccharides that can
be selectively fermented by probiotic bacteria native to the large intestine.
There are numerous health benefits of prebiotics in terms of their roles as anti-
carcinogenic, anti-microbial, anti-hyperglycemic and anti-osteoporrotic agents
along with their stimulatent activity Abou-Bakr et al.,( 2014).

Fiber rich foods are normally prescribed to diabetes for reduction of
glycemic response to the food and consequently the need for insulin (Guillon &
Champ, 2000). Supporting results finding by Koehler et al., (2007) who
reported changes in fiber content may attribute to the fact that part of the seed
fiber may be solubilized enzymatically during seed germination. Barley is now
gaining renewed interest as a functional food ingredient because it is considered
as a rich source of B-glucans (Brennan & Cleary, 2005; Soares et al., (2007).
The mean value of N-free extract was 80.43% for normal barely while in
germinated barely was 76.27%.The tabulated results from Table (1) revealed that
there were a significant differences in the mean value of moisture, protein and
N-free extract content of normal and germinated barely while there were no
significant diferences in the mean value of fat, ash and crude fiber.

B-Glucan content of normal barely flour was (6.50%) as compared with (7%)
in germinated barely as shown in table (1) . These result incontrast with the results



Home Econ. J. Vol. (37), No. (2), Dec. 2021 87

of Bamforth ,1982 ; Chandra et al., (1999), they reported that barely is rich in -
glucan compared to other grains , and germination decreases the content of [3-
glucan in barely , The reason of decreasing -glucan level during germination is
that B-glucan normally found in the endosperm , during germination endosperm
walls are destroyed and make B-glucan free and mostly solubled because of
hydrolysis of B-glukinase which known as (Lichenase and 4glucano Hydrolase)
they are responsible for decreasing -glucan content.

Table (1): Gross chemical analysis of normal and germinated barely

Normal Germinated

Parameterg barely barely
(9/ 100g dry weight)

mean+SE mean+SE
Crude Protein (%) 9.91+0.26 12.81+£0.26
Fat content (%) 2.53£0.09 2.10 £ 0.46

Ash content (%) 3.24£0.27 2.81+0.18

Crude fibers (%0) 4.75+0.03 5.15+0.16
|N—free extract (%o) 80.43+£0.23 76.27+£0.18

B- Glucan (%) 6.50 £ 0.36 7.0+£0.22

Data was expressed using Mean + SE.
t: Student t-test
*. Statistically significant at p < 0.05

Antioxidant activity, phenols and flavonoids content in normal
and germinated barely.

A comparison between Antioxidant activity, phenols and flavonoids of
normal and germinated barely are shown in table (2).

The total antioxidant activity which was measured by DPPH showed that,
the DPPH score was increased from 56.60% for normal barely to 82.12 % after
germinated. It is also noticed that viue of DPPH increased by 45.1% after
germination. DPPH is a free radical compound that has been widely used to
determine the free radical ability of various samples. Antioxidants are
substances that can inhibit or diminish oxidizable substrate action (Amarowicz
et al.,(2004); Kryston et al.,( 2011).
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It can be observed that the mean value of total flavonoids was 54.38
mg/100g in normal barely while, the level of flavonoids was increase to 102.0
mg/100g in germinated barely. Flavonoids and total phenolic compounds as
mg/100g of normal and germinated barely are shown in table (2) .Flavonoids
are a group of polyphenolic compounds, diverse in chemical structure and
characteristics, found ubiquitously in plant. They provide colouring to various
tissues including flowers (Winkel-Shirley, 2001; Davies et al.,(2012).These
compounds serve essential functions in plant reproduction by recruiting
pollinators and seed dispersers (Winkel-Shirley, 2002). They are strong anti-
oxidants, free radical scavengers Agati et al.,(2012) and metal chelators that
inhibit lipid peroxidation (Cook & Samman, 1996). Flavonoids are also
produced inducibly by plants during stress, ostensibly as a natural defence
mechanism (Pollastri & Tattini, 2011; Delaux et al.,(2012). Flavonoids are
reported to have antioxidant, anticancer, anti-allergic, anti-inflammatory, anti-
carcinogenic and gastro protective properties (Harborne & Williams, 2000;
Yao et al.,(2004); Fardet, 2010).

Cereals have only small quantities of flavonoids Pordevi¢ et al.,(2010),
except barley that contains measurable amounts of catechin and some di and tri
pro-cyanidins (McMurrough & Baert, 1994; Naczk & Shahidi, 2004). Barely
flour in addition to its source of fibers and B- Glucan is containing phenolic and
flavonoids as anti-oxidants. Anti-oxidants are very important to save the body
from heart diseases, save fats of oxidation and decrease heart and artries
diseases and anti — inflammation (Han et al.,( 2007).

Germination can change the total phenolic content in seeds depending on
the germination time and species. A high total Phenol content was found in the
seeds Taraseviciené et al.,(2019). Besides, it can be noticed that the mean
value of total phenolic was 76.5 mg/100g in normal barely while the highest
value was 86.1 mg/100g after germinated. Total flavonoids and total phenolic
are increased significantly after germination .These results are in agreement
with the results of Sharma &Gujral ,2010; Dabina-Bicka et al., (2011) and
El-Ashaal ,2013, who stated that phenolic content increased after germination
because of hydrolysis by enzymes lead to get way phenolic component
combined with lignin and arabinoxylase. It can be noticed that the value of total
phenols and total flavonoids increased by 11.1, 87.6% after germination.
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Table (2): Antioxidant activity, phenols and flavonoids content of normal
and germinated barely

Normal | Germinated %

Parameters barely barely change T P
DPPH scavenging activity (%)]56.60 + 0.44| 82.12 + 0.47 | 45.1 |39.332*|<0.001"
Total phenols (mg/100g) 76.5+0.05 | 86.1+0.48 | 11.1 |19.935*%|<0.001"

Total flavonoids (mg/100g) 54.38 + 0.40| 102.0+0.48 | 87.6 |76.025*|<0.001"

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05

Some mineral content of normal and germinated barely

A comparison between some mineral content of normal and germinated
barely flour is shown in Table (3).

It can be observed that the content of some mineral such as Ca, Mg, K,Cr
and Mn of normal barely were 2.69, 29.25, 208.05, 0.75 and 0.64 mg/100 g,
respectively which increased after germinated to reach 4.72, 30.78, 268.15, 0.91
and 0.78 mg/100g, respectively. It can be noticed that Ca, Mg, K, Cr, Mn
increased by 75.5, 5.0, 28.8, 21.3, 21.9 mg/100g after germination while Fe
decreased by 17.4% after germination.

Barely grains are important sources of minerals which are important for
biological process and Metabolic Functions (Demirbas, 2005). There were
signicant differences of Ca, K&Fe after germination,while there were no
significant differences of Mg,Cr&Mn after germination. These results are in
agreement with the result of Al-Rdaddi ,2008. Magnesium was slightly
increased after germination and that is important for heart activity and keep
blood pressure, These results are in agreement with those findings of Hibner et
al.,(2010) ; Plaza et al.,(2003) who reported that Mg content increased by
germination for 3 days in barely.

The importance of Potassium (K) is keeping alkaline acid balance in the
body and keep liquid volume in the cells and transfere nerve stimuli from cell to
the other, responsible for heart activity and keep blood pressure (Nawar, 2004).
Raw barely grain contents of potassium increased by germination. These results
are in agreement with Plaza et al., (2003) who reported that K content
increased by germination, in contrast these results are not agreement with
Hubner et al., (2010) who found that K were decreased by germination. Also
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calcium is very important for bones, teeth, coagulation of blood and decreasing
colon cancer, Also calcium increased in germinated barely compared to raw
barely grains. Fe ratio decreased in germinated, because of iron combine with
phenolic substances in the water of soaking .Iron is important in hemoglobin
creation and enzyme activation for creation of nerve stimuli (Nawar, 2004).
These results are not agreement with Platel et al., (2010) who found that iron
content was increased in malted barley. Mn is slightly increased after
germinated. Cr and Mn are important in insulin creation and diabetic patients.
These results are not agreement with Platel et al., (2010) who found that iron
content was increased in germinated barely. The beneficial effect on iron and
calcium availability after germination, Iron is another essential element for
almost all living organisms, hulled barley malt had a double amount of iron that
found in naked barley malt Abbaspour et al.,( 2014).

Table (3): Some mineral content of normal and germinated barely

Germinated

Minerals

Normal barely

barely

T

Ca (mg/1009)

2.69+0.14

472 £0.47

4.156"

Mg (mg/100g)

29.25+0.38

30.78 +0.49

2.489

K (mg/100g)

208.05 + 0.26

268.15 + 0.26

163.320"

Fe (mg/100g)

5.93+0.12

4.90 £ 0.06

7.879"

Cr (mg/100g)

0.75+0.30

0.91+0.37

0.336

Mn (mg/1009)

0.64 +0.13

0.78 £ 0.47

0.643

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05

Determination of some vitamins contents of normal and
germinated barely.

A comparison between some vitamin content of normal and germinated
barely (mg/100g) is shown in Table (4) .Vitamins are organic chemical
substances available in rarely amounts in food. Vitamins are very important in
biological operations and prevent cancer. Vitamins devided into two groups
save the body from cancer, artries and heart diseases .The lack of these vitamins
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cause functional disorder and infection with diseases. Vitamins are soluble in
fats not in water and the vitamins which solubles in water are like vitamin B
complex and vitamin C. Vitamin(E) decrease enzymes which create cholesterol
in blood, vitamin E is available in grains not peeled grain (keeping outer husk)
,also grains are rich in vitamin B complex (El-Ashaal, 2013)

It can be observed in Table (4) that raw barley grains are rich in folic acid
content and tocopherols and are free of pyridoxine. The germination process led
to a slight increase in the content of both folic acid at a rate and in relation to
vitamin E and pyrodoxine. The process of germination has a significant effect in
the incidence of a significant increase in folic acid was 2.91% after germination
while normal was 0.40%.These results are in agreement with El-Ashaal ,2013
who mentioned that there was a significant increase of folic acid and pyridoxine

ge during the germination period for. Vitamin B helps in the production of red
cells in the blood, that protect the body from synthesis and fatigue moreover
strengthens the immune system and blood pressure.

The percentage value of vitamin E decreased from 5.66 % for normal
barely to 4.89% after germinated .These results are in agreement with Dabina-
Bicka et al., (2011). Tocolates (vitamin E isomer) have an important
physiological role in the body that includes antioxidant activity. Germination
can change the vitamin E isomer content of edible seeds but the potential
mechanisms involved are unclear. The effects of germination on vitamin E
isomers also depend on the species Gan et al.,( 2017).

There was a highly significant difference between normal and germinated
barely in folic acid and vitamin Bg content. It can be noticed that Folic acid
increased by 627.5% after germination.

Table(4):Some vitamins content of normal and germinated barely
(mg/100g).

Normal Germinated
barely barely

Parameters

Folicacid(mg/100g) 0.40+£0.09 2.91£0.03
Bs (mg/100g) 0.0+0.0 6.25+0.38
Vitamin E (mg/100g) | 5.66 +0.41 4.89+0.24

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05
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Determination of some anti-nutritional factors of normal and
germinated barely:

Anti-nutrition factors contents including Phytic acid, Tannins and Trypsin
inhibitor was presented in table (5) .Grains which are used for human and
animal consumption are known to contain a significant amount of tannin
contents like barley (Hordeum vulgare) and a number of other legume seeds
Kumar et al.,(2007). Furthermore, condensed tannin concentration in plant
tissue has been shown to vary with species, plant part, plant maturity, drought,
CO; concentration and soil fertility Carter et al.,(1995). It can be observed
that in table (5) the value of tannins decreased from 63.46 mg/100g to 28.20
after germination. On the other hand, the value of phytic acid content decreased
from 864.75 to 459.90 after germination. The value of Trypsin (low activity of
trypsin inhibitor enzyme) was not detected.

Anti-nutritional factor discourage mineral elements absorption that obstruct
the important cations like (Fe, Mg, Ca, P, Zn) .Decreasing vital values of these
elements cause anemia and osteoporosis. Phytic acid also interferes with proteins
during digestion. Phytic acid is a thermally stable, but its levels can be decreased
with soaking in water and germination. Calcium and Potassium are the main
elements in the ash of barely in the form of phytin and the enzyme of phytase break
and hydrolise phytic acid to phosphoric acid and Inositol. The importance of phytic is
that has the mostly amount of phosphorus Bouajila et al.,(2020).

Phytic acid hydrolysed during germination because of phytase enzyme
Dai et al.,(2010).The content of phytic acid is 0.56% of the raw barely grains
Tian et al.,( 2010) . Also these results are in agreement with Sonone ,2014
who found that phytic acid in raw barely grain is 8.7mg/100gm and decreased
to 2.3mg/100gm during germination and soaking in water because of phytase
enzyme. It can be noticed that tannin and Phytic acid decreased by 55.6 and
46.8% after germination.

Table (5):Anti-nutritional factors of normal and germinated barely

Germinated
barely

Tannin (mg/100g) 63.46 + 0.15mg/100gm | 28.20 + 0.40 82.750
Phytic acid (mg/100g) | 864.75 + 0.25mg/100g | 459.90 + 0.38 886.105
Trypsin - -

T

Parameters Normal barely

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05
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Determination of amino acid profile of normal and germinated
barely:

Amino acid profile was determined in normal and germinated barely
flour. The essential amino acid was determined because of their importance for
the nutritional value. Amino acids analysis showed that the protein contained
nutritionally useful quantities of most of the essential amino acids but was low
in Sulphur containing amino acids (Lotfy & Nawar, 2014). The protein quality
is defined by its amino acid composition and its digestibility. The protein
digestibility primarily determines the availability of its amino acids (Maliwal,
1983). Amounts of dietary essential amino acids (EAA), digestibility of protein,
and bioavailability of amino acids are basic parameters in determining the
quality of a protein source (Food and Agriculture Organization [FAO] &
World Health Organization [WHO], 2001).

It is assumed that the chemical analysis reveals the amino acid liberated
and absorbed from the gastro intestinal tract. On the other hand, a real estimate
of a protein nutritive value can be made by comparing the amino acid pattern
derived from the chemical analysis with a reference protein (Lotfy & Nawar,
2014).

It is well established that each body tissue or organ is composed of special
pattern of amino acids different from another tissue or organ .To build or repair
them, all the needed amino acids must be presented qualitatively and
quantitatively at the site of synthesis in abile temprory pool for a short period
not exceeding several hours. Presence of an amino acid in a less quantity than
needed will limit .The absence of one amino acid prevent building this tissue.
Also, the excess of amino acid than tolerated by the body or un balanced amino
acids will excerpt adverse effects on the body.Those undesirable impacts
include toxic effect depressed growth. (Nawar, 2004).

The essential amino acids including Threonine, Lysine, Valine, Methionine,
Isoleucine, Leucine, Phenylalanine and Histidine and non-essential amino acid
including Aspartic, Arginine, Serine, Proline, Glutamic, Cystine, Glycine, Alanine
and Tyrosine are shown in table (6) as a concentration percentage. Alanine level
was the highest followed by leucine and lysein Moreover germinated barely had
high value of essential leucine and lysine, methionine and phenylalanine. In general
the results showed higher content of most of essential amino acids of germinated
barely compare with normal.

It could be seen from table (6) that there was a trend to increase the
content of essential and non —essential amino acid in germinated barely,



94 Home Econ. J. Vol. (37), No. (2), Dec. 2021

alanine, leucine, methionine and lysine increased to the level of 13.09, 10.40,
8.86, and 6.60 g/100gm protein respectively; whereas in normal the content of
alanine, leucine, methionine, lysine was 13.6, 3.31, 8.85 and 4.06 g/100g
protein respectively. Similar results were previously reported by Tian et
al.,(2010) who found that germination might offer a method for converting
nutritionally poor-quality plant protein to a high quality for human
consumption. The contents of isoleucine of normal barely was 1.81 g/100g
protein while increased in germinated to 3.959/100g protein, and lysine content
of germinated was also increased. These results are agreement with the result
of Tkachuk & Irvine ,1969 ; Youssef et al.,(2013) who approved that lysine
content increased since germinated for 24 h. It can be noticed that the percent
increase of isoleucine, leucine, phenylalanine, lysine, cysteine and threonine
were increased to 118.2, 214.2, 59.3, 62.6, 33.3 and 37.69/100g protein
respectively.

Leucine is an important akey in protein synthesis and has recently been
identified as playing a critical role in insulin and Glucose metabolism
(McClements, 2010). Cystein is the rate-limiting amino acid for synthesis of
the ubiquitous antioxidant glutathione (GSH). Amino acid metabolism is
essential to normal pancreatic B-cells function. Acutely, key amino acid such as
alanine and glutamine can regulate -cell function and insulin secretion.

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 are converted to limiting
amino acids such as lysine (Chavan & Kadam, 1989; Onyeka & Obeleagu,
2013). It could be seen from table (6) that an increase in the most of the
essential amino acids. On the other hand, the first limiting amino acid was
cystein in germinated barley and threonine was the second limiting amino acid
in germinated barley. on the other hand Eaker ,1970 and Machado et al.,
(2020) they reported that Leucine was the highest essential amino acid while,
methionine and histidine was low. Moreover, in raw barleys, valine was the
second limiting amino acid. Table (6) indicated that alanine was high in
germinated compared with normal barely. Trepel ,2004 reported that Leucine
was the highest essential amino acid in barley grains. It could be seen from
table (6) that germinated barley was a rich source of leucine, than normal. The
current results showed that amino acid profile was increased after germination
such as leucin, methionine, lysine and alanine.
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Table (6): Determination of amino acid profile in normal and germinated
barely.

Normal Germinated
Amino acid |barely(gm/100| barely(gm/100g
g protein) protein)

Aspartic acid 3.10+0.26 4.30+0.26
Glutamic acid 7.10+0.10 8.70+0.30
Serine 6.20+0.09 5.20+0.01
Glycine 7.67+0.07 6.50+0.28
Histidine 9.09+0.14 9.06+0.42
Arginine 4.78+0.11 5.65+0.48
Alanine 13.06+0.26 13.09+0.26
Proline 6.68+0.21 6.68+0.01
Tyrosine 6.29+0.47 6.38+0.14
Cysteine 0.27 £0.05 0.36 £0.03
Threonine 2.65+0.45 3.65+0.45
Valine 7.49+0.07 6.48+0.10
Methionine 8.85+0.43 8.86+0.19
Isoleucine 1.81+0.05 3.95+0.09
Leucine 3.31+0.26 10.40+0.26
Phenylalanine 3.56+0.49 5.67+0.15
Lysine 4.06+£0.44 6.60+0.04

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05
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Rheological properties of normal and germinated barely :

Rheological properties "water absorption %, stability (min), Time
gelatinization maximum (mm:ss), Gelatinization maximum (AU), Time of
gelatinization begin (mm:ss), Begin of gelatinization temperature (°C)" was
performed. Results presented in table (7) illustrated that the gelatinization
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maximum for normal barely was 39.11mm:ss compared with germinated barely
was 23.24 mm:ss.Gelatinization maximum of normal barely was 781.0 AU,
while germinated barely was10AU.The gelatinization temperature of normal
and germinated barely flour were 88.70 and 64.80° C respectively. Time of
gelatinization begin of normal and germinated barely flour were19.54 and 0.03
mm:ss respectively. Begin of gelatinization temperature were 58.80 and 30.0°C
respectively. The percentage of water absorption of normal barely flour
was70.30 % and 54.80 % of germinated barely flour. Stability of normal and
germinated barely flour were 6.08 and 6.17min, respectively. These results
agreed with the result of Qiu et al.,, (2015) who approved that starch
gelatinization process is influenced by the amylase-lipid complex formation, the
amount of amylose leaching, the competition for free water between leached
amylose and ungelatinised granules remained. A decrease in peak might be due
to less swelling of the starch granules from germinated barely flour of whose
compounds may interact with amylose. Also, it is possible that some
compounds from germinated barely to compete with starch to absorb water
during the starch gelatinization process that will create difficulties for starch to
gelatinize.

The data in Table (7) showed that water absorption capacity (WAC) was
decrease after germination treatment and that decrease might be due to
degradation of starch in sprouting seeds. In this concept, Fincher and Stone
(1986); Amri et al. (2016) they reported that, during the germination of barley
grain, the nutritional reserves of the endosperm, mainly starch and proteins, had
to be mobilized by a set of hydrolytic enzymes synthesized in the aleurone layer
and in the scultellum of the germinating grain. Moreover, Greenwood &
Thamson ,1959; Perveen et al.,, (2010) and Vinje ,2015 found that the
percentage of starch in the germinated barley was less than that in the original
barley. Kinsella & Melachouris ,1976 ; Petukhov et al., (2004) reported that,
the function of proteins could hold water by hydrogen bonding or by physical
entrapment. The increase might be due to R-glucans which form viscous gels on
hydration. Likewise, Munck ,1981; Tiwari & Cummins ,2009 and Marcotuli
et al.,(2020) found non starch polysaccharide 3-glucan may influence (WAC).
Moreover, Diwakar et al., (1996) ; Burkus & Temelli ,2005 mentioned that
during cooking, gelatinization of the carbohydrates and swelling of the crude
fiber might occur which could also lead to increase water absorption.

On the contrary, Abbas et al., (2010) found a decrease in (WAC) with
increasing temperature and they explained that by decomposition or degradation
of starch. Ding et al., (2006) stated that the WAC decreased with increasing
temperature if starch melting prevails over the gelatinization phenomenon.
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After these results using guar gum is a nessecary for improve stability and
rheological properties of germinated barely flour to prepare some germinated
barely products such as germinated barely, biscuits and talbina.

Table (7):Comparison between normal and germinated barely flour of
rheological properties

Parameters

Normal
barely

Germinated
barely

% change

T

Time gelatinization
maximum(mm:ss)

39.11+0.35

23.24+0.10

-40.6

43.417"

Gelatinization
maximum(AU)

781.0+0.11

10.0 +0.43

-98.7

1748.117"

Gelatinization

88.70 + 0.26

64.80 + 0.26

-26.9

64.947"

temperature (°C)

Time of gelatinization

begin(mm;ss) 61320

19.54+0.08 | 0.03+0.01 -99.8

Begin of gelatinization

temperature(°C) 276.890

58.80+0.03 | 30.0+0.10 -49.0

72.683"
0.194

70.30 £ 0.12
6.08 + 0.04

54.80+0.18
6.17 +0.46

-22.0
15

\Water absorption (%0)
Stability (min)

Data was expressed using Mean + SE.
t: Student t-test
*. Statistically significant at p < 0.05

During germination many changes happened like roots formation and
dissolving of the main components of the grain like starch because of the
degradable enzymes like amylase enzyme which is responsible for hydrolyze
starch and another changes during germination, so it is important to evaluate
amylaze activity. Falling number is a measurements to measure alfa amylaze
enzyme activity.

A comparison between falling number of normal and germinated barely is
shown in Table (8) .It can be observed that the effect of the germination process
on the falling number of the barley flour, the mold of the device fell after 347
sec and the time decreased in the germinated barley to be 62.0 sec. These
results are in agreement with the result of Ismail, 2007 who found that time of
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falling number decreased from 210 sec for normal barely to 67 sec for
germinated barely. Warle et al., (2015) found that falling number was 240 sec
for raw barely and decreased to 80 sec for germinated barely .The results in
table (8) showed that barley flour was free from gluten. These results agreed
with those reported by lzydorczyk &Dexter ,2008 ; Hussein et al., (2013)
while, Tanner et al., (2016) reported that barley grain (Hordeum vulgareL) was
extremely low of gluten level.

Table (8):Falling number and wet gluten of normal and germinated
barely.

Normal Germinated | % change T

347.0+0.14 | 62.0+0.03 -82.1  |1932.875

0.0+0.0 0.0+0.0

Data was expressed using Mean + SE.
t: Student t-test
*: Statistically significant at p < 0.05

Conclusions

The germination process played a significant role in improving chemical
composition, nutritional value and rheological properties. Germination of raw
barley increased its content of many vital compounds including phenols,
flavonoids, mineral elements, fibers especially B-glucan. The content of folic
acid, vitamin E and B complex also increased. Antioxidant activity significantly
increased in barley upon germination. On the other hand, germination decreased
the anti-nutritional factors and increased alpha amylase enzyme of raw barely.
It is recommended to promote and encourage consumption of germinated barely
and incorporate it in different food products to improve human health.
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