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Abstract
The objective of this research was to investigate the effects of soaking time (6, 12 and 24 hr) and steeping 

temperature (25, 30 and 35oC) on germination time, germination percentage and weight loss of wheat and barley. 
Changes in chemical composition (such as protein, fat, and ash), reducing sugar content, enzyme activity and 
pasting profile and GABA (γ-animobutyric acid) content of germinated wheat and barley were also evaluated. 
The results clearly suggest that the short soaking time and lower steeping temperature significantly decreased 
germination time and weight loss, while germination percentage increased. Regarding the chemical composition, 
the protein content of wheat and barley was slightly increased after germination but there was no significant 
difference in content of crude fat and ash of both germinated cereals. The reducing sugar content of both germi-
nated cereals decreased as the steeping temperature increased from 25oC to 35oC. Increasing soaking time and 
steeping temperature led to increased amylase activity, and also corresponded to reduced paste viscosity. The 
highest GABA content that occurred with soaking times of 6 and 12 hr and a steeping temperature of 35oC 
was 1,467.74 and 1,474.70 µg/g for germinated wheat and 2,108.13 and 1,691.85 µg/g for germinated barley. 
This study indicated that the optimum germination process for wheat and barley is a low steeping temperature 
and a short soaking time.
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INTRODUCTION

Germination, the first step of malting process, is the 
growth of an embryonic plant contained within a seed; 
it results in the formation of the seedling. Germination 
needs water to activate the plant hormone. Allowing wa-
ter to penetrate through and diffuse to the aleurone layers 
induces enzyme synthesis, thus the grains must be steep-
ed or hydrated until those biochemicals are induced. 
Germinated cereal is a cereal grain that has been allowed 
to germinate under controlled conditions to make a lim-
ited amount of seedling growth. The quality of the ger-
minated cereals is influenced by the raw material, varie-
ty, steeping, germination condition, and chemicals and 
plant hormones added during steeping (1). Steeping is 
widely acknowledged as a critical stage in the germina-
tion process; it increases the moisture content of wheat 
and barley grains to promote germination and influences 
the overall malt quality (2). 

During the process of germination, the enzymes pro-
duced or activated degrade major components, such as 
starch, non-starch polysaccharides and proteins, into 
small molecular compounds, which leads to an increase 
of oligosaccharides and amino acids in barley (2), wheat 

(3), oat (4) and rice (5). A number of studies have docu-
mented germination’s advantages and health benefits. 
One of the main enzymes in the germination process, 
as determined by stirring number or falling number 
method, is α-amylase. Stirring number is a viscometric 
assay that involves the rapid gelatinization of flour or 
meal suspension in water by Rapid Visco Analyser (RVA) 
instrument. This method is universally used to assess α- 
amylase activity and grain quality (6). Many researchers 
have reported flour obtained from germinated cereals 
had greater nutritional properties than flours from 
non-germinated cereals. Germination also stimulates bio-
chemical activities that improve some nutrients, such as 
certain vitamins, phenolic compounds (7,8), phytic acid, 
ferulic acid (9) and, especially, γ-aminobutyric acid 
(GABA) (10). 

GABA is non-protein amino acid compound, and is 
produced primarily by the decarboxylaton of L-glutamic 
acid, catalyzed by the enzyme glutamate decarboxylase 
(GAD) (11). GABA provides beneficial effects for hu-
man health by playing a major role in neurotransmission 
and induction of hypotensive and diuretic effects (12), 
appearing to regulate anxiety, sleep, the immune system, 
fat metabolism, accelerating metabolism in brain and 
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prevention of headaches or effects of cerebral arterio-
sclerosis (13). Several processes have been described to 
improve GABA content in germinated cereals. Chung 
et al. (14) found GABA content in germinated barley 
was highest at steeping 5oC in pH 6 for 72 hr. 
Komatsuzaki et al. (15) reported that, after soaking water 
with aeration for 21 hr at 35oC, GABA content in germi-
nated brown rice was higher than with conventional 
soaking methods. GABA is found widely in some micro-
organisms, tea leaves, soybean seedlings and germinated 
beans and rice, while GABA in the germinated wheat 
and barley lacks researched data. Thus, germination ef-
fects in wheat and barley are of great interest for cereal 
products. Germinated wheat and barley can be used in 
baby food, bakery products and the confectionary industry. 
Germination is an economical processing technology that 
provides a relatively simple and non-chemical approach 
to improve bioavailability of nutrients in cereal (14). 

The aim of this research was to study the optimum 
germination conditions in wheat and barley. The effect 
of different soaking times and steeping temperatures on 
the biochemical properties and GABA content of germi-
nated wheat and barley was investigated.

MATERIALS AND METHODS

Materials
Wheat (Triticum spp.) and barley (Hordeum vulgare 

L.) were purchased at a local market in South Korea. 
All grains were cleaned of dust and any other con-
taminants. The samples were kept in sealed plastic bags 
in dry and cool rooms until analysis. All chemicals and 
reagents in this research were of analytical grade.

Germination process
The wheat and barley (250 g each) were soaked in 

distilled water at a ratio of 1:4 (w/v) for 6, 12 and 24 
hr. The water in the container was changed every 3 hr 
during the soaking period. For germination, the grain 
was removed and then placed on a tray which was cov-
ered with moistened thin cloth. The sample was germi-
nated at 25, 30 and 35oC with water sprayed 3 times 
daily. The germinated samples were dried in oven at 
50oC for 24 hr. Then, the samples were ground to pass 
through a 0.5 mm screen before analysis. The percentage 
of germination was also investigated, from which one 
hundred whole grains were randomly selected and placed 
in petri dishes, and then the cereals that germinated (with 
emerging radicle) were counted. The results of triplicate 
assays were calculated as the percentage of germinated 
cereals to the total number of cereals tested. Germination 
time was observed after the radical emerged from the 

caryopses at length root 0.5～1 cm.

Proximate analysis
Moisture, crude protein, crude fat, crude ash and car-

bohydrate were measured by the standard method of the 
AOAC (16). Determinations were performed in triplicate 
for each sample.

Determination of reducing sugar content and amylase 
activity    

The reducing sugar content of both un-germinated and 
germinated wheat and barley was determined with the 
colorimetric method using 3,5-dinitrosalicylic acid (DNS) 
(17). Glucose was used as standard. Amylase activity 
obtained from stirring number (SN) was measured with 
RVA (RVA-3D, Newport Scientific Inc., Sydney, Austral-
ia), according to the method by Lin et al. (18). A high 
SN value indicates greater viscosity and thus lower amy-
lase activity. The falling number also correlates with 
amylase activity in the same fashion, such that the great-
er the falling number, the greater the viscosity of the 
sample, indicating reduced amylase activity

Pasting properties
Un-germinated and germinated wheat and barley sam-

ples (3.5 g, 14% moisture) placed in canisters were mixed 
with water (25 mL), and then heated to 50oC for 1 min, 
raised to 95oC in 3.5 min, maintained for 3 min and 
cooled to 50oC in 3.8 min, and held for 2 min in a rapid 
visco-analyzer (RVA-3D, Newport Scientific Inc.). The 
suspension was stirred at 960 rpm for 1 min and then 
at 160 rpm throughout the test. The changes in viscosity 
were expressed in Rapid Visco Units (RVU). All meas-
urements were performed in triplicate.

Analysis of GABA content
The GABA content in the germinated wheat and bar-

ley was determined according to the method described 
by Kitaoka and Nakano (19) and Watchararparpaiboon 
et al. (10). Three grams of ground germinated cereal 
were extracted with 30 mL of 70% ethanol at room tem-
perature and then centrifuged at 7000×g (4oC) for 20 
min. The supernatant was collected and re-extracted with 
800 µL of 70% ethanol. The sample extract was evapo-
rated to dry under vacuum at 40oC and then dissolved 
with 3 mL of double distilled water. The aliquot solution 
(0.1 mL) was mixed with 0.2 mL of borate buffer (pH 
9.0), 1 mL of 6% phenol reagent and 0.4 mL of sodium 
hypochlorite in ice bath. The mixture was placed in a 
boiling water bath for 10 min. The absorbance was meas-
ured at 630 nm after cooling in an ice bath for 5 min. 
The γ-aminobutyric acid standard solution in double dis-
tilled water was prepared and assayed under the same 
conditions.
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Table 1. Effect of soaking time and steeping temperature on germination time, germination percentage and weight loss percentage 
of germinated wheat and barley

Soaking time (hr) Steeping temp. (oC) Germination time (hr) % Germination % Weight loss

Germinated wheat

 6

12

24

25
30
35
25
30
35
25
30
35

24c

24c

60ab

36bc

48b

72a

36bc

48b

72a

95.5a

96.3a

78.0b

95.0a

94.2a

75.5b

95.7a

95.5a

73.4b

 3.02c

 3.39c

 7.78b

 3.13c

 3.96c

12.67a

 3.67c

 5.78bc

12.10a

Germinated barley

6

12

24

25
30
35
25
30
35
25
30
35

24d

36cd

96a

24d

36cd

96a

36cd

48b

96a

94.3a

94.7a

 1.0b

96.0a

94.1a

 1.0b

97.2a

92.0a

 0.0b

10.47d

11.61cd

12.18cd

10.08d

12.36cd

13.09c

16.60b

18.11a

19.99a

Means within columns followed by the same letter are not significantly different at p<0.05.

Statistical analysis
All the data statistics on a factorial completely 

randomized design were performed using analysis of 
variance (ANOVA) in the SAS program (SAS 6.0, SAS 
Institute Inc., Cary, NC, USA). The significance level 
was set at p<0.05. 

RESULTS AND DISCUSSION

Effect of germination conditions on germination per-
centage, germination time and weight loss percentage

The effect of soaking time (6, 12 and 24 hr) and steep-
ing temperature (25, 30 and 35oC) on the percentage 
of germination, germination time, and weight loss per-
centage in germinated wheat and barley are shown in 
Table 1. At all soaking periods (6, 12 and 24 hr), the 
germination percentage of wheat at steeping temperature 
25 and 30oC was higher than 95%, while at 35oC was 
ranged from 73～78%. Likewise, the germinated barley 
at 25 and 30oC had high germination percentage (more 
than 90%) when compared with that at 35oC (less than 
2%). The soaking times showed no effect on germination 
percentage in both cereals. Chung et al. (14) reported 
that the germination percentage of cereal was highly de-
pendent on the steeping temperature, which was im-
paired at high steeping temperatures. Table 1 also shows 
that germination time increased with the increasing soak-
ing time and steeping temperature. For wheat, the steep-
ing temperature at 35oC required longer germination 
times than those of the steeping temperature at 25oC, 
at 24 hr and over 60 hr. The germination of barley at 
a steeping temperature of 35oC was prolonged more than 

96 hr. Long soaking time and high steeping temperature 
resulted in delayed germination and an increase in both 
growth of mold and bacteria and undesirable odors (20). 

The percentage of weight loss in germinated wheat 
at steeping temperature 25oC was 3.02, 3.13 and 3.67% 
and at steeping temperature 35oC was 7.78, 12.68 and 
12.10% with soaking times of 6, 12 and 24 hr, re-
spectively. These trends were also observed in germi-
nated barley. An increase in steeping temperature from 
25oC to 35oC resulted in an increase weight loss percent-
age of germinated barley as from 10.47 to 12.18% (6 
hr), 10.08 to 13.09% (12 hr) and 16.60 to 19.99% (24 
hr). Capanazana and Buckle (1) suggested that the weight 
loss during germination was due to leaching of solids 
during steeping and increased metabolic growth during 
germination. Further, increase in weight loss may sub-
sequently decrease the level of nutrients in the germi-
nated rice flour. However, in order for the seed to germi-
nate, sufficient moisture must be attained to activate met-
abolic development of the roots and shoots (21). 

Effect of germination conditions on chemical com-
positions

The content of chemical composition in un-germinated 
and germinated of both cereals is given in Table 2. The 
crude protein, ash and carbohydrate of germinated wheat 
were slightly increased after germination, while content 
of crude fat was significantly decreased (p≤0.01). This 
study observed a significant difference in the chemical 
composition between germinated barley and germinated 
wheat. In germinated barley, crude ash and crude fat 
were not significantly different with un-germinated bar-
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Table 2. Chemical composition of germinated wheat and barley at different germination conditions             (Unit: %)
Soaking time (hr) Steep temp. (°C) Crude protein Crude ash Crude fat Total carbohydrate

Un-germinated wheat － － 10.63 1.39c 3.78a 69.28b

Germinated wheat

 6

12

24

25
30
35
25
30
35
25
30
35

12.01
11.76
11.09
11.79
11.83
12.14
11.81
12.23
11.40

1.51c 

1.42c 

1.84a 

1.50c 

1.41c 

1.72ab 

1.42c 

1.48c  
1.68a 

2.85ab 

1.62b 

1.33b 

2.34ab 

1.81b 

1.75b 

2.09ab 

1.81b 

1.79b

75.89a

76.07a

79.47a

76.18a

75.56a

76.85a

75.75a

76.97a

76.48a

Un-germinated barley － －  8.94e 1.76 3.16 70.42d

Germinated barley

6
 
 

12
 
 

24

25
30
35
25
30
35
25
30
35

 9.62c 

 9.86b 

 9.57c 

 9.57c 

 9.66c 

 9.66c 

10.22a 

 9.41d 

 9.89b 

1.93
1.73
1.85
1.88
1.76
2.00
1.79
1.74
2.03

3.08
2.87
3.09
3.35
2.87
2.98
3.59
1.83
2.6

73.64ab

75.57a

74.40bcd

74.95abc

76.69a

72.72dc

74.71bcd

76.57a

76.13ab

Means within columns followed by the same letter are not significantly different at p<0.05.

0
20
40
60
80

100
120
140
160
180

Un-g
erm

ina
ted

Steep
ing 6

 hr
. 2

5°
C

Steep
ing 6

 hr
. 3

0°
C

Steep
ing 6

 hr
. 3

5°
C

Steep
ing 1

2 h
r. 

25
°C

Steep
ing 1

2 h
r. 

30
°C

Steep
ing 1

2 h
r. 

35
°C

Steep
ing 2

4 h
r. 

25
°C

Steep
ing 2

4 h
r. 

30
°C

Steep
ing 2

4 h
r. 

35
°C

Conditions of germination

R
ed

uc
in

g 
su

ga
r c

on
te

nt
 (m

g/
g)

 .

Fig. 1. Reducing sugar content of un-germinated and germi-
nated wheat (●) and barley (○) at different soaking time and 
steeping temperatures.

ley (p>0.05), whereas crude protein and total carbohy-
drate were significantly increased (p≤0.01). Similar re-
sults were found for germinated brown rice described 
by Moongngarm and Saetung (21) and Traore et al. (22). 
Watchararparpaiboon et al. (10) and Tian et al. (23) also 
reported that crude protein of germinated brown rice and 
oat was increased after germination. The increase of 
crude protein after germination is a result of the proteins 
and amino acids stored in the cereal being decomposed 
by water absorption, changed into transportable amides, 
and supplied to the growing parts of the rice seedling 
(24).

Effect of germination conditions on the reducing sugar 
content and amylase activity

Fig. 1 shows that the reducing sugar content of the 

germinated form of both cereals was higher than that 
of un-germinated cereals. The germinated wheat showed 
a high content of reducing sugar at a soaking time of 
6 hr with a steeping temperature of 25oC (126.74 mg/g) 
and a soaking time of 24 hr a with steeping temperature 
of 30oC (130.95 mg/g). The reducing sugar content of 
germinated barley at steeping temperature 25oC was 
125.28, 132.13 and 158.75 mg/g for soaking times of 
6, 12 and 24 hr. These reducing sugar content levels 
were higher than those of at steeping temperatures of 
30 and 35oC. Based on our results, we observe that the 
reducing sugar content in geminated wheat and barley 
decreased with increasing steeping temperature. However, 
the reducing sugar content of germinated barley was 
slightly different at each soaking time. Temperature is one 
of the main factors affecting germination and could have 
had an important role in the development of sugars (25).

The changing of amylase activity during germination 
of wheat and barley was measured using the stirring 
number method (SN) and the results are presented in 
Fig. 2. The higher SN values indicate lower amylase 
activity (26). In the present study, the amylase activity 
of wheat and barley was increased after germination. The 
highest amylase activity (lowest SN values) of germi-
nated wheat was found at a steeping temperature of 
25oC, followed by 30 and 35oC, respectively. In barley, 
the enzyme activity after germination was higher when 
it was steeped at 25oC than that at 30 and 35oC. It is 
well documented that, upon germination, cereals synthe-
size enzymes whose activity depends upon temperature, 
moisture, the nature of additives used, genotype and en-
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Fig. 2. Stirring number of un-germinated and germinated 
wheat (●) and barley (○) at different soaking times and steep-
ing temperatures.

Table 3. Pasting properties of germinated wheat and barley at different germination conditions               (Unit: RVU)
Soaking time

(hr)
Steep temp. 

(°C)
Peak 

viscosity
Breakdown

viscosity
Final

viscosity
Setback
viscosity

Pasting
temp. (°C)

Un-germinated wheat － － 309a 152a 583a 426a 88.9b

Germinated wheat

 6

12

24

25
30
35
25
30
35
25
30
35

  9e

 46ed

167c

  9e

 63d

110c

  9e

 46ed

201b

  9ef

 40cd

 89b

  5f

 34cde

 50c

  9ef

 14def

 54c

  4c

 22c

397b

  4c

 68c

295b

 11c

 75c

558a

  3d

 16d

317bc

  7d

 38d

235c

  3d

 43d

411ab

－－ 

89.4b

－ 

－ 
91.3a

－ － 
88.4b

Un-germinated barley － － 551a 170a 715a 335a 69.7b

Ggerminated barley

 6
 
 

12
 
 

24

25
30
35
25
30
35
25
30
35

  2b

  3b

 21b

  2b

 28b

103b

  5b

 32b

152b

  1b

  2b

 10b

  1b

 13b

 11b

  2b

 18b

 14b

  5d

  3d

146bcd

  7d

 76cd

259bc

 26d

 62cd

334b

  3d

  5d

135bc

  6d

 61cd

167b

 23d

 48d

196b

－ 

－ 
92.6a

－ － 
94.8a

－ 
64c

61.9c

Means within columns followed by the same letter are not significantly different at p<0.05.

vironmental conditions (27). Further, the soaking time 
shows some influence on SN values and/or enzyme ac-
tivity in germinated barley. Increasing steeping temper-
ature contributes to decrease amylase activity and con-
tent of reducing sugar of germinated wheat and barley. 
The result of reducing sugars from germinated wheat and 
barley was consistent with result of amylase activity ob-
tained by using the SN method. The increase of reducing 
sugar content is due to the starch degradation by amy-
lases during germination and the pattern of changes in 
reducing sugar observed in wheat and barley is similar 
to that reported for other cereals (10,28-31). 

Effect of germination conditions on pasting properties 
The paste viscosity of wheat and barley during germi-

nation is shown in Table 3. The pasting profile of wheat 
and barley after germination was significantly decreased 
in values of pasting parameters, including peak viscosity 
(PV), breakdown (BD), final viscosity (FV) and setback 
viscosity (SB) (p≤0.01). The pasting temperature of 
germinated wheat and barley at steeping temperature 25 
and 30oC was too low, which is similar to the results 
of Mohan et al. (30) and Manners (32). While, the past-
ing temperature at 35oC with soaking times of 6, 12 and 
24 hr was 89.4, 91.3 and 88.4oC for germinated wheat 
and 92.6, 94.8 and 61.9oC for germinated barley. During 
germination, the starch is degraded by the enzymes in 
the seed. Amylases break down the amylose and amylo-
pectin of the starch producing smaller dextrins, maltose 
and glucose, thus reducing paste viscosity (33). Raschke 
et al. (34) reported a correlation between pasting profile, 
falling number and amylase activities in sorghum malt, 
such that paste viscosity and falling number decreased 
with rapidly increasing amylase activity.

Effect of germination conditions on the GABA content
The GABA content was determined by spectropho-

tometer, which is a rapid and simplified method because 
of its greater convenience and sensitivity (10). The soak-
ing time and steeping temperature significantly affected 
the content of GABA in germinated wheat and barley 
(Fig. 3). The GABA contents of raw wheat and barley 
were 473.46 and 428.49 µg/g, respectively, which were 
significantly lower than wheat and barley after germina-
tion. In germinated wheat, the GABA content was the 
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Fig. 3. GABA content of un-germinated and germinated wheat (a) and barley (b) variety at soaking times 6, 12 and 24 hr 
and steeping temperatures 25, 30 and 35oC.

highest, at 1,467.70 µg/g, at steeping temperature 25oC 
and soaking time of 6 hr. The GABA content at soaking 
time 24 hr after steeping at 25, 30 and 35oC was 976.00, 
920.85 and 883.59 µg/g, respectively. With germinated 
barley at a 6 hr soaking time, the GABA content at steep-
ing temperature 25oC (2,108.13 µg/g) was increased 
when compared to the GABA content at steeping 30oC 
(1028.37 µg/g). There were significant differences with 
the GABA content resulting from steeping at 35oC 
(712.94 µg/g). Our results indicate that GABA content 
was increased with decreasing soaking time (p≤0.01).  
Komastuzaki et al. (15) suggest that the GABA content 
increased by water soaking may be due to the activation 
of glutamate decarboxylase (GAD), which converts glu-
tamate to GABA. However, it has been reported that 
the GABA content in germination of barley was also 
affected by steeping temperature (14). Roberts et al. (35) 
propose that GABA increases rapidly in plant tissues in 
response to various forms of stress such as hypoxia. On 
the other hand, the effects of longer soaking times are 
decreased GABA content, increased growth of mold and 
bacteria, and the production of undesirable odors (20).

CONCLUSION

The soaking time and steeping temperature sig-
nificantly affected percentage germination, germination 
time, weight loss of germinated wheat and barley, but 
changes in chemical composition was not as pronounced. 
Short soaking time and low steeping temperature sig-
nificantly influenced the amylase activity and reducing 
sugar content, which leads to the reduction of viscosity 
in germinated wheat and barley. Based on our results, 
optimal conditions for germination were achieved in 
both wheat and barley with a 6 hr soaking time and 
25oC steeping temperature. Under these conditions, we 
observed a higher percentage of germination, enzyme ac-
tivity and GABA content, and a shorter germination time. 
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