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Abstract The rationale of this study was to enhance the nu-
tritional quality of dry barley seeds. In this study we are eval-
uating the effect of germination on barley seeds relevant to
total phenolic contents, antioxidant activity (in terms of DPPH
free-radical scavenging) and the in vitro α-glucosidase inhib-
itory activities. Barley seeds were germinated for 18.5, 24, 30,
48, and 67 h and then extracted in water. The total phenolic
contents, antioxidant activities and α-glucosidase inhibitory
activities changed with germination time. More specifically,
within the first 48 h of germination the total phenolic content
increased from 1.1 mg/g fresh weight (0 h) to 3.4 mg/g fresh
weight (48 h) and then slightly reduced by 67 h. Similarly, α-
glucosidase inhibitory activity was significantly increased
from an IC50 128.82 mg/mL (0 h) to an IC50 18.88 mg/mL
(48 h) and then slightly reduced by 67 h. Significant maltase
inhibitory activity was observed only with 48 h-germinated
extract. Antioxidant activities increased continuously from an
IC50 15.72 mg/mL at 0 h to and IC50 5.72 mg/mL after 48 h of
germination. Based on our observations, barley seed germina-
tion was over after 48 h. During the progress of germination
phenolic compounds are becoming available and are more
easily extracted. After 48 h, lignification is initiated resulting
to the decreased total phenolic content and observed antioxi-
dant and carbohydrate hydrolyzing enzyme inhibition activi-
ties. The above results indicate the positive effect of

germination in barley seeds for enhanced antioxidant and α-
glucosidase inhibitory activities.
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Introduction

Non-insulin dependent diabetes mellitus (NIDDM, type 2 di-
abetes) is a common disorder of glucose and fat metabolism
that affects 171 million people worldwide, generating im-
mense health care costs [1]. Hyperglycemia, a typical symp-
tom in NIDDM patients, is a condition characterized by a
rapid rise in blood glucose levels and is due to hydrolysis of
starch by pancreatic α-amylase and absorption of glucose in
the small intestine byα-glucosidases [2]. One of the therapeu-
tic approaches for decreasing postprandial hyperglycemia is to
retard digestion of glucose by the inhibition of carbohydrate
hydrolyzing enzymes, α-amylase and α-glucosidases, in the
digestive tract [2]. Therefore, inhibition of these carbohydrate-
hydrolyzing enzymes can significantly decrease the postpran-
dial hyperglycemia after a mixed carbohydrate diet and can be
a key strategy in the control of diabetes mellitus [3].

Postprandial hyperglycemia has been linked to the onset of
diabetic complications in NIDDM patients and triggers the
generation of free radicals and oxidation-related damage in
the retina, renal glomerulus and peripheral nerves [4, 5].
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Studies have shown that the glucose-induced increased levels
of mitochondrial reactive oxygen species (ROS) produced by
the mitochondrial electron transport chain seems to be the
causal link between elevated levels of glucose and the path-
ways responsible for hyperglycemia-induced vascular compli-
cations [4, 6]. Therefore, it is important to control both cellular
redox status and blood glucose level for managing these dia-
betic complications.

Phenolic compounds are secondary plant metabolites that
are responsible for various health beneficial effects derived
from the consumption of whole grains, fruits, and vegetables.
Phenolic compounds have shown to have significant in vitro
and in vivo antioxidant activities associated with their ability
to scavenge free radicals, break radical chain reactions, and
chelate metals. Additionally, a high phenolic phytochemical
consumption has been correlated with a reduced risk of car-
diovascular diseases and certain cancers [7, 8].

Recent studies showed that phenolic phytochemicals from
botanical sources are natural inhibitors of α-amylase and α-
glucosidase and thus can be used to manage postprandial hy-
perglycemia with minimal side effects [5, 9, 10]. More specif-
ically, plants belonging in the Lamiaceae family as well as
corn, bean, and pumpkin extracts have shown a good inhibi-
tory profile against carbohydrate degrading enzyme such as
α-glucosidase [5, 9]. Additionally, research with the brown
seaweed Ascophyllum nodosum confirmed the correlation be-
tween phenolic content, antioxidant activities and α-
glucosidase inhibitory potential relevant to type 2 diabetes
management [10].

Barley is a widely consumed cereal among the most an-
cient 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, such as
beta-glucans and tocols [11]. Moreover, there are many clas-
ses of phenolic compounds in barley, such as benzoic and
cinnamic acid derivatives, proanthocyanidins, quinines, flavo-
nols, chalcones, flavones, flavanones, and amino phenolic
compounds [12].

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, de-
spite 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 [13]. Germination process leads to
structural modification and synthesis of new compounds with
high bioactivity and can increase the nutritional value and
stability of grains [13–15]. More specifically, during germina-
tion of oats the phenolic content increased 3-to-4 fold [13] and
the contents of vitamin E, c-oryzanol and γ-aminobutyric acid
(GABA) were increased during the germination of rough rice,
hull and brown rice [14, 15].

Preliminary experiments showed a low content of total
phenolic and antioxidant activity in the dry barley seeds.
Therefore, the prime objective of this research was to improve
the nutritional quality of dry barley seeds with germination.
More specifically, the rationale for this study was to evaluate
the effect of barley germination of the release of phenolic
phytochemicals and the subsequent effect on antioxidant ac-
tivity and carbohydrate hydrolyzing enzyme inhibition. This
research has important implications for the development of
health beneficial barley and malt based foods, enriched with
phenolic phytochemicals and possibly prevent postprandial
hyperglycemia.

Materials and Method

Materials Barley seeds (purchased from OPA-OPA Brewing
Company, Southampton, MA, USA) were identified as the
drying mature seeds of barley (Hordeum vulgare L.). The
barley seeds, whose moisture content was 14.08 %, were di-
vided into several groups (approximately 200 g for each
group) according to different germination time period. The
seeds of each group were cleaned and steeped in water for
1 h at room temperature. The steeped seeds were drained
off, spread out on wet gauze placed in 500 mL beaker, and
then the seeds were covered with another piece of moist
gauze. Germination took place in the dark in a room for 0
(control), 12, 24, 36, 48, 60, and 72 h at 25 °C and 90 %
relative humidity. The seeds were sprinkled with water peri-
odically during germination to keep the gauze always wet.
The germinated seeds for each germination time period were
lyophilized using a freeze-dryer (Unitop 600, Virtis, Gardiner,
NY, USA) and ground to a fine powder. The powder was
stored at 4 °C until used for analysis.

ExtractionTen grams of the barley powder were weighed and
put into a 500 mL flask, mixed with 200 mL water and stirred
for 1 h at room temperature. After extraction the samples were
centrifuged at 7000×g for 30 min. In the resulting supernatant
the same volume of acetone was added to precipitate carbo-
hydrates, and centrifuged at 7000×g for 30 min. The final
supernatant was vacuum-evaporated at 60 °C, freeze-dried
and kept at −18 °C until analysis.

Total Phenolic Contents Total phenolic assay was performed
as described previously by Ranilla et al. and Shetty et al. [16,
17]. A sample solution was mixed with 95 % ethanol and
distilled water into test tubes. Fifty percent Folin-Ciocalteu’s
phenol reagent was added into mixture and reacted it at room
temperature for 5 min. After pre-incubated, the mixture was
added 5%Na2CO3 and stored in dark place for 1 h. Amixture
solution was transferred to micro-plate. Absorbance was mea-
sured at 725 nm and compared to a control using a micro-plate
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reader (Molecular devices; Sunnyvale, CA, USA). Gallic acid
standard was used for standard curve. Standard curve was
used to determine amount of total phenolic compounds in
sample solution.

α-Glucosidase Inhibitory Assay The inhibitory activity of
germinated barley extracts on rat intestinal α-glucosidase was
measured at different concentrations (between 25 and 250 mg/
mL fresh weight). Rat intestinal α-glucosidase assay was de-
scribed previously in the method of Cho et al. [18] with slight
modification. A total of 3 g of rat-intestinal acetone powder
was suspended in 9 mL of 0.9 % saline, and the suspension
was vortex 12 times for 30 s at 4 °C. After centrifugation
(12,000 × g, 15 min, 4 °C), the resulting supernatant was
used for the assay. Sample solution (50 μL) and 0.1 M phos-
phate buffer (pH 6.9, 100 μL) containing rat intestinal α-
glucosidase solution (1.0 U/mL) was incubated at 25 °C for
10 min. After pre-incubation, 5 mM pNPG (4-nitrophenyl-α-
D-glucopyranoside) solution (50μL) in 0.1M phosphate buffer
(pH 6.9) was added to each well at timed intervals. The reaction
mixtures were incubated at 37 °C for 30 min. Absorbance was
measured at 405 nm and compared to a control which had
50 μL of buffer solution in place of the extract by micro-plate
reader (Molecular devices; Sunnyvale, CA, USA). The rat
α-glucosidase inhibitory activity was expressed as inhibition
% and was calculated as listed below:

Inhibition %ð Þ ¼ ΔA Control 405−ΔA Extract 405

ΔA Control 405

� �

� 100

Maltase Inhibitory Activity Rat intestinal acetone powder
(100 mg) was suspended in 3 mL of 0.9 % saline, and the
suspension by vortex 12 times for 30 s with a half a min time
interval at 4 °C. After centrifugation (12,000 × g, 30 min,
4 °C), the resulting supernatant was used for the assay.
Maltase inhibition activity assay was slightly modified from
a method described by Jo et al. [19]. The activity was deter-
mined by pre- incubating a sample solution and rat α-
glucosidase solution (100 μL) in 0.1 M phosphate buffer
(pH 7.0) containing 2.5 mM maltose at 37 °C for 10 min.
The amount of released glucose was measured by the glucose
oxidase method. The reaction mixture was added 12 N sulfu-
ric acid to stop the reaction for 10 min. Absorbance was mea-
sured at 540 nm and compared to a control which had 50 μL
of buffer solution in place of the extract by micro-plate reader
(Molecular devices; Sunnyvale, CA, USA). Each enzyme in-
hibitory activity was expressed as inhibition % and was cal-
culated as listed below:

Inhibition %ð Þ ¼ ΔA Control 540−ΔA Extract 540

ΔA Control 540

� �

� 100

Sucrase Inhibitory Activity Rat intestinal acetone powder
(100 mg) was suspended in 3 mL of 0.9 % saline, and the
suspension by vortex 12 times for 30 s with a half a min time
interval at 4 °C. After centrifugation (12,000 × g, 30 min,
4 °C), the resulting supernatant was used for the assay.
Sucrase inhibition activity assay was slightly modified from
a method described by Ha et al. [20]. The activity was deter-
mined by pre- incubating a sample solution and rat α-
glucosidase solution (100 μL) in 0.1 M phosphate buffer
(pH 7.0) containing 5.0 mM sucrose at 37 °C for 10 min.
The amount of release glucose was measured by the glucose
oxidase method. The reaction mixture was added 12 N sulfu-
ric acid to stop the reaction for 10 min. Absorbance was mea-
sured at 540 nm and compared to a control which had 50 μL
of buffer solution in place of the extract by micro-plate reader
(Molecular devices; Sunnyvale, CA, USA). Each enzyme in-
hibitory activity was expressed as inhibition % and was cal-
culated as listed below

Inhibition %ð Þ ¼ ΔA Control 540−ΔA Extract 540

ΔA Control 540

� �

� 100

Antioxidant Activity by 2,2-Diphenyl-1-picrylhydrazyl
Radical (DPPH) Inhibition AssayDPPH radical scavenging
activity assay was performed as modified by Choi et al. [21].
A sample solution (10 μL) was added 190 μL of 2,2-
Diphenyl-1-picrylhydrazyl radical in 95 % ethanol and the
mixture was incubated for 30 min at 37 °C. Absorbance was
measured at 517 nm and compared to a control which had
10 μL of water in place of the extract by micro-plate reader
(Molecular devices; Sunnyvale, CA, USA). The DPPH radi-
cal scavenging activity was expressed as inhibition% and was
calculated as listed below:

Inhibition %ð Þ ¼ ΔA Control 517−ΔA Extract 517

ΔA Control 517

� �

� 100

Statistical Analysis All data are presented as means±SD.
Statistical analyses were done using a statistical package
SPSS (Statistical Package for Social Science, SPSS Inc.,
Chicago, IL, U.S.A.) program, and the significance of each
group was verified with one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test, when
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P<0.05. Pearson correlation coefficient (PCC, r) was deter-
mined using Microsoft Excel.

Results and Discussion

Total Phenolic Contents Initially the total phenolic contents
of the non-germinated and germinated samples were deter-
mined as described in the materials andmethods.We observed
that the total phenolic content increased with germination time
for the first 48 h and then started to decline (Table 1). More
specifically, non-germinated extract yielded to the lowest phe-
nolic content of 1.06 mg/g and 48 h germinated sample
yielded to the highest phenolic content of 3.37 mg/g (Table 1).

Previous reports have shown that the total phenolic con-
tents of cultivars increases dramatically during germination
[13]. Additionally, it was reported that the antioxidant activity
is increasing during a 24 h germination period of barley [22].
These observations are expected because during the germina-
tion process the plant is producing defense components
against environmental stress and phenolic phytochemicals
have such characteristics [13]. We suspect that the phenolic
content reduction observed after 48 h is due to the initiation of
lignification.

Rat α-Glucosidase Inhibitory Activity The α-glucosidase
inhibitors, which interfere with enzymatic action in the
brush-border of the small intestine, could inhibit the liberation
of D-glucose from oligosaccharides and disaccharides,
resulting in delaying glucose absorption and decreasing post-
prandial plasma glucose levels [19].

In order to investigate the effect of germination time (0, 18.5,
24, 30, 48 and 67 h) against rat intestinal α-glucosidase, the 4-
nitrophenyl α-D-glucopyranoside (pNPG) method was used
[23]. We observed that α-glucosidase inhibitory activity in-
creased for the first 48 h of germination and then was reduced
at 67 h (Fig. 1, Table 2). More specifically, non-germinated
extract had the lowest inhibitory activity (IC50 128.82 mg/
mL) and 48 h germination the highest (IC50 18.88 mg/mL).

Our findings suggest that the observed inhibitory activities
(Fig. 1, Table 2) correlate with observed phenolic contents
(Table 1) (PCC r=0.973). This is in agreement with previous
reports suggesting that phenolic phytochemicals have carbo-
hydrate hydrolyzing enzyme inhibitory activity [5, 9, 10].
Also, our findings suggest that to ensure the highest rat α-
glucosidase inihibitory activity it is important to identify the
appropriate point that the lignification process is initiated.

Maltase and Sucrase Inhibitory Activities The dose-
dependent maltase inhibitory activity of 0, 18.5, 24, 30, 48
and 67 h germinated extracts was determined (Fig. 2, Table 2).
Similarly to the observed α-glucosidase inhibitory activity,
maltase inhibitory activity of 48 h germination resulted to
the highest maltase inhibitory activity (IC50 79.33 mg/mL).
No other tested extracts had inhibitory activity greater than
50 %, so IC50 could not be determined (Fig. 2, Table 2).
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Fig. 1 Comparison of rat small intestinal α-glucosidase inhibitory activ-
ities of barley germination water extracts. At the same concentration (25,
125, 250 mg/mL-fresh weight), all extracts were evaluated for rat small
intestinal α-glucosidase assay. The absorbance was measured at 405 nm,
and the results were represented as mean ± SD with three independent

experiments in triplicate. Different corresponding letters indicate signif-
icant differences at p < 0.05 by Duncan’s test. A–C First letter is different
among types of barley within same extraction method and a–c second one
indicates significant differences between 0, 18.5, 24, 30, 48 and 67 h
groups

Table 1 Total phenolic compounds of barley water extract

Total phenolic contents compounds in each extract (mg/g)

0 h 18.5 h 24 h 30 h 48 h 67 h

1.06 ± 0.02 1.99 ± 0.10 2.52 ± 0.06 2.23 ± 0.02 3.37 ± 0.09 1.98 ± 0.02
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When sucrase inhibitory activity was evaluated, no extracts
showed inhibitory effect at the tested doses (data not shown).

Based on our observations (Figs. 1, 2 and Table 2), 48 h
barley germination seems to be the ideal germination time for
optimum in vitro carbohydrate hydrolyzing enzyme inhibi-
tion. Furthermore, since no in vitro sucrase inhibitory activity
was observed we can conclude that the 48 h germinated ex-
tract mainly affects maltase activity, relevant to starch
digestion.

Antioxidant Activity The antioxidant activities for 0, 18.5,
24, 30, 48 and 67 h germination extracts were evaluated using
the DPPH radical scavenging potential (Fig. 3). When tested
at the same doses, all samples exhibited antioxidant activity
with the 48 h germination exhibiting significantly higher ac-
tivity than other tested samples while non-germinated extract
had the lowest antioxidant activity (Fig. 3, Table 2). These
observations are not surprising since non-germinated extract
had the lowest phenolic content while 48 h germinated extract

had the highest total phenolic content. It is very well demon-
strated that phenolic compounds have antioxidant activity and
our findings are in agreement with this fact.

A plant-based diet is recommended to prevent many chron-
ic diseases including diabetes, and its health-promoting prop-
erties are generally attributed to antioxidant phenolic com-
pounds, since oxidation is a major consequence of high blood
glucose levels. The 48 h barley germination water extract had
significantly higher total phenolic content, resulting to a
higher antioxidant and inhibitory activity against carbohydrate
hydrolyzing enzymes.

Conclusion

In this research we observed that the α-glucosidase inhibitory
activity of barley seed water extracts increased during germi-
nation. More specifically, the highest phenolic content, anti-
oxidant activity and α-glucosidase inhibition were observed
after 48 h of germination. After 48 h we observed a decrease in
the phenolic content and a subsequent decrease in the ob-
served antioxidant and α-glucosidase inhibitory activities.
We expect that at this point the process of lignification is
initiated, resulting in the conversion of phenolic compounds
to lignans or lignin [24]. Our results suggest that phenolic
contents and up to 48 h germination may play a role in the
enhanced α-glucosidase inhibitory antioxidant activities of
barely seed extracts. We believe that for the development of
higher phenolic content barely extract the germination process
should be strictly monitored and stopped prior to the initiation
of lignification. These findings provide a basic rationale for
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Fig. 2 Comparison of rat small intestinal maltase inhibitory activities of
barley germination water extracts. At the same concentration (25, 125,
250 mg/mL-fresh weight), all extracts were evaluated for rat maltase
inhibitory activity assay. The absorbance was measured at 540 nm, and
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Table 2 Half maximal inhibitory concentration (IC50) of barley
germination water extracts on rat small intestinal α-glucosidase,
maltase, and DPPH oxidant scavenging activities

Unit (mg/mL Fresh-weight)

0 h 18.5 h 24 h 30 h 48 h 67 h

α-Glucosidase 128.82 70.75 48.51 59.55 18.88 65.44

Maltase N.D N.D N.D N.D 79.33 N.D

DPPH 15.72 12.95 9.63 10.89 5.72 13.16
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the deeper evaluation of the germination process starting with
the characterization of the produced phenolic compounds.
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