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The inhibitory effects of germinated pigmented rice on the key metabolic enzymes linked to diabetes and
hyperglycemia were investigated. Four kinds of pigmented rice, Heukjinjubyeo (dark purple), Keunnunjami
(blackish purple), Superjami (blackish purple), and Superhongmi (reddish brown), and normal brown rice
were germinated for 3 days and their ethanolic extracts were analyzed for phenol content and inhibitory
activities against the enzymes a.-glucosidase, o.-amylase, dipeptidyl peptidase-4, lipase, and xanthine oxidase.
The pigmented rice showed significantly higher total phenol content and enzymeinhibitory activities compared
with the normal brown rice. The inhibition of enzymes markedly increased during germination which may
have been due to the substantial increase in the phenolic content of rice. The results suggest that germinated
pigmented rice, particularly Keunnunjami and Superjami, may be potentially useful asafunctional food in the

management of diabetes and hyperglycemia.
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INTRODUCTION

Rice (Oryza sativa L.) is one of the most important cereal
crops in the world and the staple food in many countries,
especially inAsia. It containshigh amount of carbohydrates
and is a good source of protein, minerals, and vitamins
(Fresco, 2005). Brown or unpolished rice, withitsbran and
embryo intact, isconsidered ahealthier aternativeto white
rice due to its high contents of dietary fiber, antioxidants,
and bioactive compounds, such as g-oryzanol and g-
aminobutyric acid, and it has been found to lower therisk of
diabetes and hyperglycemia (Dinesh Babu et al., 2009).
However, despite its superior nutritional value over white
rice, brown riceis seldom consumed as staple food because
of its hard texture. Various processes such as soaking,
fermentation, and germination have been used to improve
the nutritional and eating qualities of brown rice.

Germination, in particular, isregarded as an effective and
inexpensive method of improving the texture, pal atability,
and nutrient content of brown rice (Wu et al., 2013). It was
reported that germinated brown rice has greater amount of
bi oactive compounds than brown rice and possesses strong
anti-diabetic and antioxidative effects (Dinesh Babu et al.,
2009; and Patil and Khan, 2011). Germination of brownrice
involves the soaking of rice grain in water for 1-2 days to
induce a dight germination, during which time complex
biochemical changes occur, resulting in the softening of
the texture and increased nutrient bioavailability and
absorption (Patil and Khan, 2011; and Wu et al., 2013).

Ricewith colored pericarp, known as pigmented variety,
has higher nutritional content and greater antioxidant
capacity than ordinary non-pigmented rice and its
consumption has been found to reduce the risk of
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developing diabetes, hyperlipidemia, and cardiovascular
disease (Ling et al., 2001). In recent years, new lines of
pigmented rice have been developed in Korea through
conventional breeding. The present study focuses on four
kinds of pigmented rice, namely Keunnunjami, Superjami,
Superhongmi, and Heukjijubyeo. Keunnunjami, a giant
embryo rice mutant, and Superjami are both blackish purple
rice with Heukjinjubyeo (dark purple rice) as one of their
parental cultivars. They both contain high amounts of
cyanidin-3-glucoside, an anthocyanin that has strong
antioxidant capacity (Kwon et al., 2011; and Han et al.,
2012). Superhongmi, on the other hand, is a newly-
developed reddish brownrice.

Diabetes, a metabolic disorder characterized by
hyperglycemia, isagrowing health problem and one of the
leading causes of death worldwide. One of the treatments
of diabetesistoinhibit the key digestive enzymes associated
with starch and lipid digestion. The inhibition of enzymes
involved in carbohydrate and lipid digestion such as a-
glucosidase, &amylase, and lipase would delay the digestion
and absorption of lipids and carbohydrates and reduce
plasma glucose level, resulting in the suppression of
postprandial hyperglycemia(Hamden et al., 2013; and Dey
et al., 2014). Theinhibition of other enzymeslike dipeptidyl
peptidase-4 (DPP-4) and xanthine oxidase could also serve
as a therapeutic approach for the management of diabetes
and hyperglycemia (Desco et al., 2002; and Deacon and
Holt, 2006). Therearelimited studiesontheinhibitory effect
of pigmented rice and germinated brown rice against
carbohydrate hydrolyzing enzymes (Yao et al., 2010; and
Kimetal., 2013) and, to the best of our knowledge, noneon
the effect of germination on the enzyme inhibitory activity
of pigmented rice. This study was carried out to determine
the inhibitory effects of germinated pigmented rice
Heukjinjubyeo, Keunnunjami, Superjami, and Superhongmi,
in comparison with that of the germinated normal brown
rice, on the key metabolic enzymes (a-glucosidase, -
amylase, DPP-4, lipase, and xanthine oxidase) associated
with hyperglycemia and diabetes. The enzyme inhibition
activities in relation to the phenolic content in rice were
also assessed.

MATERIALS AND METHODS

Materials

Four wholegrain pigmented rice, dark purple Heukjinjubyeo
(HJ), blackish purple Keunnunjami (KJ), blackish purple
Superjami (SJ), reddish brown Superhongmi (SH), and

ordinary Normal Brown rice (NB) were obtained from the
Department of Agricultural Science, Korea National Open
University. They were grown from May to October 2014
under the same cultivation conditions. All chemicals and
standards used in the study are of analytical grade and
were purchased from Sigma-Aldrich, Inc. (Steinhein,

Germany).

Rice Germination

Four setsof 50 g rice grainsfrom each sample were washed
twice with distilled water to remove any dirt. Thefirst set,
which served asthe non-germinated rice sample, was placed
in tray topped with paper towel and dried in an oven at 50
°C for 2 h to lower the moisture content. The dried rice
samples were then ground and pulverized, packed in
hermetically sealed Ziploc plastic bags, and stored at -20 °C
until further analysis. The remaining 3 sets of rice samples
were placed evenly in atray overlaid with cotton pads and
cheesecloth and enough water was added until the rice
grains were soaked. The whole tray was covered with a
clean wrap with holes to accommodate proper moisture
condition and incubated at 30 °C. After 24, 48, and 72 h of
germination, one set of each rice samplewas collected. The
germinated rice weredried and stored using the same method
described above for the non-germinated rice.

Preparation of Ethanolic Extracts from
Germinated and Non-Germinated Rice

The pulverized rice samples (10 g) were mixed with 80%
ethanol (100 ml) and subjected to 1-h shaking at 25 °C,
followed by filtration using a Whatman filter paper No. 4.
The extraction processwas repeated 3 timesand thefiltrate
was evaporated to 5 ml at 40 °C using a rotary evaporator
(EyelaSB-1200, Tokyo Rikakikai Co. Ltd., Tokyo, Japan).
The extracts were then freeze-dried and stored at -20 °C
until further analysis. They were dissolved in 10 mg/ml
dimethyl sulfoxide prior to use.

Enzyme Inhibition Assays

a-Glucosidase

The a-glucosidase inhibitory activity of therice extract was
determined using the method of Hong et al. (2013) with
dlight modifications. Theextract (50 pul) was mixed with o.-
glucosidase solution (100 pl) and incubated at 37 °C for 10
min. The mixturewas added with 50 pl of p-nitrophenyl-o-
D-glucopyranoside and further incubated at 37 °C for 20
min. A 1 ml of 1 M Na,Co, was added to stop the reaction
and the absorbance of the reaction mixture was measured at
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450 nm using a UV/visible spectrophotometer (DU 800
series, Beckman Coulter, USA).

a-Amylase

The a-amylase inhibitory activity was measured
according to the method described by Kazeem et al.
(2013). The sample extract (125 pl) was added with &
amylase (62.5 pl) and 200 mM potassium phosphate buffer
(62.5 pl, pH 6.8) and incubated at 37 °C for 10 min. A 125
pl of 1% starch was added to the mixture and incubated
for another 5 min. To produce a colored solution, a125 pl
of 48 mM 3,5-dinitrosalicylic acid was added. The colored
solution was incubated at 100 °C for 15 min and then
cooledinice. Finaly, al.5ml of distilled water was added
to the solution and the absorbance was measured at
405 nm.

Dipeptidyl Peptidase-4

The DPP-4 inhibitory activity was determined using a
DPP-4 inhibitor screening kit (Cayman Chemical Co., M,
USA) following the instruction manual. Briefly, threetypes
of wellswere prepared: 100% initial activity well (30 pl
assay buffer, 10 pl diluted DPP, and 10 ul HPLC-grade
water), background well (40 pl assay buffer and 10 pl
HPLC grade water), and inhibitor well (30 pl assay buffer,
10 pl diluted DPP, and 10 pl sample extract). To initiate
the reaction, 50 il of the diluted substrate solution was
added into each well and the whole plate was covered
and incubated at 37 °C for 30 min. The plate cover was
then removed and the fluorescence was read using an
excitation wavelength of 355 nm and an emission
wavelength of 460 nm. The enzyme inhibition was
calculated by subtracting the fluorescence of the
background well from the fluorescence of the 100% initial
activity and inhibitor wells and the value obtained was
used in the following equation:

Enzyme inhibitory activity (%) = [(initial activity —
inhibitor)/initial activity] x 100

Lipase

The sample extract (100 ul) was mixed with 860 pl enzyme
buffer [porcine pancreatic lipase, 10 mM 3-(N-morpholino)
propabel sulfonic acid, 4-morpholinepropanesulfonic acid,
100 nM tris-HCI/5S mM CaCl, (pH 6.8)] and the mixturewas
incubated at 37 °Cfor 5min (Leeet al., 2010). A 40 ul of 10
mM p-nitrophenyl butyrate was added and the reaction
mixture was further incubated for 15 min. The absorbance
was measured at 400 nm.

Xanthine Oxidase

Thesampleextract (100 pl) wasmixed with 0.1 M potassum
phosphate buffer (600 pl, pH 7.5) (Sahgd et al., 2009). A 200
ul of 2 mM xanthine was added, followed by 100 ul of 0.2
unit/ml of xanthine oxidase solution. The reaction mixture
wasincubated at 37 °C for 5 min and then added with 1 ml of
1 N HCI. The absorbance was measured at 292 nm. The
enzyme (a-glucosidase, a-amylase, lipase, and xanthine
oxidase) inhibitory activitieswere calculated asfollows:

Enzyme inhibitory activity (%) =[(1 —Ample)/A ]1x100

blank

Determination of Total Phenolic Content

The total phenolic content was measured according to the
method of Muntana et al. (2010). The sample extract (100
uL) was mixed with 2 mL of 20% sodium carbonate and the
mixture was shaken vigorously for 3 min. A 2 mL of 20%
Folin-Ciocalteu reagent was added and the mixture was
shaken for 1 h to allow complete formation of the blue
complex. The absorbance was measured at 750 nm. The
total phenolic content was expressed as mg/g Gallic Acid
Equivalent (GAE).

Statistical Analysis

All data presented are mean + SE (n = 3). The data were
evaluated by one-way ANOVA using Statistical Package
for Social Sciences software programversion22 (SPSSinc.,
Chicago, IL) and the differences between the means were
assessed by Tukey’s test. Statistical significance was
considered at p<0.05. The correlations between enzyme
inhibitory activities and phenolic contentswere determined
using Pearson correlation analysis.

RESULTS AND DISCUSSION

a-Glucosidase Inhibitory Activity

Germination markedly increased the a-glucosidase
inhibitory activity of the pigmented rice samples, but did
significantly affect the enzymeinhibition activity of NB rice
(Figure 1). Prior to germination, theNB, HJ, KJ, and SJrice
exhibited similar inhibitory activity. However, fromthefirst
to third day of germination, theinhibition of a-glucosidase
enzyme was highest in KJ (50-76%) and lowest in NB (28-
32%). The acarbose, an oral a-glucosidase inhibitor used
for treating type 2 diabetes mellitus, showed significantly
higher inhibitory activity (85%) than the germinated rice
samples. The a-glucosidase, akey enzymein carbohydrate
digestion, catalyzes the breakdown of starch and
disaccharides into glucose that enters the bloodstream
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(Aloulou et al., 2012). Theinhibition of digestive enzymes
is considered an effective therapeutic approach in the
management of diabetes. Aninhibitor of a-glucosidase can
slow the release of glucose from dietary complex
carbohydrates and delay glucose absorption, resulting in
the suppression of postprandial hyperglycemia (Kumar
et al., 2011). It has been previously shown that pigmented
grains such asred, purple, and black rice, purple corn, and
black soybean could inhibit the a-glucosidase enzyme and
that black rice possessed the highest a-glucosidase
inhibitory among the pigmented grainsanalyzed (Yao et al.,
2010). In the present study, germination substantially
increased the a-glucosi dase inhibitory activity of pigmented
rice, particularly KJ, suggesting that it may be a useful
processin enhancing the anti-diabetic property of pigmented
rice.

a-Amylase inhibitory activity

The a-amylaseinhibitory activity was highest in KJand SJ
rice (60%) and lowest in NB and HJ rice (47%) prior to
germination (Fig. 2). Theactivity markedly increased in all
rice samples during germination. On the last day of
germination, the enzyme inhibitory activity was highest in
KJ(84%) and lowest in NB (59%). The a-amylase, secreted
by the pancreas to the small intestine, is a key digestive
enzyme that breaks down the carbohydrates into
oligosaccharides, which are then hydrolyzed by o-

glucosidase into monosaccharides such as glucose (Barrett
and Udani 2011). The inhibition of the amylase enzyme
would decreasetherate of carbohydrate absorption, thereby
reducing the postprandial increase of blood glucose (Tundis
et al., 2010). A study in the past revealed that germination
improved theenzymeinhibitory activity of roughrice (Kim
et al., 2013). The present study showed that pigmented rice
has greater inhibitory activity than brown rice and that
germination significantly improved the enzyme inhibition
activity of rice. Extracts from germinated pigmented rice,
especially KJ, may be potentially beneficial in the
management of postprandial hyperglycemia.

DPP-4 Inhibitory Activity

Before germination, the KJand SJrice exhibited the highest
DPP-4inhibitory activity (4%) whilethe NB rice showed the
lowest activity (3%) (Figure 3). On the 2™ and 3 day of
germination, the inhibition of DPP-4 enzyme significantly
increased in all samples. The KJ and SJ rice showed the
highest inhibitory activity (13%), followed by HJ and SH
(10%), then NB rice (7%). DPP-4 is the chief enzyme
responsible for degrading the incretins, such as Glucagon-
Like Peptide-1 (GLP) and glucose-dependent insulinotropic
polypeptide (GIP), hormones that are released in response
to food ingestion and stimulate insulin secretion and inhibit
glucagon secretion (Wani et al., 2008). Studies have shown
that inhibition of DPP-4 enzymeresulted inincreased serum

Figurel: a-Glucosidaselnhibitory Activity of Ger minated Pigmented Rice, M eanswith Different Lettersare
Significantly Different (p<0.05) AcrossRice Samples
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Figure2: a-AmylaselnhibitoryActivity of Germinated Pigmented Rice, M eanswith Different L ettersare
Significantly Different (p<0.05) AcrossRice Samples
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Figure3: Dipeptidyl Peptidase-4 Inhibitory Activity of Ger minated Pigmented Rice, M eanswith Different L etters
are Significantly Different (p<0.05) Acr oss Rice Samples
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SJ: Superjami, SH: Superhongmi.

levelsof GLPand GIP, leading toimproved glucose tolerance
and reduced postprandial hyperglycemiain diabetic patients
and animal models (Deacon and Holst, 2006). It was
previoudly reported that germination could increase the DPP-

effective method in improving the antihyperglycemic
properties of pigmented rice.

Lipase Inhibitory Activity

4 inhibitory activity in rough rice (Kim et al., 2013). The
enhanced DPP-4 inhibitory activity of pigmented rice after
germination further illustratesthat germination could bean

Thelipaseinhibitory activity washighestin SJand SH rice
(44-48%) and lowest in NB rice (22%) prior to germination
(Figure 4). A significant increase in the enzyme inhibitory
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Figure4: Lipaselnhibitory Activity of Ger minated Pigmented Rice, M eanswith Different L etter sare Significantly
Different (p<0.05) AcrossRice Samples
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Figure5: XanthineOxidaselnhibitory Activity of Ger minated Pigmented Rice, M eanswith Different Letters
are Significantly Different (p<0.05) AcrossRice Samples
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Note: * Indicates significant difference (p<0.05) across germination time, NB: Normal brown rice; HJ: Heukjinjubyeo, KJ: Keunnunjami,
SJ: Superjami, SH: Superhongmi.

activity was observed in all the samples after 2 and 3 days thelipaseinhibitory activity of rough rice after germination.
of germination. On the 3" day of germination, the highest The enzyme lipase isakey digestive enzymethat catalyzes
inhibitory activity was found in KJ and SH rice (63-66%), the breakdown of non-absorbable triglycerides into fatty
followed by SJrice (61%). The NB rice showed the lowest acids and glycerol absorbable by the small intestine
activity (37%). Kimet al. (2013) also reported anincreasein (Hamden et al., 2013). Inhibition of lipase has been shown
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Figure6: Total Phenolic Content of Ger minated Pigmented Rice, M eanswith Different L etter sare Significantly
Different (p<0.05) AcrossRice Samples
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Note: * Indicates significant difference (p<0.05) across germination time, NB: Normal brown rice; HJ: Heukjinjubyeo, KJ: Keunnunjami,

toinhibit fat digestion and absorption, leading to adecrease
in plasmacholesterol and triglyceridelevelsindiabetic rats
(Aloulouetal., 2012).

Xanthine Oxidase Inhibitory Activity

Prior to germination, the KJ and SJ rice showed the highest
xanthine oxidaseinhibitory activity (46-47%), followed by HJ
and SH rice (43%), then NB rice (30%) (Figure5). All rice
samples showed a considerable increase in their inhibitory
activitiesduring germination. However, fromthe 2™to 3 day
of germination, no significant change was observed in the
inhibitory activities in all rice samples. At this stage, the
activitieswere highestin KJand SJrice (60-61%), followed
by HJand SJ(52-53%). TheNB rice showed thelowest activity
(19%). Xanthine oxidase, a superoxide-generating enzyme,
playsamajor roleinthegeneration of freeradicalsin diabetes
(Desco et al., 2002). Itsinhibition has beenfound to decrease
the hyperglycemia-induced oxidative stressin diabetic mice
(Bravard et al., 2011). The increased xanthine oxidase
inhibitory activity observed in pigmented rice, especialy KJ
and SJ, after germination suggests that germination could
improve the antioxidative properties of rice. Germinated
pigmented rice may be beneficial in the suppression of
oxidative stress under hyperglycemic condition.

Total Phenolic Content
The total phenolic content of all the rice samples

significantly increased during germination (Figure 6). The
HJ and SH showed a 55-65% increase of phenolic content
onthe 2™ and 3" day of germination. TheKJand SJ exhibited
the highest phenolic content (488-492 mg GAE/100 grice),
which increased by 88-91% after 3 days of germination. On
the other hand, the phenolic content of NB rice (175 mg
GAE/100grice) only increased by 4-8% during germination.
Past investigations revealed that the phenolic contents in
rice are related mainly to the pericarp color; grains with
darker pericarp color such as black rice has higher phenolic
content than those with lighter color like red and brownrice
(Walter et al., 2013). Germination has been previously shown
to significantly improvethetotal phenolic content of brown
rice(Tianetal., 2004; and Wu et al., 2013). It was reported
that during germination, the cell walls surrounding many
compounds are broken down and the free and bound
phenolics are released, resulting in an increase in total
phenolic content (Kaukovirta-Norjaet al., 2004).

Correlations Between the Enzyme
Inhibitory Activities and Phenolic
Content

Significant positive correlationswere found between the o-
glucosidase (r =0.88), a-amylase (r = 0.93), DPP-4 (r =0.99),
and xanthine oxidase (r = 0.98) inhibitory activities and total
phenolic content. On the other hand, no significant
correlation was observed between the lipase inhibitory
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activity and phenolic content. These findingsindicate that
the phenolics are probably the main components
responsible for the inhibitory activity of the germinated
rice. A number of studies have shown that the enzyme
inhibitory activities of various plant extracts were
dependent of their phenolic content (Dey et al., 2014; and
Mohamed, 2014). Yao et al. (2010) reported that the total
phenolic content was positively correlated with the a-
glucosidase inhibitory activity of pigmented rice.
Pigmented riceisrich in polyphenol anthocyanins (Kim et
al., 2008), which has been shown to possess inhibitory
properties against a-glucosidase and o-amylase
(Mohamed, 2014; and Xiao and Hogger, 2015). Hence, the
substantial increase in the phenolic content of pigmented
rice samples, particularly in KJ and SJ, may have been
responsible for the marked increase in their inhibitory
activities against the enzymes analyzed.

CONCLUSION

Pigmented rice showed greater inhibitory activities against
o-glucosidase, a-amylase, DPP-4, lipase, and xanthine
oxidase compared with the normal brown rice. In general,
inhibition of the enzymes significantly increased with
germination time. Taken together, the inhibitory activities
of therice samplesanalyzed werein the order: Keunnunjami
> Superjami, > Heukjinjubyeo > Superhongmi > norma brown
rice. Theimproved enzymeinhibition activities of pigmented
rice samples is possibly due to the substantial increase in
their total phenolic content during germination. These
findings demonstrate that extracts from germinated
pigmented rice, particularly the blackish purple Kennunjami
and Superjami rice, may be useful as potential inhibitor for
the treatment and management of postprandial
hyperglycemia and diabetes.
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