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Abstract: Women experience physical, mental, and social changes during menopause. It is important
to maintain a healthy diet for effective menopause management. The effect of germinated Superjami,
a deep violet colored rice cultivar, on the body weight, glucose level, antioxidant defense system,
and bone metabolism in a menopausal rat model was investigated. The animals were randomly
divided into three groups and fed with a normal diet (ND), a control diet supplemented with
20% (w/w) non-germinated Superjami flour (NGSF), or germinated Superjami flour (GSF) for eight
weeks. The NGSF and GSF groups exhibited significantly lower body weight and fat, glucose
and insulin contents, adipokine concentrations, and bone resorption biomarker levels, and higher
antioxidant enzyme activities and 17-f3-estradiol content than the ND group (p < 0.05). The GSF
group showed greater glucose homeostasis, antioxidative, and bone metabolism-improving effects
compared with the NGSF group. These findings demonstrate that germination could further improve
the health-promoting properties of Superjami and that this germinated pigmented rice cultivar could
be useful in the treatment and management of menopause-induced hyperglycemia, oxidative stress,
and bone turnover imbalance.
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1. Introduction

Superjami, a newly developed pigmented rice cultivar with a deep violet pericarp, has been
recently shown to have antioxidative, glucose homeostatic, hypolipidemic, and body weight-lowering
effects [1]. Superjami contains high amounts of anthocyanins, such as cyanidin-3-glucoside, which are
known for their strong antioxidant properties [2]. Pigmented rice cultivars, particularly those with a
dark-colored pericarp like Superjami, are rich in phytochemicals, including phenolic and flavonoid
compounds, and have high reducing power and free radical scavenging ability [3,4]. The dietary
consumption of pigmented rice has been associated with improved lipid and glucose profiles, and a
reduced risk of diabetes and cardiovascular disease in both humans and laboratory animals [5,6].

Studies indicate that the nutritional value and health-promoting properties of brown rice can be
enhanced by germination [7,8]. Germinated rice contains larger quantities of bioactive compounds,
including tocopherols, y-oryzanol, phenolic compounds, and y-aminobutyric acid (GABA), than
non-germinated rice [9,10]. Other cereal grains, like oat, wheat, and barley, also exhibit a significant
increase in nutrients and bioactive compounds after germination [11,12]. The process of germination
involves soaking brown rice in water for a few days, which causes the softening of the endosperm
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and breaking down of the cell walls surrounding various compounds, leading to the release of free
and bound materials, and increased nutrient bioavailability [13]. Moreover, dormancy enzymes
are activated during rice germination, resulting in the degradation of large biomolecules and the
production of bioactive substances [14]. Germination has been found to increase the quantity of
antioxidant compounds and enhance the antioxidant capacity of Superjami rice [15]. Further, dietary
supplementation of germinated Superjami rice has been previously shown to ameliorate the lipid
metabolism and reduce the risk of dyslipidemia in menopause animal model [16].

Menopause, which is the permanent cessation of menstruation in women, has been associated
with an increased risk of metabolic disorders and cardiovascular disease [17]. Past studies have
revealed that menopause could cause an increase in the levels of cholesterol, triglyceride, glucose, and
insulin in postmenopausal women due to a lack of ovarian hormones, particularly estrogen [17,18].
The rapid decrease in estrogen during menopause has also been linked with oxidative stress and
advanced osteoporosis, a chronic bone disease characterized by an increased risk of fracture and
loss of bone mineral density [19]. Ovariectomy or removal of the ovaries in experimental animals
imitates estrogen deficiency in women after menopause. Recent studies have demonstrated that
germinated Superjami rice could decrease the lipid levels in ovariectomized rats [16]. The current
study was conducted to further research the potential curative effects of this germinated rice cultivar
against metabolic dysfunction induced by menopause. The study aims to investigate the effect of
germinated and non-germinated Superjami rice on the glucose level, antioxidant defense system, and
bone metabolism in a postmenopausal rat model.

2. Materials and Methods

2.1. Rice Sample Preparations

Unpolished rice grains of Superjami, provided by the Department of Agricultural Science, Korea
National Open University, were grown in Gimje, Jeollabukdo, Korea. To remove dirt that may interfere
with germination, the grains were washed lightly with distilled water three times. Then, 100 g of
grains was evenly distributed in stainless-steel containers (350 mm X 325 mm x 60 mm; width X length
x height) laid with cotton pads sufficiently soaked with distilled water, and subsequently incubated at
28 °C for three days to allow germination. During this time, the grains were checked twice a day for
the absence of fungal infection or odor [20]. The germinated grains were dried at 45 °C for 3 h, to make
fine flour using a grinding machine (SMX-750BH, Shinil Industrial Co., Ltd., Chungcheongnamdo,
Korea), and stored at —20 °C until further analysis. The proximate composition of each rice flour was
analyzed by adopting the Association of Official Analytical Chemists (AOAC) methods for measuring
the contents of crude protein (Kjeldahl method), fat (Soxhlet method), ash (incineration at 525 °C), and
moisture (oven-drying at 105 °C) [21].

2.2. The measurement of Bioactive Compounds

The measurements of y-Oryzanol were taken from 6 mL of methanol with 1 g of rice sample,
using a high-performance liquid chromatography (HPLC) system (1200 Series, Agilent Technologies,
Waldbronn, Germany) equipped with a C18 column. The detection wavelength was set at 330 nm. The
mobile phase consisted of methanol, acetonitrile, dichloromethane, and acetic acid (50:44:3:3, v/v/v/v),
and the flow rate was 1.4 mL /min [22,23]. GABA contents were extracted using 70% ethanol at 10 times
the volume of the sample and were then measured using an amino acid analyzer (L-8900, Hitachi High
Technologies America, Inc., Schaumburg, IL, USA) [24]. Quercetin and ferulic acid were measured
using an Agilent 1200 Series HPLC apparatus, with methanol and 5% acetic acid in water (v/v) as the
mobile phase at a flow rate of 1.0 mL/min. The column temperature was 40 °C, and the detection
wavelength was set at 380 nm [25]. The results are presented in Table 1. All chemicals in this study
were HPLC grade or analytical grade (Merck, Darmstadt, Germany; Sigma—Aldrich, Inc., Steinheim,
Germany).
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Table 1. Proximate compositions and bioactives of Superjami.

Contents Superjami Germinated Superjami
Proximate composition (% dry basis)
Protein 7.21 £0.55 6.75 + 0.87
Fat 2.29 +£0.14 3.34 + 0.68
Ash 1.22 + 0.08 1.19 + 0.09
Moisture 1249 +1.25* 28.96 +3.22
Carbohydrate 76.79 +£3.48* 59.76 + 4.09

Bioactives (ug/g rice)

v-Oryzanol 372.32 £98.21 670.42 + 59.98 *
GABA 427.55 + 35.58 10814.44 + 117.55*
Quercetin 14.52 + 1.33 22.45+221*
Ferulic acid 70.43 £ 6.99 143.57 £ 1595 *

Data are mean + SE. * p < 0.05 Superjami vs. germinated Superjami by paired t-test.

2.3. Animals and Diets

Three-month-old, ovariectomized (OVX) Sprague Dawley rats (n = 30), purchased from Central
Lab (Seoul, Korea) and weighing approximately 230 g each, were individually housed at 25 + 2 °C
and 50% relative humidity under a 12/12-h light-dark cycle. The rats were fed a normal chow diet for
a week of acclimation and were then randomly divided into three dietary groups (n = 10): normal
control diet (ND), and ND diet supplemented with either 20% (w/w) non-germinated Superjami flour
(NGSF) or germinated Superjami flour (GSF). The composition of the experimental diet in each group
is shown in Table 2 and was based on the AIN-93M diet [26]. The animals were allowed free access
to food and water for eight weeks. At the ninth week of the experiment, experimental animals were
given inhalation anesthesia by CO; after 12 h of fasting. Blood samples were collected in tubes coated
with heparin and centrifuged at 1200x g, 4 °C for 10 min in order to obtain the plasma.

Table 2. Diet compositions of animal experimental.

Ingredient (g) ND NGSF GSF
Casein 140 123.52 121
Sucrose 100 100 100
Dextrose 155 155 155
Corn starch 465.69 287.42 294.10
Cellulose 50 50 50
Soybean oil 40 34.76 30.6
Mineral mix 35 35 35
Vitamin mix 10 10 10
L-Cysteine 1.80 1.80 1.80
Choline bitartrate 2.50 2.50 2.50
NGSF 200
GSF 200
Total 1000 1000 1000
Total energy (kcal) 3.8 3.8 3.8

ND, normal diet (AIN-93M); NGSF, ND + non-germinated Superjami flour; GSE, ND + germinated Superjami flour.

The liver, kidney, and white adipose tissues were removed, rinsed with physiological saline,
weighed, frozen in liquid nitrogen immediately, and stored at =70 °C until analysis. This study protocol
was approved by the Ethics Committee of Kyungpook National University Industry Foundation
(approval number 2016-0117).
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2.4. Determination of Glucose, Insulin, and Adipokine Concentrations

The fasting glucose was determined using Accu-Chek Active Blood Glucose Test Strips (Roche
Diagnostics, Berlin, Germany), and the plasma insulin was measured using a Rat Insulin ELISA kit
(MyBioSource, San Diego, CA, USA). Commercial ELISA kits were purchased for assaying the plasma
adipokines: resistin (MyBioSource), leptin (MyBioSource), adiponectin (MyBioSource), and tumor
necrosis factor-a (TNF-o; Fine Test, Wuhan, China).

2.5. Measurement of Antioxidant Enzyme Activities

The hepatic and nephritic enzyme sources were prepared by homogenizing the liver or kidney
(0.3 g) in a buffer solution containing 0.1 M triethanolamine, 0.02 M, and 2 mM dithiothreitol (DTT) [27].
The liver or kidney mixture was then centrifuged at 1000x g, 4 °C for 15 min, and the supernatant was
further centrifuged at 10,000x g, 4 °C for 15 min to remove the mitochondrial fraction. The supernatant
was then ultra-centrifuged at 103,000 g, 4 °C for 1 h to obtain the cytosol supernatant fraction, which
was used for superoxide dismutase (SOD), glutathione peroxidase (GPx), and glutathione reductase
(GR) determinations, and the pellet of microsome, which was used for analyzing the paraoxonase
(PON) activity. The pellet was combined with buffer solution and centrifuged at 12,000x g, 4 °C for 20
min to obtain the mitochondrial fraction, which was used for catalase (CAT) assessment. The protein
content was measured by the Bradford assay [28]. Meanwhile, to measure erythrocyte enzyme activity,
the plasma was removed, and the buffy coat cells were washed three times with physiological saline.

The antioxidnat enzyme activities were measured by spectrophotometric assays. SOD activity
was determined by the inhibition of pyrogallol autoxidation at 420 nm. The mixture (50 mM Tris—-HCl
buffer pH 8.5, 7.3 mM pyrogallol) with cytosol or erythrocyte (90 uL) was reactivated at 25 °C for 10
min, and then the change in absorbance was measured [29]. For evaluating GPx activity, the assay
mixture (0.05 M Tris—-HCl buffer pH 7.2, with 20 mM glutathione, 5 mM NADPH, and 10 mM H,0O,)
was incubated at 25 °C for 5 min, and the decreased absorbance of NADPH was measured when the
glutathione disulfide was reduced by GR and NADPH at 340 nm [30]. CAT activity was determined by
recording the decomposition of HyO, in the reaction mixture (0.05 M potassium phosphate buffer pH
7.4, with the mitochondrial or erythrocyte fraction) at 240 nm for 5 min [31]. GR activity was analyzed
using potassium phosphate buffer (pH 7.4) containing 1 mM EDTA, 1 mM glutathione disulfide,
0.1 mM NADPH, and the cytosol or erythrocyte fraction. Enzyme activity units were expressed as
nmol or pmol oxidized NADPH/min/mg protein or hemoglobin [32]. PON activity was quantified by
measuring the rate of formation of p-nitrophenol via decomposition of paraoxon through the reaction of
100 mM Tris—-HCI buffer (pH 8.0) with the microsome fraction, 2 mM CaCl,, and 15 mM paraoxon [33].

2.6. Analysis of Biochemical Markers of Bone Metabolism

Plasma 17-(3-estradiol was measured using an ELISA test kit (ab108667, Abcam, Cambridge, UK).
Intact parathyroid hormone (PTH; MBS031256), osteocalcin (MBS 728975), N-terminal telopeptide
of type 1 collagen (NTx-1; MBS 727573), and C-terminal telopeptide of type 1 collagen (CTx-1; MBS
9901667) were assayed using commercial ELISA test kits supplied by MyBioSource. Calcium was
measured using a calcium detection assay kit (ab102505) supplied by A bcam.

2.7. Statistical Analysis

All data are presented as the mean + standard error (SE). The data of bioactive compounds were
analyzed by paired t-test, and animal studies were evaluated by one-way analysis of variance, followed
by Tukey’s test using the Statistical Package for Social Sciences software program version 21.0 (SPSS,
Inc., Chicago, IL, USA). Statistical significance was set at p < 0.05.
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3. Results

3.1. Bioactive Compounds

Germinated Superjami showed a significant increase in 'y-oryzanol compared with Superjami,
and a more than two-fold increase in GABA contents. In addition, germinated Superjami exhibited
significantly higher amounts of quercetin and ferulic acid than Superjami.

3.2. Body Weight Gain

The ND group had a significantly higher body weight gain (177 g) and white adipose tissue
weight (3.01 g/100 g body weight) than the rice-fed groups (Table 3). The GSF rats exhibited the lowest
body weight gain (127 g) and body fat weight (2.37 g). There was no significant difference in the feed
intake and energy intake among the animal groups.

Table 3. Body weight gain and adipose tissue weight in ovariectomized rats fed with germinated

Superjami rice flour.

Variable ND NGSF GSF
(n =10) (n=10) (n=10)

Initial body weight (g) 231.02 + 1.65 23248 +1.35 23198 +1.75
Final body weight (g) 40622 £4.53°  384.65+506°  356.25+43272
Body weight gain (g) 177.27 + 6.06 © 155.47 + 3.62 P 127.55 + 4.09 @
White adipose tissue weight (g/100 g body weight) 3.01 £0.13P 257+ 0.112 2.37+£0.182
Feed intake (g/day) 22.88 +1.08 23.45 +0.98 2224 +1.21
Energy intake (kcal/day) 873+211 89.1+ 1.98 86.4+ 2.09
FER 0.04 +0.00 0.03 + 0.00° 0.02 +0.00?

Data are mean + SE. *° Means in the same row not sharing a common superscript are significantly different
at p < 0.05. ND, normal diet (AIN-93M); NGSE, ND + non-germinated Superjami flour; GSF, ND + germinated
Superjami flour; FER, body weight gain/energy intakes per day.

3.3. Glucose, Insulin, and Adipokine Levels

The initial blood glucose level was not significantly different among the animal groups (Table 4).
At the end of the experimental period, the GSF group exhibited markedly lower levels of blood glucose
(101 mg/dL) and plasma insulin (9.14 ng/L) than the other groups. The ND rats showed the highest
glucose (118 mg/dL) and insulin (14.0 ng/L) levels. The amount of plasma adiponectin was significantly
higher in the GSF group (1.09 ng/mL) than the NGSF (0.68 ng/mL) and ND (0.25 ng/mL) groups.
On the contrary, the leptin, resistin, and TNF-o contents were lowest in the GSF group (4.14 ng/mL,
15.2 ng/mL, and 4.48 ug/mL, respectively) and highest in the ND group (4.92 ng/mL, 31.2 ng/mL, and
9.99 nug/mL, respectively).

Table 4. Glucose profile and adipokine content in ovariectomized rats fed with non-germinated

Superjami rice flour or germinated Superjami rice flour.

Variable ND NGSF GSF
(n =10) (n=10) (n=10)
Glucose (mg/dL) 118.54 +0.05 ¢ 106.54 + 1.03 b 101.25 +1.432
Insulin (ng/L) 1398 +0.42°¢ 11.22 £ 0.34 P 9.14 +£0.122
Resistin (ng/mL) 3125+ 031° 2596+ 1.86P 1525+ 1.14 2
Leptin (ng/mL) 492 +0.24° 458 +0222 414+0.112
Adiponectin (ng/mL) 0.25+0.022 0.68 +0.04 P 1.09 +0.08 ¢
Tumor necrosis factor-« (pg/mL) 9.99 £0.58°¢ 7.09 £ 045° 448 +0.322

Data are mean + SE. ° Means in the same row not sharing a common superscript are significantly different at
p < 0.05. ND, normal diet (AIN-93M); NGSE, ND + non-germinated Superjami flour; GSF, ND + germinated
Superjami flour.
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3.4. Antioxidant Enzyme Activities

The activities of hepatic, nephritic, and erythrocyte enzymes SOD, GPx, CAT, GR, and PON were
highest in the GSF-fed animals, followed by the NGSF group, and then the NC group (Table 5). Among
the antioxidant enzymes analyzed, GR had the highest activity in the rice-fed animals, particularly the
GSF group.

Table 5. Activities of antioxidant enzymes in ovariectomized rats fed with non-germinated Superjami
rice flour or germinated Superjami rice flour.

Variable ND NGSF GSF
(n =10) (n=10) (n=10)

Superoxide dismutase 1.37 £0.09 2 2.25+0.02P 418 +0.03°¢
Glutathione peroxidase 1.09 £0.01° 2.08+0.01P 348 +£0.09°¢
Catalase 0.17 £0.002 0.27 +0.02° 0.49 +0.01 ¢
Glutathione reductase 2.01+0532 10.78 +2.13 P 18.59 +£3.11 ¢
Paraoxonase 0.12+0.012 0.26 +£0.01° 0.48 +0.00 €
Nephritic enzymes (nmol/min/mg protein)

Superoxide dismutase 1.25+0.052 1.48 +0.01° 1.51+0.02°
Glutathione peroxidase 0.21 £0.022 0.64 +0.03 P 211+£0.08°¢
Catalase 0.18 £0.01° 0.20 = 0.00® 0.26 +0.00 €
Glutathione reductase 0.89 +0.012 253+011° 457 £0.09 €
Erythrocyte enzymes (umol/min/mg hemoglobin)

Superoxide dismutase 1.94 +£0.002 2.69+0.11° 2.87 +0.09°
Glutathione peroxidase 017 +0.012 0.48 +0.02° 1.06 £ 0.04 €
Catalase 0.16 £0.022 0.38 +0.02° 0.59 £0.01°¢
Glutathione reductase 1.83+£0.012 8.59 +0.21° 11.65 + 0.69 ©

Data are mean + SE. ° Means in the same row not sharing a common superscript are significantly different at
p < 0.05. ND, normal diet (AIN-93M); NGSE, ND + non-germinated Superjami flour; GSF, ND + germinated
Superjami flour.

3.5. Bone Metabolism Biochemical Markers

The 17-3-estradiol level was highest in the GSF group (803 pg/mL) and lowest in the ND group
(562 pg/mL) (Figure 1). On the contrary, the levels of intact PTH, NTx-1, and CTx-1 were lowest in
the GSF group (15.5 pg/mL, 98.2 nmol/L, and 2.85 ng/mL, respectively) and highest in the NC group
(25.0 pg/mL, 206 nmol/L, and 7.04 ng/mL, respectively). The amounts of calcium and osteocalcin were
not significantly different among the groups.
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Figure 1. Biomarkers of bone metabolism in ovariectomized rats fed with non-germinated Superjami
rice flour or germinated Superjami rice flour. Error bars correspond to the standard error of the mean.
Means not sharing a common superscript are significantly different at p < 0.05. ND, normal diet
(AIN-93M); NGSE, ND + non-germinated Superjami flour; GSF, ND + germinated Superjami flour; PTH,
parathyroid hormone; NTx-1, N-terminal telopeptide of type 1 collagen; CTx-1, C-terminal telopeptide
of type 1 collagen. NS, not significantly different; * Means not sharing a common superscript are
significantly different among the group at p < 0.05.

4. Discussion

The absence of estrogen in postmenopausal women is known to promote metabolic disorders and
increase the risk of dyslipidemia, diabetes, obesity, and osteoporosis [17,19]. OVX rats, which mimic the
estrogen-deficient condition in women, have been widely used in examining the physiological changes
caused by menopause and the potential treatment approaches that could prevent menopause-induced
metabolic dysfunctions. In the current study, the effects of dietary feeding of germinated Superjami, a
new deep-violet rice cultivar, on the body weight, glucose and adipokine levels, antioxidant enzyme
activities, and bone metabolism in OV X rats were determined. Results showed that both the germinated
and non-germinated Superjami rice flour significantly decreased the body weight gain, body fat,
glucose and insulin levels, and adipokine concentrations and markedly improved the antioxidant
defense system and bone metabolism in OVX rats. A previous study also revealed that Superjami rice
has strong glucose homeostasis and antioxidative effects in high fat-fed mice [1]. Ethanolic extracts from
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Superjami rice bran have reduced the body weight and improved the glucose and lipid metabolisms in
OVXrats as well [34]. Likewise, other pigmented rice varieties have decreased the body weight and
glucose level and enhanced the antioxidant status in laboratory animals and human subjects [5,6].

The present study revealed that the germinated Superjami has greater body weight-lowering
effect, glucose homeostasis and antioxidative activities, and bone metabolism-improving properties
than the non-germinated sample. Germinated cereal grains have substantially higher nutrient content
and bioactive compounds than their non-germinated counterparts [9-11]. This trend can be attributed
to the release of free and bound materials resulting from the degradation of cell walls and activation
of dormant enzymes involved in the synthesis of bioactive compounds during germination [14].
Germination significantly increased the amounts of y-oryzanol, GABA, and phenolic compounds,
such as quercetin and ferulic acid, in Superjami rice. The GABA content, in particular, increased by
25-fold after germination. These observations are consistent with a substantial increase in GABA,
quercetin, and y-oryzanol contents in pigmented rice after germination [10,24]. GABA, which is
the component generated the most during germination, possesses various physiological effects,
including anti-obesity, antidiabetic, and hypolipidemic [9,35]. y-Oryzanol, tocopherol, tocotrienol, and
phenolic compounds, such as ferulic acid, are antioxidant compounds that also have anti-obesity and
anti-diabetic properties [24,36,37]. It could be that the improved glucose homeostasis, antioxidative,
and body weight-lowering effects observed in the GSF group relative to NGSF rats occurred because of
the increased amounts of bioactive compounds in germinated Superjami rice.

The reduction in blood glucose and insulin levels observed in rice-fed rats, particularly the
GSF group, might have been associated with mechanisms involving the elevation of adiponectin
concentration and decrease in leptin, resistin, and TNF-« levels in these animals. Adiponectin induces
insulin-sensitizing effects, and its increased concentration could improve insulin sensitivity and glucose
tolerance [38]. Moreover, an earlier study indicated that an enhanced level of adiponectin could protect
women from developing diabetes after menopause [39]. The adipokines leptin, resistin, and TNF-« are
also involved in glucose metabolism, but unlike adiponectin, their elevated levels are associated with
the development of diabetes and obesity [38,40].

Antioxidant enzymes, such as SOD, GPx, CAT, GR, and PON, function as free radical-quenchers
and they are part of a highly complex antioxidant defense system that is responsible for the regulation of
oxidative stress [41]. In the present study, the activities of these antioxidant enzymes were substantially
higher in Superjami rice-fed rats, especially the GSF group, compared with that of the control
group, indicating a significant improvement in the antioxidant defense system, reducing the risk of
ovariectomy-induced oxidative damage in rats fed with Superjami. SOD enzymatically transforms
superoxide radicals into HyO,, which is then converted by GPx and CAT enzymes into non-toxic
products [42]. GR enzyme transforms oxidized glutathione into reduced glutathione, an antioxidant [43],
while PON enzyme reduces lipid peroxides and hydrolyzes oxidized phospholipids [44]. Superjami
rice is rich in natural antioxidants, and germination further increases the amount of these antioxidant
compounds, which may have been responsible for the enhanced antioxidant defense status in OVX
rats [15]. Studies have shown that Superjami rice inhibited oxidative stress and enhanced the
antioxidant enzyme activities in high fat-fed mice and that its antioxidant capacity markedly increased
after germination [1,15].

The lack of estrogen in postmenopausal women could cause an imbalance between bone formation
and resorption, which then results in a rapid rate of bone loss and increased bone fragility [19,45]. The
relatively high amount of 17-f3-estradiol, the most potent form of estrogen, found in the GSF group
indicates that the germinated Superjami could suppress the ovariectomy-induced reduction of estrogen
in OVX rats. The hormone 17-3-estradiol has been shown to decrease the rate of bone turnover and
inhibit bone loss in postmenopausal women [46,47]. The levels of intact PTH, NTx-1, and CTX-1, which
are biochemical markers of bone resorption, significantly decreased in the NGSF and GSF groups
relative to the control group, suggesting reduced bone turnover and an improved bone metabolism in
these animals. Oxidative stress plays a major role in the pathogenesis of osteoporosis [48,49]. Reactive
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oxygen specs (ROS) not only affect the maintenance and change in osteoblasts, osteoclasts, and bone
mineral density, but also have a major contributory role in reducing bone resorption and bone mass, so
increased antioxidant enzymes can alleviate osteoporosis in menopausal women [50]. Notably, the
decrease in estrogen after menopause is highly correlated with ROS-induced osteoporosis [51].
Dietary antioxidants have been found to prevent bone loss in both OVX animal models and
postmenopausal women and have been suggested as a potential treatment against osteoporosis [52-54].
Hence, the strong antioxidative property of Superjami rice, particularly the germinated grain, may have
been partly responsible for the improved bone metabolism observed in the NGSF and GSF groups.

5. Conclusions

The dietary feeding of non-germinated and germinated Superjami rice powder markedly reduced
the body weight, glucose and insulin concentrations, adipokine contents, and bone resorption
biomarker levels and increased the antioxidant enzyme activities and 17-f3-estradiol content in OVX
rats. Germination for three days substantially increased the quantity of bioactive compounds, such
as GABA, y-oryzanol, quercetin, and ferulic acid, in Superjami, which could have been responsible
for the greater glucose homeostasis, antioxidative, and bone metabolism-improving effects observed
in the GSF group compared to those of the NGSF rats. Germinated Superjami may have potential
beneficial effects in the treatment and control of postmenopausal hyperglycemia, oxidative damage,
and increased bone turnover.

Author Contributions: Conceptualization, M.Y.K. and S.I.C.; methodology, M.Y.K,, S.I.C. and T.-h.H.; formal
analysis, S.I.C. and T.-h.H.; writing—original draft preparation, S.I.C.; writing—review and editing, S.I.C. and
M.Y.K,; supervision, M.Y.K.

Funding: This work was conducted by the National Research Foundation of Korea funded (NRF) by the Ministry
of Education (NRF-2017R1D1A1A09000790) and Cooperative Research Program for Agriculture Science and
Technology Development (Project number. PJ01314), Rural Development Administration, Republic of Korea.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Bae, H]J,; Rico, C.W,; Ryu, S.N.; Kang, M.Y. Hypolipidemic, hypoglycemic and antioxidantive effects of a new
pigmented rice cultivar “Superjami” in high fat-fed mice. . Korean Soc. Appl. Biol. Chem. 2014, 57, 685-691.
[CrossRef]

2. Kwon, SW.; Chu, S.H.; Han, S.J.; Ryu, S.N. A new rice variety ‘Superjami’ with high content of cyanidin
3-glucoside. Korean |. Breed. Sci. 2011, 43, 196-200.

3. Kang, M.Y; Rico, C.W.; Bae, H].; Lee, S.C. Antioxidant capacity of newly developed pigmented rice cultivars
in Korea. Cereal Chem. 2013, 90, 497-501. [CrossRef]

4. Deng, G.F; Xu, X.R,; Zhang, Y.; Li, D.; Gan, R.Y.; Li, H.B. henolic compounds and bioactivities of pigmented
rice. Crit. Rev. Food Sci. Nutr. 2013, 53, 296-306. [CrossRef] [PubMed]

5. Ling, W.H.; Cheng, Q.X; Ma, J.; Wang, T. Red and black rice decrease atherosclerotic plaque formation and
increase antioxidant status in rabbits. J. Nutr. 2001, 131, 1421-1426. [CrossRef] [PubMed]

6.  Shimoda, H.; Aitani, m.; Tanaka, J.; Hitoe, S. Purple rice extract exhibits preventive activities on experimental
diabetes models and human subjects. J. Rice Res. 2015, 3, 137. [CrossRef]

7. Mohd Esa, N.; Abdul Kadir, K.K.; Amom, Z.; Azlan, A. Antioxidant activity of white rice, brown rice and
germinated brown rice (in vivo and in vitro) and the effects on lipid peroxidation and liver enzymes in
hyperlipidaemic rabbits. Food Chem. 2013, 141, 1306-1312. [CrossRef]

8. Wu, E; Yang, N.; Toure, A; Jin, Z.; Xu, X. Germinated brown rice and its role in human health. Crit. Rev.
Food Sci. Nutr. 2013, 53, 451-463. [CrossRef]

9. Cho, D.H,; Lim, S5.T. Germinated brown rice and its bio-functional compounds. Food Chem. 2016, 196, 259-271.
[CrossRef]

10. Ng, L.T.; Huang, S.H.; Chen, Y.T.; Su, C.H. Changes of tocopherols, tocotrienols, y-oryzanol, and
y-aminobutyric acid levels in the germinated brown rice of pigmented and nonpigmented cultivars.
J. Agric. Food Chem. 2013, 61, 12604-12611. [CrossRef]


http://dx.doi.org/10.1007/s13765-014-4095-z
http://dx.doi.org/10.1094/CCHEM-09-12-0114-R
http://dx.doi.org/10.1080/10408398.2010.529624
http://www.ncbi.nlm.nih.gov/pubmed/23216001
http://dx.doi.org/10.1093/jn/131.5.1421
http://www.ncbi.nlm.nih.gov/pubmed/11340093
http://dx.doi.org/10.4172/2375-4338.1000137
http://dx.doi.org/10.1016/j.foodchem.2013.03.086
http://dx.doi.org/10.1080/10408398.2010.542259
http://dx.doi.org/10.1016/j.foodchem.2015.09.025
http://dx.doi.org/10.1021/jf403703t

Nutrients 2019, 11, 2184 10 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hubner, F.; Arendt, E.K. Germination of cereal grains as a way to improve the nutritional value: A review.
Crit. Rev. Food Sci. Nutr. 2013, 53, 853-861. [CrossRef] [PubMed]

Nelson, K.; Stojanovska, L.; Vasiljevic, T.; Mathai, M. Germinated grains: A superior whole grain functional
food? Canadian J. Physiol. Pharmacol. 2013, 91, 429-441. [CrossRef] [PubMed]

Patil, S.B.; Khan, M.K. Germinated brown rice as a value added rice product: A review. J. Food Sci. Technol.
2011, 48, 661-667. [CrossRef] [PubMed]

Moongngarm, A.; Saetung, N. Comparison of chemical compositions andbioactive compounds of germinated
rough rice and brown rice. Food Chem. 2010, 122, 782-788. [CrossRef]

Chung, S.I; Lo, LM.P,; Kang, M.Y. Effect of germination on the antioxidant capacity of pigmented rice (Oryza
sativa L. cv. Superjami and Superhongmi). Food Sci. Technol. Res. 2016, 22, 387-394. [CrossRef]

Lo, LM.P; Kang, M.Y.; Yi, S.J.; Chung, S.I. Dietary supplementation of germinated pigmented rice (Oryza
sativa L.) lowers dyslipidemia risk in ovariectomized Sprague-Dawley rats. Food Nutr. Res. 2016, 60, 300092.
[CrossRef] [PubMed]

Carr, M.C. The emergence of the metabolic syndrome with menopause. J. Clin. Endocrinol. Metab. 2003, 88,
2404-2411. [CrossRef] [PubMed]

Otsuki, M.; Kasayama, S.; Morita, S.; Asanuma, N.; Saito, H.; Mukai, M.; Koga, M. Menopause, but not age,
is an independent risk factor for fasting plasma glucose levels in nondiabetic women. Menopause 2007, 14,
404-407. [CrossRef] [PubMed]

Ji, M.X; Yu, Q. Primary osteoporosis in postmenopausal women. Chronic Dis. Transl. Med. 2015, 1, 9-13.
[CrossRef]

Wu, E; Chen, H; Yang, N.; Wang, J.; Duan, X.; Jin, Z.; Xu, X. Effect on germination time on physicochemical
properties of brown rice flour and starch from different rice cultivars. J. Cereal Sci. 2013, 58, 263-271.
[CrossRef]

Association of Official Analytical Chemists Inc. AOAC Official Methods of Analysis; Association of Official
Analytical Chemists Inc.: Arlington, VA, USA, 2003.

Konwachara, T.; Ahromrit, A. Effect of cooking on functional properties of germinated black glutinous rice
(KKU-URLO012). Songklanakarin |. Sci. Technol. 2014, 36, 283-290.

Banchuen, J.; Thammarutwasik, P.; Ooraikul, B.; Wuttijumnong, P.; Sirivongpaisal, P. Increasing the bio-active
contents by optimizing the germination conditions of southern Thai brown rice. Songklanakarin J. Sci. Technol.
2010, 32, 219-230.

Islam, M.A.; Becerra, J.X. Analysis of chemical components involved in germination process of rice variety
Jhapra. J. Sci. Res. 2012, 4, 251-262. [CrossRef]

Su, T.; Kozo, N.; Hiroshi, K. Analysis of phenolic compounds in white rice, brown rice, and germinated
brown rice. J. Agric. Food Chem. 2004, 52, 4808-4813.

American Institute of Nutrition. Report of ad hoc committee on standards for nutritional studies. J. Nutr.
1977, 107, 1340-1347. [CrossRef] [PubMed]

Hulcher, EH.; Oleson, W.H. Simplified spectrophotometric assay for microsomal 3-hydroxy-3-methylglutaryl
CoA reductase by measurement of coenzyme A. J. Lipid Res. 1973, 14, 625-631. [PubMed]

Bradford, M.M. A rapid sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal. Biochem. 1976, 72, 248-254. [CrossRef]

Marklund, S.; Marklund, G. Involvement of the superoxide anion radical in the autoxidation of pyrogallol
and convenient assay for superoxide dismutase. Eur. ]. Biochem. 1974, 47, 469-474. [CrossRef]

Paglia, E.D.; Valentine, W.N. Studies on quantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J. Lab. Clin. Med. 1967, 70, 158-169.

Aebi, H. Catalase. In Method of Enzymatic Analysis; Bergmeyer, H.U., Ed.; Academic Press: New York, NY,
USA, 1974; Volume 2, pp. 673-684.

Mize, C.E.; Langdon, R.G. Hepatic glutathione reductase, purification and general kinetic properties. J. Biol.
Chem. 1952, 237, 1589-1595.

Mackness, ML.L; Arrol, S.; Durrington, PN. Paraoxonase prevents accumulation of lipoperoxides in low-density
lipoprotein. FEBS Lett. 1991, 286, 152-154. [CrossRef]

Nam, S.J.; Chung, S.I; Ryu, S.N.; Kang, M.Y. Effect of bran extract from pigmented rice Superjami on the
lipid and glucose metabolisms in postmenopause-like model of ovariectomized rats. Cereal Chem. 2016, 94,
424-429. [CrossRef]


http://dx.doi.org/10.1080/10408398.2011.562060
http://www.ncbi.nlm.nih.gov/pubmed/23768147
http://dx.doi.org/10.1139/cjpp-2012-0351
http://www.ncbi.nlm.nih.gov/pubmed/23746040
http://dx.doi.org/10.1007/s13197-011-0232-4
http://www.ncbi.nlm.nih.gov/pubmed/23572802
http://dx.doi.org/10.1016/j.foodchem.2010.03.053
http://dx.doi.org/10.3136/fstr.22.387
http://dx.doi.org/10.3402/fnr.v60.30092
http://www.ncbi.nlm.nih.gov/pubmed/27032671
http://dx.doi.org/10.1210/jc.2003-030242
http://www.ncbi.nlm.nih.gov/pubmed/12788835
http://dx.doi.org/10.1097/01.gme.0000247014.56254.12
http://www.ncbi.nlm.nih.gov/pubmed/17213751
http://dx.doi.org/10.1016/j.cdtm.2015.02.006
http://dx.doi.org/10.1016/j.jcs.2013.06.008
http://dx.doi.org/10.3329/jsr.v4i1.7598
http://dx.doi.org/10.1093/jn/107.7.1340
http://www.ncbi.nlm.nih.gov/pubmed/874577
http://www.ncbi.nlm.nih.gov/pubmed/4147523
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1111/j.1432-1033.1974.tb03714.x
http://dx.doi.org/10.1016/0014-5793(91)80962-3
http://dx.doi.org/10.1094/CCHEM-04-16-0112-R

Nutrients 2019, 11, 2184 11 of 11

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Zhang, L.; Hu, P; Tang, S.; Zhao, H.; Wu, D. Comparative studies on major nutritional components of rice
with a giant embryo and a normal embryo. . Food Biochem. 2005, 29, 653—-661. [CrossRef]

Goufo, P; Trindade, H. Rice antioxidants: Phenolic acids, flavonoids, anthocyanins, proanthocyanidins,
tocopherols, tocotrienols, y-oryzanol, and phytic acid. Food Sci. Nutr. 2014, 2, 75-104. [CrossRef] [PubMed]
Son, M.].; Rico, C.W.; Nam, S.H.; Kang, M.Y. Effect of oryzanol and ferulic acid on the glucose metabolism of
mice fed with high fat diet. J. Food Sci. 2011, 76, H7-H10. [CrossRef] [PubMed]

Jung, U.].; Choi, M.S. Obesity and its metabolic complications: The role of adipokines and the relationship
between obesity, inflammation, insulin resistance, dyslipidemia and nonalcoholic fatty lover disease. Int. ].
Mol. Sci. 2014, 15, 6184-6223. [CrossRef] [PubMed]

Darabi, H.; Raeisi, A.; Kalantarhormozi, M.R.; Ostovar, A.; Assadi, M.; Asadipooya, K.; Vahdat, K,;
Dobaradaran, S.; Nabipour, I. Adiponectin as protective factor against progression toward type 2 diabetes
mellitus in postmenopausal women. Medicine 2015, 94, e1347. [CrossRef]

Steppan, C.M.; Bailey, S.T.; Bhat, S.; Brown, E.J.; Banerjee, RR.; Wright, C.M.; Patel, H.R.; Ahima, R.S;;
Lazar, M.A. The hormone resistin links obesity to diabetes. Nature 2001, 409, 307-312. [CrossRef]

Brawn, K.; Fridovich, I. Superoxide radical and superoxide dismutases: Threat and defense. Acta Physiol.
Scand. Suppl. 1980, 492, 9-18.

Reiter, RJ.; Tan, D.; Burkhardt, S. Reactive oxygen and nitrogen species and cellular and organismal
decline:amelioration with melatonin. Mech. Aging Dev. 2002, 123, 1007-1019. [CrossRef]

Mullineaux, PM.; Creissen, G.P. Glutathione reductase: Regulation and role in oxidative stress. In Oxidative
Stress and the Molecular Biology of Antioxidant Defenses; Scandalios, ].G., Ed.; Cold Spring Harbor Laboratory
Press: New York, NY, USA, 1997; pp. 667-713.

Ng, CJ.; Shih, D.M.; Hama, S.Y.; Villa, N.; Navab, M.; Reddy, S.T. The paraoxonase gene family and
atherosclerosis. Free Radic. Biol. Med. 2005, 38, 153-163. [CrossRef]

Seibel, M.]J. Biochemical markers of bone turnover part II: Clinical applications in the management of
osteoporosis. Clin. Biochem. Rev. 2006, 27, 123-138. [PubMed]

Curran, M.P.,; Wagstaff, A.J. Spotlight on estradiol and norgestimate as hormone therapy in postmenopausal
women. Treat. Endocrinol. 2002, 1, 127-129.

Greenwald, M.W.; Gluck, O.S.; Lang, E.; Rakov, V. Oral hormone therapy with 17beta-estradiol and
17beta-estradiol in combination with norethindrone acetate in the prevention of bone loss in early
postmenopausal women: Dose-dependent effects. Menopause 2005, 12, 741-748. [CrossRef]

Sendur, O.F,; Turan, Y.; Tastaban, E.; Serter, M. Antioxidant status in patients with osteoporosis: A controlled
study. Joint Bone Spine 2009, 76, 514-518. [CrossRef] [PubMed]

Grassi, F; Tell, G.; Robbie-Ryan, M.; Gao, Y.; Terauchi, M.; Yang, X.; Romanello, M.; Jones, D.P;
Weitzmann, M.N.; Pacifici, R. Oxidative stress causes bone loss in estrogen-deficient mice through enhanced
bone marrow dendritic cell activation. PNAS 2007, 104, 15087-15092. [CrossRef]

Zhang, Y.B.; Zhong, Z.M.; Hou, G.; Jiang, H.; Chen, ].T. Involvement of oxidative stress in age-related bone
loss. J. Surg. Res. 2011, 169, e37—e42. [CrossRef] [PubMed]

Cervellati, C.; Bonaccorsi, G.; Cremonini, E.; Bergmini, C.M.; Patella, A.; Castaldini, C. Bone mass density
selectively correlates with serum markers of oxidative damage in post menopausal women. Clin. Chem. Lab.
Med. 2012, 51. [CrossRef]

De Franca, N.A.; Camargo, M.B.; Lazaretti-Castro, M.; Martini, L.A. Antioxidant intake and bone status in a
cross-sectional study of Brazilian women with osteoporosis. Nutr. Health 2013, 22, 133-142. [CrossRef]
Muhammad, N.; Luke, D.A.; Shuid, A.N.; Mohamed, N.; Soelaiman, L.N. Tocotrienol supplementation in
postmenopausal osteoporosis: Evidence from a laboratory study. Clinics 2013, 68, 1338-1343. [CrossRef]
Sheweita, S.A.; Khoshhal, K.I. Calcium metabolism and oxidative stress in bone fractures: Role of antioxidants.
Curr. Drug. Metab. 2007, 8, 519-525. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1111/j.1745-4514.2005.00039.x
http://dx.doi.org/10.1002/fsn3.86
http://www.ncbi.nlm.nih.gov/pubmed/24804068
http://dx.doi.org/10.1111/j.1750-3841.2010.01907.x
http://www.ncbi.nlm.nih.gov/pubmed/21535685
http://dx.doi.org/10.3390/ijms15046184
http://www.ncbi.nlm.nih.gov/pubmed/24733068
http://dx.doi.org/10.1097/MD.0000000000001347
http://dx.doi.org/10.1038/35053000
http://dx.doi.org/10.1016/S0047-6374(01)00384-0
http://dx.doi.org/10.1016/j.freeradbiomed.2004.09.035
http://www.ncbi.nlm.nih.gov/pubmed/17268581
http://dx.doi.org/10.1097/01.gme.0000184425.73567.12
http://dx.doi.org/10.1016/j.jbspin.2009.02.005
http://www.ncbi.nlm.nih.gov/pubmed/19464221
http://dx.doi.org/10.1073/pnas.0703610104
http://dx.doi.org/10.1016/j.jss.2011.02.033
http://www.ncbi.nlm.nih.gov/pubmed/21529826
http://dx.doi.org/10.1515/cclm-2012-0095
http://dx.doi.org/10.1177/0260106014563445
http://dx.doi.org/10.6061/clinics/2013(10)08
http://dx.doi.org/10.2174/138920007780866852
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Rice Sample Preparations 
	The measurement of Bioactive Compounds 
	Animals and Diets 
	Determination of Glucose, Insulin, and Adipokine Concentrations 
	Measurement of Antioxidant Enzyme Activities 
	Analysis of Biochemical Markers of Bone Metabolism 
	Statistical Analysis 

	Results 
	Bioactive Compounds 
	Body Weight Gain 
	Glucose, Insulin, and Adipokine Levels 
	Antioxidant Enzyme Activities 
	Bone Metabolism Biochemical Markers 

	Discussion 
	Conclusions 
	References

