
Food Sci Nutr. 2021;9:781–793.	﻿�    |  781www.foodscience-nutrition.com

1  | INTRODUC TION

Rice (Oryza sativa L.) is one of the most important cereal grains 
and staple food for over half of the world's population (Ghosh 
et  al.,  2019). However, under the impacts of climate change, the 

world's agriculture has faced a serious decline within this cen-
tury and individual developing countries face even larger declines 
(Bhattacharya, 2019). Many previous studies have shown that the 
continuous intake of germinated brown rice (GBR) helps to pre-
vent diabetes in healthy human subjects (Ren et  al.,  2020) and 
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Abstract
This study aimed to discover whether using maltogenic amylase (MAse) to modify 
starch in germinated brown rice flour may enhance slow digestion starch and release 
more bioactive compounds (BCs) content. To achieve this aim, the starch was modi-
fied with four levels of MAse (0 U, 133 U, 266 U and 399 U MAse/g flour) for 1 hr at 
pH 5 and then spray-dried to make modified flour. The biochemical impacts of the 
products were then accessed in normal and type 2 diabetic mice for 4 weeks. The 
result showed that when the starch was modified by MAse 266 U/g, a significant 
reduction of rapidly digested starch to 22.35% from 61.56%, an increase in slowly 
digested starch to 33.09% while resistant starch as 2.92% corresponding to the in-
crease of γ-amino butyric acid to 528.1 ± 44.1 mg/L and 120.6 ± 10.9 mg/L of ferulic 
acid. The extract from modified flour showed very strong cytotoxic activity against 
HepG2 cell (>80% inhibition). The result in vivo showed that the type-2 diabetic mice 
fed with this modified product could better improve the stability of the glycemic 
index. Also, atherosclerotic plaque assessment further supports these findings. The 
results indicated that BCs released considerably couple with the changes in starch 
properties caused by MAse enhanced the effectiveness of this product to diabetes 
as well as positive effect on cytotoxic activity against HepG2 cell.
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free-living patients with impaired fasting glucose or type 2 diabetes 
(Hsu et al., 2008). As a result, GBR is known as a functional food with 
plenteously bioactive components, which increased significantly in-
cluding γ-butyric acid (GABA), ferulic acid (FA), γ-oryzanol (GORZ), 
and several phenolic acids (Cho & Lim, 2016) with a positive effect 
on human health and positive cytotoxic activity against human he-
patocellular adenocarcinoma cell (HepG2 cell) (Imam & Ismail, 2013). 
According to Balasubashini et al. (2003), FA had a beneficial effect in 
lowering the blood pressure in streptozotocin-induced diabetic rats. 
Besides, GABA was reported to modulate the immune response by 
inhibiting pro-inflammatory CD4 + T-cell responses, modulating the 
cytotoxicity of CD8 + T cells in vitro and inhibiting cell autoimmunity 
and inflammatory responses in a mouse model of type-1 diabetes 
(Tian et al., 2004). Usuki et al.  (2008) also found that the acylated 
steryl glucoside (ASG) in GBR can help to control blood sugar levels 
in diabetic patients by increasing the levels of beneficial enzymes. As 
suggested by Roohinejad et al. (2010), the antihypercholesterolemic 
effect of GORZ is partial due to its sterol moiety, which is partly 
splitted off from the FA part in the small intestine by cholesterol 
esterase. Some studies about the development of various food prod-
ucts from GBR are carried out, such as GBR-based flour, yogurt-like 
product (Cáceres et al., 2019; Lee et al., 2019). However, there is still 
no report about the effects of the product on diabetes and HepG2 
cell from these studies. GBR is considered a gluten-free functional 
food owing to its good digestion and absorption properties (Lee 
et al., 2019). Although the germination process reduced sugar, as we 
all know that, starch is still the major component that accounts for 
77.7% in GBR (dry weight basis) (Moongngarm, 2011). The long-term 
consumption of fast digestible products may contribute to promote 
human diseases such as type 2 diabetes, cardiovascular disease, and 
obesity (Lovegrove et al., 2017). Therefore, a new treatment which is 
modified starches has emerged in order to obtain healthier carbohy-
drates such as slowly digestible starches (SDS), resistant starch (RS) 
and rapidly digestible starches (RDS) through the applications of dif-
ferent enzymes and techniques—physical or chemical modification 
(Román et al., 2017). In order to process functional products from 
GBR, studies on increasing the rate of resistant starch from GBR are 
needed. This is the basis for bioactive compounds to take effect in 
processed products.

Enzymatic modification is the most desirable and green method 
since it possesses higher substrate selectivity and product specific-
ity, fewer harmful by-products (Román et al., 2017). Among several 
enzymes, maltogenic amylase (MAses) (EC 3.2.1.133) has gained so 
much attention due to their industrial applications, including baking 
industry and starch conversion applications as anti-staling agent for 
increasing shelf life, synthesis of noncarcinogenic sweeteners, syn-
thesis of novel carbohydrates, and the development of new drugs for 
the treatment of obesity, hyperlipidemia, dental caries, and diabe-
tes, as well as changing its rheological properties and enhancing its 
oxidative stability (Bae et al., 2002; Haghighat-Kharazi et al., 2020). 
Several authors have reported that using MAse in order to slow 
down the digestion of starches or flours are via the catalytic mech-
anism including (i) increasing the ratio of short chains; (ii) increasing 

amounts of α,1–6 linkages for smaller chains and a higher branching 
which helps to slow down the digestion of starches; (iii) increasing 
prebiotic isomaltooligosaccharide contents (Ao et al., 2007; Román 
et al., 2017). Therefore, this study investigated the effects of MAse 
on MGBRF and BCs release with possible health benefits on normal 
and diabetic mice fed with the diet as well as on cytotoxic capacity 
on HepG2 cell.

2  | MATERIAL S AND METHODS

2.1 | Chemicals

The GABA, FA, GORZ, enzymes such as MAse (Amylase, Maltogenic 
from Bacillus sp.; declared activity ≥ 10,000 MANU/g product; code 
A2986), Invertase (Invertase from baker's yeast (S. cerevisiae)-Grade 
VII; enzyme activity ≥ 300 units/mg product; code I4504), Arabinose 
(product number W325501), and 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) standards were obtained from Sigma-Aldrich Chemical. All 
the solvents used in the experiments, 4-dimethyl aminoazoben-
zene-4-sulfonyl chloride, 5-sulfosalicylic acid dihydrate are ana-
lytical reagents, or HPLC grade and were purchased from Merck, 
Fisher and J.T.Baker-Mallinckrodt Baker Chemical. At once, gluco-
seamylase (Attenuzyme® Core, glucan 1,4-alpha-glucosidase from 
Aspergillus niger; declared activity 1,600 AGU/g liquid), alpha-amyl-
ase (Termamyl® 120 L from a genetically-modified strain of Bacillus 
licheniformis) of Novozymes (Novozymes A/S). Sulforhodamine B 
(SRB) from Sigma and other chemicals with purity level for the study 
were provided by CEMACO joint-stock company.

2.2 | Preparation of GBR nonmodified flour

The paddy rice IR 50,404 variety was received in Cuu Long Delta 
Rice Research Institute in Can Tho city, Vietnam and stored at the 
temperature of 20 ± 2°C) and dehusked (Mini Paddy Husker, model 
STHU-35S, Satake) to brown rice; then, the rice seeds were soaked 
in a buffer solution with pH 4 (Na2HPO4.12H2O and citric acid) and 
0.6% glutamic acid and incubated in an incubator (SANYO MCO-5AC 
Incubator) which had a maximum yield of 0.5 kg/batch at a tempera-
ture of 37°C with 24 hr incubation period. Thereafter, the GBR was 
dried at 60°C for 4 hr and milled into flour, packaged and stored at 
−18°C for use in the experiments.

2.3 | Modification of starch in GBR using MAse and 
making MGBRF

The GBR-based flour was weighed in Erlen and buffer of pH = 5 in 
each flask (0.1 M Disodium hydrogen phosphate dodecahydrate; 
0.1  M Citric acid monohydrate), was added to achieve a mix-
ture of 20% substrate, and then stirred well. The sample flasks 
were heated to 80–85⁰C in a boiling water tank with 90–95⁰C 
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temperature to gelatinize the starch. After 20  min, the samples 
were cooled down and incubated in the water bath set at 60⁰C. 
The addition of enzymes to the corresponding labeled Erlen with 
0 U, 133 U, 266 U, and 399 U MAse/g dry weight of GBR-based 
flour, respectively, was performed after having a thermal balance 
between inside and outside. The incubation times were 0 and 1 hr. 
Subsequently, the samples were filtered through a curtain cloth to 
get the soluble components and to remove residue before analy-
sis, then stored at −18⁰C for further analysis of BCs and digestibil-
ity indexes of starch. The remaining samples were dried by Spray 
Dryers (LabPlant-SD 06, UK) to get MGBRF and then stored at 
−21°C in the freezer, Sanaky, Vietnam.

2.4 | Effect of MGBRF extract on cytotoxic activity 
against HepG2 cell

The cytotoxic activity against HepG2 cell was done following the 
method of Skekan et al.  (1990). Briefly, the MGBRF was extracted 
with two ratios with water as 1:5 and 1:10 (w/v) at 60°C for 15 min. 
After that the sample was mixed and centrifuged at 16,000 g. The 
supernatant was filtrated through 0.2 μm membrane before treated 
with HepG2 cell. In order to test the cytotoxic activity against 
HepG2 cell, 40 µl of sample was mixed with 60 µl of DI water (C1), 
diluted to 5 times (C2) (=C1/5), C3(=C2/5) and C4 (=C3/5) and then 
put all samples into wells of 96-well plates (Corning, USA) containing 
HepG2 cell (6,000 cell/well). The mixture was incubated for 48 hr 
by ELISA Plate Reader (Bio-Rad). After 48 hr, the cells were fixed by 
TCA for 1 hr to stop reaction, stained with sulforhodamine B (SRB) 
for 30 min at 37°C, washed 3 times with acetic acid, and allowed to 
dry at room temperature. Read OD results at 515–540 nm on ELISA 
Plate Reader (Bio-Rad). The percentage inhibiting cell growth in the 
presence of the test substance was determined. For control, TBUT 
(180 µl) was used as the control for day 0. Ellipticine was used as 
a positive control with 4 levels (10  μg/ml, 2  μg/ml, 0.4  μg/ml and 
0.08 μg/ml). 10% DMSO is always used as a negative control. The 
sample determined as a positive effect on cytotoxic activity against 
HepG2 cell when the inhibition level was higher than 50% of inhibi-
tion of HepG2 cell.

2.5 | Extraction and analysis of GABA by HPLC

The GABA was separated and analyzed by the method of 
Banchuen et  al.  (2010) with slight modifications. Adding 1  ml of 
liquid samples to 9 ml of deionized water in Erlen, then shook for 
90 min at room temperature. Thereafter, 1 ml of 3% (by volume) 
sulfosalicylic acid was added, and the mixtures were centrifuged 
by Hermle Labotechnik Z323K Centrifuge at 6,000 g for 10 min. 
Adding 100 μl of the supernatants, 100 μl of 100 mM NaHCO3 and 
100 μl of 4 mM 4-dimethylaminoazobenzene-4-sulfonyl chloride 
(was dissolved with acetonitrile solvent) to Eppendorf, then vor-
texed. The mixture was heated at 70°C for 20 min to derivatization 

effect, after that, it was cooled down and added in 0.5 ml of abso-
lute ethanol on ice and centrifuged at 16,000 g and 4°C for 5 min. 
Finally, the supernatants were analyzed on HPLC (Shimadzu), with 
Ascentis® C18 HPLC column, 25 cm × 4.6 mm, 5 µm (Supelco). The 
HPLC was equipped with a UV-Vis detector (SPD-20A, Shimadzu) 
set at 465 nm wavelength. The mobile phases were 25 mM ammo-
nium acetate buffer containing 0.1% acetic acid and acetonitrile 
(26:74) adjusted at the flow rate of 1 ml/min with 10 µl of injection 
volume and temperature column oven at 55°C. Pure GABA was 
used as a calibration standard.

2.6 | Extraction and analysis of FA by HPLC

Total FA content was determined using high-performance liquid 
chromatography as described previously (Banchuen et  al.,  2010). 
The samples (3 ml of liquid) were extracted with 10 ml of 1 M NaOH 
and shaken for 3  hr at room condition then neutralized by 5  ml 
of 2 M HCl. The mixture was extracted three times with 10 ml of 
ethyl acetate, each time for 5  min. Subsequently, the supernatant 
was evaporated at 40°C in vacuo to remove the ethyl acetate. The 
residue was dissolved in 3 ml of MeOH:DI (v/v = 1:1) and subjected 
to analysis on the Shimadzu HPLC system equipped with a UV-Vis 
detector on an Ascentis® C18 HPLC column, 25 cm x 4.6 mm, 5 µm 
(Supelco) and was detected at the wavelength of 320 nm and tem-
perature of 40°C. The mobile phases were acetic acid (2.5% by vol-
ume) and acetonitrile (32:68) at a flow rate of 1 ml/min. Pure FA was 
used as a standard for calibration.

2.7 | Extraction and analysis of GORZ by HPLC

GORZ content was determined to follow the method of Cho 
et al. (2012). 1 ml of the sample was extracted in acetone: ethanol 
(contain 0.1% of Butylated Hydroxy Toluene or BHT) with ratio 
9:1 (volume by volume). The mixtures were shaken for 90 min at 
room temperature and centrifuged at 6,000  g in 4⁰C for 5  min. 
The supernatants were collected and the residues were extracted 
two more times and analyzed on the HPLC (Shimadzu), with an 
Ascentis® C18 HPLC column, 25  cm  ×  4.6  mm, 5  µm (Supelco). 
The HPLC was operated with a UV-Vis detector set at 330  nm 
wavelength and a temperature column oven of 35°C. The mobile 
phases were methanol: acetonitrile: dichloromethane: acetic acid 
(50:44: 3:3) and the flow rate of 1 ml/min. γ-Oryzanol was used as 
a standard for calibration.

2.8 | Determination of reducing sugar content

The reducing sugar content was determined by the method of Cho 
et al. (2000). The hydrolysate was filtered through filter paper. 1 ml 
of filtrate was taken and added in 3 ml of DNS reagent and heated up 
for 5 min in boil water. The color absorption was determined by the 
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Multiskan Spectrum at 540 nm. Pure glucose was used to calculate 
for a standard line.

2.9 | Determination of RDS, SDS, and RS 
fractions of MGBRF in vitro

For nutritional purposes, starch is divided into rapidly digestible 
starch (RDS), slowly digestible starch (SDS) and resistant starch (RS) 
based on the rate and extent of its digestion in the in vitro Englyst 
assay (Englyst et  al.,  1992), with some modifications. The enzyme 
solution was prepared immediately before use (weighed 3  g pan-
creatin into each of six screw-cap centrifuge tube, added in 20 ml of 
distilled water, mixed, stirred for 10 min, then centrifuged at 6,000 g 
for 10 min). 15 ml supernatant was taken from each tube in Erlen 
and mixed 6 ml enzyme mixture of α-amylase: glucoamylase ratio 1:1 
([Enzyme mixture] ≈200 AGU/ml), 4 ml invertase ([Invertase] ≈460 
U/ml)). Thereafter, pipetted 1 ml of each sample into Vitro, added 
in 5 ml of 0.1% arabinose, and 10 ml pepsin-gellan gum; Vitro tubes 
were capped, mixed thoroughly and submerged into the water bath 
at 37⁰C for 30 min with the addition of 5 ml (0.1 M sodium acetate). 
5 ml of previously prepared enzyme solution was added, vortexed, 
and incubated at 37⁰C for 20 min and 120 min, later 0.4 ml of hy-
drolysate in a labeled tube containing 8 ml of absolute ethanol was 
removed, this were G20 and G120 portion, respectively. Then, the 
tubes were vortex-mixed and placed in the boiling water bath for 
30 min, cooled with ice-water (0⁰C) for 15 min. Furthermore, 10 ml 
of 7 M KOH was added into each tube and kept for 30 min in an ice-
water bath. Continuously, 10 ml of 0.5 M acetic acid was added, vor-
texed, and 1 ml of this supernatant was taken into other Vitro with 
1 ml of enzyme mixture added. The tubes were incubated for 30 min 
at 70⁰C and heated in the bath up to 100⁰C for 10 min. Finally, cooled 

to room temperature and diluted with 12 ml of absolute ethanol to 
obtain total glucose (TG). The values of G20, G120, and TG were 
combined to calculate RDS, SDS, and RS.

2.10 | Detection of the glycosides BCs using TQD 
UPLC/MS

The starch from the GBR-based flour was modified by optimal MAse 
condition of 60°C for 1 hr with pH 5 as stated above. Then, the sample 
was shaken, centrifuged at 6,000  g for 6  min, and filtrated through 
a 0.2 μm syringe before injected to TQD UPLC/MS system (Waters 
Corp). The mobile phase conditions of UPLC for GABA and FA were 
A: 100% methanol and B: water. The injection volume was 10 μl. The 
retention time was 5 min. The column was ACQUITY UPLC CSH C18 
1.7 μm, 2.1 × 50 mm from Waters. For GORZ analysis, the column was 
Luna 5 μm NH2 100Å 2 × 150 mm from Waters and the retention time 
was 6 min. Other conditions were the same as for GABA or FA. To 
detect whether or not the BCs modified by glucose or/and maltose, 
mass spectra were used to detect from the range of 50 – 300 m/z. 
Comparing to standard peaks of GABA and FA, all modified glycosides 
BCs peak appeared in the mass spectra if they exist.

2.11 | Effect of MGBRF on Type 2 diabetic mice 
in vivo

42 Swiss strain and diabetic mice (IVAC, Viet Nam) with ages 
6–8  week, 25–30  g ideal weight used for the experiments were 
bought from the Pasteur Institute of Nha Trang, Vietnam. The mice 
were housed in an environmentally controlled room (30–32°C, 
65%–75% relative humidity) and fed ad libitum with chow diet (crude 

The components

Content (mg/g, dry basic)

NS (nonmodified GBR starch 
spray drying)

MA (modified by MAse GBR 
starch spray drying)

Total protein 51.50 ± 4.50 69.80 ± 1.10

Total lipid 50.30 ± 5.50 57.30 ± 1.50

Total starch 783.60 ± 6.40 784.40 ± 1.71

+ Slow digested starch (SDS) 136.00 ± 2.15 330.90 ± 4.57

+ Resistant starch (RS) 33.20 ± 3.10 62.40 ± 1.40

+ Rapidly digested starch 
(RDS)

615.60 ± 4.09 392.10 ± 3.43

γ-amino butyric acid (GABA) 2.04 ± 0.02 5.28 ± 0.44

Ferulic acid (FA) 0.45 ± 0.17 1.21 ± 0.11

γ-oryzanol (GORZ) - -

“-,” not detected

Note: The values in the table were averages of 3 replicates. NS: Sample control that did not use 
MAse, MA: GBR was modified by 5,314.01 U of MAse. NS and MA samples were used in mice 
experiments.

TA B L E  1   The nutritional components 
of samples in this experiment
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protein: 23%; crude fat: 8%; crude fiber: 4%; moisture: 10%) for 
healthy maintenance. Optimal samples from the experiments, in-
vestigating changes in BCs and in vivo results, were spray-dried at 
160°C (LabPlant-SD 06, Labplant UK Ltd, UK), with peristaltic pump: 
485 ml/h and stored at −18⁰C in PA vacuum packaging. Each sample 
(450 mg/kg body weight) was dissolved into 5 ml of boiling water to 
feed the mice. The nutritional components of samples in this experi-
ment are shown in Table 1.

2.12 | Glucose tolerance (GT) test in mice

Test samples included glucose (Glu), sucrose (Suc), modified (MA-S) 
and nonmodified (NS) GBR base flour. Glucose tolerance (GT) test 
in mice was carried out using the method of Dura et al. (2016). Four 
mice males, 6–8 weeks’ ages, 25-30g ideal weight, were allowed to 
fast for 4 hr, and the blood glucose level was defined before testing. 
The samples (0.2 ml) were pumped directly into the esophagus, and 
blood glucose was determined at 0, 15, 30, 60, and 120 min by ACCU 
Check Active (ROCHE).

2.13 | Glycemic index (GI) test in type 2 
diabetic mice

There were three animals per cage, and they were divided into 
six groups: NS (normal, noninduced type 2 diabetes, fed with 
nonmodified spray-dried), MA (noninduced type 2 diabetes fed 
with modified diet), T2D-NS (type 2 diabetes group fed with non-
modified), T2D-MA (type 2 diabetes group fed with modified diet), 
T2D-NS-M (type 2 diabetes group fed with nonmodified spray-
dried diet and metformin), and T2D-MA-M (type 2 diabetes group 
fed with modified diet and metformin). The mice in the group using 
metformin were given hypoglycemic agents (Glucophage 500 mg 
Tablets, 300  mg/kg BW) and pumped 0.2  ml directly into the 
esophagus after 2  hr using sample test. Feeding lasted for four 
weeks and the result was recorded every week. The samples and 
experiments were administered using a 4 × 4 Latin square design. 
Recorded results and blood glucose units were calculated accord-
ing to Joslin Diabetes Center, US website (Accessed 30th October, 
2019).

2.14 | Blood plasma biochemical and antioxidant 
activity analysis

Total cholesterol (TC), triglycerides (TG), High-Density Lipoprotein 
Cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 
alanine aminotransferase (ALT), aspartate transaminase (AST) in 
blood, malondialdehyde (MDA), glutathione reductase (GSH) in liver 
homogenates were determined with enzymatic methods using cor-
responding Ams Ellipse Automated Analyzer (AMS, Italy).

2.15 | Statistical analysis

Results are expressed as mean ± standard deviation and all experi-
ments were conducted in triplicates. Data were calculated on aver-
age and the standard deviation by Excel 2010 software. Data were 
statistically analyzed for ANOVA using the Statgraphics Centurion 
XV software (Version 15.2.11, Statgraphic Technologies, Inc.). LSD 
test at a 5% significance level (p ≤  .05) was used to determine the 
significant difference between treatments.

3  | RESULTS AND DISCUSSION

3.1 | Enzymatic hydrolysis on GBR-based flour

The results in Figure  1 show that the reducing sugar content in-
creased linearly with the MAse enzyme concentration, attained the 
peak of 278.42 g/L at 266 U MAse/g dry weight of GBR-based flour, 
and lowered down to 246.25 g/L at the level of 399 U MAse/g dry 
weight of GBR-based flour (Figure 1). The results indicated that the 
MAse enzyme provided the best result at 266 U MAse/g dry weight 
of GBR-based flour under the conditions of this experiment. It is con-
sistent with the kinetic theory of enzymes, as the concentration of 
enzymes increases, so does its catalytic activity. However, the criti-
cal threshold of the concentration continues to increase, whereas 
the activity decreases. Because the released hydrolysate inhibited 
the activity of the enzyme, the growing up in the concentration of 
solutes in the hydrolysis medium to reduce the enzyme flexibility or 
at an excessive concentration of the enzyme reserve inhibited them-
selves. MAses hydrolyze α-1,4-glucosidic linkages of starch from the 
nonreducing head and its derivatives to maltose reducing the chain 

F I G U R E  1   The reducing sugar content generated at difference 
concentration of MAse. Significant differences between values 
were indicated by different letters (p < .05). N: Sample control was 
not MAase, M1: GBR was modified by 133 U MAse/g dry weight of 
GBR-based flour, M2: GBR was modified by 266 MAse/g dry weight 
of GBR-based flour, M3: GBR was modified by 399 MAse/g dry 
weight of GBR-based flour
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length of the polymer. It cleaves α-1,4 linked linear chains of am-
ylose and amylopectin followed by transglycosyl reaction to create 
new α-1,6 linked branch chains (Ao et al., 2007). MAse also exhibits 
high transglycosylation activity via the formation of various glyco-
sidic linkages such as α-1,6 producing branched oligosaccharides 
(Le et al., 2009). MAse enzymes hydrolyzed various carbohydrates 
such as starch, cyclomaltodextrins and pullulan to produce malt-
ose, glucose, and panose. Besides, it also could transfer monosac-
charides or disaccharides that were products of hydrolysis to other 
receptors such as D-glucose, maltose, cellobiose, and lactose (Bae 
et al., 2002). According to Cho et al. (2000), one unit of enzyme ac-
tivity was defined as the amount of enzyme producing the reducing 
sugar equivalent to one unit change. In order to improve the modi-
fication by MAse, several studies with combined enzymatic treat-
ment on extruded maize flour (higher glucose and dextrin level were 
achieved when the sample treated by extruder), 300 U of branching 
enzyme/g flour (BE) and 7 U of maltogenic α-amylase/g flour (MAse) 
were used to get higher modification level (Ao et al., 2007; Román 
et al., 2017). Another report of tapioca modified starch to produce 
amylolytically resistant starch, and the branching enzyme (1,000 U/g 
starch) reaction product was further treated with maltogenic amyl-
ase (1,000 U/g starch) (Le et al., 2009). It is clearly that reduced sugar 
is a product of MAse, it is also a material for next step of modifica-
tion of the MAse to create new α-1,6 linked branch chains. Since the 
result of Figure 1 indicated that reducing sugar content increased 
linearly with the MAse enzyme concentration, therefore, the levels 
of enzyme used in this study showed an effective for modification.

3.2 | Effect of MAse on bioactive compounds and 
cytotoxic activity against HepG2 cell

The result in Table  2 showed that the contents of GABA and FA 
in the samples using enzymes were higher than the nonenzyme 
control sample. The content of these compounds changed with 
enzyme concentration and had a significant difference (p  <  .05). 
The components rose together by advancing MAse activity at 266 

U MAse/g dry weight of GBR-based flour, both of them had the 
highest level with 528.1 mg/L of GABA and 120.6 mg/L of FA but 
slightly decreased at the level of 399 U MAse/g dry weight of GBR-
based flour. So, when using the enzyme MAse to modify the GBR 
base flour showed that there was a positive impact in its ability to 
release functional compounds. In this study, the GBR-based flour 
was used as material for modification by MASe. After enzyme reac-
tion, the mixture was filtrated by a curtain cloth to get the soluble 
components as well as discard the water insoluble component or 
solid. So, mostly nonmodified and less-modified starches as insolu-
ble components were kept in this insoluble component part while 
released protein as well as bioactive compounds into soluble part. 
It was then used for spray drying to make MGBRF. As a result, 
there were an increase of protein and bioactive compounds in the 
MGBRF comparing to nonmodified spray-dried flour as shown in 
Table 1. This result is consistent with studies on using hydrolyzed 
enzymes to break down raw materials at initial bonds, thereby help-
ing to release other ingredients as well as functional compounds 
into soluble part (Hammed et  al., 2013; Liu et  al.,  2017; Nkhata 
et al., 2018). A study of phenolic compounds in white rice, brown 
rice, and GBR reported that insoluble and soluble bound FA in GBR 
was 163.9 mg/kg and 2.8 mg/kg of flour, respectively. It was the 
major phenolic compound and the most abundant insoluble phe-
nolic compound which existed in the form of free, soluble conju-
gate and insoluble bound. Most of these compounds are bound to 
polysaccharides containing glucose, arabinose, xylose, galactose, 
rhamnose, and mannose residues in the cell wall (Tian et al., 2005). 
In addition, GORZ, mainly composed of esters of trans-ferulic acid 
(trans-hydroxycinnamic acid) with phytosterols was not detected in 
all the test samples (filtrate) despite being detected in solid samples 
(sample tested) (Lerma-Garcia et al., 2009). The manufacturer had 
information that water solubility of GABA was 103.1 g/L at 20°C; 
it dissolved well in water and no available data of FA and GORZ. 
On the other hand, Kaukovirta-Norja et  al.  (2004) reported that 
steeping and germination of cereals could produce enzymes to 
break down the cell walls surrounding many compounds and that 
the free phenolic acids and bound phenolic acids might then be re-
leased. Furthermore, the study of Hammed et al.  (2013) indicated 
that enzymatic hydrolysis could enhance the release of biologi-
cal compounds from raw materials. Therefore, FA was discovered 
when the enzyme or complex enzymatic hydrolysis releases phe-
nolics, and hydrolysis of the phenols binding with sugar, fatty acid, 
and protein molecules releases maximum phenolic (Liu et al., 2017). 
Besides, Uraji et al.  (2013) succeeded in enhancing the enzymatic 
production of FA from defatted rice bran with the combination of 
three xylanases, an α-l-arabinofuranosidase, and an acetyl xylan 
esterase from Streptomyces spp. This enzyme combination also had 
an effect on FA production from other biomasses, such as raw rice 
bran, wheat bran, and corncob. Moreover, an enzymatic hydrolysis 
process for FA extraction from wheat bran was optimized gradually 
by enzymatic pretreatment with alcalase and termamyl, and a final 
enzymatic hydrolysis with pentopan and feruloyl esterase extrac-
tion yield higher than untreated condition (Ferri et al., 2020).

TA B L E  2   Changes of GABA, ferulic acid, γ-oryzanol content 
follow enzyme concentration in modified GBR flour by MAse

Sample

Bioactive compounds content (mg/L)

GABA FA GORZ

N 203.9 ± 1.8a 45.4 ± 1.7a -

M1 286.7 ± 4.8b 64.5 ± 4.1b -

M2 528.1 ± 44.1d 120.6 ± 10.9d -

M3 439.7 ± 31.2c 104.0 ± 8.1c -

“-,” not detected

Note: Significant differences between values in the same column were 
indicated by different letters (p < .05). N: Sample control was not used 
MAse, M1: GBR was modified by 2,657.01 U of MAse, M2: GBR was 
modified by 5,314.01 U of MAse, M3: GBR was modified by 7,972.02 U 
of MAse.
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The result in Table 3 showed that there were no the glycosides 
BCs detected after modifying by MAse. This result indicated that 
BCs releasing from modification did not change any functional 
properties. Some studies have shown that using MAse is capable 
of denaturing some compounds, through new binding to another 
receptor, helping them to enhance their solubility or activity (Bae 
et al., 2002; Cho et al., 2000; Li et al., 2004). Hence, to increase 
some components in this study, the experimental samples were 
analyzed on TQD UPLC/MS and results showed that there was 
no any modification or change in the above functional compounds 
(Table 3). Therefore, the results of increasing GABA and FA con-
tents in this study were suitable for the studies using enzymes to 
hydrolyze bonds in order to enhance the release of functional com-
pounds. As for GORZ, the study has not found any effect, since it 
was not detected in the filtrate.

The result in Table 4 indicated that the extract from M sample 
(MA-S) showed good inhibition of growth of HepG2 cancer cells, 
reaching over 50% of both modified samples, up to 81.73% at 1:5 
and 68.33% at 1:10 (w/v) sample, respectively. While nondenatured 
flour extract samples (NS) did not show the ability to inhibit the 
growth of cancer cells HepG2 (Just 30.69% inhibition). The results 
indicated that the more diluted of the sample, the more decreased 
of the inhibitory activity in both samples. The positive control of 
ellipticine was also stable in the experiment. GBR is known as a 
functional food with plenteously bioactive components, which in-
creased significantly including γ-butyric acid (GABA), ferulic acid 
(FA), γ-oryzanol (GORZ), and several phenolic acids with a posi-
tive effect on human health and positive cytotoxic activity against 
human hepatocellular enocarcinoma cell (HepG2 cell) (Imam & 
Ismail, 2013). After modification by MAse, there were no the gly-
cosides BCs detected. Beside, an increase of such BCs caused by 
releasing to soluble part after modification made concentration of 
BCs in MGBRF product was higher than nonmodified one. It in-
dicated that bioactive compounds in the MGBRF still have good 
effect on cytotoxic activity against HepG2 cell even though the 
flour was modified by MAse.

3.3 | In vitro starch digestibility

The result in Figure 2 showed the effect of MAse concentration to 
ability starch digestion in vitro. It was clearly shown that modifying 
starch by MAse changed starch digestibility significantly in GBR-
based flour. Compare to the control sample, the GBR starch product 
prepared using 266 U MAse/g showed a significant reduction of rap-
idly digested starch by 22.35% (control sample was 61.56%) and with 
a concomitant slightly reduction of resistant starch by 2.92% (con-
trol sample was 3.32%). Meanwhile, the SDS content was improved 
greatly in all of the samples having an enzyme that jumped up from 
13.60%, 19.61%, to 33.09% and went down a bit to 24.31% at 0 U, 
133 U, 266 U, and 399 U MAse/g respectively.

By nutritional purposes, starch is divided into rapidly digestible 
starch (RDS), slowly digestible starch (SDS) and resistant starch (RS) 
based on the rate and extent of its digestion in the in vitro Englyst 
assay (Englyst et al., 1992). So far, there have been many shreds of 
evidence on the ability to increase the content of slowly digested 
starch and resistant starch of enzyme maltogenic amylase when 
modifying starch from different sources. Ao et al.  (2007) reported 
that the normal maize starch subjected to MAse (7 U/g dry weight of 
starch) for 5 hr produced 18.8% SDS and 13.5% RS with a reduction 
of 19.8% RDS, which was similar to the results obtained in this study. 
According to Miao et  al.  (2014), the maltogenic amylase treated 
maize starch for 1 hr yielded 14.6% of SDS content which was lower 
to data presented in Figure 2, whereas a nearly equal in RS content. 
The maltogenic amylases have been used to catalyze hydrolytic and 
transfer reactions to form new α-1,6 linkages for smaller chains and a 
higher branching which help to slow down the digestion of starches 
(Ao et al., 2007; Román et al., 2017). The MAse modified starch also 
had a greater RS which might be attributed to the branched oligo-
saccharide production by maltogenic amylase via transglycosylation 
(Román et al., 2017). In addition, the contents of RDS, SDS and RS 
changed to 45.9%, 46.3%, 7.8%, or 53.8%, 38%, 8.2% upon GBR hy-
drothermal treatments or 51.7%, 39.6%, 8.7% in GBR ultrasonicated, 
respectively (Chung et  al.,  2012; You et  al.,  2016). Therefore, the 

TA B L E  3   Detection of the glycosides BCs after modifying by MAse using TQD UPLC/MS

GABA
Binding of GABA with 
glucose

Binding of GABA with 
maltose FA

Binding of FA with 
glucose

Binding of GABA 
with maltose

N + − − + − −

M2 + − − + − −

Note: Sample control (N), M2: GBR was modified by 266 MAse/g dry weight of GBR-based flour.

TA B L E  4   Cytotoxic activity of GBR-based flour extract against HepG2 cell

Sample MA-S NS

Ellipticine
Diluted ratio with water 
(w/v) 1:5 1:10 1:5 1:10

Percentage of inhibition on 
HepG 2 cell

81.730 ± 2.040 68.330 ± 2.130 30.690 ± 1.090 24.330 ± 0.620 88.110 ± 0.810

Note: MA-S, Modified germinated brown rice flour extract; NS, Control sample (Nonmodified germinated brown rice flour).
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MGBRF helped to enhance BCs content and the reduction of rapidly 
digested starch, increased slowly digested and resistant starch in the 
in vitro digestibility test. The results were obtained also shown that 
the enzyme effectively worked best at 266 U/g in this study. The 
product was then tested in vivo on type 2 diabetic mice.

3.4 | In vivo glucose tolerance (GT) test in mice

The results in Table 5 showed blood glucose concentrations in mice 
after intake of glucose, saccharose, nonmodified and enzymatic 
modified GBR starches. The released blood glucose after the in-
take of an amount of glucose (reference) reached a maximum level 
after 15  min of ingestion and rapidly dropped to the initial level 

after 120 min. Mice that took saccharose and the glucose content 
reached a peak after 60  min. Ingestion of enzymatically modified 
GBR starches lowered the level of blood glucose released as com-
pared to nonmodified GBR starches which peaked at 30  min and 
then dramatically reduced for longer digestion. Meanwhile, the high-
est level of blood glucose was released at 120 min after the intakes 
of nonmodified GBR starches.

The model of glucose tolerance increased rapidly in the first 
15 min which was similar to the report of Dura et al. (2016). Although 
the modified GBR starches showed the lowest blood glucose levels, 
they digested saccharose more which took some time to release glu-
cose because it was needed to be hydrolyzed into simple sugars be-
fore being absorbed into the bloodstream instead of a direct way as 
glucose. The longer ingestion time of the nonmodified GBR starches 
might be due to the fine structures of amylose and amylopectin mole-
cules of these starches which had higher degrees of crystallinity. These 
results were due to the high amounts of SDS and RS in the annealed 
starches than those in the heat-moisture treated starches and native 
starches. Thus, the different results of blood glucose released after 
the intakes of varying samples were positively related to total amounts 
of SDS and RS. The high amount of SDS and RS delayed the digestion 
time and blood glucose-releasing duration (Pham et  al.,  2015). Shin 
et al.  (2007) reported that the much lower blood glucose level after 
the intake of acid-treated rice starch compared to the native starch, 
presumably due to the content of SDS and RS fraction. Le et al. (2009) 
also concluded that the highly-branched tapioca starch produced by 
a combined treatment of branching enzyme and maltogenic amylase 
had the potential to maintain blood glucose level after intake and 
during prolonged exercise. Therefore, the high amount of SDS and 
RS obtained from effective modification by MAse helped maintaining 
blood glucose bester other treatments during 120 min.

3.5 | Impact on the glycemic index (GI) in blood

The result in Table  6 showed the changes of glycemic index (GI) 
on nomal and diabetic mice after every week of feeding the tested 

F I G U R E  2   Effect of MAse concentration to ability starch 
digestion in vitro. Significant differences between values in the 
same digested starches content (RDS or SDS or RS) were indicated 
by different letters as a, b and c (p < .05). N: Sample control was 
not MAase, M1: GBR was modified by 133 U MAse/g dry weight of 
GBR-based flour, M2: GBR was modified by 266 MAse/g dry weight 
of GBR-based flour, M3: GBR was modified by 399 MAse/g dry 
weight of GBR-based flour
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TA B L E  5   Glucose content (mg/dL) of mice tested feeding the surveyed samples at different times

Sample name

Time (min)

0 15 30 60 120

NS 158.47 ± 15.89bA 203.44 ± 15.61bB 219.63 ± 16.94 bB 232.23 ± 31.88 bB 272.70 ± 65.52 
bAB

MA-S 134.18 ± 14.87aA 183.65 ± 28.60aB 214.69 ± 27.49 aB 189.05 ± 36.34 aB 146.78 ± 30.44 
aAB

Glu 167.46 ± 2.08aA 193.55 ± 3.12aB 178.26 ± 4.15 aB 169.26 ± 2.08 aB 147.67 ± 14.54 
aAB

Suc 144.08 ± 4.15abA 204.34 ± 1.04 abB 218.73 ± 5.19 abB 252.91 ± 98.67 abB 202.54 ± 9.35 
abAB

Note: The lowercase letters (a, b, c, d) in superscript indicated a statistically significant difference between treatments in each time by column 
(p < .05). The uppercase letters (A, B, C, D) in superscript indicated a statistically significant difference between the time frames of each treatment by 
row (p < .05). Glu is glucose, Suc is sucrose, NS is GBR base flour nonmodified, MA-S is GBR base flour modified by MAse.



     |  789NGUYEN et al.

samples. An animal experiment was performed on type 2 diabetic 
mice to examine the effect of a modified GBR-based flour diet. During 
the 4-week experimental feeding period, the mice’ food consumption 
rate (g per day) showed no difference in food intake between normal 
and diabetic mice. Glycemic index was observed in mice groups fed 
with varying diets (NS: normal mice fed with nonmodified GBR flour, 
MA: normal mice fed with GBR flour modified, T2D-NS: type 2 dia-
betic mice fed with nonmodified GBR flour, T2D-MA: type 2 diabetic 
mice fed with GBR flour modified, T2D-NS-M: type 2 diabetic mice 
fed with a combination of nonmodified GBR flour and metformin, 
and T2D-MA-M: type 2 diabetic mice fed with a combination of 
GBR flour modified and metformin) and presented in Table 6. There 
was a gradual decrease in glycemic index for all groups of mice after 
4 weeks feeding except for T2D-NS group (type 2 diabetic mice fed 
nonmodified GBR fluor); however, there was no significant differ-
ence throughout the weeks (p < .05). And type 2 diabetic mice had 
a GI level significantly higher than normal mice (p < .05). The diet of 
modified GBR flour had the lowest level of GI in both nondiabetic and 
diabetic groups than the control diet (nonmodified flour). Though GI 
parameters slightly reduced, there was no difference between con-
trol diet and two experimental diets (modified GBR flour and non-
modified GBR flour with metformin) in diabetic mice (p < .05). In the 
diabetic mice population, on the other hand, when those fed with 
the modified GBR flour combined with metformin was compared to 
those fed with the existing diets showed a statistically significant de-
crease in GI level of 14.37 in the fourth week (p < .05). Meanwhile, 
the GI level of diets including nonmodified GBR flour, modified GBR 
flour and nonmodified GBR flour with metformin were 26.37, 22.1 
and 20.1, respectively. Besides, the diabetic mice fed with modified 
GBR flour showed that blood glucose was maintained at the initial 
level. GI is an indicator of postprandial hyperglycemia of carbohy-
drate food and reflects the rate at which glucose is absorbed from the 
gastrointestinal tract into the bloodstream and cellular tissues (Gong 
et al., 2020; Isabel et al., 1997). The effects of a GBR diet on diabetic 
complications using streptozotocin-induced diabetic rats have also 
evaluated (Wu et al., 2013). Hsu et al. (2008) suggested that the in-
take of GBR as a staple food in type 2 diabetic patients was useful in 

improving blood glucose levels. The GABA, tocopherols, the vitamins, 
minerals, and/or unknown bioactive lipids in GBR may also be associ-
ated with the effect of lowering postprandial glycemic response or 
preventing diabetic complications (Chou et al., 2009). Besides, Imam 
et al. (2012) also suggested that the benefits from GABA, oryzanol, 
phenolics, and other BCs in GBR may be optimal when consumed as a 
whole food (GBR) compared to its BCs. Another study concluded that 
GBR reduced plasma glucose and weight more than metformin, while 
white rice worsened glycemia over 4 weeks of intervention (Imam & 
Ismail, 2013). Furthermore, Mitra et al. (2007) reported that the high 
RS containing rice reduced fasting blood glucose. This may be due to 
the RS behaving as dietary fiber which reduces blood glucose level. 
The GI values of rice starches were highly positively correlated with 
RDS values, whereas the GI values were highly negatively correlated 
with RS (Pham et al., 2015). So, these results in Table 6 demonstrated 
that modified GBR flour was beneficial in maintaining a low glycemic 
index for diabetes.

3.6 | Biochemical analysis (Lipid profile) in 
blood plasma

The data in Table 7 revealed that total cholesterol, triglycerides, and 
LDL-C were increased in diabetic mice. The parameters on mice that 
fed on modified GBR flour were lower compared to the intake of 
nonmodified GBR flour. The combination diet of modified GBR flour 
with metformin had the lowest level for the total cholesterol, triglyc-
erides, and LDL cholesterol of 3.89, 2.06, and 0.6 mmol/L, respec-
tively. Regarding HDL cholesterol, it was observed that plasma HDL 
cholesterol of diabetic mice taking modified GBR flour significantly 
higher by 1.94 mmol/L compared to the group taking modified GBR 
flour. Also, the results noticed that there was a higher level of HDL 
cholesterol in diabetic mice treated with metformin, especially on 
subjects that were maintained on metformin throughout the inter-
vention feeding with modified GBR flour, reached the highest levels 
of 4.16  mmol/L and significantly different from the other groups 
(p < .05).

TA B L E  6   Changes of glycemic index (GI) on diabetic mice after every week of feeding the tested samples

Sample name

Time (week)

0 1 2 3 4

NS 7.67 ± 3.89aB 7.47 ± 3.23aA 7.03 ± 2.62aA 6.77 ± 2.09aA 6.57 ± 1.52aA

MA 7.13 ± 0.97aB 6.93 ± 0.85aA 6.80 ± 0.82aA 6.33 ± 1.03aA 6.10 ± 0.26aA

T2D-NS 22.80 ± 0.26cB 23.80 ± 0.70cA 24.30 ± 0.26cA 24.87 ± 1.17cA 26.37 ± 1.50cA

T2D-MA 23.63 ± 4.48cB 23.20 ± 1.68cA 22.90 ± 2.60cA 22.77 ± 4.51cA 22.10 ± 2.34cA

T2D-NS-M 32.57 ± 1.27cB 23.43 ± 3.91cA 22.60 ± 2.71cA 20.40 ± 3.87cA 20.10 ± 2.31cA

T2D-MA-M 27.20 ± 2.70bB 19.47 ± 2.63bA 17.57 ± 2.73bA 17.27 ± 4.82bA 14.37 ± 1.36bA

Note: The lowercase letters (a, b, c, d) in superscript indicated a statistically significant difference between treatments in each time by column 
(p < .05). The uppercase letters (A, B, C, D) in superscript indicated a statistically significant difference between the time frames of each treatment by 
row (p < .05). NS: normal mice fed nonmodified GBR flour, MA: normal mice fed GBR flour modified, T2D-NS: type 2 diabetic mice fed nonmodified 
GBR flour, T2D-MA: type 2 diabetic mice fed GBR flour modified, T2D-NS-M: type 2 diabetic mice fed combination nonmodified GBR flour with 
metformin and T2D-MA-M: type 2 diabetic mice fed combination GBR flour modified with metformin.
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Roohinejad et  al.  (2010) also demonstrated that improvement 
in the lipid profile of hypercholesterolemic rats after feeding with 
GBR for 6  weeks positively correlated with GABA content in its. 
Besides, Mohd-Esa et al. (2011) reported that the consumption of 
a high-fat diet supplemented with GBR was significantly reduced 
(lower levels of total cholesterol, LDL, LDL/HDL, malondialdehyde, 
and a higher level of HDL) in cardiovascular damage rabbits follow-
ing 10 weeks. In the study of Imam et al. (2012), the improvements 
in these indices were attributed to higher amounts of GORZ, to-
copherol, and monounsaturated fatty acid content. Moreover, 
Mitra et  al.  (2007) suggested that the high resistant starch (HRS) 
in rice reduces serum cholesterol and LDL cholesterol might be due 
to RS fermented to produce propionate. The positive effects of 
resistant starch supplementation on glucose metabolism, lipid pro-
file, lipid peroxidation marker, and oxidative stress in overweight 
and obese adults are mentioned (Fereshteh et al., 2019). And, the 
resistant starch was also found to effectively control body weight 
and adipose tissue quality, while increasing the high-density lipo-
protein cholesterol (HDL-C) concentration and lowering the glyc-
erol, triacylglycerols (TG), total cholesterol (TC), and low-density 
lipoprotein cholesterol (LDL-C) concentrations with soybean feed 
(Ge et  al.,  2020). So, the effect on BCs and high RS to lipid pro-
file indicated that MGBRF might also control the overweight and 
obese adults. Additionally, Imam et  al.  (2013) demonstrated that 
the hypocholesterolemic effects of GBR in type 2 diabetic rats are 
partly mediated through the upregulation of the LDL-R and APO A1 
genes. ASG, GABA, oryzanol, and phenolics from GBR contribute 
to the upregulation of the LDL-R gene, and ASG, GABA, and pheno-
lics contribute to the upregulation of the APO A1 gene. FA, whose 
content increased greatly after germination, had a beneficial effect 
in lowering the blood pressure in streptozotocin-induced diabetic 
rats (Balasubashini et al., 2003). Therefore, feeding with modified 
GBR flour produced similar low RDS content, enhanced SDS and RS 
content, and increased the content of BCs, with very similar find-
ings in results of GI, GT above, prompting the conclusion that these 
factors were the most important determinant of glycemia and lipid 
profile in the product.

3.7 | Effect on liver function

The results of liver function in blood plasma are presented in Table 7. 
The data showed that ALT and AST were significantly increased in 
diabetic mice control (T2D-NS: type 2 diabetic mice fed with non-
modified GBR flour) by 87.5% and 65.4% relative to normal mice 
control (NS: normal mice fed with nonmodified GBR flour). However, 
all treated groups showed improvement in ALT and AST relative to 
diabetic mice fed with modified GBR flour, but these treated are still 
more than those of normal control. ALT and AST were decreased 
more in diabetic mice groups treated with metformin compared 
with others. Also, the data show that a slight decrease in ALT and 
AST in groups fed with modified GBR flour compared with groups 
fed with nonmodified GBR flour, respectively, but there were no TA
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significant differences between them (p  <  .05). According to Esa 
et al.  (2013), the greatest reduction of ALT and AST was shown in 
GBR-supplemented rabbits which suggested that antioxidant activ-
ity resulting from GBR supplementation could inhibit liver injury. 
Besides, Shallan et  al.  (2010) shown that cooked (PGBRL) amelio-
rated the elevation of serum lipids through decreased ALT and AST 
level in diabetic rats. Connecting to MDA, the changes in liver cells 
MDA levels of the six groups after 4  weeks are also summarized 
in Table 7. The basal value of liver cells MDA was significantly dif-
ferent in all groups of NS, MA, T2D-NS, T2D-MA, T2D-NS-M, and 
T2D-MA-M (p <  .05). For the diabetic group, the levels of MDA in 
groups fed with modified GBR flour decreased significantly com-
pared to nonmodified GBR flour. However, it was still greatly higher 
than normal mice. Moreover, this parameter occupied the lowest 
level in normal mice fed with nonmodified GBR flour. Regarding 
GSH content, it had a trend contrast to MDA content with similar-
ity progression for all groups. It was noticed that GSH content in 
normal mice was significantly higher than diabetic mice. And this 
content was improved when fed with modified GBR flour. As a role, 
using metformin proved more effective and enhanced if combined 
with diet intake of modified GBR flour. Mohd-Esa et al.  (2011) re-
ported that the level of MDA in plasma was significantly reduced 
(p < .05) in the group supplemented with GBR at week 10 compared 
to week 5. On the other hand, GORZ possesses a cholesterol-low-
ering property when fed to humans and animals through decreasing 
cholesterol absorption and enhancing fecal sterol excretion (Sasaki 
et al., 1990). Besides that, Imam et al. (2014) recognized that GABA 
regulated hepatic cholesterol metabolism in rats when administered 
orally. The effects observed in the present study may also have been 
contributed by the synergistic effects of bioactive in GBR. Already, 
ASG, GABA, oryzanol, and phenolics were shown to transcription-
ally affect the regulation of cholesterol metabolism and antioxi-
dants (Imam & Ismail, 2013; Imam et al., 2013). Sergio et al. (2013) 
reported the beneficial effects of RS consumption in the context of 
an HF feeding can be driven by changes elicited at the hepatic level. 
The ability of the RS to correct the HF-induced dyslipidemia and the 
associated IR resulted from the return to the basal expression levels 
of transcription factors involved in lipogenesis (SREBP-1c), choles-
terol metabolism (SREBP-2, LXRs,) and fatty acid oxidation (PPARα). 
The RS feeding was able to correct the HF-induced reduction in 
hepatic glucose phosphorylation and muscle glucose transport, im-
proving glucose tolerance. Dorothy et al. (2016) reported that high 
amylose maize resistant starch type 2 (HAMRS2) is a fermentable 
dietary fiber known to alter the gut milieu, including the gut micro-
biota, which may explain the reported effects of resistant starch to 
ameliorate obesity associated metabolic dysfunction. HAMRS2 dra-
matically alters hepatic metabolism and gene expression concurrent 
with shifts in specific gut bacteria in C57BL/6J mice. Therefore, the 
increasing of intensive bioactive compounds together with low RDS 
content, high SDS, and RS content in MGBRF has positive effect 
on stability of biochemical function not only for glycemia and lipid 
profile but also for liver profile.

4  | CONCLUSION

MAse can help to increase SDS, RS and reducing RDS in MGBRF. 
BCs increase in the flour under original states during modification. 
This increase makes the modified flour more effective on inhibition 
of growth of HepG2 cancer cells and shows a good ability for diabe-
tes stabilization.

ACKNOWLEDG MENTS
This is funded in part by the Can Tho University Improvement 
Project VN14-P6, supported by a Japanese ODA loan, Program A15 
and sponsored by the project “Optimization of processing of germi-
nated brown rice flour”, Department of Science and Technology, Can 
Tho City, Vietnam. Thanks Professor J. M. Pezzuto from Long Island 
University, US and Professor Jeanette Maier from Milan University, 
Italia for giving HepG2 cells for this research.

E THIC AL APPROVAL
The authors declare that they have no known competing financial 
interest or personal relationships that could have appeared to in-
fluence the work reported in this paper. Written informed consent 
was obtained from all study participants. The animal experiments 
were done in this research in accordance with the guide for the care 
and use of laboratory under the approval of the scientific coun-
cil, Institute of Biotechnology, Vietnam Academy of Science and 
Technology (VAST), Vietnam dated in 15th July, 2019.

ORCID
Anh Ngoc Tong Thi   https://orcid.org/0000-0002-5163-7621 
Ha Nguyen Cong   https://orcid.org/0000-0001-9921-9288 

R E FE R E N C E S
Ao, Z., Simsek, S., Zhang, G., Venkatachalam, M., Reuhs, B. L., & Hamaker, 

B. R. (2007). Starch with a slow digestion property produced by al-
tering its chain length, branch density, and crystalline structure. 
Journal of Agricultural and Food Chemistry, 55, 4540–4547. https://
doi.org/10.1021/jf063​123x

Bae, H. K., Lee, S. B., Park, C. S., Shim, J. H., Lee, H. Y., Kim, M. J., Baek, 
J. S., Roh, H. J., Choi, J. H., Choe, E. O., Ahn, D. U., & Park, K. H. 
(2002). Modification of ascorbic acid using transglycosylation activ-
ity of Bacillus stearothermophilus maltogenic amylase to enhance 
its oxidative stability. Journal of Agricultural and Food Chemistry, 50, 
3309–3316. https://doi.org/10.1021/jf011​550z

Balasubashini, M. S., Rukkumani, R., & Menon, V. P. (2003). Protective ef-
fects of ferulic acid on hyperlipidemic diabetic rats. Acta Diabetologica, 
40, 118–122. https://doi.org/10.1007/s00592-003-0099-6

Banchuen, J., Thammarutwasik, P., Ooraikul, B., Wuttijumnong, P., & 
Sirivongpaisal, P. (2010). Increasing the bio-active compounds con-
tents by optimizing the germination conditions of Southern Thai 
Brown Rice. Songklanakarin Journal of Science and Technology, 32, 
219–230.

Bhattacharya, A. (2019). Chapter 1 Global Climate Change and Its Impact 
on Agriculture. In Changing climate and resource use efficiency in 
plants, 1st ed (pp. 1-50). : Academic Press.

Cáceres, P. J., Peñas, E., Martínez-Villaluenga, C., García-Mora, P., & 
Frías, J. (2019). Development of a multifunctional yogurt-like product 

https://orcid.org/0000-0002-5163-7621
https://orcid.org/0000-0002-5163-7621
https://orcid.org/0000-0001-9921-9288
https://orcid.org/0000-0001-9921-9288
https://doi.org/10.1021/jf063123x
https://doi.org/10.1021/jf063123x
https://doi.org/10.1021/jf011550z
https://doi.org/10.1007/s00592-003-0099-6


792  |     NGUYEN et al.

from germinated brown rice. LWT-Food Science and Technology, 99, 
306–312. https://doi.org/10.1016/j.lwt.2018.10.008

Cho, D. H., & Lim, S. T. (2016). Germinated brown rice and its bio-func-
tional compounds: A review. Food Chemistry, 196, 259–271. https://
doi.org/10.1016/j.foodc​hem.2015.09.025

Cho, J. Y., Lee, H. J., Kim, G. A., Kim, G. D., Lee, Y. S., Shin, S. C., Park, K. 
H., & Moon, J. H. (2012). Quantitative analyses of individual GORZ 
(steryl ferulates) in conventional and organic brown rice (Oryza sativa 
L.). Journal of Cereal Science, 55, 337–343. https://doi.org/10.1016/j.
jcs.2012.01.005

Cho, J. S., Yoo, S. S., Cheong, T. K., Kim, M. J., Kim, Y., & Park, K. H. (2000). 
Transglycosylation of Neohesperidin Dihydrochalcone by Bacillus 
stearothermophilus Maltogenic Amylase. Journal of Agricultural and 
Food Chemistry, 48, 152–154. https://doi.org/10.1021/jf991​044y

Chou, T. W., Ma, C. Y., Cheng, H. H., Chen, Y. Y., & Lai, M. H. A. (2009). 
Rice bran oil diet improves lipid abnormalities and suppress hyper-
insulinemic responses in rats with streptozotocin/nicotinamide-in-
duced type 2 diabetes. Journal of Clinical Biochemistry and Nutrition, 
45, 29–36. https://doi.org/10.3164/jcbn.08-257

Chung, H. J., Cho, D. W., Park, J. D., Kweon, D. K., & Lim, S. T. (2012). In 
vitro starch digestibility and pasting properties of germinated brown 
rice after hydrothermal treatments. Journal of Cereal Science, 56, 
451–456. https://doi.org/10.1016/j.jcs.2012.03.010

Dorothy, A. K., Brian, D. P., Maria, L. M., Eun, B. K., Michael, L. G., 
Michael, J. K., Tamara, N. D., Knud, E. B. K., Roy, J. M., & Sean, H. 
A. (2016). Mice Fed a High-Fat Diet Supplemented with Resistant 
Starch Display Marked Shifts in the Liver Metabolome Concurrent 
with Altered Gut Bacteria. The Journal of Nutrition, 146, 2476–2490.

Dura, A., Yokoyama, W., & Rosell, C. M. (2016). Glycemic response to 
corn starch modified with cyclodextrin glycosyltransferase and its 
relationship to physical properties. Plant Foods for Human Nutrition, 
71, 252–258. https://doi.org/10.1007/s11130-016-0553-6

Englyst, H. N., Kingman, S. M., & Cummings, J. H. (1992). Classification 
and measurement of nutritionally important starch fractions. 
European Journal of Clinical Nutrition, 46, 33–50.

Esa, N. M., Kadir, K. K. A., Amom, Z., & Azlan, A. (2013). Antioxidant ac-
tivity 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 Chemistry, 141, 1306–1312. https://
doi.org/10.1016/j.foodc​hem.2013.03.086

Fereshteh, E., Farnush, B., Yousef, R., & Mohammad, A. (2019). Effects of 
resistant starch supplementation on glucose metabolism, lipid profile, 
lipid peroxidation marker, and oxidative stress in overweight and obese 
adults: randomized, double-blind, crossover trial. Clinical Nutrition 
Research, 8, 318–328. https://doi.org/10.7762/cnr.2019.8.4.318

Ferri, M., Happel, A., Zanaroli, G., Bertolini, M., Chiesa, S., Commisso, 
M., Guzzo, F., & Tassoni, A. (2020). Advances in combined enzymatic 
extraction of ferulic acid from wheat bran. New Biotechnology, 56, 
38–45. https://doi.org/10.1016/j.nbt.2019.10.010

Ge, Y. F., Wei, C. H., Wang, W. H., & Cao, L. K. (2020). The resistant 
starch from sorghum regulates lipid metabolism in menopausal 
rats via equol. Journal of Food Biochemistry, 4, e13295. https://doi.
org/10.1111/jfbc.13295

Ghosh, S., Datta, K., & Datta, S. K. A. (2019). Chapter 7 Rice vitamins. 
In J. Bao (Eds.), Rice chemistry and technology, 4th edn (pp. 195–
220). : Elsevier Inc.; AACC International: St. Paul, MN, USA,. ISBN: 
978-0-12-811508-4.

Gong, L., Feng, D., Wang, T., Ren, Y., Liu, Y., & Wang, J. (2020). Inhibitors 
of α-amylase and α-glucosidase: Potential linkage for whole cereal 
foods on prevention of hyperglycemia. Food Science & Nutrition, 00, 
1–18. https://doi.org/10.1002/fsn3.1987

Haghighat-Kharazi, S., Kasaai, M. R., Milani, J. M., & Khajeh, K. (2020). 
Antistaling properties of encapsulated maltogenic amylase in glu-
ten-free bread. Food Science & Nutrition, 00, 1–10. https://doi.
org/10.1002/fsn3.1865

Hammed, A. M., Jaswir, I., Amid, A., Alam, Z., Asiyanbi-H, T. T., & Ramli, 
N. (2013). Enzymatic hydrolysis of plants and algae for extraction 
of bioactive compounds. Food Reviews International, 29, 352–370. 
https://doi.org/10.1080/87559​129.2013.818012

Hsu, T. F., Kise, M., Wang, M. F., Ito, Y., Yang, M. D., Aoto, H., Yoshihara, 
R., Yokoyama, J., Kunii, D., & Yamamoto, S. (2008). Effects of pre-ger-
minated brown rice on blood glucose and lipid levels in free-living 
patients with impaired fasting glucose or type 2 diabetes. Journal 
of Nutritional Science and Vitaminology, 54, 163–168. https://doi.
org/10.3177/jnsv.54.163

Imam, M. U., Azmi, N. H., Bhanger, M. I., Ismail, N., & Ismail, M. (2012). 
Antidiabetic properties of germinated brown rice: A systematic re-
view. Evidence-Based Complementary and Alternative Medicine, 2012, 
1–12. https://doi.org/10.1155/2012/816501

Imam, M. U., Ishaka, A., Ooi, D. J., Zamri, N. D. M., Sarega, N., Ismail, 
M., & Esa, N. M. (2014). Germinated brown rice regulates hepatic 
cholesterol metabolism and cardiovascular disease risk in hypercho-
lesterolaemic rats. Journal of Functional Foods, 8, 193–203. https://
doi.org/10.1016/j.jff.2014.03.013

Imam, M. U., & Ismail, M. (2013). Nutrigenomic effects of germinated 
brown rice and its bioactives on hepatic gluconeogenic genes in 
type 2 diabetic rats and HEPG 2 cells. Molecular Nutrition and Food 
Research, 57, 401–411. https://doi.org/10.1002/mnfr.20120​0429

Imam, M. U., Ismail, M., Omar, A. R., & Ithnin, H. (2013). The hypocho-
lesterolemic effect of germinated brown rice involves the upreg-
ulation of the apolipoprotein A1 and low density lipoprotein re-
ceptor genes. Journal of Diabetes Research, 2013, 1–8. https://doi.
org/10.1155/2013/134694

Isabel, G., Alejandra, G. A., & Fulgencio, S. C. (1997). A starch hydroly-
sis procedure to estimate glycermic index. Nutrition Research, 17, 
427–437.

Joslin Diabetes Center, Harvard Medical School, United State of 
American (2019). Conversion table for blood glucose monitoring. 
Retrieved from https://www.joslin.org/patie​nt-care/diabe​tes-ed-
uca​tion/diabe​tes-learn​ing-cente​r/conve​rsion-table-blood-gluco​se-
monit​oring. Accessed 30th October, 2019

Kaukovirta-Norja, A., Wilhelmsson, A., & Poutanen, K. (2004). 
Germination: A means to improve the functionality of oat. Agricultural 
and Food Science, 13, 100–112. https://doi.org/10.2137/12390​
99041​838049

Le, Q. T., Lee, C. K., Kim, Y. W., Lee, S. J., Zhang, R., Withers, S. G., Kim, 
Y. R., Auh, J. H., & Park, K. H. (2009). Amylolytically-resistant tapioca 
starch modified by combined treatment of branching enzyme and 
maltogenic amylase. Carbohydrate Polymers, 75, 9–14. https://doi.
org/10.1016/j.carbp​ol.2008.06.001

Lee, Y. T., Shim, M. J., Goh, H. K., Mok, C., & Puligundla, P. (2019). Effect 
of jet milling on the physicochemical properties, pasting proper-
ties, and in vitro starch digestibility of germinated brown rice flour. 
Food Chemistry, 282, 164–168. https://doi.org/10.1016/j.foodc​
hem.2018.07.179

Lerma-Garcia, M. J., Herrero-Martinez, J. M., Simo-Alfonso, E. F., 
Mendonca, C. R. B., & Ramis-Ramos, G. (2009). Composition, in-
dustrial processing and applications of rice bran gamma-oryzanol. 
Food Chemistry, 115, 389–404. https://doi.org/10.1016/j.foodc​
hem.2009.01.063

Li, D., Park, S. H., Shim, J. H., Lee, H. S., Tang, S. Y., Park, C. S., & Park, 
K. H. (2004). In vitro enzymatic modification of puerarin to puerarin 
glycosides by maltogenic amylase. Carbohydrate Research, 339, 2789–
2797. https://doi.org/10.1016/j.carres.2004.09.017

Liu, L., Wen, W., Zhang, R., Wei, Z., Deng, Y., Xiao, J., & Zhang, M. (2017). 
Complex enzyme hydrolysis releases antioxidative phenolics from 
rice bran. Food Chemistry, 214, 1–8. https://doi.org/10.1016/j.foodc​
hem.2016.07.038

Lovegrove, A., Edwards, C. H., De Noni, I., Patel, H., El, S. N., Grassby, 
T., Zielke, C., Ulmius, M., Nilsson, L., Butterworth, P. J., Ellis, P. R., 

https://doi.org/10.1016/j.lwt.2018.10.008
https://doi.org/10.1016/j.foodchem.2015.09.025
https://doi.org/10.1016/j.foodchem.2015.09.025
https://doi.org/10.1016/j.jcs.2012.01.005
https://doi.org/10.1016/j.jcs.2012.01.005
https://doi.org/10.1021/jf991044y
https://doi.org/10.3164/jcbn.08-257
https://doi.org/10.1016/j.jcs.2012.03.010
https://doi.org/10.1007/s11130-016-0553-6
https://doi.org/10.1016/j.foodchem.2013.03.086
https://doi.org/10.1016/j.foodchem.2013.03.086
https://doi.org/10.7762/cnr.2019.8.4.318
https://doi.org/10.1016/j.nbt.2019.10.010
https://doi.org/10.1111/jfbc.13295
https://doi.org/10.1111/jfbc.13295
https://doi.org/10.1002/fsn3.1987
https://doi.org/10.1002/fsn3.1865
https://doi.org/10.1002/fsn3.1865
https://doi.org/10.1080/87559129.2013.818012
https://doi.org/10.3177/jnsv.54.163
https://doi.org/10.3177/jnsv.54.163
https://doi.org/10.1155/2012/816501
https://doi.org/10.1016/j.jff.2014.03.013
https://doi.org/10.1016/j.jff.2014.03.013
https://doi.org/10.1002/mnfr.201200429
https://doi.org/10.1155/2013/134694
https://doi.org/10.1155/2013/134694
https://www.joslin.org/patient-care/diabetes-education/diabetes-learning-center/conversion-table-blood-glucose-monitoring
https://www.joslin.org/patient-care/diabetes-education/diabetes-learning-center/conversion-table-blood-glucose-monitoring
https://www.joslin.org/patient-care/diabetes-education/diabetes-learning-center/conversion-table-blood-glucose-monitoring
https://doi.org/10.2137/1239099041838049
https://doi.org/10.2137/1239099041838049
https://doi.org/10.1016/j.carbpol.2008.06.001
https://doi.org/10.1016/j.carbpol.2008.06.001
https://doi.org/10.1016/j.foodchem.2018.07.179
https://doi.org/10.1016/j.foodchem.2018.07.179
https://doi.org/10.1016/j.foodchem.2009.01.063
https://doi.org/10.1016/j.foodchem.2009.01.063
https://doi.org/10.1016/j.carres.2004.09.017
https://doi.org/10.1016/j.foodchem.2016.07.038
https://doi.org/10.1016/j.foodchem.2016.07.038


     |  793NGUYEN et al.

& Shewry, P. R. (2017). Role of polysaccharides in food, digestion, 
and health. Critical Reviews in Food Science and Nutrition, 57, 237–253. 
https://doi.org/10.1080/10408​398.2014.939263

Miao, M., Xiong, S., Ye, F., Jiang, B., Cui, S. W., & Zhang, T. (2014). 
Development of maize starch with a slow digestion property using 
maltogenic α-amylase. Carbohydrate Polymers, 103, 164–169. https://
doi.org/10.1016/j.carbp​ol.2013.12.041

Mitra, A., Bhattacharya, D., & Roy, S. (2007). Role of resistant starches 
particularly rice containing resistant starches in type 2 diabetes. 
Journal of Human Ecology, 21, 47–51. https://doi.org/10.1080/09709​
274.2007.11905950

Mohd-Esa, N., Abdul-Kadir, K. K., Amom, Z., & Azlan, A. (2011). 
Improving the lipid profile in hypercholesterolemia-induced rabbit 
by supplementation of germinated brown rice. Journal of Agriculture 
Food Chemistry, 59, 7985–7991. https://doi.org/10.1021/jf201​323x

Moongngarm, A. (2011). Influence of germination conditions on starch, 
physicochemical properties, and microscopic structure of rice flour. 
2010 International conference on biology, environment and chemistry 
(vol. 1, pp. 78–82). IACSIT Press, Singapore.

Nkhata, S. G., Ayua, E., Kamau, E. H., & Shingiro, J. B. (2018). Fermentation 
and germination improve nutritional value of cereals and legumes 
through activation of endogenous enzymes. Food Science & Nutrition, 
6, 2446–2458. https://doi.org/10.1002/fsn3.846

Pham, V. H., Huynh, T. C., & Nguyen, T. L. P. (2015). In vitro digestibil-
ity and in vivo glucose response of native and physically modified 
rice starches varying amylose contents. Food Chemistry, 191, 74–80. 
https://doi.org/10.1016/j.foodc​hem.2015.02.118

Ren, C., Hong, B., Zheng, X., Wang, L., Zhang, Y., Guan, L., Yao, X., Huang, 
W., Zhou, Y., & Lu, S. (2020). Improvement of germinated brown rice 
quality with autoclaving treatment. Food Science & Nutrition, 8, 1709–
1717. https://doi.org/10.1002/fsn3.1459

Román, L., Martínez, M. M., Rosell, C. M., & Gómez, M. (2017). Changes 
in physicochemical properties and in vitro starch digestion of na-
tive and extruded maize flours subjected to branching enzyme and 
maltogenic α-amylase treatment. International Journal of Biological 
Macromolecules, 101, 326–333. https://doi.org/10.1016/j.ijbio​
mac.2017.03.109

Roohinejad, S., Omidizadeh, A., Mirhosseini, H., Saari, N., Mustafa, S., 
Mohd Yusof, R., Meor Hussin, A. S., Hamid, A., & Abd Manap, M. Y. 
(2010). Effect of pre-germination time of brown rice on serum cho-
lesterol levels of hypercholesterolaemic rats. Journal of the Science 
of Food and Agriculture, 90, 245–251. https://doi.org/10.1002/
jsfa.3803

Sasaki, J., Takada, Y., Handa, K., Kusuda, M., Tanabe, Y., Matsunaga, A., 
& Arakawa, K. (1990). Effects of Gama oryzanol on serum lipids and 
apolipoproteins in dyslipidemicschizophrenics receiving major tran-
quilizers. Clinical Therapeutics, 12, 263–268. PMID: 1974170.

Sergio, P., María, E. D. R., Dominique, D., Jean-François, M., Estelle, P. 
G., Augustin, S., Jean-Louis, S., Andrzej, M., & Blandine, C. (2013). 
Resistant starch intake partly restores metabolic and inflammatory 
alterations in the liver of high-fat-diet-fed rats. Journal of Nutrition 
Biochemistry, 24, 1920–1930. https://doi.org/10.1016/j.jnutb​
io.2013.05.008

Shallan, M. A., El-Beltagi, H. S., Mona, A. M., Amera, T. M., & Sohir, N. 
A. (2010). Effect of amylose content and pre-germinated brown rice 
on serum blood glucose and lipids in experimental animal. Australian 
Journal of Basic and Applied Sciences, 4, 114–121.

Shin, S. I., Lee, C. J., Kim, D. I., Lee, H. A., Cheong, J. J., Chung, K. M., 
Baik, M. Y., Park, C. S., Kim, C. H., & Moon, T. W. (2007). Formation, 
characterization, and glucose response in mice to rice starch with 
low digestibility produced by citric acid treatment. Journal of Cereal 
Science, 45, 24–33. https://doi.org/10.1016/j.jcs.2006.05.001

Skehan, P., Storeng, R., Scudiero, D., Monks, A., McMahon, J., Vistica, 
D., Warren, J. T., Bokesch, H., Kenney, S., & Boyd, M. R. (1990). New 
colorimetric cytotoxic assay for anticancer-drug screening. Journal of 
the National Cancer Institute, 82(13), 1107-1112.

Tian, J., Lu, Y., Zhang, H., Chau, C. H., Dang, H. N., & Kaufman, D. L. 
(2004). γ-Aminobutyric acid inhibits T cell autoimmunity and the 
development of inflammatory responses in a mouse type 1 diabe-
tes model. Journal of Immunology, 173, 5298–5304. https://doi.
org/10.4049/jimmu​nol.173.8.5298

Tian, S., Nakamura, K., Cui, T., & Kayahara, H. (2005). High-performance 
liquid chromatographic determination of phenolic compounds 
in rice. Journal of Chromatography A, 1063, 121–128. https://doi.
org/10.1016/j.chroma.2004.11.075

Uraji, M., Kimura, M., Inoue, Y., Kawakami, K., Kumagai, Y., Harazono, 
K., & Hatanaka, T. (2013). Enzymatic production of ferulic acid from 
defatted rice bran by using a combination of bacterial enzymes. 
Applied Biochemistry and Biotechnology, 171, 1085–1093. https://doi.
org/10.1007/s12010-013-0190-6

Usuki, S., Ariga, T., Dasgupta, S., Kasama, T., Morikawa, K., Nonaka, 
S., Okuhara, Y., Kise, M., & Yu, R. K. (2008). Structural analysis of 
novel bioactive acylated steryl glucosides in pre-germinated brown 
rice bran. Journal of Lipid Research, 49, 2188–2196. https://doi.
org/10.1194/jlr.M8002​57-JLR200

Wu, F., Yang, N., Touré, A., Jin, Z., & Xu, X. (2013). Germinated brown 
rice and its role in human health. Critical Reviews in Food Science 
and Nutrition, 53, 451–463. https://doi.org/10.1080/10408​
398.2010.542259

You, S. Y., Oh, S. G., Han, H. M., Jun, W., Hong, Y. S., & Chung, H. J. 
(2016). Impact of germination on the structures and in vitro di-
gestibility of starch from waxy brown rice. International Journal of 
Biological Macromolecules, 82, 863–870. https://doi.org/10.1016/j.
ijbio​mac.2015.11.023

How to cite this article: Nguyen NTL, Nguyen BDT, Dai TTX, 
et al. Influence of germinated brown rice-based flour modified 
by MAse on type 2 diabetic mice and HepG2 cell cytotoxic 
capacity. Food Sci Nutr. 2021;9:781–793. https://doi.
org/10.1002/fsn3.2043

https://doi.org/10.1080/10408398.2014.939263
https://doi.org/10.1016/j.carbpol.2013.12.041
https://doi.org/10.1016/j.carbpol.2013.12.041
https://doi.org/10.1080/09709274.2007.11905950
https://doi.org/10.1080/09709274.2007.11905950
https://doi.org/10.1021/jf201323x
https://doi.org/10.1002/fsn3.846
https://doi.org/10.1016/j.foodchem.2015.02.118
https://doi.org/10.1002/fsn3.1459
https://doi.org/10.1016/j.ijbiomac.2017.03.109
https://doi.org/10.1016/j.ijbiomac.2017.03.109
https://doi.org/10.1002/jsfa.3803
https://doi.org/10.1002/jsfa.3803
https://doi.org/10.1016/j.jnutbio.2013.05.008
https://doi.org/10.1016/j.jnutbio.2013.05.008
https://doi.org/10.1016/j.jcs.2006.05.001
https://doi.org/10.4049/jimmunol.173.8.5298
https://doi.org/10.4049/jimmunol.173.8.5298
https://doi.org/10.1016/j.chroma.2004.11.075
https://doi.org/10.1016/j.chroma.2004.11.075
https://doi.org/10.1007/s12010-013-0190-6
https://doi.org/10.1007/s12010-013-0190-6
https://doi.org/10.1194/jlr.M800257-JLR200
https://doi.org/10.1194/jlr.M800257-JLR200
https://doi.org/10.1080/10408398.2010.542259
https://doi.org/10.1080/10408398.2010.542259
https://doi.org/10.1016/j.ijbiomac.2015.11.023
https://doi.org/10.1016/j.ijbiomac.2015.11.023
https://doi.org/10.1002/fsn3.2043
https://doi.org/10.1002/fsn3.2043

