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Abstract 

Roasting temperature and time are important parameters in the process of roasted 

germinated brown rice flour (RGBRF), which cause the loss of bioactive ingredients and 

sensory value of the product. During roasting and storage, fat oxidation is also one of the 

problems that reduce the quality of RGBRF. In order to complete the RGBRF process, 

experiments using different temperature and time as 160oC, 200oC, 240oC for 10 to 30 

mins were done to find the best roasting conditions. To limit the oxidation of fat during 

the processing and preserving RGBRF, ergothioneine (ERG) extract from enoki 

mushroom were supplemented at 3%, 5%, 7% and 10% (w/w) before roasted, the product 

was then ground and put into two types of packaging (PA and aluminum), vacuum seamed 

and stored at room temperature for 8 weeks were carried out. The results showed that 

germinated brown rice (GBR) which supplemented 3% of the extract before roasted at 

200oC for 30 mins showed the best quality in term of sensory value, γ-aminobutyric acid 

(GABA) content and helped to limit fat oxidation as well as maintained stable quality after 

8 weeks of storage in PA and aluminum packaging. In addition, the results from in vitro of 

starch resistance and in vivo of sugar absorption capacity in rats showed that RGBRF did 

not significantly change the GI index as well as the ability to absorb sugar compared to 

unroasted product. The results indicated that RGBRF should be used as a nutritious food 

with the ability to supplement bioactive compounds to the people at risk of lifestyle 

diseases.  

1. Introduction 

Rice (Oryza sativa L.) is one of the major food 

ingredients in the world. Vietnam is one of the leading 

countries in the world in exporting rice but the income of 

farmers is not high, the price of products sold is lower 

than many other countries such as Thailand, India and 

the United States. However, the impact of climate 

change on agriculture and food security are posing 

serious threats to rice production and also are detrimental 

for the farmers (Dabi and Khanna, 2018). Therefore, 

processing rice into a value-added products increases 

costs, the market and raises income for farmers. 

Germinated brown rice (GBR) have become popular and 

enhance bioactive compounds such as fiber, gamma-

aminobutyric acid (GABA), gamma-oryzanol (GORY), 

ferulic acid and good for health (Wu et al., 2013; Cho 

and Lim, 2016). Functional compounds in GBR help to 

promote physiological effects like blood pressure 

regulation, reductions in obesity and blood cholesterol 

level (Dong and Seung, 2016). In 2012, Imam et al. also 

reported the mechanisms for antidiabetic effects, 

antihyperglycemia, low insulin index, antioxidative 

effect, antithrombosis, hypocholesterolemia, and 

neuroprotective effects of GABA and GORY in GBR.  

 In recent years, serious food safety issues have 

begun to change the food industry as a worldwide trend. 

Most consumers tend to prefer foods that contain natural 

additives over those with artificial food additives. 

Therefore, the extraction of natural antioxidants from 

plants for food application is necessary to meet the needs 

of consumers. Mushrooms have been found to be a 

potential source of antioxidants. ERG is one of the most 

powerful antioxidants found in some fungal species and 

is present in high concentrations in enoki mushrooms 
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(Ey et al., 2007). However, there is currently no research 

or report on determining the supplemental ERG content 

that helps limit fat oxidation in Vietnam. Since, IR50404 

variety has good alum tolerance, good pest and disease 

resistance, so it is grown in alum areas in the Mekong 

Delta. Especially, the growing time is short (only 83-85 

days), so this variety is suitable for flood-affected areas. 

This is also reported as one of suitable variety for GBR 

production (Le et al., 2014; Nguyen et al., 2016). 

Therefore, this study was conducted to understand the 

effect of temperature and roasting time on the quality of 

RGBRF from IR50404 and determine the appropriate 

dose of antioxidant from mushroom extract before 

roasting to help reduce oxidation in the preservation of 

the roasted rice flour. In vivo experiment was also 

conducted to understand how the RGBRF affect to 

normal as well as diabete rats.  

 

2. Materials and methods 

2.1 Germinated brown rice preparation 

IR 50404 rice cultivars were provided by Cuu Long 

Rice Research Institute (CLRRI) in Cantho city, 

Vietnam. The paddies were milled in Yanmar ST 50 

miller. Brown rice was steeped in soaking solutions at 

buffer pH 4.0 (Na2HPO4.12H2O and citric acid) and 

0,6% glutamic acid. The ratio of grain to the solution 

was 1:3 (w/v). The soaking time was 6 hours at room 

temperature (30±2oC). After 6 hours, the rice was taken 

and then wrapped in a cloth to maintain the moisture and 

left in the incubator (37±1oC) for 24 hrs (Nguyen et al., 

2016).  

2.2 Crude mushroom erothioneine extracts preparation 

Crude mushroom erothioneine (ESH) extract was 

prepared by adapting our previously developed 

procedure. The fruiting body or waste portion of the 

mushrooms was chopped to size from 0.2 cm to 0.4 cm 

and 100 g of the ground material was separately 

extracted with 500 mL water at 95±2oC in a 1 L glass 

round-bottom flask for 1 hrs. The supernatant was 

collected by centrifuging the boiled mixture at 3000 × g 

for 15 mins at 4oC and was then evaporated at 40oC in 

vacuo. The residue obtained was further extracted with 

50 mL of 70% (v/v) aqueous ethanol. The ethanolic 

solution was vortexed, left to 4oC refrigerator for 2 

hours, subsequently centrifuged at 3000 × g for 15 mins 

at 4oC. The supernatant was collected and evaporated at 

40oC in vacuo to remove ethanol. 

2.3 Effect of temperature and time roasting on the 

quality of rice flours  

Germinated brown rice (100 g) were roasted by the 

coffee roaster (model: JMS-270, China) at 160oC, 200oC, 

240oC in 10 mins, 20 mins and 30 mins. The roasted rice 

is then finely ground (3 times, 30 s per each) by the 

grinder (model: 1000 g mulry function disintegrator ST-

20B, China). The temperature and time roasting that 

gave the highest GABA content and sensory properties 

were chosen for further study. 

2.4 Effect of the extract added before roasting 

germinated rice on the quality of rice flours 

Germinated brown rice will be supplemented with 

3%, 5%, 7% and 10% (w/w) of the mushroom extract 

before roasting. The roasted rice was finely ground (3 

times, 30 s per each) by the grinder (model: 1000 g 

mulry function disintegrator ST-20B, China), packed in 

alumium bags, and then kept in a room temperature 

(30±2oC) for 8 weeks. 

2.5 Determination of γ-aminobutyric acid (GABA) 

content 

GABA content was determined with the method of 

Banchuen et al. (2010). Approximately 1 g of ground 

germinated brown rice sample was weighted in plastic 

tubes and 9 mL of deionized water was added and the 

slurries were shaken for 1.5 hrs at room temperature. 

Then, 1 mL of 3% (by volume) sulfosalicylic acid was 

added and the mixture were centrifuged at 10,000 x g 

during 10 mins. The supernatant (100 µL) were mixed 

with 100 µL of 100 mM NaHCO3 and 100 µL of 4 mM 4

-dimethylaminoazobenzene-4-sulfonyl chloride 

acetonitrile solution. The mixture was heated at 70oC for 

20 mins to effect derivatization. After that, 500 µL of 

absolute ethanol were added. The sample was then 

filtered, and 0.5 mL of the filtrate were injected into 

Shimadzu HPLC (Japan), with C18 column (3.5 µm 4.6 

x 150 mm). The HPLC was equipped with a UV-Vis 

photodiode array detector set at 465 nm wavelength. The 

mobile phase was 25 mM acetate buffer and acetonitrile 

(65:35) operated at the flow rate of 0.5 mL/min at 55oC. 

Pure GABA (Merck, Germany) was used as the standard 

for calibration. 

2.6 Determination of ergothioneine 

The ergothioneine (ESH) content in the extracts 

prepared from the fruiting body and waste was 

quantitatively determined by the method of Dubost et al. 

(2007) with a slight modification. Briefly, 1 mL of 1 

mmol L−1 methimazole aqueous solution was added as 

an internal standard (IS) to 1 mL of the extracts, 

followed by extraction with 20 mL of 70% (final 

concentration) ethanol. The ethanolic solution was 

vortexed at 4oC, subsequently centrifuged at 3000 x g for 

15 mins at 4oC. The supernatant was collected and 
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evaporated at 40oC in vacuum to remove ethanol. The 

ethanol free residue was dissolved in 10 mL deionized 

water. The analysis was carried out using a Shimadzu 

(Japan) high performance liquid chromatograph mass 

spectrometer equipped with a C18 reversed-phase 

column. The 100% deionized water was pumped as a 

mobile phase at a flow rate of 0.7 mL min−1. The 

injection volume of the sample was 10 µL and the 

column temperature was kept at 50oC. The ESH content 

was quantitatively determined by monitoring a peak area 

ratio (ESH/IS) of the fragment ions at m/z 230 and m/z 

115 for ESH and IS, respectively. A calibration curve 

was obtained by measuring the ESH standard of different 

concentrations.  

2.7 Determination of peroxide   

Peroxide value was determined by the method of 

AOAC (2000). Briefly, weighed 5 g of sample and put it 

into Erlen flask containing 25 mL of chloroform. It was 

shaken and kept for 5 mins at room temperature 

(30±2oC). The mixture was then filtered and each 10 mL 

of the filtrate ws transferred to different Erlen flask and 

covered with a foil. Next, mixed the sample mixture with 

0.6 mL of 0.1N H2SO4 and 5 mL of acetic acid. After 

that added 0.5 mL of saturated KI to the mixture in the 

flask, kept in dark for 15 mins. Thereafter, 30 mL of 

distilled water and 1 mL of 1% starch solution was added 

into the sample mixture and vortexed. I2 released from 

the mixture was titrated by 0.1N Na2S2O3 solution to 

determine the peroxide value. 

2.8 Determination of color change 

Color was determined by using FRU (Model: WR-

10, China). The color was evaluated in terms of lightness 

(L*), redness/greenness (a*) and yellowness/blueness 

(b*).  

2.9 Principal component analysis (PCA) for sensory 

evaluation  

In this study, the principal component analysis 

(PCA) method was used to evaluate the sensory of the 

product (Lawless and Heymann, 1998). Firstly, the 

organoleptic properties of roasted germinated brown rice 

flour samples were initially proposed 12 sensory 

attributes for sensory evaluation such as flavor, aroma, 

color, and state (Table 1). Next, 10 panellists were 

trained to evaluate various attributes of the product, then 

evaluated 9 RGBR flour samples to select which 

attributes showed the specific properties of the product. 

So, the compact attributes of the product were 

determined. After that, the panellists were asked to rate 

the product sample by rating the attributes according to 

the intensity of the occurrence of that attribute following 

a qualitative descriptive analysis (QDA) method from 0 

(none) to 5 (extremely). At the same time, the panellists 

were asked to rate the overall quality of the product 

samples with the following scales: very good (5 points), 

good (4 points), fair (3 points), average (2 points), poor 

(1 point) and very poor (0 points). PCA was done using 

the XLSTAT version 2018.1 software. 

2.10 Postprandial glucose by glucose tolerance test 

(GTT) in vivo 

GTT was determined using the method by Dura 

(2016). Four mice males, age 6-8 week, 25-30 g ideal 

weight with fasting for 4 hours and measured the glucose 

blood before testing. Sample (0.2 mL) was pumped 

directly into the esophagus and blood glucose 

determination at 0, 15, 30, 60, 120 mins by ACCU 

Check Active (ROCHE, Germany). The samples and 

experiments were administered using a 4 × 4 Latin 

square design. Recorded results and blood glucose units 

are calculated according to Joslin Diabetes Center 

(2019).  

2.11 Blood plasma biochemical and antioxidant activity 

in vivo 

Normal male mice and type 2 diabetes mice were 

received from Institute of Vaccine and Medical 

Biologicals, Vietnam (IVAC). Both of them were housed 

in an environmental controlled room (30-32°C, 65-75% 

relative humidity) and mice was eaten with a chow diet 

(crude protein: 23%; crude fat: 8%; crude fiber: 4%; 

moisture: 10%) for healthy maintenance for one week 

before using for experiment set up. There were three 

animals per cage and six groups: Normal mice feeding 

with normal feed (control); Normal mice feeding with 

GBR roasting), type 2 diabetes mice feed with GBR; 

type 2 diabetes mice feed with roasted GBR; type 2 

Sensory 
criteria 

Attribute Frequency 
Compact 
attributes 

Color 
White 1 - 

Brown 6 x 

Aroma 

Roasted rice 8 x 

Rice flour 6 x 

Germinated brown rice 1 - 

Rancid 0 - 

State 
Deposit 5 x 

Viscosity 9 x 

Flavor 

Sweetness 6 x 

Metaly 0 - 

Bitterness 3 x 

Astringency 2 x 

Table 1. Sensory attribute frequency of roasted germinated 

brown rice flour 

x: selected attributes, -: removed attributes 
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diabetes mice feed with GBR and metformin, type 2 

diabetes mice feed with roasted GBR and metfomin). 

The mice in the group using metformin were given 

hypoglycemic agents (Glucophage 500 mg Tablets, 300 

mg/kg BW) and pump 0.2 mL directly into the 

esophagus after 2 hours fed with sample test. Feeding 

lasted for four weeks and the result recorded at every 

week. To check the blood plasma biochemical and 

antioxidant activity, total cholesterol, tryglycerides, HDL

-C (High Density Lipoprotein Cholesterol), LDL-C (Low 

Density Lipoprotein Cholesterol), ALT (Alanine 

aminotransferase), AST (Aspartate transaminase) in 

blood, MDA (Malondialdehyde), GSH (Glutathione 

Reductase) in liver homogenates were determined with 

enzymatic methods using corresponding Ams Ellipse 

Automated Analyzer (AMS, Italy). 

2.12 Statistical analysis 

All experiments were carried out using 3 freshly 

prepared germinated roasted rice flour samples, 100 g for 

each sample and three replicates of each sample were 

analyzed. The results were statistically analyzed using 

one-way analysis of variance by Duncan multiple range 

test with mean square error at 5% probability calculated 

with the Statgraphic Centurion version 15 software.  

 

3. Results and discussion 

3.1 Effect of temperature and time roasting on the colour 

of GBR flours  

Colour is an important quality factor that is directly 

related to the acceptability of food products. Roasting of 

rice at high temperatures changes in colour and taste due 

to caramel and melanoidin reactions. The change in 

roasted sprout rice colour is shown in Figure 1. 

The roasting temperature has a significant effect on 

the colour rendition (through the L* value) of roasted 

sprout rice flour (Figure 2). The brightness value L* of 

RGBR powder tended to decrease when the temperature 

increased from 160oC to 200oC and 240oC had a 

statistically significant difference (p <0.05). At the same 

time, the brightness value L* tends to decrease with 

statistical differences (p <0.05) when roasting time is at 

10 mins, 20 mins and 30 mins. This result is similar to 

Park et al. (2018) who studied the starch content and in 

vitro hydrolysis index of rice varieties containing inert 

starch, the value of L brightness of brown rice at a 

roasting temperature of 240oC for 30 mins is 68.5±0.5. 

This result is consistent with the publication of Lee et al. 

(2003) who studied the effect of roasting conditions on 

the physical and chemical properties of rice flour. 

 3.2 Effect of temperature and time roasting on GABA 

content  

Figure 3 shows that the content of GABA decreases 

with temperature and roasting time. The results of the 

study are completely consistent with the announcement 

of Kwak (2010) who studied the time and temperature of 

roasted rice in GABA-rich brown rice production, 

specifically when roasted brown rice (7.87 mg/100 g) at 

150oC for 20 mins, only 3.59 mg/100 g and when 

roasting 200oC for 10 mins, the GABA content is 2.72 

mg/ 100g and when extending the roasting time to 16 

mins, the content GABA decreased to 0.52 mg/100 g. 

According to Dawson et al. (1959), GABA is a heat-

Figure 1. The appearance of RGBR flours according to 

various temperature and time 

Figure 2. Colour values of RGBR flour according to 

various temperature and time 

Figure 3. GABA content of RGBR flours according to 

various temperature and time 
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stable amino acid, temperatures greater than 100°C 

without affecting GABA content. However, due to the 

reducing sugars, amino acids will participate in the 

Maillard reaction when exposed to high temperatures. 

Therefore, GABA content is lost mainly by the action of 

Maillard reaction. 

3.3 Effect of temperature and time roasting on sensory 

properties  

During roasting at different temperatures and times, 

the significant change in flavor was due to the reduction 

of sugars in the Maillard reaction and the breakdown of 

the strecker (amino acids) (Yaylayan, 2003). According 

to Garcia et al. (2012) fragrance developed during 

roasting, mainly due to the formation of Maillard 

reaction compounds. Moreover, among its end products 

is melanoidin, which is responsible for the color, aroma 

and antioxidant activity of many foods (Ramezanzadeh 

et al., 2000; Abdul-Hamid et al., 2007). Quantitative 

descriptive analysis methods allow the evaluation of the 

effect of roasting on the organoleptic properties of the 

product.  

To describe the organoleptic properties of roasted 

germinated brown rice flour samples, 12 attributes were 

initially proposed for sensory evaluation such as color 

(white, brown), aroma (rice flour, roasted rice, 

germinated brown rice, rancid), state (viscosity, deposit), 

and flavor (sweetness, bitterness, astringency, metaly). 

Then, in order to select important attributes among them, 

sensory evaluation on 9 samples of roasted germinated 

brown rice were conducted by 10 panelists. As the result, 

eight sensory attributes with high frequency were chosen 

as brown, roasted rice, rice flour, viscosity, deposit, 

sweetness, astringency, bitterness (Table 1). 

A graph of the distribution of roasted rice flour 

samples and sensory properties (Figure 4) shows the 

degree of dispersion of the sensory assembly and the 

relationship between roasted rice flour samples at 

temperatures (oC) with different levels of time (mins). 

When roasted rice flour samples and sensory properties 

are shown on the same graph, roasted rice flour samples 

are located close to each other, they have similar sensory 

properties. The dispersion of the samples on the graph 

shows that changes in temperature and roasting time 

have a great influence on the sensory properties of 

roasted sprout rice. 

The sample 200-30 (200oC in 30 mins) and 240-10 

(240oC in 10 mins) were assessed as brown, with the 

typical aroma of roasted rice, with a high sensory point 

close to the brown attribute group, the smell of roasted 

rice and viscosity. Sample 240-20 were roasted at high 

temperatures and for a long time should be close to the 

bitter and acrid properties. In addition, the sample 160-

20 (160°C in 20 mins), 160-30 (160°C in 30 mins) and 

200-10 (200°C in 10 mins) dispersed very far from the 

remaining samples, demonstrating the This sample has 

little or no effect on the two main ingredients and 

attributes, and it has low sensory scores, in other words, 

roasting temperature and roasting time (mins). This 

model has a low sensory value and does not affect the 

main ingredient of the product. 

3.4 The effect of the extract added before roasting 

germinated rice on color  

The color of germinated rice flour supplemented 

with acupuncture mushroom extract at a concentration of 

0%, 3%, 5%, 7% and 10% before roasting at 200oC for 

30 mins is shown in Figure 5. 

Figure 5 shows that the color of rice flour darkens 

with increasing acupuncture extract. This may explain 

that, during germination, some activated enzymes and 

some non-protein nitrogen substances such as nucleic 

acids increase the total protein content and ergothioneine 

is considered a free amino acid (Melville et al., 1955).  

3.6 The effect of the extract added before roasting 

germinated rice on the peroxide value  

Roasting inactivates enzymes responsible for 

oxidation (lipoxygenase and lipase) (Saunders, 1990). 

However, when the product has low humidity, the 

activity of the water is very small, the reaction rate of 

self-oxidizing fat (self-oxidation) increases. Water 

activity below 0.3 reaches the main adsorption zone, 

where water molecules can be linked to groups such as 

Figure 4. Principal component biplot of descriptive analysis of 

the nine germinated roasted rice flours samples  

Figure 5. The effect of the extract added before roasting 

germinated rice on color according to various concentration 
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carboxyl (COOH), linked to other water molecules by 

hydrogen bonding (Garcia et al., 2012). This layer of 

water will cover the food, but it will not dissolve food 

ingredients, which can lead to an increase in lipid 

oxidation. Therefore, it is necessary to add antioxidants 

before roasting to help preserve the quality and extend 

the shelf life of the product. 

The results of Table 2 show that when 

supplementing with mushroom extract (containing 

Ergothioneine) in concentrations of 3% to 10%, 

prevented fat oxidation significantly after 8 weeks of 

storage compared to samples without supplement with 

mushroom extract. 

3.7 The effect of the extract added before roasting 

germinated rice on ergothioneine content  

Ergothioneine is one of the most powerful 

antioxidants found in some fungal species and it is 

present in high concentrations (Ey et al., 2007). Results 

of analysis of Ergothioneine content after roasting at 

concentrations of the extract of acupuncture needles 

according to storage time are shown in Figure 6. 

The analysis of Ergothioneine content in Figure 6 

shows that the content of Ergothioneine at the levels of 

fungal extract concentration decreased with time of 

storage with statistical differences (p<0.05). 

3.8 Postprandial glucose by glucose tolerance test (GTT) 

determination in vivo 

Figure 7 shows the effect of RGBRF and GBR 

product to the normal rat group as well as the sick rat 

with or without using the metformin. The control sample 

and NM-RGBR suggests the retention of glucose blood 

through the weeks using the test sample. Although 

consuming food is similar for all groups, changes in 

plasma glucose reflect the effects of various dietary 

components given to different mouse groups and the rise 

and duration of hyperglycemia after a meal depends on 

its composition, i.e., quantity and quality of carbohydrate 

content (Rebolledo and Dato, 2005). The glycemic index 

in T2D-GBR group increased slower than T2D-RGBR 

group indicated that RGBR product could not help 

decreasing or stability strongly the GI in T2D mice 

comparing to GBR. This may due to GABA content 

decreased considerably when increased the temperature 

and the time of roasting (Figure 3). Imam et al. (2012) 

reported that white rice (WR) can be increased diabetic 

complications by diet. The glycemic index is reduced 

against the initial T2D-NS-M group and trending down 

next on week 3 and 4. Comparing to the T2D-GBR-M 

group, T2D-GBR without the use of metformin showed a 

negative effect to type 2 diabetic rat. And, when 

compared to the group of type 2 diabetes rat that was fed 

with GBR and RGBR, the result indicates that the 

roasting process may slightly affect the quality of the 

GBR product. There is no negative effect between 

RGBR and normal feed. Therefore, RGBRF should be 

used as a nutritious food with the ability to supplement 

Storage time 

(weeks) 

The extract concentration (%) 

0 3 5 7 10 

0 0.26±0.01a NS NS NS NS 

2 0.30±0.02b NS NS NS NS 

4 0.36±0.03c NS NS NS NS 

6 0.45±0.03d NS NS NS NS 

8 0.98±0.09e NS NS NS NS 

Table 2. The effect of the extract added before roasting 

germinated rice on the peroxide value (mEq/kg lipid) 

according to various concentrations. 

Values followed by the same letter within the same column are 

not significantly different from each other (p>0.05). NS: not 

significant (p>0.05). 

Figure 6. The effect of the extract added before roasting 

germinated rice on Ergothioneine content (mg/kg) according 

to various concentration 

Figure 7. Glycemic index over four weeks of intervention. 

Control: normal mice feeding with normal feed, NM-RGBR: 

normal mice feeding with GBR roasting, T2D-GBR: type 2 

diabetes mice feed with GBR, T2D-RGBR: type 2 diabetes 

mice feed with roasted GBR, T2D-GBR-M: type 2 diabetes 

mice feed with GBR and metformin, T2D-RGBR-M: type 2 

diabetes mice feed with roasted GBR and metfomin. 
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bioactive compounds to the people at risk of lifestyle 

diseases. This is not strong like a drug but similar to 

GBR, Since there are numerous studies that have also 

demonstrated health benefits of functional compounds 

available in GBR based flour (Imam et al., 2012) 

3.9 Blood plasma biochemical and antioxidant activity 

determination in vivo 

The results in Figure 8 show the biochemical 

components of blood plasma. The control and NM-

RGBR groups were the sample control. The results 

showed that diabetes complications still occurred from 

the increase in total cholesterol, triglycerides LDL-C 

ALT, AST, and a decrease in HDL-C in the T2D-RGBR 

group. This complication indicates that RGBRF does not 

exhibit diabetes inhibitory activity well. This may also 

be due to the decrease of GABA content caused by high 

temperature and longer roasting time (Figure 3). Besides, 

there were no significant differences (P<0.05) between 

the control group which fed with normal feed and NM-

RGBR group. This indicated that RGBRF affected 

positively to biochemical components of blood plasma of 

normal mice as well as diabetic mice.  

GBR contains a variety of antioxidants that help 

decrease of hyperglycemia and dyslipidemia in the liver 

and fat tissue to diabetes complications (Imam et al., 

2012; Dura et al., 2016; Govindarajan and Vellingiri, 

2016; Wahjuningsih et al., 2018) and serves as 

protection against LDL oxidation and nutritional 

component degradation, such as dietary fibers, vitamins 

B and E, γ-oryzanol, and GABA ameliorate 

hypercholesterolemia and LDL-C (Minhajuddin et al., 

2005; Roohinejad et al., 2009). GBR influences various 

physiological effects, such as blood pressure regulation, 

obesity, and blood cholesterol reductions, and GBR 

consumption by mice leads to a reduction in blood 

triglyceride concentration (Shallan et al., 2010; Mohd 

Esa et al., 2011; Imam et al., 2014; Dong and Seung, 

2016). Besides, Mohd Esa et al. (2013) suggested that 

antioxidant activity resulting from GBR can significantly 

lower the activities of ALT and AST in the rabbit, that is, 

the effects of BR and GBR on liver enzymes, as well as 

serum antioxidant, can decrease diabetes complications.  

 

4. Conclusion 

GBR roasted at 200oC for 30 mins was the best 

roasting condition for RGBRF (in terms of sensory value 

and GABA content) in a 100 g batch. Supplemented 3% 

ERG found in enoki mushroom extract to help prevent 

oxidation of RGBRF product. Adding 3% mushroom 

extract before roasting would help to reduce fat oxidation 

and maintain a stable powder quality for 8 weeks of 

storage in aluminum bags. In vivo experiments indicate 

that RGBRF should be used as a nutritious food with the 

ability to supplement bioactive compounds to the people 

Figure 8. Blood plasma biochemical index and antioxidant activity. Control: normal mice feeding with normal feed, NM-RGBR: 

normal mice feeding with GBR roasting, T2D-GBR: type 2 diabetes mice feed with GBR, T2D-RGBR: type 2 diabetes mice 

feed with roasted GBR, T2D-GBR-M: type 2 diabetes mice feed with GBR and metformin, T2D-RGBR-M: type 2 diabetes mice 

feed with roasted GBR and metfomin. 
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at risk of lifestyle diseases as diabetes, and 

cardiovascular disease. 
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