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ABSTRACT 

Rice is the staple food for over 50% of people in the world. Increased contents of γ-

Amino Butyric Acid (GABA), fiber, vitamins and phenolic acids, and reduced levels of 

starches were detected in Germinated Brown Rice (GBR). Administration of GBR 

attenuated blood lipids, glucose, hypertension, oxidative stress, inflammation, 

atherosclerosis, carcinogenesis and neurodegeneration compared to white or brown 

rice. Bioactive components in GBR and precise mechanism for the health benefits of 

GBR remain unclear. GABA and fiber play important roles in the multiple health 

benefits of GBR. The abundances of many components in GBR correlated with the 

condition of pre-germination. Increase in the consumption of GBR potentially prevents 

a number of common chronic diseases including diabetes, hyperlipidemia, 

hypertension and atherosclerotic cardiovascular disease, and potential beneficial 

effect on neurodegenerative diseases and cancers. This review summarized up-to-

date literatures on the bioactive ingredients, pre-germination, health benefits and 

food products of GBR to promote the research, knowledge translation, production and 

consumption of GBR for improving the health of people at population level. 

INTRODUCTION 

Rice is one of the most popularly consumed grains by humans in the world [1]. A 

variety of rice has been planted in more than 100 countries. More than 90% of rice is 

consumed in Asia as main grain; however, rice is used as ingredient of salad, cereal 

or dessert in many other regions of the world [2]. The predominantly consumed type 

of rice product is refined white rice. Most nutrients and active gradients in the out-

layer of brown rice are removed during the refining process. Brown rice has not 

become a type of staple grain mainly because of its rough mouth feeling and the 

requirement of prolonged cooking time. Germinated Brown Rice (GBR) was originally 

produced to improve the taste of brown rice. Pre-germination softens the bran of 

brown rice, shortens cooking time, and triggers the synthesis of new bioactive 

ingredients in the germ. A large battery of studies on the production and health 

benefits of various sprouted grains, including GBR, was summarized in a book 

published in 2018 [3]. The methods for the germination of brown rice varied. Most 

studies used the contents of γ-Amino Butyric Acid (GABA) in GBR as measurement of 

the intensity of pre-germination [3]. GBR has not been widely consumed in most areas 

possibly due to insufficient public awareness of its benefits and the lack of the variety 

of food products on market. In addition, the underlying mechanism and bioactive 
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compounds for the health benefits of GBR remains unclear. 

Although other types of rice, including black, purple, red and 

wild rice, also have health benefits, this review focuses on up-

to-date information regarding the bioactive components, 

potential products, the health benefits of GBR and underlying 

mechanism for common chronic diseases.  

GROSS STRUCTURE AND COMPOSITION OF RICE GRAIN 

Rough rice is coated by hard husk. Brown rice is obtained 

through de-hulling, and it is surrounded by fiber-rich bran. Rice 

bran is composed of several layers, including pericarp, seed 

 cover, nuclear tissue and aleurone [4]. Brown rice contains 

germ, which can sprout when it is exposed to moisture at 

suitable temperature (Figure1). The germination increases the 

amounts of lipids, proteins, minerals, vitamins, enzymes, and 

GABA in the germ. During milling, both bran and germ are 

removed from brown rice and the remaining is endosperm or 

white rice, which is composed of starch and small amount of 

proteins and lipids [3]. Pre-germination increases nutrients 

compared to brown rice in addition to improve mouth feeling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRE-GERMINATION OF BROWN RICE 

GBR is germinated via soaking brown rice in warm water and 

then exposing to air at moist environment till sprouting. The 

conditions of pre-germination have been discussed in details in 

previous literature [1,3]. The temperature and time of soaking 

or aeration correlate with the extents of compositional changes 

in GBR [5]. Multiple patents have been issued for the protocols 

of the pre-germination [3], but the procedure of pre-

germination of brown rice has not been standardized. 

Typically, brown rice is soaked in water between 28°C and 

40°C for 8-72 h. After the removal of excess water, wet 

brown rice is exposed to air at 28°-35°C for 12-48 h, which 

allows germ to be sprouted to 0.5-1 mm in length. Hot air or 

microwave is used to stop the pre-germination. Dried GBR has 

similar shelf life as non-germinated rice [1]. Prolonged 

germination favors microbial growth; besides, some bioactive  

 

compounds may lose from GBR into water during steeping. The 

addition of 0.5% lactic acid solution during the soaking may 

reduce the growth of microorganisms [6]. The quality of the 

pre-germination of GBR is often assessed by the content of 

GABA in the whole grain. 

BIOACTIVE COMPONENTS IN GBR 

Pre-germination softens the hard coat of bran triggers the 

synthesis of multiple amino acids, proteins and bioactive 

micronutrients in germ and reduces the content of starch in 

endosperm, which improves the mouth feeling and taste of GBR 

[1]. The components in GBR and the conditions of germination 

have been compared to white rice, brown rice or the both 

(Table 1-3) [7-17]. 

 

 

 

Figure 1: Images of different rice products: rough rice, brown rice and freshly wet Germinated Brown Rice 

(GBR), dry GBR and white rice. 

          Rough rice   Brown rice        GBR (wet)     GBR (dry)          White rice 
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Author Year 
Source of rice and pre-
germination condition 

Nutrients 
Germinated 
brown rice 

Brown rice White rice 

Chu et al., [7] 2019 

Baimahu Village, Jiangsu 
province, China. 

10 min in 0.5% sodium 
hypo-chlorite; 30°C 5 h in 
water; 30°C 120 h in air 

Free phenolics (mg/kg) 1483.81±119.29 1012.17±44.09 - 

Bound phenolics 617.11±32.00 318.79±27.57 - 

γ-aminobutyric acid (μg/g) 1465.21±81.00 75.82 ± 1.14 - 

Asp (μg/g) 681.15 ± 22.46 55.44±6.44 - 

Thr (μg/g) 922.84 ± 44.80 26.81 ± 2.02 - 

Ser (μg/g) 1624.97 ± 35.66 100.58 ± 3.47 - 

Glu (μg/g) 
1703.43 ± 

134.50 
604.50 ± 26.98 - 

Gly (μg/g) 539.18 ± 68.10 14.24 ± 0.54 - 

Ala (μg/g) 
2127.57 ± 

106.76 
85.58 ± 1.95 - 

Val (μg/g) 2227.74 ± 80.03 88.69 ± 2.20 - 

Cys (μg/g) 210.54 ± 9.01 16.06 ± 0.26 - 

Met (μg/g) 598.56 ± 37.40 10.65 ± 0.32 - 

Iso (μg/g) 1372.13 ± 49.83 9.45 ± 0.58 - 

Leu (μg/g) 
2101.20 ± 

123.57 
32.49 ± 0.90 - 

Tyr (μg/g) 1617.93 ± 19.98 48.80 ± 3.22 - 

Phe (μg/g) 
1470.15 ± 

166.12 
21.38 ± 0.32 - 

Lys (μg/g) 1654.34 ± 47.86 73.35 ± 4.40 - 

His (μg/g) 1495.53 ± 24.34 113.70 ± 13.68 - 

Arg (μg/g) 
2899.51 ± 

134.45 
320.21 ± 17.24 - 

Pro (μg/g) 894.65 ± 28.92 5.04 ± 0.35 - 

Techo et al., [8] 2019 

Chaijalearn Limited 
Partnership (Supanburi 

province, Thailad). 
35°C in water for 6, 12, 
18 or 24 h respectively, 

put in a box for 42, 36, 30 
or 24 h respectively in air. 

Phenolics (mg/g) 0.88±0.02 0.24±0.00  

γ-aminobutyric acid (mg/g) 0.50±0.01 0.03±0.00  

Zhao et al., [9] 2018 

Nanjing YuanwangFuqi 
Agriculture Products Inc. 

(Nanjing, Jiangsu, 
China). 

40°C 16 h in water; 30°C 
24 h in air. 

Moisture % 2.3 - 2.4 

Ash % 13.2 - 11.8 

Fiber % 1.8 - 0.8 

Protein % 7.9 - 6.3 

Lipids % 2.3 - 0.4 

Carbohydrate % 75.4 - 78.3 

Selenium % 0.29 - 0.04 

γ-aminobutyric acid % 0.024 - 0.002 

Oxygen radical absorbance capacity (μmol/100 g) 1617 - 754 

Total phenolic contents (mg/kg) 649.6±4.7 - 160.9±6.9 

p-Hydroxybenzoic acid (mg/kg) 16.8 - 9.6 

p-Hydroxybenzaldehyde (mg/kg) 12.3 - 10.3 

Vanillic acid (mg/kg) 21.0 - N.D. 

Vanillin (mg/kg) 10.9 - N.D. 

Syringic acid (mg/kg) 11.1 - N.D. 

p-Coumaric acid (mg/kg) 114.8 - 15.7 

Ferulic acid (mg/kg) 328.7 - 66.6 

Maksup et al., [10] 2018 

KhaoDawk Mali 105 rice, 
Thailand. 

6 h in water in dark; 10 
min with air-blowing. 

Total phenolic (g/kg) 0.27 0.25 - 

Monomeric anthocyanin (g/kg) 0.038 0.015 - 

Mali Daeng rice, 
Thailand. 

6 h in water in dark; 10 
min with air-blowing. 

Total phenolic (g/kg) 0.48 0.65 - 

Monomeric anthocyanin (g/kg) 0.177 0.033 - 

Wang et al., [11] 2016 

Hangzhou China. 
5 min in 0.5% sodium 

hypochlorite; 30°C 6 h in 
water in dark; 30°C 96 h 

in air. 

δ-Tocotrienol (μg/g) 3.41±0.07 3.6±0.01 - 

γ-Tocotrienol (μg/g) 25.19±1.49 32.99±0.78 - 

α-Tocotrienol (μg/g) 13.05±0.04 11.35±0.18 - 

δ-Tocopherol (μg/g) 1.93±0.02 4.06±0.13 - 

γ-Tocopherol (μg/g) 19.63±1.57 5.13±0.11 - 

Table 1: Comparison of the nutritional components of germinated brown rice, brown rice and white rice. 
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α-Tocopherol (μg/g) 8.43±0.45 8.36±0.82 - 

γ-aminobutyric acid (μg/g) 115.24±2.75 24.67±1.06 - 

Hydroxybenzoic acid (μg/g) 9.1 7.0 - 

p-Coumaric acid (μg/g) 371.6 97.8 - 

Ferulic acid (μg/g) 705.3 227.5 - 

Imam et al., [12] 2014 

PadiBeras Nasional 
factory, Malaysia. 

30 min in 0.1% sodium 
hypochlorite; 6 h in 0.5% 
hydrogen peroxide; 37°C 

18 h in air. 

Crude protein % 8.25±0.09 8.33±0.14 7.32±0.20 

Crude fat % 2.29±0.01 2.27±0.11 0.95±0.10 

Carbohydrate % 77.52±0.25 77.41±0.17 91.24±0.31 

Ash % 1.22±0.02 1.20±0.01 0.45±0.04 

Jayadeep&Malleshi  [13] 2011 

IR 64, National Seeds 
Corporation, India. 

16 h in water; 12 h in air 
covered with moist jute 

sheet. 

Moisture (g/kg) 78 + 6.1 112 + 2.5 113 + 4.4 

Protein (g/kg) 80 + 5.0 85 + 3.6 82 + 4.2 

Fat (g/kg) 17 + 2.6 36 + 3.1 6.0 + 0.6 

Ash (g/kg) 12.5 + 1.5 13.0 + 1.4 9.0 + 0.5 

Carbohydrate (g/kg) 810+2.0 750+1.3 790+3.2 

Free sugar (g/kg) 42+3.1 13+1.0 3.0+0.3 

Insoluble fibre (g/kg) 36.8+2.4 41.5+1.3 10.3+1.1 

Soluble fibre (g/kg) 7.7+0.4 4.5+0.5 N.D. 

Total fibre (g/kg) 44.5+2.6 46.0+0.9 10.3+1.1 

Palmitic acid (%) 19.0+1.0 21.0+1.7 20.0+1.8 

Oleic acid (%) 39.0+1.1 40.0+1.5 41.0+2.1 

Linoleic acid (%) 38.0+2.4 36.0+0.6 36.0+2.9 

γ-Tocotrienol (mg/kg) 23.1+0.7 20.2+1.0 6.4+0.2 

Total tocotrienols (mg/kg) 25.5+1.3 21.8+0.6 6.7+0.2 

γ-Tocopherol (mg/kg) 0.69+0.2 4.97+0.8 0.71+0.04 

α-Tocopherol (mg/kg) 2.20+0.2 2.54+0.5 0.39+0.006 

Total tocopherols (mg/kg) 2.90+0.02 7.61+0.5 1.10+0.1 

Total vitamin E (mg/kg) 28.4+1.5 29.4+0.8 7.8+0.2 

Oryzanol (mg/kg) 296+18.6 280+20.6 54.0+4.5 

BPT, National Seeds 
Corporation, India. 

16 h in water; 12 h in air 
covered with moist jute 

sheet. 

Moisture (g/kg) 66+6 125+4.7 124+4.2 

Protein (g/kg) 73+5.5 76+3.2 71+3.1 

Fat (g/kg) 15.7+2.5 30+3.2 5.7+1.5 

Ash (g/kg) 15.9+1.7 15+1.5 11.0+1.7 

Carbohydrate (g/kg) 830+11.6 750+8.3 790+3.6 

Free sugar (g/kg) 51+4.7 17+1.3 4.1+0.3 

Insoluble fibre (g/kg) 31.7+2.5 37.0+2.0 9.0+1.0 

Soluble fibre (g/kg) 5.9+0.2 3.5+0.2 N.D. 

Total fibre (g/kg) 37.6+2.7 40.5+2.2 9.0+1.0 

Palmitic acid (%) 22.0+0.6 22.0+2.2 23.0+1.0 

Oleic acid (%) 39.0+2.1 41.0+2.1 38.0+3.5 

Linoleic acid (%) 36.0+1.7 35.0+1.7 36.0+2.5 

γ-Tocotrienol (mg/kg) 28.0+0.9 18.4+0.8 6.8+0.3 

Total tocotrienols (mg/kg) 29.8+1.0 19.3+0.8 7.0+0.3 

γ-Tocopherol (mg/kg) 0.75+0.1 4.7+1.0 0.1+0.02 

α-Tocopherol (mg/kg) 4.7+0.02 2.5+0.2 0.86+0.04 

Total tocopherols (mg/kg) 5.5+0.3 7.20+1.1 0.97+0.06 

Total vitamin E (mg/kg) 35.3+1.3 26.5+1.8 7.97+0.3 

Oryzanol (mg/kg) 297+21.1 295+19.1 66+5.7 

Shirai et al., [14] 2010 

Hojo, Ibaraki prefecture, 
Japan. 

30 min in 0.1% sodium 
hypochlorite; 30℃ 24 h in 

water; 96 h in air. 

Starch (g/kg) 312.2 310.2 303.8 

Casine (g/kg) 183.6 184.4 186.8 

Palm oil (g/kg) 42.2 43.4 47.4 

γ-aminobutyric acid (mg/kg) 169.3 22.4 8.2 

Usuki et al., [15] 2007 
Commercial source 

without details (Japan) 
37°C 24 h in water 

Protein (g/100 g) 21.8 21.6 21.5 

Fat (g/100 g) 8.1 8.3 7.0 

Available carbohydrate (g/100 g) 50.4 50.0 53.4 

Dietary fiber (g/100 g) 6.7 6.5 5.6 
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   Total energy (kcal/100 g) 375.1 374.1 373.8 

Komatsuzaki et al., [16] 2007 

Oryza sativa L, ssp. 
Japonica: Haiminori, Oou 

359, Koshihikari, 
Yumetsukushi, and 

Nipponbare. (Japan). 
35°C 24 h in water. 

Asp (mg/100 g) 1.2±0.22 6.6±1.04 - 

Thr (mg/100 g) 3.1±0.76 1.0±0.48 - 

Ser (mg/100 g) 2.0±0.75 3.5±0.29 - 

Asn (mg/100 g) 3.7±0.55 7.1±1.69 - 

Glu (mg/100 g) 4.5±0.41 12.4±3.06 - 

Pro (mg/100 g) 5.1±0.67 1.9±1.66 - 

Gly (mg/100 g) 4.3±0.82 1.5±0.89 - 

Ala (mg/100 g) 12.3±1.31 12.3±1.31 - 

Val (mg/100 g) 4.5±0.76 0.8±0.33 - 

Cys (mg/100 g) 1.9±1.41 1.4±0.51 - 

Met (mg/100 g) 2.2±0.52 0.4±0.40 - 

I-Leu (mg/100 g) 3.7±0.67 0.7±0.15 - 

Leu (mg/100 g) 6.4±0.97 0.9±0.17 - 

Tyr (mg/100 g) 4.1±0.37 1.4±0.39 - 

Phe (mg/100 g) 3.8±0.37 1.0±0.59 - 

γ-aminobutyric acid (mg/100 g) 10.1±1.36 7.3±2.05 - 

Lys (mg/100 g) 4.4±0.84 3.9±1.45 - 

His (mg/100 g) 2.4±0.79 1.0±0.30 - 

Arg (mg/100 g) 4.9±1.14 4.9±1.14 - 

Seki et al., [17] 2005 Hokkaido, Japan. 
30°C 24 h in water. 

Protein (g/100 g) 14.6 - 7.3 

Fat (g/100 g) 24.8 - 1.5 

Ash (g/100 g) 9.8 - 0.4 

Dietary fiber (g/100 g) 30.5 - N.D. 

Starch (g/100 g) 9.7 - 73.9 

  γ-aminobutyric acid (mg/100 g) 61.1 - 3.3 

 

Starch and sugar 

The content of total carbohydrates in GBR is 15% less than 

white rice [12] (Table 1). The content of starch in GBR was 

lowered after pre-germination compared to brown rice [17-

19]. Veluppillai et al., [20] found that the abundance of 

reducing sugar increased during pre-germination. 

Proteins and amino acids 

Germination moderately increased the amount of proteins in 

GBR (up to 25% compared to brown rice [9,12,13,15] and 

white rice (up 100%) [13,15,17] (Table1). Moongngarm et al., 

[21] demonstrated that germination elevated protein contents 

in brown rice in a time-dependent manner. The content of 

water-soluble proteins in brown rice decreased first and then 

increased during pre-germination. The content of free amino 

acids in brown rice gradually increased during pre-germination 

[22]. Proteomic analysis demonstrated that germination 

enhanced the proteins responsible to the synthesis of phenolic 

acids against oxidative stress [10] Komatsuzaki et al., [16] 

reported that pre-germination for 24 h reduced the contents of 

glutamine. Ohtsubo et al., [23] demonstrated that GBR contains 

significantly more alanine, glycine and aspartic acid than 

brown rice after a 72 h of germination. Relationship between 

the health benefits of and the changes in protein and most 

amino acids in GBR have not been well documented. 

Lipids 

The content of total lipids in GBR are similar as brown rice 

[14,24] but higher than that in white rice [9,15] (Table 1). A 

trend of decrease in the abundance of oleic acid was detected 

in GBR during the germination, while the contents of palmitic 

acid and linoleic acid were increased [25]. 

GABA 

GABA is a non-protein free amino acid biosynthesized from 

glutamate catalyzed by glutamate decarboxylase, and is the 

mostly studied type of amino acid in GBR. The formation of 

GABA requires pyridoxal phosphate (vitamin B6) as a co-

factor [26]. GABA in mammalians functions as an inhibitory 

neurotransmitter in brain cortex and it is metabolized through 

GABA transaminase. GABA is also produced in plants, 

especially in sprout during germination, which may contribute to 

intracellular signaling for the germination [27]. The abundance 

of GABA in GBR was 18.5-20.6-folds of that in white rice 

[9,14,17] and 1.4-19.3-folds of that in brown rice 
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[7,8,11,14,16]. GABA promotes pancreatic β-cell proliferation, 

the restoration of β-cell mass, insulin secretion and glucose 

lowering in diabetic rats [28,29]. Maternal exposure to GABA 

reduced high fat diet-induced insulin resistance in rat offspring 

[30]. GABA also inhibits cancer cell proliferation, hypertension, 

hypercholesterolemia, and prevents alcohol-related diseases 

[1]. The contents of GABA in GBR correlate with the 

temperature and duration of soaking and aeration, and varied 

among different species of rice, but the generation of GABA 

was reduced in too high temperature or prolonged steeping 

[31]. Pre-treatment with 0.5% hypochlorite for 5-10 min 

substantially increased the content of GABA in GBR [7,11]. A 

recent study by Zhang et al., [32] demonstrated that cellulose 

spray before germination enhanced the content of GABA in 

GBR. It remains unclear whether the increase of GABA during 

pre-germination is limited to germ or is also altered in other 

parts of GBR. 

Phytic acid and elements 

Phytic acid is a reservoir of phosphorus in plants. It helps to 

chelate trace metal elements, and prevents metal elements to 

be absorbed. Pre-germination significantly reduced the content 

of phytic acid in brown rice [33]. Mineral elements are 

essential components of the body and are important for 

maintaining physiological activities. GBR contains 7-times 

higher selenium compared to white rice [9]. The contents of 

elements, such as selenium and magnesium, in rice bran or germ 

are absorbed from soil. Human body excretes certain amount 

of physiologically important elements, so those elements need 

to be absorbed from diet to meet daily requirements 

[34].While the content of phytic acid in brown rice was 

reduced after germination, the absorption rate of zinc did not 

increase, which suggests that zinc in GBR may also bind to 

other components in the body [33].  

Fiber 

The abundances of total, soluble and insoluble fiber in GBR are 

varied according to the methods of germination and 

laboratories. Jayadeep & Malleshi demonstrated that the 

amounts of total and insoluble fiber in GBR and brown rice 

were comparable, but were 3-4-times of those in white rice 

[13]. Pre-germination increased the soluble fiber in brown rice 

by 70%. In addition, pre-germination decreases the contents of 

xylose, mannose and glucose, and increases in rhamnose and 

arabinose in brown rice [35]. Seki et al. did not find detectable 

amount of fiber in white rice, and the amount of fiber in GBR 

was 30 g/100g [17]. Usuki et al., [15] reported that the 

amounts of total fiber in GBR and brown rice were 16-20% 

higher than white rice. A recent study demonstrated that fiber-

rich diet reduced fasting blood glucose in T2D patients, which 

was associated with increases in the abundances of Short Chain 

Fatty Acids (SCFA) in fecal samples from the patients [36]. 

Phenolic acids 

Major phenolic acids in brown rice are ferulic acid and p-

coumaric acid, which are potent antioxidants. Imam et al., [37] 

found that GBR has better antioxidant capacity than white rice 

or brown rice because of the higher content of phenolic 

compounds. Anaerobic treatment after germination increased 

phenolic acids in GBR, and the increases in phenolic acids and 

antioxidant capacity were more evident in germinated red or 

black rice than from brown rice [38]. Tianet al., [39] showed 

that the contents of free ferulic acid, coumaric acid and sinapic 

acid in GBR were significantly higher than those in brown rice. 

Ohtsubo et al., [23] reported that the content of ferulic acid 

increased by 26% after a 72 h of germination. Zhao et al., [9] 

demonstrated that the contents of vanillic acid, vanillin, syringic 

acid in addition to coumaric acid and ferulic acid were higher 

in GBR compared to white rice (Table 1). 

γ-Oryzanol  

γ-oryzanol is a mixture of phytosterols hydroxycinnamate 

esters, which are abundant in grains [3]. The content of γ-

oryzanol is increased in GBR [40]. The amount of γ-oryzanol 

was 71-times higher than that of vitamin E in GBR [21]. The 

administration of oryzanol-rich extract reduced the levels of 

lipids, glucose and insulin in rats [41]. 

Vitamins 

GBR has abundant vitamin E. Vitamin E family is composed of 

tocopherols and tocotrienols, each of them contains  and  

types of isoforms. The abundance of γ-tocotrienols was higher 

than other vitamin E family members in GBR in a report [14] 

(Table 1). GBR contains more vitamin B1 than in brown rice, 

and it is well known that vitamin B1-deficiency is the cause of 

beriberi characterized by neuropathy and heart failure [42]. It 

appears that pre-germination substantially alters a number of 

macro- and micro-nutrients in GBR compared to brown rice. The 
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impact of most of the compositional changes in GBR on health 

remains unclear.  

IMPACT OF GBR ON COMMON CHRONIC DISEASES 

Results of experimental and clinical studies demonstrated that 

GBR has hypoglycemic, hypolipidemic, hypotensive, anti-

obesity, anti-atherosclerosis and anti-inflammatory properties, 

and potentially reduces the risk of Alzheimer's disease and 

carcinogens is (Figure 2). (Table 2) [30,37,41,43-55] and 

(Table 3) [9,14,40,48,56-63] categorized the effects of GBR 

on the common chronic diseases from selective in vivo studies. 

Hypoglycemic effect 

GBR or germinated waxy black rice reduced blood glucose in 

diabetic rats induced by streptozotocin or high fat diet 

compared to white rice [37,43,50]. GBR administration in 

diabetic rats lowed the levels of blood glucose compared to 

white rice, and that was associated with decreases in the levels 

of tumor necrosis factor-α (TNF-α), Plasminogen Activator 

Inhibitor-1 (PAI-1), two inflammatory mediators, and an 

increase in the level of adiponectin, a negative regular of 

chronic inflammation and obesity, in plasma [48]. Germinated 

pigmented rice lowered glucose, insulin levels and the 

enzymatic activity of hepatic phosphoenolpyruvate 

carboxykinase and glucose-6-phosphatase in overiectomized 

rats [51]. Treatment with germinated black Thai rice reduced 

oxidative stress, fasting plasma glucose, lipids and insulin 

resistance in rats in similar extents as metformin [64]. Treatment 

of pregnant rats with GBR or oryzanol-rich extract in addition 

to high fat diet reduced the levels of glucose and insulin in the 

blood circulation of their offspring compared to those exposed 

to high fat diet alone in utero [41]. GBR consumption reduced 

fasting plasma glucose in women with glucose intolerance 

compared to white rice [49]. In a randomized controlled trial 

with crossover design, GBR reduced fasting blood glucose in 

diabetic patients [46] (Table 2). The glucose lowering effect of 

high fiber diet in T2D patients was associated with increases of 

SCFA-generating bacteria in gut [36]. However, the results on 

the glucose lowering effect of GBR in healthy subjects were 

inconsistent [44,45]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Health benefits of Germinated Brown Rice (GBR). 
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Beneficial 
effects 

Author 
(reference) 

Year 
Source of rice and pre-
germination condition 

Experimental model 
Nutritional 

interventions 
Major effects of GBR or BR 

Anti-diabetes 

Hagiwara 
et al., [43] 

2004 
WR and GBR, FANCL Co., 

Kanagawa, Japan 

Streptozotocin-
induced diabetic 
male Wistar rats 

AIN-93G; WR or GBR 
substitution for corn 
starch in AIN-93G 

GBR ↓glucose,↓PAI-1,↓lipid 
peroxide concentration vs WR 

Morita et 
al., [44] 

2004 No details provided 
67 healthy volunteers 

(aged 71 ±8) 

WR and GBR + WR (1: 
1, w/w) over 11–13 

months 

BR+WR↓HbA1c, ↔BMI, ↔blood 
pressure, ↔lipid profile, ↔kidney 

and liver functions, ↔blood 
glucose, ↔insulin response vs WR 

Ito et al., 
[45] 

2005 

A short grain variety, Hokkaido, 
Japan 

Pre-germination condition not 
described 

Healthy subjects 
Cooked WR, BR, GBR, 
mixed GBR and WR; for 

120 min 

BR and GBR ↓blood 
glucose,↓insulin response vs WR 

Hsu et al., 
[46] 

2008 

Japonica rice, Hoshinoyume, 
Hokkaido, Japan 

Pre-germination condition not 
described 

11 Diabetic subjects 
(fasting blood 

glucose > 110 mg/dL) 

6 weeks of feeding with 
180g/time, 3times/d of 
GBR or WR and a 2 

week-washout, 
medications were 

maintained (1 on insulin, 
10 on oral 

hypoglycemics) during 
the dietary intervention 

GBR ↓glucose,↓triglycerides,↓TC, 
↓TG,↓FBG,↓fructosaminelevel,↑HDL 

cholesterol vs WR 

Shallan et 
al., [47] 

2010 
Crops Research Institute, Agric. 
Research Center, Giza, Egypt 

37°C 24 h in water 
Diabetic albino rats 

WR, BR, GBR for 5 
weeks 

GBR and BR ↓weight, ↓glucose, 
↓cholesterol  vs WR 

Torimitsu 
et al., [48] 

2010 

WR and GBR, FANCL Co., 
Kanagawa, Japan 

Pre-germination condition not 
described 

Male OLEFT rats 
(model of type 2 

diabetes) 

AIN-93G; WR or GBR 
substitution for corn 
starch in AIN-93G 

GBR ↓blood glucose vs WR 

Imam et 
al., [37] 

2012b 

PadiBeras Nasional factory, 
Malaysia 

30 min in 0.1% sodium 
hypochlorite; 6 h in 0.5% 

hydrogen peroxide; 37°C 18 h in 
air 

Diabetic rats (fasting 
blood glucose of 

>250 mg/dL) 

High-fat diet for 6 weeks 
to induce obesity, then 
adding WR, BR or GBR 

for 28 days 

GBR or BR ↓glucose, ↑antioxidant 
status, ↑hydroxyl radical scavenging 

capacities of liver and kidneys, 
↑expression of superoxide 

dismutase gene vs WR 

Bui et al., 
[49] 

2014 
Tam Rice Company of Hai Hau, 

Nam Dinh Province, Vietnam 
30°C 24 h in water 

Vietnamese women 
with impaired glucose 

tolerance 

The first 2 weeks, WR 
was replaced by 50% 
GBR, 75% GBR for 2 

weeks and finally 100% 
GBR for 1 month 

GBR ↓glucose level vs BR 

Adamu et 
al., [41] 

2017 

AdiBeras Nasional Berhad, 
Selangor, Malaysia 

30 min in 0.1% sodium 
hypochlorite; 37°C6 h in 0.5% 

hydrogen peroxide; 37°C 18 h in 
water 

High fat diet-induced 
insulin resistance in 
F1 generation of rats 

high fat die alone, high 
fat die + GBR or high fat 

die + oryzanol-rich 
extract (100 or 200 

mg/kg/day) for 4 weeks 
and 8 weeks 

GBR and oryzanol-rich ↓weight 
gain, ↓glycemic response, ↓fasting 
insulin, ↓retinol binding protein 4, 
↑adiponectin levels vs high fat die 

group 

Anti-obesity 

Shallan et 
al., [47] 

2010 
Crops Research Institute, Agric. 
Research Center, Giza, Egypt 

37°C 24 h in water 
Diabetic albino rats 

WR, BR, GBR for 5 
weeks 

GBR and BR ↓weight, vs WR 

Torimitsu 
et al., [48] 

2010 

WR and GBR, FANCL Co., 
Kanagawa, Japan 

Pre-germination condition not 
described 

Male OLEFT rats 
(model of type 2 

diabetes) 

AIN-93G; WR or GBR 
substitution for corn 
starch in AIN-93G 

GBR ↑adiponectin vs WR 

Bui et al., 
[49] 

2014 
Tam Rice Company of Hai Hau, 

Nam Dinh Province, Vietnam 
30°C24 h in water 

Vietnamese women 
with impaired glucose 

tolerance 

The first 2 weeks, WR 
was replaced by 50% 

PGBR, 75% GBR for 2 
weeks and finally 100% 

GBR for 1 month 

GBR ↓weight vs BR 

Adamu et 
al., [30] 

2017a 

AdiBeras Nasional Berhad, 
Selangor, Malaysia 

30 min in 0.1% sodium 
hypochlorite; 37°C6 h in 0.5% 

hydrogen peroxide; 37°C 18 h in 
water 

High fat diet-induced 
insulin resistance in 
F1 generation of rats 

High-fat  diet, high-fat die 
+ GBR,  or high fat die 

+γ-aminobutyric acid for 
4 weeks and 8 weeks 

GBR, γ-aminobutyric acid and their 
offspring↑adiponectin levels, 

↑hepatic mRNA levels, 
↓insulin, ↓homeostasis model 

assessment of insulin resistance, 
leptin, ↓oxidative  stress, ↓retinol 

binding protein-4 

Table 2: Effects of Germinated Brown Rice (GBR), Brown Rice (BR) Versus White Rice (WR) on diabetes, obesity and 

hyperlipidemia. 
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Adamu et 
al., [41] 

2017b 

AdiBeras Nasional Berhad, 
Selangor, Malaysia 

30 min in 0.1% sodium 
hypochlorite; 37°C6 h in 0.5% 

hydrogen peroxide; 37°C 18 h in 
water 

High fat diet-induced 
insulin resistance in 
F1 generation of rats 

High-fat die alone, high 
fat die + GBR or high fat 

die + oryzanol-rich 
extract (100 or 200 

mg/kg/day) for 4 weeks 
and 8 weeks 

GBR and oryzanol-rich ↓weight 
gain, ↓glycemic response, ↓fasting 
insulin, ↓retinol binding protein-4, 
↑adiponectin levels vs high fat die 

group 

Hypolipidemic 
effect 

Kawana et 
al., 52] 

2003 
FANCL Co., Japan 

Pre-germination condition not 
described 

20 females, age 
20.5±1,, body mass 
index 21.0±1.8, body 
fat rate 26.3±3.5% 

WR 200 g/d, PGBR 
200g/d for 68 days 

PGBR ↓TC, ↓HDL cholesterol, ↓LDL 
cholesterol, ↓TG 

 
Miura et 
al., [53] 

2006 
No description on rice source. 

30°C 24 h in water 

Hypercholesterolemia 
in hepatoma bearing 

rats 

AIN-93G; WR, BR, or 
GBR substitution for 

cornstarch in AIN-93G 

BR and GBR ↓TBARS, ↓TC, ↓AI, 
↑HDL cholesterol, ↑fecal steroid 

excretion, ↑hepatic cholesterol 7a-
hydroxylase activity vs WR 

 
Roohinejad 
et al., [54] 

2010 

An aromatic variety, MRQ74, 
Malaysia 

30 min in 0.1% sodium 
hypochlorite; 30°C 24/48 h in 

water 

Diet-induced 
hypercholesterolemic 

rats 

GBR pre-germinated for 
24 h, or 48 h for 6 weeks 

48 h GBR ↓TC, ↓LDL cholesterol,  
↑HDL cholesterol vs 24 h GBR 

 
Bui et al., 

[49] 
2014 

Tam Rice Company of Hai Hau, 
Nam Dinh Province, Vietnam 

30°C 24 h in water 

Vietnamese women 
with impaired glucose 

tolerance 

The first 2 weeks, WR 
was replaced by 50% 

PGBR, 75% PGBR for 2 
weeks and finally 100% 

PGBR for 1 month 

GBR ↓lipid level vs BR 

 
Yen et al., 

[55] 
2017 

Asia RICE Biotech, Inc, Taipei, 
Taiwan 

Pre-germination condition not 
described 

Normal six-week-old 
mice fed high-fat diet 

After 16 weeks, the 
source of carbohydrates 

in high-fat diet was 
replaced with GBR for 4 

weeks 

GBR ↓systolic blood pressure, 
↓blood glucose, ↓blood lipids, 

↓adipocytokines level, ↑fecal TG, 
↑TC, ↑bile acid levels vs high-fat 

diet group 

AI: Atherogenic Index; AIN: American Institute of Nutrition; BMI: body mass index; FBG: Fasting Blood Glucose; HbA1c: Hemoglobin; 

A1C; HDL: High-Density Lipoprotein; ICR: Institute of Cancer Research; LDL: Low-Density Lipoprotein; TBARS: Thiobarbituric Acid-

Reactive Substances; TC: Total Cholesterol; TG: Triglyceride. 

 

Anti-obesity effect 

Both GBR and brown rice reduced body weights in rats 

compared to white rice [47]. Prenatal intake of GBR extract, 

oryzanol or GBR along with high fat diet in female rats 

reduced body weights of mothers [41,22]. GBR administration 

decreased more body weights in women with glucose 

intolerance than brown rice [49]. GBR contains more soluble 

fiber than white or brown rice [15] (Table 1). Soluble dietary 

fiber increases the production of gut hormones causing satiety 

and weight loss [65]. 

Hypolipidemic effect 

GBR administration for 10 weeks reduced the content of total 

cholesterol and Low-Density Lipoprotein-Cholesterol (LDL-C) in 

female college students [52]. GBR increased High-Density 

Lipoprotein-Cholesterol (HDL-C) levels in hyperlipidemia 

rabbits [54]. GBR improved high fat diet-induced 

hyperlipidemia in mice [55]. Lipid lowering effect of GBR was 

detected in women with glucose intolerance compared to white 

rice [49] (Table 2). The lipid lowering effects of GBR may 

result from multiple components, including oryzanol, fiber or 

vitamin E [66,67]. Both GBR and brown rice increased the 

activity of hepatic cholesterol 7α-hydroxylasein hepatoma 

bearing rats compared to white rice, which may promote the 

fecal secretion of bile acid and reduce blood cholesterol [53]. 

A more recent study demonstrated that GBR reduced 

lipogenesis and hepatic adipocyte accumulation, and increased 

lipolysis in overiectomized rats [68]. 

Hypotensive effect 

GBR lowered blood pressure in Spontaneously Hypertension 

Rats (SHR) with or without the intake of NaCl [14,56,57]. Yen 

et al., [55] reported that GBR reduced blood pressure in mice 

fed with high fat diet. Bui et al., [49] observed a significant 

hypotensive effect of GBR in people compared to those 

receiving white rice. Ferulic acid lowered blood pressure in 

hyperlipidemic and diabetic rats [69]. Rice bran extracts have 

more pronounced anti-hypertensive effect than that of ferulic 
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acid alone in stroke-prone SHR, which suggests that rice bran 

contains other anti-hypertensive component beside ferulic acid 

[70]. Watanabe et al., [71] proposed to use GBR as a dietary 

adjuvant treatment for hypertension. 

Cardioprotective effects 

GBR reduces multiple important risks for cardiovascular 

disease, including diabetes, hyperlipidemia, obesity and 

hypertension. Mohd Esa et al., [40] reported that GBR and 

brown rice decreased atherosclerotic index compared to white 

rice in hypercholesterolemic rabbits, which was associated with 

reductions in total cholesterol, LDL-C, lipid oxidation, and an 

increase in HDL-C. Zhao et al., [9] demonstrated that GBR 

attenuated aortic atherosclerotic lesions in LDL receptor-

knockout mice, and that was associated with a reduction in the 

tendency of vascular inflammation including monocyte adhesion 

and the abundances of PAI-1, TNF-α and multiple oxidative 

stress regulators in cardiovascular tissue (Table 3). Oxidative 

stress and inflammation play critical roles in atherogenesis 

[72,73]. GBR contains abundant antioxidants, including 

phenolics and vitamin E family members. GBR significantly 

reduced oxidative stress and increased the activities of 

antioxidant enzymes in mice receiving high fat diet [58]. The 

responsible components and mechanism for the anti-

atherosclerotic and anti-inflammatory effect of GBR remains 

unclear. The cardioprotective effect of GBR detected in 

experimental studies should be verified in clinical trials. 

 

 

Beneficial 
effects 

Author Year 
Source of rice and 

pre-germination 
condition 

Experimental model Nutritional interventions Major effects of GBR or BR 

Antihypertensive 
effect 

Choi et al., 
[56] 

2006 

IcheonNonghyup Rice 
Rice Processing Plant, 

Korea 
30° 24 h in water 

Spontaneously hypertensive 
rats 

AIN-76; BR (50% diet), or 
GBR (50% diet) 

substitution in AIN-76 

BR and GBR ↓FER, ↓SBP, 
↓TG vs control diet 

 
Hiroko et al., 

[57] 
2009 

GBR, FANCL Co., 
Kagawa Prefecture, 

Japan 
Pre-germination 

condition not described 

Spontaneously hypertensive 
rats 

40% GBR diet for 8 weeks 
GBR ↓TC, ↓blood pressure vs 

no GBR 

 
Torimitsu et 

al., [48] 
2010 

WR and GBR, FANCL 
Co., Kanagawa, Japan 

Pre-germination 
condition not described 

Male OLETF rats (model of 
type 2 diabetes) 

AIN-93G; WR or GBR 
substitution for corn starch 

in AIN-93G 

GBR ↓blood glucose, ↓TNF, 
↓PAI-1, ↑adiponectin vs WR 

 
Shirai et al., 

[13] 
2010 

Hojo district of castle 
prefecture, Japan 

30 min in 0.1% sodium 
hypochlorite; 30°C 24, 
48, 72, 96 h in water 

spontaneously hypertensive 
rats 

Polished rice, BR and GBR 
add 0.26% NaCl 

respectively. 
Feed is formulated 

according to nutrients, for 
13 weeks 

GBR ↓blood glucose, ↓insulin 
level, ↓adiponectin, 

↓triacylglycerol, ↓leptin, 

Cardioprotective 
effect 

MohdEsa et 
al., [40] 

2011 

O. sativa L. variety 
MR220, Malaysia 

30 min in 0.1% sodium 
hypochlorite; 30°C 24 h 

in water 

Diet-induced 
hypercholesterolemic rabbits 

AIN-93G diet without or 
with cholesterol (0.5 g/100 
g), cholesterol diet with WR 
(19.8%), with BR (19.0%), 
with GBR (19.5%) for 10 

weeks 

GBR and BR↓TC, ↓LDL 
cholesterol, ↓atherogenic 

index, ↓MDA, ↑HDL 
cholesterol vs WR 

Zhao et al., 
[9] 

2018 

Nanjing Yuanwang Fuqi 
Agriculture Products 

Inc. (Nanjing, Jiangsu, 
China) 

40°C 16 h in water; 
30°C 24 h in air 

Male LDL receptor-knockout 
mice 

WR and GBR 
(60%+control diet) for 20 

weeks 

GBR ↓monocyte adhesion to 
aortas, ↓PAI-1, ↓MCP-1, 

↓TNF-α vs WR 

 

Table 3: Effects of Germinated Brown Rice (GBR), Brown Rice (BR) Versus White Rice (WR) on hypertension, cardiovascular 

disease, cancer and neurologic disorders. 
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Chung et al., 

[58] 
2018 

Keunnunjami rice, 
Department of 

Agriculture Science, 
Korea National Open 

University 

4-week-old male C57BL/6N 
mice 

AIN-93G; high-fat diet 
group with ethanol (0.25%) 

extracts of BR, GBR, 
Keunnunjami rice, and 

germinated Keunnunjami 
rice for 4 weeks. 

GBR and germinated 
Keunnunjami rice ↓weight, 

↓plasma TBARS, ↓erythrocyte 
TBARS, epididymal, perirenal, 

inguinal 
↑GSH-Px, ↑CAT, ↑PON vs BR 

and Keunnunjami rice 
respectively 

Anti-
carcinogenesis 

Kawabata et 
al., [59] 

1999 

Oryza Oil and Fat 
Chemical Co. 

Ichinomiya, Japan 
Pre-germination 

condition not described 

Azoxymethane-induced 
colon carcinogenesis in rats 

Basal diet, 2.5% defatted 
rice-germ, 2.5% γ-

aminobutyric acid-enriched 
defatted rice-germ, 2.5% 

rice-germ for 5 weeks 

γ-aminobutyric acid-enriched 
defatted rice-germ and rice-
germ ↓frequency of colonic 

adenocarcinoma, ↓incidence 
of colonic adenocarcinoma 

 
Park et al., 

[60] 
2017 

Cell Activation 
Research Institute, 
Kyungji-Do, Korea 
Pre-germination 

condition not described 

Human-derived colon 
carcinoma cell lines SW 480, 

HT 29, and tumor- 
xenografted mouse model 

Treatment with Phellinus 
linteus on GBR extract 

GBR↑sensitivity and apoptosis 
of colon cancer cells and 

tumor- xenografted mouse 
model to 

cetuximab 

 
Saki et al., 

[61] 
2017 

Malaysian local rice 
(Oryza sativa), 

Selangor, Malaysia 
28°C 48 h in water, 

dried at 50°C until 10% 
moisture content 

Human colon cancer cells 
HT-29 

Incubation with germinated 
rough rice crude extract for 
24, 48, and 72 h, add MTT 

3 h 

Germinated rough rice 
↓weight of kidney, liver, heart, 
lung, spleen and colon, ↓HCT, 

↓RBC 
↑WBR, ↑MCH, ↑MCHC 

Anti-neurologic 
disorders 

Mamiya et 
al., [62] 

2004 
WR and GBR, from 

Hokkaido, Japan 
30°C 24 h in water 

Male ICR mice 
AIN-93G; WR or GBR 

substitution for corn starch 
in AIN-93G 

GBR, but not WR, prevented 
β-amyloid protein-induced 

impairment of memory 
capacity (Y maze test) in mice 

 
 

Mamiya et 
al., [63] 

2007 
WR and GBR, from 

Hokkaido, Japan 
30°C 24 h in water 

Male ICR mice 
AIN-93G; WR or GBR 

substitution for corn starch 
in AIN-93G 

GBR ↑learning capacity and 5-
HT (frontal cortex) vs control 

diet 

AIN: American Institute of Nutrition; CAT: Catalase; FER: Food Efficiency Ratio; GSH-Px: Glutathione Peroxidase; HCT: Hematocrit; 

HDL: High-Density Lipoprotein; 5-HT: 5-Hydroxytryptamine; ICR: Institute of Cancer Research; LDL: Low-Density Lipoprotein; MCH: 

Mean Corpuscular Haemoglobin; MCHC: Mean Corpuscular Haemoglobin Concentration; MDA: Malondialdehyde; MTT: 3-(4,5-

dimethylthiazol-2-Yl)-2,5-Diphenyltetrazo-Lium Bromide; OLETF: Otsuka Long-Evans Tokushima Fatty Rat; PAI-1: type-1 

Plasminogen Activator Inhibitor; PON: Paraoxonase; RBC: Red Blood Cell; SBP: Systolic Blood Pressure; TBARS: Thiobarbituric Acid 

Reactive Substance; TC: Total Cholesterol; TG: Triglyceride; TNF-α,: Tumor Necrosis Factor- α; WBC: White Blood Cell. 

 

Carcinogenesis 

Yasukawa et al., [74] reported that oryzanol from rice bran 

inhibited the proliferation of mouse skin cancer cells. Hudson et 

al., [75] found that extracts from brown rice or rice bran 

suppressed the proliferation of breast or colon cancer cells. 

Rice germ inhibited the growth of oxidized azomethane-

induced colon cancer in rats [59]. Phellinus linteus on GBR (PBR) 

extract increased the sensitivity of colon cancer cells and tumor-

xenografted mouse model to cetuximab, and promoted the 

apoptosis of cancer cells [60]. Ethanol extract of germinated 

rough rice prevented azoxymethane-induced colorectal cancer 

in rats [61]. GBR in combination with L. acidophilus and/or B. 

Animal is subsp. Lactis inhibited colorectal carcinogenesis by 

enhancing anti oxidative capacity and apoptosis in rats [76]. 

The potential anticancer effects of the components or 

derivatives of GBR observed in experimental studies should be 

further investigated. 

Neurodegenerative and Alzheimer's diseases 

Alzheimer’s disease is a common geriatric neurodegenerative 

disorder without an effective treatment and is characterized by 

the deposition of β-amyloid protein in brain. Mamiyaet al., 

[62] reported that GBR improved β-amyloid protein-induced 

learning and memory deficit in mice. GBR also improved 

depression-like behavior in mice, which was associated with an 

increase of 5-hydroxytryptaminein brain cortex of mice [62]. 

Azmi et al., [77] reported that GBR altered the aggregation of 

Aβ protein and modulated genes related Alzheimer’s disease 

in SH-SY5Y neuroblastoma cells. GABA plays a vital role in the 

memory process, such as improving brain function, improving 

nerve function, and promoting long-term memory [78]. 
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Antioxidants in GBR may reduce the toxicity of oxidative stress 

to brain cells. Ethyl acetate extract of GBR inhibited 

hydroperoxide-induced oxidative stress and apoptosis in 

neuroblastoma cells [79]. Ferulic acid improves memory and 

prevents trimethyltin-induced learning and memory impairment 

in mice [80]. The above preliminary findings from experimental 

studies suggest that GBR may help to prevent or manage 

Alzheimer's disease or other neurodegenerative disorders. 

Clinical studies are required to verify the hypothesis generated 

from animal studies. 

Other chronic diseases 

GBR also inhibits sobering [81], regulates mood [82], and 

improves skin condition [83] in experimental or human studies. 

FOOD PRODUCTS OF GBR 

GBR may be developed into various food products [3] in 

addition to steam rice, which are potentially accepted as 

staple foods by both rice eaters and non-rice eaters. Several 

of GBR food products may enhance the consumption of GBR as 

described below. 

GBR flour 

GBR flour is processed by hydrolyzing GBR with xylanase, 

further dried and milled into powder [84]. GBR powder has a 

porous network structure after extrusion due to protein 

cleavage. The gelatinization of GBR powder can reach almost 

100%, which improves the nutritional value of GBR [85]. The 

extrusion reduces the dispersion of GBR flour. The addition of 

15% maldextrin, 0.12% sucrose ester and 0.55% 

monoglycerides to GBR flour helps to solve the issue of the lack 

of dispersion [86]. GBR flour mixed with wheat flour, 

transglutaminase and gluten can enhance its gas-hold ability 

and water retention, which improves the quality of bread [87]. 

Rice flour is often used as a component of gluten-free bread 

for people with gluten-sensitivity, such as celiac disease [88]. 

Since the flour of white rice is low in nutrients, GBR flour may 

be a suitable replacement of white rice flour for gluten-free 

foods [3].  

GBR beverage 

GBR beverage has enjoyable flavor. Extrusion recombination 

technology was applied in the production of GBR-green tea 

beverage. GBR-milk beverage is fermented by lactic acid 

bacteria, and hydrolyzed with α-amylase [89]. GBR tea was 

obtained by baking GBR, and then mixed with other 

ingredients. The optimal formulation allows the content of poly 

phenol to reach 309 mg/kg, and that of GABA to 427 μg/dL 

in GBR tea [90].  

GBR enzymes 

GBR enzymes are composed of a mixed biological enzyme 

system. They are generated from GBR fermented by lactic acid 

bacteria and yeast. During the fermentation process, dozens of 

new enzymes are generated, which enhances the nutritional 

value of GBR [91]. GBR is used as a substrate to generate the 

enzymes. The protease activity and the content of GABA are 

often used as indicators to assess the efficacy of the generation 

of the enzymes [92]. 

GBR wine 

GBR wine is prepared through the fermentation of GBR with 

yeast, known as koji. The content of glutathione in GBR wine is 

often used to monitor the fermentation. A new kind of low-

alcohol GBR wine with high nutritional value was prepared by 

using bilateral fermentation method in combination with the 

saccharification process of beer and the fermentation 

technology for yellow rice wine, which is a popular beverage 

in southern China [93]. The quality of GBR wine, as estimated 

by the abundance of aroma components, was improved 

significantly after the germination [94].  

Healthy snacks 

Sprouted grains are often used in healthy snacks, such as bar, 

muffin, cookie, oatmeal, granola and cake, due to their soft 

texture and high values of nutrition [95]. GBR can be a good 

candidate as an ingredient of those healthy snacks. 

LIMITATIONS AND FUTURE DIRECTION 

Precise mechanism for the health benefits and the nature of 

responsible bioactive compounds in GBR remain unclear. 

GABA, fiber, antioxidant vitamins and phenolic acids enriched 

in GBR possibly contribute to a number of the health benefits 

of GBR on the common metabolic disorders. Molecular 

mechanism and interactions of bioactive compounds for the 

beneficial effects of GBR remains largely unclear. The process 

of pre-germination and the evaluation system of GBR 

production may be optimized for targeted purpose and 

populations. Based on the definition of whole grains from the 

American Association of Cereal Chemists, a qualitative and 

quantitative monitor system for GBR and its food products 

need to be established. At the same time, public education on 
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the health benefits of GBR food products should be enhanced. 

Researchers, consumers, food industries, farmers, government 

departments, health organizations, education and social media 

may work in a cooperative way to promote the production and 

consumption of GBR. In order to encourage the consumption of 

GBR, diversified GBR products need to be developed to meet 

the requirements of different subgroups of consumers, such as 

elders, children, pregnant women and individuals with risks for 

various chronic metabolic disorders. 

CONCLUSION 

GBR can be homemade or obtained commercially. GBR is a 

natural source for GABA, fiber, proteins, phenolic acids, 

vitamins, antioxidants and trace elements. Available results 

suggest that GBR has many potential beneficial health effects 

for common chronic diseases. Regular consumption of GBR is 

cost-effective for the prevention or management of the common 

chronic diseases. If more people consume GBR as staple food, 

immeasurable health impact is expected to achieve at 

population level. 
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