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Abstract: Grain germination is a process involving numerous factors that influence the biochemical 

processes inside the plant cells. This review covered the abiotic factors that lead to the germination and 

significantly impact the nutritional properties and digestion behavior of rice grains. The macro- and 

micro-nutrients can be changed depending on the intensity of the applied variables during germination. 

For instance, germination time can increase the protein content in the grain and concurrently reduce its 

protein digestibility. In most cases, the number of bioactive compounds present in rice grains are 

increased regardless of germination conditions. Germination can promote the complexation of nutrients 

and thus negatively interfere with the digestibility of macronutrients. This review highlighted the influence 

of the germination process on the nutritional quality of rice grains, providing information about the 

germination conditions and their impacts on the anabolic and catabolic reactions of the grain, emphasizing 

the health benefits. 
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Rice is a staple food for most of the world’s 

population due to its quantity and quality of the 

nutrients and the diverse forms to the consumer 

(Korres et al, 2017; Li and Yang, 2020). Rice in its 

whole form has more fiber, resistant starch, and 

diversity of proteins and lipids compared to its 

polished form, which possesses mainly starch with 

some protein fractions. Some pigmented rice varieties 

also contain compounds with antioxidant activity that 

are beneficial to health (Krishnan et al, 2021). Since 

rice is consumed in various forms, several rice 

products have been developed by applying different 

treatments directly to the grain, such as parboiling, 

annealing and quick-cooking rice processes, including 

some that induce germination (Sirisoontaralak et al, 

2015; Liu et al, 2020; Saniso et al, 2020; Zhong et al, 

2020). These treatments change not only the quantity 

of nutrients (free amino-acids, vitamins and such 

others) present in the grain but also their nutritional 

quality and organoleptic properties (Chaijan and 

Panpipat, 2020). Along with the processes mentioned 

above, germination increases the bioavailability of 

nutrients such as carbohydrates and proteins; likewise, 

some bioactive compounds such as gamma- 

aminobutyric acid (GABA) and antioxidants are found 

to increase. Germination also leads to increased fiber 

levels, and stimulates the production of bioactive 

compounds, and sometimes also leads to reduction in 

compounds that are expendable or harmful to human 

nutrition, such as phytates (Xia et al, 2017). 
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Many studies on induced germination, especially 

the effects of different soaking conditions, germination 

time and temperature, applied stresses and drying 

conditions on germination have been published (Ding 

et al, 2016; Lahkar and Tanti, 2018; Xia and Li, 2018; 

Kamjijam et al, 2020). The effects reported in terms of 

nutritional and technological aspects are the most 

diverse, following logical and blunt theories of 

clarification. Ding et al (2018) effectively used ultrasound 

during the germination process of red rice to increase 

the levels of GABA and metabolites beneficial to 

health. Nascimento et al (2020) found that the stress 

application (salinity, low temperature and the combination) 

can promote a significant increase in the GABA 

content. Li and Yang (2020) studied the behavior of 

rice with cold tolerance genes at 30 ºC and 15 ºC 

during germination, and found that with resistance 

genes, the increased enzyme activity and soluble sugar 

occurred at the highest temperature, even with the 

exogenous addition of phytohormones to break 

dormancy, which can facilitate the germination starts. 

Nguyen et al (2020) found that the amount of bioactive 

compounds resulting from the sucrose addition during 

the rice germination period is equivalent to the amount 

of total flavonoids and anthocyanins already present in 

red brown rice. 

This review aimed to discuss relevant studies about 

rice germination conditions, nutritional transformations 

and their impacts on nutritional and digestibility 

properties. 

Germination 

In the most applied definition of germinated grains 

proposed by the American Association of Cereal 

Chemists (AACC) (2008), malted or germinated 

grains containing all of the original bran, germ and 

endosperm shall be considered whole grains as long as 

sprout growth does not exceed kernel length and 

nutrient values have not diminished. These grains 

should be labelled as ‘malted or germinated whole 

grain’, which has been approved and endorsed by the 

United States Department of Agriculture (USDA). 

Malting has immense relevance and applicability in 

the beverage industry, such as beers (Mayer et al, 

2016) and whiskeys (Jeleń et al, 2019). Controlled- 

induced germination has been studied over the past 

few years, including on rice grains (Ng et al, 2013; 

Ding et al, 2018), as an efficient method to improve 

the bioavailability of bioactive compounds and reduce 

the anti-nutritional functions of cereals (Benincasa et al, 

2019). Controlled-induced germination has also been 

used as an alternative to obtain grains with specific 

characteristics, both nutritional and technological 

(Cáceres et al, 2017; Ding et al, 2018). For this type of 

germination to occur, the germ of the grain must be 

present and intact in order to produce phytohormones 

responsible for cell division and elongation (Finnie et al, 

2019). 

It is possible to verify the efficiency of these 

processes in several cereal grains. Guan et al (2019) 

demonstrated the germination efficacy regarding the 

accumulation of bioactive phytochemicals in barley. 

Lee et al (2015) also proved with in vivo tests the 

efficiency of some of these bioactive phytochemicals 

in reducing the concentration of glucose and hepatic 

triglycerides. Cardone et al (2020) found that although 

the germination process reduces the hardness and the 

hectoliter weight of wheat grains, the properties of 

starch and gluten are not altered after 48 h of 

germination. It promotes improvement in the 

fermentation of the dough and the final volume of the 

bread. Aparicio-García et al (2020) demonstrated that 

the germination process increases the antioxidant 

capacity and enzymatic potential of α-amylase and 

proteases without any reduction in the β-glucan load 

retained in the oat flour. Fraś et al (2018) reported that 

it is possible to develop bread with antioxidant 

capacity and abundant fibers, with similar characteristics 

to oat flour products on the current market. 

Germination conditions applied for rice 

Although the minimum conditions necessary for the 

grain to start germination are the same, each species 

has its specific requirements, varying in time, 

temperature, intensity or other factors such as 

luminosity and nutrients, as shown in Table 1 (Singh 

et al, 2017; Kamjijam et al, 2020). These conditions 

directly influence metabolic reactions and consequently, 

the germination process varies (Zhou et al, 2020). 

Germination starts as soon as the grain is in 

favorable circumstances, such as moisture content 

ranging between 15% and 45%, temperature above 4 ºC, 

in the absence of germination inhibitors and the 

presence of atmospheric air. Some seeds, including 

rice, also need light because it is a vital part of the 

energy production by plants and the signal for 

countless physiological responses (Dziki et al, 2015). 

Therefore, the first stage of the germination process is 

soaking the grains/seeds in water, where water will 

penetrate the seed through the pores and micropyle 
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and will be stored inside the grain due to interactions 

predominantly with proteins and fibers. The water 

absorption index is stabilized during the second stage, 

which is the rupture of the pericarp in the region of the 

germ, and subsequently the appearance of the radicle. 

The water absorption rate rises again during the third 

stage and the radicle cells multiply during their 

development (Nelson et al, 2013). 

Briefly, throughout the germination process, the 

seed synthesizes and/or releases a series of plant 

hormones such as gibberellic acid, abscisic acid and 

ethylene that serve as signals for the activation and 

release of enzymes, such as amylases, lipases and 

proteases (also referred to as functional proteins). These 

enzymes will disrupt specific bonds between the 

monomers that compose each nutrient, simultaneously 

synthesizing new tissues (Guzmán-Ortiz et al, 2019). 

As mentioned earlier, there are many conditions such 

as time, temperature, relative humidity, stress 

application and dry conditions that can influence the 

rice germination and the germinated rice properties 

(Fig. 1). These conditions will be discussed in detail in 

Table 1. Temperature, time, relative humidity (RH), processing method and drying condition applied during rice germination. 

Rice variety 
Temperature  

(ºC) 

Time  

(h) 

RH  

(%) 
Processing method Drying Reference 

Daohuaxiang 37 36 100 Steeped in hydrogen peroxide 

solution at a ratio of 1:2 

NA Xia et al, 2017 

Xianhui 207, Heinuo 28 72 100 Normoxia and hypoxia only at  

6 final hours 

Freeze-dried under  

vacuum 

Ding et al, 2016 

Joha 21–28 360 100 Hydroponic culture Hot air oven 80 ºC/72 h Lahkar and Tanti, 2018 

Sanqiuding SZ  37 52 90 Darkness in a climatic cabinet NA Xia and Li, 2018 

KDML105, Riceberry 30 144 NA Darkness and washed every 24 h Freeze dryer Kamjijam et al, 2020 

 26–30 36 > 95 Normal and ultrasound Hot air dryer 80 ºC/2 h Ding et al, 2018 

OM457, TN11, Huong Dua 35 72 90 Sprayed water every 12 h, in the 

dark 

NA Nguyen et al, 2020 

Baekokchal 30 36 95 NA NA You et al, 2016 

Ilpum 30 48 95 NA Hot air oven 50 ºC until 

10% MC 

Li et al, 2017 

Zhengxian, Nanjing, Yannuo 25 120 100 Water changed every 6 h Hot air oven 50 ºC until 

14% MC 

Wu et al, 2013 

NA 25–35 48 80 NA Freeze-dried Wang et al, 2020 

02428, YZX 15 96 NA NA Freeze-dried Yang et al, 2019 

Ingwizabukungu, 

Intsindagirabigega, Jyambere, 

Mpembuke, Ndamirabahinzi, 

Nemeyubutaka, Zong geng 

15–30 NA NA Field crops Freeze-dried under  

vacuum 

Mukamuhirwa et al, 2020 

Khao Niaw Dam Peuak Dam 37 48 66 Closed system Hot air oven 80 ºC/5 h Owolabi et al, 2020 

San-Pah-Tawng1, 

Pathum-Thani1, Phitsanulok2 

30 50 85 Dark 
Hot air oven 40 ºC/12 h 

Kupkanchanakul et al, 

2018 

Pusa Basmati 1 28 192 NA NA NA Sinha et al, 2020 

IET-23466, Dhan-201, 

IET-23448, MAS-946, 

IET-23445, IET-23463, 

IET-23455, PR-123, PR-115 e 

IET-23449 

28–30 48 95 Washed every 4 h NA Kaur et al, 2017 

KDML105 35 24 95 Washed every 4 h Hot air oven Jongyingcharoen and 

Cheevitsopon, 2016 

Ilpumbyeo 37 48 80 Washed every 24 h Hot air oven 50 ºC/48 h Kim et al, 2017 

Sanpatong 1, Khao Jow Hawm 

Phitsanulok 1, KDML105, 

Niaw Sanpatong, Rice 

Department 6, Luem Pua 

25–28 96 100 Water changed every 4 h Hot air oven 40 ºC unitl 

12% MC 

Yodpitak et al, 2019 

Mottaikaruppan 30 120 NA Sprayed water Solar dried Veluppillai et al, 2009 

Hom Mali 105, Hom Deang 

Sukhothai 1, Hom Dam 

Sukhothai 2 

Room 

temperature 

168 NA NA Hot air oven 45 ºC/ 24 h Pramai et al, 2018 

KDML105 48 30 NA Flowing air Hot air oven 73 ºC/2 h Tuntipopipat et al, 2015 

KDML105 30 72 100 Water changed every 4 h Hot air oven and a hybrid 

dryer; multiple conditions 

Tumpanuvatr et al, 2018 

Qiutian Xiaoting 37 48 90 Darkness in a climatic cabinet Hot air oven 40 ºC/24 h Xia and Li, 2018 

NA, Not available; MC, Moisture content. 
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the following sections. 

Germination time 

The changes in the seed as a result of germination 

depend on the conditions to which the rice is subjected 

and the time for which it remains in such conditions. 

The need for the plant being generated to survive 

includes physical-chemical and structural changes in 

its cells. As soon as the germination process starts, the 

first structural changes could be noticed (Fig. 2) 

(Nonogaki et al, 2010). Physiologically, the plant 

lacks to reinforce its cell wall to confer rigidity to the 

root system, to expand and reach the soil surface, 

which takes some time, commonly around 15 h, for 

the radicle and hypocotyl to lengthen; before that, the 

germination shows low indexes of efficiency (Liu et al, 

2016; Singh et al, 2017). 

These transformations result in changes in the 

nutritional and technological properties of the grains. 

Kamjijam et al (2020) demonstrated that the content 

of essential amino acids (alanine, arginine, glycine, 

methionine, proline, serine, tyrosine, tryptophan and 

valine) in rice grains increases with germination and 

reaches maximum levels between 72 and 96 h. 

Chaijan and Panpipat (2020) studied on the feasibility 

of obtaining a germinated extract of Thai indigenous 

rice, and observed a substantial increase in GABA 

content during germination (35 ºC, in the dark) 

between the 36th and 48th hour, increasing from 

approximately 1.5 to 55.0 mg/kg, a value that did not 

change until the end of the process (96 h). On the 

other hand, Singh et al (2017) reported that the lipid 

content in the flours of germinated cereals decreases 

throughout the germination process of 48 h, but there 

is no significant difference in the first 12 h. 

Kupkanchanakul et al (2018) indicated that the lipid 

content decreases with germination at 30 ºC for 50 h. 

Starch digestibility is intensified with germination 

(You et al, 2016). Nascimento et al (2020) showed 

that 36 h of germination process and the application of 

stress during germination of brown rice increase the 

starch digestibility by more than 30%. Li et al (2017a) 

found that the relative crystallinity and enthalpy of 

retrogradation of brown rice starch decrease with 

germination. Wu et al (2013) noticed a slight 

reduction in the gelatinization temperature of the 

starch in the flour and the starch, isolated after 48 h of 

germination in brown rice grains. 

The germination time can significantly influence 

the final product. However, the longer the germination 

time is, the more significant the changes are in the 

product, which may not coincide with the desired 

organoleptic or nutritional characteristics. Therefore, 

it is necessary to optimize the germination time to 

reach the desired characteristics without affecting 

consumer acceptance or nutritional quality. 

Germination temperature 

The germination temperature significantly influence 

the germination capacity of grains since it is a limiting 

factor in the activity of the enzymes present, mainly 

proteases, amylases (α- and β-) and glucanases (Krapf 

et al, 2020). Wang et al (2020) found that the increase 

of temperature from 25 ºC to 30 ºC increases the 

germination rate by approximately 40%. 

Some grains have mechanisms of adaptation or 

resistance to an abiotic factor, such as harsh winter or 

scorching summer, thus perpetuating in various regions. 

This resistance or adaptation to the climatological aspect 

directly influences the physical-chemical characteristics 

of the plant cell, and additionally, influences the 

nutritional and technological aspects of the grain 

(Kenchanmane Raju et al, 2018). 

Prieto et al (2020) reported that the activity of 

essential signaling effectors in response to cold stress 

results in a reduction in the neutral lipids and the 

long-chain base’s content; concurrently, the phospholipid 

content is increased, promoting greater fluidity of the 

membrane, which is assumed to facilitate the digestion 

of macronutrients. Moreover, lipid contained in the 

whole grain is changed, with polyunsaturated and 

unsaturated lipids predominating in comparison with 

saturated ones. 

In contrast, extreme heat conditions affect the 

Fig. 1. Illustration of conditions that can influence rice germination 

and germinated rice properties. 

Fig. 2. Structural changes in rice grain (cultivar BRS Pampeira) 

during germination process at 30 ºC and 80% relative humidity 

(Nonogaki et al, 2010). 
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metabolism of proteins and starch. As the fatty acids 

produced in the plastids enter the biosynthetic pathway 

of phospholipids or triacylglycerols and undergo 

several reactions, they reduce the nutritional and 

technological quality of starch and proteins, interfering 

in the applications (Marion and Saulnier, 2020). Also, 

Ohdaira et al (2015) reported an increase in the 

storage protein content of rice grains when subjected 

to germination at high temperatures; however, the 

prolamin values are reduced in the grains. 

Stress application 

When a plant is affected by stress, it automatically 

activates secondary mechanisms and/or metabolic 

pathways to combat reactive oxygen species. For 

example, the intracellular imbalance caused by different 

stresses is formed to make sure that the species can 

survive (Li et al, 2017b). Mukamuhirwa et al (2020) 

found that water deficit stress during germination 

increases the protein content and reduce the 

productivity but does not affect the amylose content. 

Thi Thu et al (2020) showed that even at the minimum 

saline concentration tested (6 dS/m NaCl) during the 

germination of rice grains, there is a reduction in 

seedling and root development. Moreover, the authors 

highlighted some positive points as the reduction in 

phytic acid and an increase in the content of phenolic 

compounds. 

Drying  

Grain drying operations are carried out to prolong the 

shelf life of the products, and there is a constant 

search for greater retention of the nutritional and 

technological properties. In germinated foods, another 

important reason why drying must be fast and 

effective is the reduction and/or limitation of the 

proliferation of microorganisms from the conditions 

of mild temperature and high relative humidity (Gan 

et al, 2017). Ge et al (2021) reported that infrared 

drying achieves greater efficiency concerning the 

retention of phenolic compounds than drying by 

heated air. According to Poudel et al (2019), the 

temperature of 60 ºC is effective in reducing the 

action of lipases in germinated grains, such as esterase 

and lipoxygenase compared to p-nitrophenyl butyrate 

and p-nitrophenyl palmitate substrates, respectively. 

Likewise, sun-drying reproduces positive effects in 

drying germinated rice grains, increasing the content 

of γ-oryzanol, phenolic compounds with antioxidant 

activity, without causing loss in GABA content 

(Cáceres et al, 2017). However, research on drying 

action to reduce the microbiological content in 

germinated grains is scarce. 

Chemical compositions and their digestibility of 

germinated rice 

Rice has a high content of starch, protein, minerals 

and vitamin B, and the amount of these nutrients vary 

according to variety, growth condition and other 

treatment conditions. Some examples of nutritional 

variations caused by germination are showed in Table 

2 (Bao et al, 2004; Korres et al, 2017). 

However, nutrients are not evenly distributed 

throughout the grain. The hull, which can be 

responsible for 16% to 28% of the dry grain weight, is 

constituted by cellulose, hemicellulose and lignin in 

addition to a large amount of silicon (Chaves et al, 

2009). In the pericarp, right below the hull, the 

aleurone layer and the forehead are located as proteins, 

fibers, minerals and pigments (Lang et al, 2019). The 

endosperm is basically composed of starch and some 

protein fractions and provides energy for seed 

germination (Xia et al, 2017). In the germ, a large 

amount of lipids and enzymes, important for its 

development, are stored (Cho and Lim, 2016). For this 

reason, it is recommended to consume whole grains 

for a balanced diet in the amount of carbohydrates, 

proteins, fibers and minerals (Patil and Khan, 2011). 

During the metabolic processes, interactions between 

starch and proteins are disrupted, which can facilitate 

the digestion of these nutrients, and at the same time, 

new tissues with high levels of fibers and bioactive 

compounds are formed (Ng et al, 2013; Nascimento 

et al, 2020). 

Carbohydrate  

Rice is associated with a high glycemic index due to 

the ease of digestion of its starch by the human 

gastrointestinal tract (He et al, 2020). However, the 

related data are considering only polished rice, as it 

has the highest consumption worldwide. When consumed 

in its brown form, its digestibility decreases, being 

even lower than that of other cereals such as wheat 

(Xu et al, 2021), barley (Tamura et al, 2019) and oats 

(Shah et al, 2018). Generally, according to its digestibility, 

starch is classified into rapid digestion (RDS), slow 

digestion (SDS) and resistant starch (RS). RDS, SDS 

and RS differ in the digestion time, which can be up to 

20 min in the duodenum, between 20 and 120 min in 

the small intestine, and beyond 120 min in the small 

intestine, respectively (He et al, 2020; Cui et al, 2021; 

Tang et al, 2021).  
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Carbohydrates suffer the most changes due to 

germination, because the hydrolytic enzymes are the 

first to be activated in response to germination 

conditions. Initially, alpha-amylase is responsible for 

the fragmentation of starch reserved in the grains, 

decreasing it until the maltose (disaccharide). Another 

amylolytic enzyme pullulanase reduces it to glucose 

monomers used for cellular respiration and energy 

production (McKie and McCleary, 2015). These 

actions significantly alter the original conformation, as 

well as the properties of the starch.  

Germination is an effective process in increasing 

the digestibility of fast-digesting and slow-digesting 

starch, suggesting a loosening between the starch- 

protein and starch-lipid complexes (You et al, 2016). 

This impact on starch digestibility is not suitable in 

controlling type 2 diabetes; however, it is a positive 

outcome for those who seek high levels of glycogen 

quickly, as athletes practicing sports of short duration 

and high intensity (Kirk, 2009). 

In general, starch represents about 90% of the dry 

weight in polished rice grains, and this value decreases to 

around 75% for the brown rice (Bonto et al, 2021). 

Owolabi et al (2020) stated that the initial carbohydrate 

content in purple rice grains (58.1%) is influenced by 

soaking and germination, increased to approximately 

63.9% in the first step. With the initiation of 

germination, the content shows a linear reduction until 

24 h of germination, without significant changes 

during 24–36 h. Then, the carbohydrate content 

increases again, reaching a value close to 63.6% after 

36 h of germination. Zhou et al (2020) found that total 

carbohydrate content decreases by approximately 3% 

with germination in all the studied cases, with a 

maximum value of 87.15% (pre-germination) and a 

minimum of 83.79% (post-germination). Given the 

above, the relationship between germination and the 

carbohydrates in the grain is changed due to utilization 

as the first source of energy and subsequent structural 

function. Carbonhydrate content is reduced at the 

initiation of the germination process and structural 

carbohydrates (cellulose, hemicellulose and xylose) is 

increased as the grain develops. 

The amylases are the most relevant catalysts when 

the subject is starch digestion. These enzymes act by 

hydrolyzing the glycosidic bond between the amylose 

and amylopectin monosaccharides and release simple 

sugars, sometimes reducers (Ding et al, 2018). These 

reactions make the particles smaller, along with some 

micro-holes that can be perceived on the starch 

structure, facilitating the action of digestive enzymes 

(Wu et al, 2013). You et al (2016) demonstrated an 

increase of about 20% in starch digestibility in brown 

rice grains compared to the non-germinated grains. 

Table 2. Changes in proximal composition caused by germination in rice grains. 

Rice variety Carbohydrate Protein Lipid 
Bioactive 

compounds 
Vitamin Enzyme Reference 

Daohuaxiang NA ↑ NA ↑ NA NA Xia et al, 2017 

Xianhui 207, Heinuo NA NA ↓ GABA↑ NA NA Ding et al, 2016 

KDML105, Riceberry NA ↑ NA GABA↑ NA NA Kamjijam et al, 2020 

OM457, TN11 NA NA NA TPF↑ NA NA Nguyen et al, 2020 

Zhengxian, Nanjing, Yannuo ↓ NA NA NA NA NA Wu et al, 2013 

NA NA WM WM NA NA ↑ Wang et al, 2020 

HATRI192 NA NA NA TPF↑↓ NA ↓ Thi Thu et al, 2020 

HATRI62 NA NA NA TPF↑↓ NA ↑ 

Khao Niaw Dam Peuak Dam ↓ NA ↑ NA NA NA Owolabi et al, 2020 

San-Pah-Tawng 1 ↓ ↑ ↑ NA NA NA Kupkanchanakul et al, 2018 

Pathum-Thani 1, Phitsanulok 2 ↓ ↑ ↓ NA NA NA 

Pusa Basmati 1 NA NA TAG↓ NA NA NA Sinha et al, 2020 

IET-23466, Dhan-201, IET-23448, 

MAS-946, IET-23445, IET-23463, 

IET-23455, PR-123, PR-115, IET-23449 

NA NA NA ↑ NA NA Kaur et al, 2017 

KDML105, Qiutianxiaoting NA NA NA GABA↑ NA NA Jongyingcharoen and Cheevitsopon, 

2016; Xia and Li, 2018 

Ilpumbyeo NA NA NA ↑ Vitamin E↑ NA Kim et al, 2017 

Mottaikaruppan NA ↓ NA NA NA ↑ Veluppillai et al, 2009 

Hom Mali 105, Hom Deang Sukhothai 1, 

Hom Dam Sukhothai 2 

NA NA ↑ ↑ ↑ NA Pramai et al, 2018 

KDML105 NA NA NA ↑ NA NA Tuntipopipat et al, 2015; 

Tumpanuvatr et al, 2018 

NA, Not available; WM, Without modification; GABA, Gamma-aminobutyric acid; TPF, Total phenolics and flavonoids; TAG, Triacylglycerols; ↑↓ 

indicates that the levels can increase or decrease depending on the treatment applied. 
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Similar effects have been reported by Chung et al 

(2012), where starch digestibility is increased by 10% 

in germinated brown rice compared to non-germinated 

brown rice (Fig. 3). 

Protein 

Vegetable proteins are classified according to their 

solubility in different solvents (Osborne, 1895), including 

glutelins, prolamines, globulins and albumins, which 

are solubilized in dilute alkaline solutions, 70% 

ethanol, saline and water, respectively (Shukla and 

Cheryan, 2001). The amino acids necessary for the 

formation of proteins derive from synthesis and 

proteolysis reactions. In the first day of germination, 

the synthesis reaction of free amino acids predominates 

using nitrogen captured from the soil and stored in the 

form of nitrate. Subsequently, the nitrogen used for 

the formation of new amino acids is derived by 

breaking down existing proteins, also referred to as 

reserve proteins (Shen et al, 2015). For a protein to be 

nutritious, it depends not only on its quantitative value 

but on other factors, such as the quality, availability 

and digestibility of its amino acids. 

In rice, glutelins are in greater quantity, about 68%, 

distributed throughout the grain, and smaller fractions 

of albumin and globulins, about 11% and 14% 

respectively, are present in the aleurone and germ 

layer, comprising the total protein content ranging 

from 6.5% to 12.5% (Khatun et al, 2020). Structural 

proteins found in the aleurone layer perform synthetic 

and secretion functions, while storage proteins are 

distributed in the endosperm, commonly attached to 

the starch structure (Acosta-Estrada et al, 2014). 

However, proteins in rice have a low amount of 

cysteine and methionine, the latter classified as 

essential for humans (Maphosa and Jideani, 2017).  

Furthermore, the digestibility of rice protein is 

lower compared to proteins of animal origin due to its 

conformation, location within the cell, and complexation 

with other nutrients and antinutrients (phytate, tannins, 

enzyme inhibitors, etc.) (Ohanenye et al, 2020). Seed 

germination is an alternative to increase the nutritional 

value of proteins. The total protein content of waxy 

and low amylose rice cultivars is significantly increased 

after 12 h of germination; however, it is increased 

after 48 h of germination for the high amylose cultivar 

(Kupkanchanakul et al, 2018). According to Kamjijan 

et al (2020), the amount of essential amino acids, such 

as leucine, lysine and tryptophan, increases during the 

first 48 h of germination. Some substances, such as 

phytates, in which inorganic phosphorus is stored 

inside the plant cell, influence the nutritional quality. 

Phytates act as a high chelating agent for minerals 

such as iron, zinc and calcium, and can alter the protein 

conformation and consequently reduce their solubility, 

directly affecting their digestibility (Mohammadi et al, 

2021). Fortunately, Liang et al (2008) proved the 

efficiency of the germination of rice grains in reducing 

phytic acid. 

Proteolysis is responsible for releasing amino acids 

from storage proteins, precursors in the formation of 

new proteins that meet the needs of the plant organism 

during its development. For instance, cysteine is released 

from the storage proteins of cereals, contributing to 

the formation of methionine that acts in antioxidant 

systems in plants (Szewińska et al, 2016). 

Proteases namely endopeptidases are present in the 

aleurone layer and the scutellum, where they are 

secreted to perform their hydrolytic functions. However, 

they present low levels of metabolic activity during 

the initial hours of germination, becoming evident 

from the first day of germination (Lemmens et al, 

2021). Their activity is observed more efficiently under 

specific conditions. Schwalb et al (2012) reported that 

the degradation of the peptide substrate is more 

significant at temperatures around 20 ºC and in an 

acidic medium (pH close to 4). 

The function of peptidases is to reduce proteins 

through the hydrolysis of peptide bonds present 

between the amino acids. Thus, the activity of 

Fig. 3. Starch digestibility of brown rice and germinated brown 

rice at 30 ºC and 80% relative humidity during 36 h (cultivar BRS 

Pampeira).  

The digestibility was done according to the method proposed by 

Dartois et al (2010). G0, G15 and G30 represent aliquots removed 

during simulated gastric digestion during 0, 15 and 30 min of gastric 

digestion, and I0, I5, I10, I20, I30 I60 and I90 represent aliquots 

removed during simulated intestinal digestion during 0, 5, 10, 20, 30, 

60 and 90 min of intestinal digestion. 
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peptidases, which is accentuated during germination, 

weakens internal structures and causes the dismantling 

of protein/starch complexes, mainly in the endosperm 

of the grain, facilitating their digestion and absorption 

(Wu et al, 2013; Guzmán-Ortiz et al, 2019). 

In contrast, germination can provide substrates for 

the Maillard reaction, which can interfere with protein 

digestibility (Lamberts et al, 2008). The combination 

of reducing amino acids and monosaccharides, formed 

during the induced germination process, is favored at 

temperatures above 40 ºC, a condition to which the 

grains usually are exposed during the drying process 

(Sirisoontaralak et al, 2015). The complexation of 

these compounds can hinder protein digestion by the 

human digestive system (Nascimento et al, 2020). 

Cornejo et al (2015) reported that after 24 h of 

germination, there is a reduction of protein digestion. 

Joye (2019) indicated that protein digestibility is 

facilitated by germination due to the plant’s need to 

synthesize new proteins with other functions. 

Therefore, the action of proteases during germination 

facilitates the access of enzymes of the human 

gastrointestinal system during digestion. 

Lipid 

Lipids are related to chronic non-communicable 

diseases, such as obesity, diabetes and heart 

complications (Zhang et al, 2020). However, some of 

the lipids are essentials for the proper functioning of 

the human body, such as omegas (3, 6, and 9) that are 

not produced endogenously and are related to 

combating inflammatory diseases, regulation of 

protein synthesis, reduction of low-density lipoproteins 

and increase of high-density lipoproteins (Mason and 

Sherratt, 2017). Lipids are present mainly in seafood 

and some plant seeds (such as flaxseed, rapeseed and 

sunflower), and a smaller amount of lipids is found in 

rice grains (Punia et al, 2019). Other health-beneficial 

compounds associated with lipids are γ-oryzanol, 

tocopherols, tocotrienols and carotenoids, due to their 

lipophilic character and extraction together with oil 

(Torres-Luna et al, 2019). 

Triglycerides or triacylglycerols (TAGs) are the 

forms of lipids in grains, mainly in the bran layers. In 

rice, lipids are also found in the germ and endosperm 

in the form of phospholipids and free fatty acids (Go 

et al, 2020). 

A large part of the lipids present in endosperm and 

germ are complicated with other nutrients or are 

encouraged to be post-treated, which involve 

excessive heat and/or pre-gelatinization. These 

treatments reduce the bioavailability of the lipids due 

to the difficult access by the digestive or endogenous 

metabolic enzymes (Cui et al, 2021). 

Rice oil, extracted from bran and germ, has high 

levels of saturated fatty acids, such as palmitic acid 

(16:0), and unsaturated fatty acids such as oleic (18:1) 

and linolenic acid (18:2) (Sinha et al, 2020). The 

synthesis and accumulation of lipids, begin shortly 

after pollination, in a maximum of 12 d (Sinha et al, 

2020). With germination, reserved lipids are degraded 

by the action of lipolytic enzymes and oxidation 

reactions to generate energy by β-oxidation and the 

glyoxylate pathway (Khan et al, 2017). The fatty acids 

generated, especially polyunsaturated ones, are prone 

to suffer oxidation and peroxidation reactions 

catalyzed by the action of lipoxygenases, forming 

compounds that interfere with the organoleptic 

characteristics of the oil, mainly hydroperoxides 

(Sinha et al, 2020). 

Young et al (2012) reported that the total lipid 

content of paddy rice grains is increased after 

germination for 72 h, from approximately 1.6% to 

2.0%. However, with the removal of the hull, the total 

lipid content of brown rice pre- and post-germination 

shows no difference, remaining at approximately 2.2%. 

Sinha et al (2020) demonstrated that the TAG content 

is significantly decreased after the sixth day of 

germination, while the diacylglycerols (DAG) (except 

for palmitic acid), polar and free fatty acids, are not 

changed. The degradation of TAG is catalyzed by 

TAG lipases to supply non-esterified fatty acids and 

glycerols, and generate energy in the second instance 

for the grain. Sinha et al (2020) demonstrated that the 

initial TAG content (60 μmol/g) is decomposed after 

the fourth day of germination, with approximately 40 

μmol/g remaining on the sixth day and 20 μmol/g on 

the eighth day. Free fatty acids, especially palmitic 

acid, are consequently increased after the fourth day. 

Pramai et al (2018) compared the profile of 

metabolites in rice grains (white, black and red) before 

and after germination for 7 d and found an increase in 

fatty acid content with germination, being greater in 

black rice grains, mainly α-linolenic acid. 

Minerals 

Minerals are essential to regulate physiological 

functions both in plant and animal metabolism. In 

plants, potassium (K) can regulate the closure of 

stomata. Magnesium (Mg) is related to photosynthesis 

since Mg is the central atom of the structure of 

chlorophyll. Calcium (Ca) exerts the function of 
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signalization to the abiotic stresses.  

Silicon (Si) is the main mineral in rice, located 

mainly in the husk. However, it is of low importance 

in human nutrition due to husking before consumption. 

The other minerals present in considerable quantities 

are phosphorus (P), K and Mg, while the essential 

minerals iron (Fe) and zinc (Zn) are in insignificant 

amounts, in addition to the low bioavailability (Huang 

et al, 2020). Furthermore, the mineral content in 

grains is considerably affected by the planting site due 

to variations in soil composition (Qian et al, 2019). 

Huang et al (2020) reported the average amount of 

minerals presents in brown rice, with the clear 

presence of P (4 652 mg/kg) and K (3 810 mg/kg) 

followed by Mg (1 558 mg/kg), and a very low 

amount of Zn (34 mg/kg) and Fe (12 mg/kg). With 

germination or pre-germination, content, solubility or 

bioavailability of minerals change. As Mohd Esa et al 

(2011) demonstrated, germination reduces the initial 

amount of K and Ca; although it does not interfere 

with Mg and Zn. 

Bioactive compounds 

Bioactive compounds, mainly countless phenolic 

compounds, have an aromatic ring in their chemical 

structure, such as polyphenols, carotenoids and 

phytosterols (Chu et al, 2020). Bioactive compounds 

are concentrated in the husk and bran layers of rice 

grain, mainly in pigmented cultivars (Verma and 

Srivastav, 2020). During germination, some of these 

compounds are used to combat the free radicals 

formed, synthesize new compounds or mix with 

tissues and other nutrients. Also, there is the stimulus 

for synthesizing new bioactive compounds such as 

tocopherols, tocotrienols, GABA and γ-oryzanol (Cho 

and Lim, 2016; Liang et al, 2020). Rice germination 

parameters and their influence on bioactive compounds 

are shown in Table 3. 

Kaur et al (2017) observed the increase in the 

content of total phenolics and flavanol in all the ten 

rice cultivars during germination. The total phenolic 

content doubles after germination for cultivar 

IET-23466. Young et al (2012) found that germination 

increases the γ-oryzanol content in the brown rice, 

from 6 to 8 mg/g approximately, and higher than 10 

mg/g in the isolated sprout, but there is no significant 

effects in paddy rice. 

Kamjijan et al (2020) evaluated the effect of 

germination on GABA content of grains from two 

different rice cultivars. GABA content increases 

exponentially, initially bordering on nullity (20 

mg/kg), and reaches the peak (approximately 330 

mg/kg) between 72 and 96 h of germination. However, 

there is a decrease after this period, but it remains 

higher than the initial content. Nevertheless, it is 

worth mentioning that the behavior, although similar 

for both cultivars, obtained different results. 

Ding et al (2018) indicated that when an ultrasound 

humidifier is applied after the grain immersion stage 

or for 5 min after 66 h of germination in red rice, a 

maximum GABA content of approximately 750 mg/kg 

for both treatments is achieved. Jongyingcharoen and 

Table 3. Rice germination parameters and their influence on bioactive compounds. 

Rice variety Germination condition Bioactive compounds increased Reference 

Daohuaxiang 36 h at 37 ºC at 100% RH, stressed 

by hydrogen peroxide 

Antioxidant activity Xia et al, 2017 

Xianhui 207, Heinuo 72 h at 28 ºC at 100% RH, stressed 

by normoxia and hypoxia 

GABA Ding et al, 2016 

Sanqiuding, SZ 52 h at 37 ºC at 90% RH, darkness GABA Xia and Li, 2018 

KDML105, Riceberry 144 h at 30 ºC, darkness GABA Kamjijam et al, 2020 

OM457, TN11, Huong Dua 72 h at 35 ºC at 90% RH, darkness Total phenolics and flavonoids Nguyen et al, 2020 

IET-23466, Dhan-201, IET-23448,  

MAS-946, IET-23445, IET-23463,  

IET-23455, PR-123, PR-115 e IET-23449 

48 h at 28 ºC to 30 ºC at 95% RH Total phenolics and flavonoids Kaur et al, 2017 

KDML105 4 h at 35 ºC at 95% RH GABA Jongyingcharoen and 

Cheevitsopon, 2016 

Ilpumbyeo 48 h at 37 ºC at 80% RH Vitamin E Kim et al, 2017 

Sanpatong 1, Khao Jow Hawm Phitsanulok 1, 

KDML105, Niaw Sanpatong, Rice 

Department 6, Luem Pua 

96 h at 25 ºC to 28 ºC at 100% RH, 

cold plasma treatment 

Vitamin E, γ-oryzanol, antioxidant  

activity, total phenolics 

Yodpitak et al, 2019 

Hom Mali 105, Hom Deang Sukhothai 1, 

Hom Dam Sukhothai 2 

168 h at room temperature GABA, γ-oryzanol, total phenolics Pramai et al, 2018 

KDML105 30 h at 48 ºC GABA, γ-oryzanol, phenolic acids Tuntipopipat et al, 2015 

Qiutian Xiaoting 8 h at 37 ºC at 90% RH, darkness GABA Xia and Li, 2018 

RH, Relative humidity; GABA, Gamma-aminobutyric acid. 
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Cheevitsopon (2016) found that shortest immersion 

time (4 h) and the longest germination time (20 h) 

provide the best results for GABA content (197.1 

mg/kg). 

Regarding the total phenolic content, its free and 

bound/insoluble forms must be considered. Free forms 

are found in plant cell vacuoles, while insoluble forms 

are linked to macromolecules such as insoluble 

carbohydrates (pectin and cellulose) and structural 

proteins (Rasera et al, 2020). Ti et al (2014) found that 

the total phenolic content in brown rice increases, as 

well as the free and bound phenolic compounds during 

germination. Initially, they contributes with 57.7% 

and 42.3%, respectively, for the total phenolic content. 

After 30 h of germination, free phenolics account for 

66% and bound for 34%. The enzymatic activity 

promotes the breakdown of interactions between 

phenolics and macromolecules, making them free. 

Vitamins 

The vitamins commonly found in rice grains are 

vitamins B (B3 and B5) and E (Ghosh et al, 2019). 

Rice is not a vitamin source food for human due to the 

low amounts. However, vitamin fractions, especially 

in the bran layers, such as the tocopherol and 

tocotrienol isomers, have a homologous function to 

vitamin E (Kim et al, 2017). The dehulling and 

polishing processes of rice grains, and subsequent 

cooking, make the content of vitamins even lower 

(Kyritsi et al, 2011). The deficit of vitamins in the 

human organism causes serious health problems that 

can become a public health issue if rice becomes the 

only source of nutrients (Bonto et al, 2018). Treatments 

like biofortification and processes that retain or 

stimulate the production of nutrients in food are 

becoming popular. Some examples are rice fortification 

with vitamin B (Kyritsi et al, 2011), grain biofortification 

with pro-vitamin A and carotenoids (Nkhata et al, 

2020), parboiling process (Jannasch et al, 2020) and 

germination (Kim et al, 2017). 

Germination increased the total vitamin E content, 

including the compounds α-tocopherol, α-tocotrienol 

and β-tocotrienol (Kim et al, 2017). Yodpitak et al 

(2019) found that the germination process increases 

the vitamin E content, and the levels can vary 

significantly depending on the germination time and 

the cultivar. 

Enzymes 

Enzymatic action is essential for plant development 

and grain formation. Enzymes catalyse countless 

reactions such as degradation of nutrients, lysis and 

hydrolysis, oxidation-reduction, and conversion/ 

synthesis of compounds (van Hung et al, 2020). The 

germination process is dependent on enzymatic action, 

such as on phytohormones, which starts with the 

breaking of seed dormancy by water absorption. 

Amylases, proteases and lipases stand out in the first 

stages of germination.  

Starch is the source of reserve energy for the seed, 

and therefore it is the first nutrient utilised during 

germination. Li et al (2019) investigated how 

α-amylase acts during the germination of rice grains 

and demonstrated that after 24 h of germination, the 

action of these enzymes is approximately 70 

mg/(g·min), increasing to 85 and 105 mg/(g·min) in 

the next 24 and 48 h, respectively. α-amylase and 

β-amylase are the main amylolytic enzymes activated 

during germination (Charoenthaikij et al, 2009). These 

enzymes act on the α-(1-4) bonds of amylose and 

amylopectin; this action is blocked on the α-(1-6) 

bonds present in the maltose molecules resulting from 

this degradation, where pullulanase action is necessary 

to reduce glucose (required during cellular respiration 

and energy production) as well as to generate new 

tissues (Miao et al, 2015). 

According to Szewińska et al (2016), cysteine 

protease is the most abundant among the proteases 

that act during the germination process on the 

degradation of storage proteins. Veluppillai et al (2009) 

followed the action of proteases in general during 

germination and proved that these enzymes are 

activated in the first 24 h of germination, and remain 

with the stable activity until 48 h, and then their 

activity are increased exponentially until the 120 h of 

germination. However, it is not known when the 

growth ends after the fifth day of germination. 

Benefits of germinated rice to health 

There are countless benefits by the consumption of 

germinated grains. The consumption of germinated 

brown rice rich in GABA, a regulator of anxiety (He 

et al, 2019), has a calming effect (Hayat et al, 2015), 

and prevents type 2 diabetes by stimulating insulin 

production (Ohm et al, 2016) and anti-inflammatory 

effect in adenocarcinoma cells (Caco-2) taken from 

the human colon (Tuntipopipat et al, 2015). Germinated 

brown rice is rich in γ-oryzanol and other lipophilic 

compounds such as tocopherols and tocotrienols, 

which are related to cholesterol regulation (Burlando 

and Cornara, 2014), antioxidant effect (Yang and 
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Jiang, 2019), neuroprotective (Alzoubi et al, 2019) 

and anti-inflammatory effects (Torres-Luna et al, 

2019). Other antioxidant compounds, such as phenolic 

compounds (phenolic acids and flavonoids), are also 

related to reductions of cardiovascular diseases and 

some types of cancer (Sybron et al, 2019). 

As shown, the nutritional and digestibility profiles 

change with germination and vary according to the 

conditions applied, providing unique properties in the 

grains that can be used technologically and nutritionally 

as functional foods (Sofi et al, 2020). In this way, 

products obtained from germinated rice have gained 

increasing prominence, such as bread (Cornejo et al, 

2015), cupcakes (Müller et al, 2021), noodles (Sofi et al, 

2020), cookies (Chung et al, 2014), and other bakery 

products, in addition to the germinated parboiled grain 

itself (Nascimento et al, 2020). 

Perspective 

The nutritional quality of germinated rice alters 

depending on the germination conditions and the 

genotype used. However, it is impossible to mention 

one best condition for all rice cultivars. Each cultivar 

has specific requirements for improving the physical- 

chemical, technological and nutritional characteristics 

when it is about interactions between genetic 

characteristics with biotic and abiotic environmental 

factors. Thus, the germination process applied to the 

rice grains can be an alternative method to achieve 

desirable attributes that meet the nutrient demands of 

the consuming population. Interestingly, the pre- 

germination of seeds results in multiple benefits for 

planting crops and multiple technological and 

nutritional benefits when properly applied to rice 

grains. This review showed the important advances 

and the need for further studies, and offered enough 

important and comprehensive information for those 

who wish to delve into the application of germination 

in the industrialization of rice foods. 
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