
Journal of Biology and Life Science 

ISSN 2157-6076 

2020, Vol. 11, No. 2 

 239 

The Nutritional Components of Rice are Closely 

Related to Grain Quality Traits in Rice 

Bo Peng (Corresponding Author), Ke-Xin Jin, Dian-Ya Luo, Xia-Yu Tian, Yan-Fang Sun, 

Xin-Hua Huang, Rui-Hua Pang, Quan-Xiu Wang, Wei Zhou, Hong-Yu Yuan (Corresponding 

Author) 

College of Life Sciences and Institute for Conservation and Utilization of Agro-bioresources 

in Dabie Mountains, Xinyang Normal University, Xinyang, China 

 

Fang Yang 

State Key Laboratory of Hybrid Rice, College of Life Sciences, Wuhan University, Wuhan, 

China 

 

Juan Peng 

Xinyang Station of Plant Protection and Inspection, Xinyang, China 

 

Hui-Long Li, Xiao-Hua Song 

Xinyang Academy of Agricultural Science, Xinyang, China 

 

Xin-Xiang A 

Yunnan Provincial Key Lab of Agricultural Biotechnology of Yunnan Academy of 

Agricultural Sciences & Scientific Observation Station for Rice Resource of Yunnan, 

Ministry of Agriculture, Kunming, China 

 

Received: Aug. 30, 2020    Accepted: Sep. 28, 2020   

doi:10.5296/jbls.v11i2.17809   URL: https://doi.org/10.5296/jbls.v11i2.17809 

 

Abstract 

Starch, protein and lipid are the most important nutrients in rice, and their composition and 

content in rice grains play a decisive role in the grain quality. Rice quality (including 

appearance quality, cooking quality, nutrition quality, grinding and processing quality, etc.) is 
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not only affected by the composition of the nutrients in grain of rice, but also by the physical 

and chemical characteristics and their content in grains, but also vulnerable to external 

environmental conditions. To clarify the relationship between the main nutrients in rice and 

their grain quality traits is of great theoretical significance and potential application value for 

the continuous improvement of rice quality in the future. Therefore, this paper reviewed the 

effects of starch, protein, lipid and mineral elements in grain of rice and also on quality of 

trait in rice. It is also discussed the relationship between these nutrients and rice grain quality 

traits. All of those will provide important information for the quality of grain improvement 

and breeding of new varieties with high quality in rice. 

Keywords: rice; nutrients, grain quality, quality trait 

1. Introduction 

Rice (Oryza sativa L.) is one of the most important food crops in the world, providing about 

25 percent of the energy needs of more than 3 billion people in the world. Especially in 

South-East Asia, rice supplies about 76% of the energy to its local population. Hence rice is 

an extremely important source of human energy and nutrients (Kong et al., 2015; Peng et al., 

2014). The main nutrients in rice grains are starch, protein and lipids. Most of the nutrients in 

rice are starch and protein, which weigh more than 90% of the dry weight (He et al., 2013; 

Peng et al., 2016). Starch in rice grain includes amylose and amylopectin. Their structural 

composition and relative content has important influence on many qualities of rice. Rice 

contains no more than 16% of its dry weight (Peng et al., 2014; Juliano et al., 1972), but it 

provides 15% of the world's edible protein (He et al., 2013), As a major source of protein 

(Peng et al., 2014; raubenheimer et al., 2016). Meanwhile, grain protein content in rice grian 

is an important factor to determine its nutritional quality. Lipids, including fats and 

phospholipids, are an important nutrient in rice seeds, mainly distributed in rice seed embryo 

and endosperm outside the aleurone layer, and a complex is formed between lipids and 

amylose in rice seeds (Xu et al., 2015; Goufo et al., 2014). Thus, the composition and content 

of the major nutrients such as starch, protein and lipid have important effects on rice quality.  

Rice quality character is a very complex quantitative character, mainly composed of 

appearance quality, cooking quality, nutritional quality, grinding and processing quality (Yun 

et al., 2016; Peng et al., 2014). The appearance quality of rice is mainly determined by 

chalkiness, grain shape (grain size or shape) and transparency (translucency) (Zhang, 2007; 

Wan et al., 2008). The grain type is mainly expressed by the length, width and aspect ratio of 

the grain. The chalkiness trait is divided into dorsal white (white back), heart white (white 

core) and abdominal white (white belly) according to its occurrence. The transparency of the 

rice is divided into opaque, translucent and transparent, reflects the brightness of whole rice 

under light penetration. Rice cooking quality refers to the sensory and physicochemical 

properties of rice during cooking. The physical and chemical indexes: amylose content (AC), 

gel consistency (GC) and gelatinization temperature (GT) (Wang et al., 2011). The grinding 

quality of rice is mainly measured by three indexes: brown rice rate, milled rice rate and 

whole milled rice rate (Zhang et al., 2016). Among them, the whole rice rate is an important 

factor to evaluate the quality of rice grinding (Li et al., 2016). The nutritional quality of rice 
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grain depends mainly on the extent and relative content of nutrients in the grains, nutrients in 

rice grain mainly include crude protein (crude protein content, CPC), fats, starch, amino acids 

and vitamins and other trace elements (Yu et al., 2006; Yoon et al., 2012). In addition to being 

influenced by the composition of nutrients, physical and chemical properties and their 

contents in seed grains, and grain quality traits (Table 1), are also vulnerable to external 

environmental conditions. For example, if the temperature of rice grain filling period is high, 

it is easy to form chalkiness characters in seed endosperm. Simultaneously, the appearance 

quality, cooking quality and food quality of rice were also affected. 

Over the past decade, significant progress has been made in the field of the genetic aspects of 

major nutrients in rice (Zhou et al., 2017; Bhullar et al., 2013). A large number of genes was 

isolated and cloned, which are involved in the regulation of the synthesis, metabolism and 

degradation of major nutrients such as starch, storage proteins, lipid substances and vitamins 

in rice (Yu and Wang, 2016; Wang et al., 2013). The main nutrients in rice seeds are closely 

related to the grain quality traits of rice. Therefore, it is of great theoretical significance and 

potential application value to clarify the relationship between the main nutrients such as 

starch, protein, lipids and mineral elements in rice grain and their grain quality traits in the 

future. This paper focuses on the analysis of the effects of the main nutrients in rice, 

including starch, protein, lipids and mineral elements, on the main traits of grain quality in 

rice, which will provide important reference for the improvement of grain quality and the 

breeding of new rice varieties with high quality. 

Table 1. A selection of relations between physical-chemical characteristics of raw rice and the 

sensory quality of cooked rice (Mestres et al., 2019) 

Physical-che

mical 

characteristics 

of 

raw rice 

Sensory attribute  

of cooked rice 

Selected 

references 

Amylose content 

•Positive correlation with firmness/hardness 

Negative correlation with stickines 

Champagne et 

al. (2004), 

Juliano et al. 

(1981), 

Mestres et al. 

(2011) 

•Low correlation with combined 

texture attributes 

Lyon et al. 

(1999) 

•Negative correlation with 

acceptability 

Srisawasand 

Jindal (2007) 

•Reduces aroma and sweetness and 

increases bitterness of brown rice 

Bett-Garber et 

al. (2013) 

• Waxy milled rice is more aromatic 

and astringent than regular milled rice cultivars 

Bett-Garber et 

al. (2007) 
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•Negative correlation with“grain”aroma 

attribute for cooked milled rice 

Champagne et 

al. (2004) 

Amylose 

characteristics 

•Hot-water-insoluble amylose is negatively 

correlated with stickiness and tenderness 

Bhattacharya et 

al. (1978), 

Sowbhagya et 

al. (1987) 

• Proportion of long-chain amylose 

is positively correlated with 

sensorial hardness 

Li et al. (2016) 

•Firmness increases with the forma-tion of 

amylose-lipid complex II during parboiling 

Rousset et al. 

(1999) 

Amylopectin 

structure 

Long-chain amylopectin proportion is 

positively correlated with the hardness score 

and negatively with the stickiness score for 

cooked parboiled rice and for cooked milled 

rice 

Li et al. (2016), 

Ong and 

Blanshard 

(1995) 

Starch 

gelatinization 

Temperature 

•Cooking time increases with an in-crease in 

the gelatinization temperature 

Fitzgerald et al. 

(2009), 

Juliano and 

Perez (1983) 

•Hardness score at the core of the grain 

increases with an increase in The gelatinization 

temperature 

Mestres et al. 

(2011)  

Protein content 

Positive correlation with stickiness and 

slickness Negative correlation with hardness 

Champagne et 

al. (2004, 

2009), Mestres 

et al. 

(2011) 

Rice grain 

structure 

•The cooking time increases with the thickness 

of the grain 

Vidal et al. 

(2007) 

• Palatability decreases with increased grain 

thickness 

Matsue et al. 

(2001) 

• The overall sensory quality of cooked rice 

with 15% chalky kernels is low 

Kim et al. 

(2000) 

2. The Relationship Between Rice Starch and Grain Quality Traits 

Starch is the main component in rice endosperm, and it accounts for about 77-78% of the 

milled rice with water content of 14%. Therefore, many scholars believed that the 

composition, physical and chemical properties and structure of starch determined the eating 

quality of rice (Mo, 1993). Physicochemical properties of starch are important factors 

affecting the eating quality of rice (Bergman et al., 2004; Rameshet et al., 2000). Rice with 

high amylose content tends to have higher hardness and lower viscosity. Remarkably, there is 

no significant correlation in some cases (Rousset et al., 1999), lack of significant correlation 
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may be associated with specific rice samples. Long-chain amylopectin makes cooked rice 

harder, with a lower viscosity (Ong and Blanshard, 1995). The gelatinization temperature is 

an important index to evaluate the cooking quality of rice. It reflects the nature of starch, have 

an important effect on the cooking performance and grain quality of rice. The higher the 

gelatinization temperature, cooking rice takes longer (Fitzgerald et al., 2009; Juliano and 

Perez, 1983). Interestingly, there were some correlations between grain hardness and 

gelatinization temperature (Mestres et al., 2011). A study of 46 samples found a significant 

positive correlation between starch gelatinization temperature and sensory score of core 

hardness of rice grains. The morphology of rice starch granules is closely related to its grain 

quality. Rice varieties with good quality, its starch granules are small, polyhedral, arranged 

neatly and close. Rice varieties with poor quality, the size of starch granules in the chalkiness 

part of grain was uneven, and the edges of the polyhedron were not obvious, rough surface, 

arranged loosely and irregularly (Figure 1) (Ji et al., 1998; Peng et al., 2018). Starch in rice is 

mainly composed of amylose and amylopectin (Yang, 2003; Jin, 2008), their relative content 

and physicochemical properties have important effects on grain quality traits in rice.  

 

Figure 1. Scanning electron microscopic observation on starch granules in endosperm 

cells of the chalky and non-chalky grains (Peng et al., 2018) 

a, d: the starch grains in the chalky rice; b, e: the starch grains in the transparent parts of rice; 

c, f: the starch grains in the non-chalky rice; Bar = 8 µm. 

2.1 The Relationship Between Amylose and Grain Quality Traits in Rice 

Amylose is a linear glucose polymer that naturally curls to form a natural spiral structure. The 

crystal structure of rice after heating and gelatinization is very firm. The thermal stability is 

strong, and it is not easy to be hydrolyzed by amylase, so amylose has a fiber-like property. 

Rice with high amylose content can not only improve the intestinal function of human body 

as dietary fiber in food, but also have low raw sugar index. The long-term consumption can 

effectively reduce blood sugar in human body and has a good health care effect (Champagne 

et al., 1996), which is also one of the main traits in the process of rice quality selection 

(Figure 2). 
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Some studies have found the significant differences between the main quality traits and rice 

texture indexes in four rice lines with different amylose content (Cai et al., 2005). The 

decrease of amylose content in rice grain makes the consistency of starch soft and the content 

of crude protein decrease. Too low amylose content will cause the appearance of rice grain to 

show waxy character. Characteristics in rice RVA spectrum and rice texture are obviously 

controlled by amylose content in rice, and amylose content in rice obviously affects the 

change of viscosity during gelatinization. The rice varieties with higher amylose in rice have 

higher reduction value, recovery value, hot pulp viscosity, final viscosity, and the rice flour 

made by processing has higher retrogradation. Of course, they are difficult to paste. By 

contrast, rice varieties with lower amylose content in rice have lower reduction value, 

recovery value, hot pulp viscosity, final viscosity, and the retrogradation of rice flour in 

cooling process is smaller, its rice texture is more sticky, chewing without slag feeling, elastic 

(Cai et al., 2005). Interestingly, the relationship between amylose content and the highest 

viscosity and disintegration value in rice is not a simple linear relationship. When amylose 

content in rice grain is low, the highest viscosity and disintegration value increase with the 

amylose content. When the amylose content in rice grain is higher than a certain value, the 

increase of amylose in rice will decrease the highest viscosity and disintegration value. But 

there are also some studies results showed that rice varieties with the same amylose content 

may also have a large difference in rice texture, which may be related to the chain length of 

amylose and the distribution of its branches (Wang, 2016). Generally speaking, the more long 

chains of starch in rice, the harder the texture of rice. 

 

 

 

 

 

 

 

 

Figure 2. Regional differences in amylose content among the three most popular rice 

varieties in Asia (data from NQR representatives from each region) (Calingacion et al., 

2014) 

Furthermore, the amylose content of grain significantly affect the genetic correlation between 

brown rice weight and appearance quality traits, and also affect the correlation of paired traits 

in different genetic systems such as endosperm, cytoplasm and maternal plant in rice (Ge et 

al., 2007). The processing quality, appearance quality, cooking quality and RVA parameters of 

135 japonica rice germplasm resources were analyzed, and the results showed that amylose 

content was positively correlated with chalkiness rate, hot pulp viscosity, cold pulp viscosity 
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and recovery value in rice (Hu et al., 2020). Therefore, the amylose structure and its content 

in grains have important influence on the grain quality traits of rice. 

2.2 The Relationship Between Amylopectin and Grain Quality Traits in Rice 

Starch is divided into amylose and amylopectin in rice, and the difference of fine structure of 

amylopectin is an important factor leading to the difference of grain quality between amylose 

content (AC) similar varieties (Kusano et al., 2015; Peng et al., 2014; Zhang et al., 2016). 

Fine structure of amylopectin, including chain length and chain length distribution, average 

chain length (CL), average exterior chain length (ECL), average internal chain length (ICL), 

A: B values and other parameters (Yao et al., 2004). The chain length distribution of 

amylopectin could be used to describe the branching structure of amylopectin. According to 

the degree of polymerization (DP) of amylopectin branched chain size, the chain length can 

be divided into: A chain (DP 6.12), Bl chain (DP 13.24), B2 chain (DP25.36) and B3 chain 

(DP≥37). Starch chain length and amylopectin length, medium, short chain ratio was different, 

could make the same AC variety are different gelatinization temperature and glue consistency 

(Hu et al., 2007). The proportion of amylopectin in different chain length range was mainly 

related to starch gelatinization temperature, but not closely related to the gum consistency and 

RVA paste characteristics of starch (He et al., 2010). The short chains with degree of 

polymerization (DP) of 6-9 caused a decrease in gelatinization temperature, while chains with 

DP of 12-22 caused an increase in the onset gelatinization temperature (To); amylopectin 

with DP values of 6-9 and DP > 25 decreased the end gelatinization temperature (Te) and 

enthalpy of gelatinization (ΔH) of amylopectin (Vandeputte et al., 2004). Amylopectin 

structure has a great influence on the pasting properties and gelatinization temperature of 

starch RVA. Rice starch RVA with low average chain length, average outer chain length and 

high A: B value had better pasting properties and lower gelatinization temperature (Zhou et 

al., 2018). At the same time, amylopectin was the main factor formed the shape and structure 

of starch granules (Nakamura et al., 2002). This is also the main reason for the difference in 

cooking quality of rice varieties similar to AC. The amylopectin branching structure had a 

certain correlation with the physicochemical properties of rice, especially the A-chain of 

amylopectin was closely related to the highest viscosity of RVA, disintegration value and 

starch crystal formation (Cheethamnw et al., 1998; Li et al., 2010). Through the studied on 

the physical and chemical properties, cooking and starch molecular structure of different of 

20 rice varieties from China and Japan. Analyzing their correlation with the eating quality, it 

was found that the amount of real amylose content in rice was not the main factor 

determining the taste of rice (Jin et al., 2010).Rice varieties with better taste had higher 

amylopectin content and lower contents of intermediate components and amylose. The chain 

length structure of the starch and its components was the key factors determining the eating 

quality of rice. Among them, the content of amylopectin long chain plays a decisive role in 

the eating quality of rice. The higher the content of amylopectin long chain, the stronger the 

force between starch crystals. At the same time, the long chain distributed outside the starch 

granules is easy to bind with non-starch components, which affects the water absorption of 

the rice during cooking. The higher the content of short chain, the stronger the internal force 

of starch crystals, and the better the elasticity of rice grain after cooking. 
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3. The Relationship Between Protein and Quality Traits in Rice 

3.1 Grain Protein Composition in Rice 

There are many kinds of proteins in rice grain, which can be divided into storage proteins, 

structural proteins and protective proteins according to their functions (Shewry et al., 2002). 

Although the content of structural protein is very small, there are many kinds of structural 

protein in rice grain (Tian et al., 2014). The protein in rice grain usually refers to storage 

protein. Compared with the other kinds of proteins, the content of storage proteins is higher. 

More than 90% of the dry weight of rice grain is composed of stored starch and protein. 

Protein content in rice embryo is the highest, ranging from 16.8% to 24.1%. The protein 

content in brown rice and milled rice varies from 5.1% to 15.4% and from 4.5% to 14.3%, 

respectively (Tian et al., 2009; Wang et al., 2009). According to the dissolution of stored 

proteins in rice grain and the different separation methods, stored proteins can be divided into 

four categories: water-soluble protein, called albumin; dilute salt solution-soluble protein is 

called globulin; protein that can be dissolved in a mixture of alcohol and water is called 

prolamin; and protein that can be dissolved in a dilute acid or alkali is called glutenin (Jiao et 

al., 2008; He et al., 2013). The storage proteins in rice endosperm are mainly glutenin and 

prolamin, among which glutenin is the most digestible protein, accounting for about 80% of 

the protein content in grain endosperm (Wang et al., 2009). The content of prolamin is about 

20% (Kawakatsu et al., 2010; He et al., 2013). The contents of albumin and globulin 

accounted for about 5% and 10% of the total protein content in rice grain, respectively 

(Krishnan et al., 1986; Shewry et al., 2002; Peng et al., 2014). Overall, the protein content in 

rice grain ranged from 4.3% to 19.3% (Lu et al., 2009; Zhou et al., 2009; Shewry, 2007; Ye et 

al., 2010), providing about 15% of the world's population with a source of food protein (He et 

al., 2013). The balance of endosperm protein content and essential amino acid content in rice 

grain is one of the two of most important factors determining the nutritional quality of rice 

(Duan et al., 2005; Peng et al., 2014). Amino acid content in rice grain is relatively balanced 

with other crops, such as wheat, maize, etc. Therefore, the composition and relative content 

of the protein in grain play a decisive role in the nutritional quality of rice. 

3.2 The Relationship Between Grain Protein and Appearance Quality in Rice 

The protein content in rice grain is related to its appearance quality. Chalkiness is an optical 

property formed by the presence of air between starch granule and aleuroplast in endosperm, 

having an important influence on the grain appearance quality in rice. The chalky index in 

high chalkiness rice varieties was positively correlated with brown rice rate, milled rice rate, 

whole milled rice rate, amylose content, taste score value, but negatively correlated with 

brown rice protein content (Li et al., 2015). The total content of the protein and globulin in 

the chalky part of the same grain was lower than that of the non-chalky part. The albumin 

content was higher than that of the non-chalky part, and the distribution of glutenin and 

prolamin content in the chalky and non-chalky parts was not regular, indicating that the 

difference of protein composition in the chalky and non-chalky parts may be mainly due to 

globulin and albumin content (Liu et al., 2006). Liu et al (2007) detected and analyzed 

protein contents in chalky and non-chalky rice showed that the protein content in chalky rice 
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was significantly lower than that in non-chalky rice. But in another rice variety, there was no 

significant difference between them. There was no significant difference in the contents of 

albumin, globulin and prolamin between chalky rice and non-chalky rice, and the difference 

of glutenin content between chalky rice and non-chalky rice was the largest. Therefore, the 

difference of glutenin content may be an important cause of grain chalkiness trait, and then 

affect the grain appearance quality in rice. 

3.3 The Relationship Between Grain Protein and Cooking Quality of the Rice 

The content of protein and its components in rice grain are different because of its variety, 

origin, growth and development conditions and processing conditions. In general, the protein 

content in indica rice was higher than that of japonica rice. The distribution of proteins in the 

rice grain was not even, the protein content in the aleurone layer of embryo and endosperm 

surface was higher, and the protein content in grain endosperm was lower (Xie et al., 2003). 

Protein has a certain effect on cooking quality of rice grain. Previous studies have shown that 

the effect of protein content on texture properties such as roughness (Champagne et al., 2004, 

2009), and adhesion between internal particles (Mestres et al., 2011). In addition, 99 different 

rice varieties were classified according to their sensory properties, starch and protein content. It 

was found that the rice varieties with low roughness and high smoothness had lower grain 

protein content (Bett-Garber et al., 2001). The changes of the protein content and molecular 

weight in rice during cooking were analyzed synthetically, and the results showed that during 

rice cooking, proteins combine with other components of rice, instead of simply binding 

between proteins, which in turn reduces the solubility of proteins. Interestingly, compared with 

glutelin, the aggregation of prolamin in rice is more obvious, which significantly affects the 

structure and eating quality of rice (Wang et al., 2015). Although the protein content has a 

certain degree of influence on the eating quality of rice, different rice varieties have different 

effects (Xiang et al., 1990). In indica rice, there was a negative correlation between protein 

content and eating quality. In high-quality rice, protein content and eating quality showed a 

significant positive effect, and the degree of influence ranked first among all quality traits of 

rice. All the quality traits of high quality rice varieties have reached a high level. The 

coordination of these traits may promote the coordination between protein and eating quality, 

resulting in a positive effect. If the traits are not coordinated, it may weaken the positive 

effect of protein on eating quality, which may promote the negative effect of protein (Xiang et 

al., 1990). Therefore, only after the classification of rice samples can the interaction between 

protein and eating quality be fully reflected. 

Rice grain protein was closely related to its cooking quality, and the contents of prolamin and 

glutenin in different rice varieties (lines) had great influence on the grain quality of rice. 

However, the contents of albumin and globulin had little effect on the grain quality of rice. The 

content of glutenin in different rice varieties was negatively correlated with chalkiness rate and 

chalkiness degree. A significant positive correlation was found between the content of 

prolamin and the rate of milled rice and whole milled rice (Xu et al., 2015). There was a 

positive correlation between grain protein and whole milled rate, and negatively correlated 

with chalkiness and amylose content in rice grain (Jane et al., 1999). Many studies results have 

showed that there was no significant correlation between total protein content and texture 
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characteristics of rice, however, there was a different correlation between protein composition 

and grain quality (grinding quality, appearance quality and cooking quality), rice texture 

characteristics and sensory evaluation indexes (Wang et al., 2015). In the grains' protein 

component, except for prolamin, the other proteins were made up of excellent amino acids, and 

its nutrition was perfect and had no obvious effect on food eating quality in rice. Interestingly, 

prolamin caused a decline in eating quality, the reason is that prolamin in rice hindered the 

development of starch reticular structure. And prolamin was not easily digested and absorbed 

by the human body. The prolamin in rice grain was positively correlated with the highest 

viscosity of RVA, and negatively correlated with the hardness, viscosity and stickiness of 

starch gum (Baxter et al., 2010). The protein content of rice was higher, especially prolamin 

and glutelin content was higher. The integrity of rice was better, which increased elasticity 

and hardness of rice, was not easy to break, reduced the viscosity of rice, and finally 

improved the comprehensive taste of rice (Wang et al., 2016). The eating quality of rice grain 

was influenced by glutenin content and total protein content. The effect of total protein content 

on eating quality varied with the content of glutenin relative to prolamin (Wu et al., 2009). 

Gluten and prolamin in rice grain had negative effects on rice taste and starch RVA spectrum. A 

significant negative correlation was reached between glutenin, prolamin and the highest 

viscosity (Zhang et al., 2010). The effects of different proteins of the different rice varieties on 

rice eating quality are not the same. In a certain range of low-protein content, the increase of 

protein content could improve the eating quality of rice. In the breeding and cultivation of 

high-quality rice, the lower the grain protein content, the better the grain quality in rice. Due to 

the difference of protein content, composition and distribution in rice grain, the ability of 

combining water in the cooking process is different. At the same time, the disulfide bond and 

covalent bond of protein and the interaction between protein and starch will ultimately affect 

the grain eating quality of rice. 

4. The Relationship Between Lipid and Grain Quality Traits in Rice 

The lipid content is low in rice grain, however, it plays an important role in cooking quality, 

processing quality, nutritional quality and appearance quality of rice. Lipids in rice grain 

mainly include fat and phospholipids, which are important nutrients in rice, mainly distributed 

in the embryo and aleurone layers of rice seeds. In rice grains, lipids often form complexes 

with amylose (Xu et al., 2015; Goufo et al., 2014). Fatty acid oxidase was an important factor 

in reducing the nutritional quality of rice because it could catalyze lipid oxidation (Long et al., 

2013). Extremely long-chain polyunsaturated fatty acids and long-chain polyunsaturated fatty 

acids were essential regulators of cholesterol and arachidonic acid synthesis and maintenance 

of cell membrane transport (Wysoczański et al., 2016). They're the main components of nerve 

cells, affecting the development and health of the human body (Puaschitz et al., 2015). 

Therefore, proteins or enzymes encoded by many genes were helpful to improve the level of 

ultra-long chain polyunsaturated fatty acids (Sun et al., 2015). Oil proteins were abundant in 

the oil bodies of plant seeds, and could be used to regulate the content of seed fat. Using the 

promoter of rice endosperm specific expression to drive the overexpression of soybean oil 

protein gene, the fat content in transgenic rice grains increased by more than 36%, however, the 

total triglyceride fatty acid content did not change significantly (Liu et al., 2013). Rice oil 
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contained a large number of antioxidant substances, such as oryzanol, lecithin, tocopherol 

and tocotrienol, which were very beneficial to human health (Choi et al., 2016). At present, 

although important progress has been made in the study of lipid metabolism in rice, it is still 

unclear how the lipid metabolism pathway in rice grains is finely regulated. 

The contents and components of lipids in rice grain had a great influence on the grain quality of 

rice cooking. Rice fatty acids contain oleic acid, linoleic acid, soft fatty acid, small amounts of 

stearic acid and linolenic acid. The proportion of unsaturated fatty acids in rice fat was high, 

and it was easy to be oxidized by oxygen and related enzymes, which would adversely affect 

the color and palatability of rice, resulting in rice deterioration (Morrison et al., 1984). Studies 

have shown that crude fat content was significantly positively correlated with the color, 

appearance and alkali elimination of rice (Wu et al., 2002). The effects of lipid and protein on 

rice gelatinization could not be ignored (Mestres, 2011). The phospholipids and glycolipids 

contained in grain could interact with starch in rice, thus reducing the water absorption and 

swelling of starch and increasing the gelatinization temperature of starch. The complex of 

amylose and fat could hinder the gelatinization of starch, which may affect the texture of rice 

after cooking (Larssonet, 2012). The results showed that the degreasing rate of brown rice was 

lower than that of milled rice, but the decrease of DSC peak temperature was larger, which 

indicated that the lipid and non-starch lipid on the surface of rice affected the gelatinization of 

starch (Champagne et al., 2009). In the study of gelatinization of rice starch, it was found that 

the gelatinization temperature of non-defatted rice flour was lower than that of defatted rice 

flour, and the existence of oil would cause fluctuation of baseline, which may be related to 

degreasing method. The effects of amylopectin, amylose and lipids on the swelling and 

gelatinization of rice starch were also studied (Richard, 2009). It was found that starch 

swelling was the characteristic of amylopectin, while amylose only acted as a diluent. 

Amylose and lipids in natural starch could inhibit starch swelling when they form complex. 

Improving the efficiency of phosphorus absorption and utilization is helpful to improve the 

nutritional quality of rice. The changes of phytic acid, lysophosphatidylcholine and inorganic 

phosphorus in grains have certain effects on the grain quality of rice. The mutation of OsST and 

OsMIK genes resulted in the decrease of LPLs and LPL-P content in rice grains; the mutation 

of OsMRP5 and Os2-PGK genes resulted in the increase of LPLs components and 

corresponding LPL-P contents (Tong, 2016). Starch can form starch fat complex by 

hydrophobic interaction with fatty acid molecules, which is similar to starch iodine. The 

composite index can reflect the degree of starch and fatty acid complex. When the same 

concentration of fatty acid was added to different samples, the composite index increased 

with the increase of amylose content in starch (Liu, 2006). For the same sample, the 

composite index increased with the increase of fatty acid concentration (Hu et al., 2007). When 

the amount of fatty acid was less than or equal to 2.0%, the composite index of stearic acid and 

rice starch was significantly higher than that of oleic acid, indicating that stearic acid was easier 

to combine with starch than oleic acid. Rice starch with different amylose content can be 

compounded with oleic acid and stearic acid in varying degrees. The amount of complex 

formed by stearic acid and rice starch was greater than that of oleic acid at the same dosage, but 

the degree of complex tended to be the same when the concentration was more than 2%. With 
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the increase of fatty acid dosage, the compound content of the rice starch, oleic acid and stearic 

acid increased, the absorbance decreased and the composite index also increased. 

5. The Relationship Between Nutrient Elements and Grain Quality Traits in the Rice 

In recent years, due to the increase of pollutant emission and the excessive emission in some 

areas, the farmland pollution in China is becoming more and more serious. The situation of 

local treatment and overall decline is serious, especially the heavy metal pollution. According 

to the "National Soil Pollution Survey Bulletin" released in 2014, 16.1% of the soils in China 

are polluted to varying degrees, among which the slight, mild, moderate and severe pollution 

accounts for 11.2%, 2.3%, 1.5% and 1.1% respectively, and the cadmium contaminated soil 

reaches 7.0%. Heavy metal pollution was the main form of soil inorganic pollution, and rice 

was the most affected (Wen et al., 2019). Therefore, more attention has been paid to the safe 

utilization of cadmium contaminated paddy fields. The pollution area of heavy metals, 

especially cadmium, in paddy fields in Asia had been expanding, which had become an 

important factor restricting the sustainable development of rice (Wen et al., 2019). Some 

studies shown that soil pH and organic matter content determine the activity and bioavailability 

of cadmium, and the content of trace elements in the soil also directly or indirectly affects the 

activity and bioavailability of cadmium (Ye et al., 2019). Therefore, alkaline substances (e.g. 

lime, calcium magnesium phosphate fertilizer, etc.) or organic substances (e.g. humic acid, etc.) 

are commonly used as passivators to reduce the activity and bioavailability of cadmium in soil. 

As the most commonly used chemical modifier, lime can improve soil pH, promote the 

formation of carbonate and hydroxide precipitation of heavy metals, so as to reduce the 

availability of cadmium in soil and reduce the absorption of cadmium by plants. Phosphorus in 

FCMP can interact with cadmium in contaminated soil through dissolution and precipitation, 

which can reduce the bioavailability of cadmium in soil, change the distribution of cadmium in 

soil, and promote the transformation of cadmium from exchangeable state to carbonate bound 

state and manganese oxide bound state. The adsorption and complexation of heavy metal ions 

by organic matter can promote the transformation of heavy metals from high active state to low 

active state. 

Mineral elements, some as plant components, some regulate plant physiological functions, and 

some have both functions. Mineral elements mainly existed in the soil, which were absorbed by 

roots and transported to corresponding parts for assimilation for growth and development 

(Peng et al., 2014). Therefore, mineral elements have a great impact on the life activities of 

plants. The effects of mineral nutrition on rice grain quality not only existed differences among 

varieties and quality indicators (characteristics), but also in the process of rice quality 

formation, different types of mineral nutrients played different roles and the degree of action 

was not consistent. There were also some interaction effects (synergism or antagonism) 

among various mineral elements, which further proved that the relationship between grain 

quality and mineral nutrition was very complex in rice (Zhang and Cui, 2017). Therefore, it is 

very difficult and impractical to improve all the indexes of grain quality in rice. In the 

production of high-quality rice, it is necessary to consider the type of fertilizer, the amount of 

fertilizer, the proportion of fertilizer before and after the growth period and the coordination 

among different quality indicators. Different management measures should be taken for 
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different rice varieties, and the fertilization scheme should be determined according to the 

quality characteristics of rice, so as to improve the comprehensive quality of rice. 

5.1 Effects of Major Fertilizer Nutrients on Rice Quality 

The main function of nitrogen lies in that it is the main component of living material protein. 

The nitrogen content of protein is 16-18%. Nitrogen is also a component of nucleic acid, which 

is an important component of cells. The growth and development of plants is actually the 

growth of cells. Without nitrogen, new cells are difficult to form, and the growth and 

development of plants will be stagnant. Therefore, nitrogen had a significant effect on the 

growth of roots, branches and leaves. Among all the mineral elements, nitrogen nutrition has 

the most direct effect on grain quality and has the greatest influence degree in rice (Zhang and 

Cui, 2017). Generally speaking, the increase of nitrogen application during the whole growth 

period is beneficial to the improvement of grain processing quality and nutritional quality. The 

results showed that the gelatinization temperature of rice increased, the gelatinization 

temperature of rice increased, the gel consistency and the highest viscosity value, hot paste 

viscosity value, final viscosity value and disintegration value of RVA spectrum decreased, and 

the rice grain became hard and rough. The same amount of nitrogen application during the 

whole growth period and the application of fertilizer in different times or the former fertilizer 

moved backward could prevent rice premature senescence, maintain root activity and leaf 

photosynthetic capacity, and improve grain processing quality without reducing yield in rice. 

Different from nitrogen and phosphorus, potassium exists mainly as ionic or soluble salts or 

adsorbed on the surface of protoplast, rather than in the form of organic compounds. Potassium 

is the activator of many enzymes, and enzymes are used as catalysts in the metabolism process. 

Without the role of enzymes, many physiological processes can’t be carried out. Potassium 

could promote the photosynthesis of rice and promote the synthesis and transportation of 

carbohydrate (Li et al., 2015). Potassium could also promote protein synthesis. According to 

the research, there was about 1 gram of potassium in 20 grams of protein. Therefore, potassium 

deficiency affected protein synthesis, and cell formation was inhibited, which was one of the 

important reasons why tillers were greatly affected when rice was deficient in potassium. 

Potassium can enhance the toughness of crop stalks, enhance the lodging resistance and disease 

and insect resistance of crops such as rice flax leaf spot disease can be alleviated. Potassium 

can improve the drought resistance and cold deficiency ability of crops due to the fact that 

potassium can maintain the normal water content of cells, reduce transpiration loss of water 

and improve the sugar content of crops. If potassium was deficient, rice water content 

decreased and root cells senesce quickly (Xu et al., 1990). The experiment showed, that with 

the increase of potassium application, the grain fullness was significantly improved, the 

percentage of whole rice was increased, and the chalkiness rate and chalkiness area were 

decreased. In addition, potassium fertilizer application can improve the lodging resistance of 

rice, enhance the anti-aging ability of rice in the later stage of growth, prolong the time of 

filling and setting, and then improve grain quality in rice. 

Phosphorus was a component of many important compounds in plants, and participates in 

planting in many ways to cause root dysplasia, plant growth arrest, and the phenomenon of 
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"stiff seedling" often encountered in production (Shi et al., 2010). Phosphorus is also a 

component of phospholipid, phytin and adenosine triphosphate (ATP). Phospholipids are 

components of cellular biofilms, plant is a special storage form of phosphorus in seed and it can 

promote the synthesis of starch. The adenosine triphosphate is a high energy substance that can 

provide energy for many biochemical processes. In addition, many enzymes also contain 

phosphorus. Phosphorus is closely related to the main metabolic processes of crops. Firstly, 

phosphorus can promote the synthesis and transportation of carbohydrates. Secondly, 

phosphorus plays an important role in the synthesis and decomposition of proteins, and severe 

phosphorus deficiency can only decompose proteins without synthesis; and phosphorus can 

also promote fat synthesis. Therefore, the application of the phosphorus fertilizer had a good 

effect on improving the protein, sugar and oil content of the effect (Shi et al., 2010). 

Phosphorus can improve the ability of crops to adapt to the environment. It can enhance the 

ability of crops to resist drought and cold. Because phosphorus can enhance the ability of cells 

to resist dehydration and bear higher temperatures, phosphorus can promote the growth and 

development of roots, and can regulate many important metabolic processes in crops. 

And most interesting, phosphorus could enhance the ability of crops to influence the changes 

of acid-base in external conditions on crops, that was, buffer capacity (Zhang and Cui, 2017). 

The abundant content of available phosphorus in soil was conducive to reducing chalkiness 

rate and improving grain processing quality (e.g. milled rice rate) and appearance quality. Rice 

yield increased significantly with the increase of phosphorus fertilizer application. Increased 

application of phosphorus fertilizer could increase the soluble sugar and starch content of 

grains, protein nitrogen and total nitrogen content of leaves and grains, and the contents of 

cystine, cysteine, methionine and sulfur-containing amino acids in rice grains also increased to 

varying degrees (Zhang and Cui, 2017). The application period and dosage of phosphorus 

fertilizer had no obvious effect on amylose content and recovery value of rice, but had obvious 

effect on the highest viscosity value and disintegration value of rice. The two characteristic 

values were the highest when all the treatments were used as base fertilizer resources, and the 

highest viscosity value of phosphorus fertilizer in the later stage had a tendency to decrease. 

5.2 Effects of Micronutrient Element on Rice Quality 

The content of micronutrient elements in soil is very low, generally only a few parts per 

million, but it plays a very large role, and has strong specificity. It is an indispensable element 

for rice growth. In the experiment of the high quality rice production technology system and 

its application theory research cooperation group, spraying 0.05% ammonium molybdate 

solution at booting and heading stage could increase head rice rate and reduce chalkiness rate 

(Xu et al., 2010). Iron, cobalt, vanadium, nickel and other elements could also significantly 

reduce the chalkiness rate and improve the grain appearance quality of rice (He et al., 2010). 

Single or mixed application of copper, zinc, molybdenum and manganese could increase 

amylose content, while combined application of molybdenum and manganese could 

significantly increase protein content. Mainly because manganese was involved in 

photosynthesis, molybdenum could increase photosynthetic intensity of crops and promoted 

the assimilation of nitrate nitrogen, thus promoting protein synthesis. Single or combined 

application of copper and zinc reduced the protein content in rice by a small margin.  
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With the improvement of people's living standard, people's requirements for mineral nutrients 

in daily diet are also increasing. Thus, it becomes very important to excavate rice germplasm 

resources rich in beneficial elements and provide parental resources for cultivating excellent 

varieties rich in beneficial elements. 533 rice varieties with mineral nutrient enrichment were 

screened based on the above average contents of N, Mg, K, Ca, Mn, Fe, Cu and Zn in brown 

rice (Qiu, 1992), The results showed that cultivars No. 20, No. 41, No. 42 and No. 246 

contained higher contents of N, Mg, K and Ca (data are shown in Table 2), and the Zn contents 

of cultivars No. 20 and No. 41 were also higher, cultivars No. 42 and No. 246 also contained 

higher Fe and Cu, respectively. Cultivars No. 226, No. 278 and No. 482 contained higher 

contents of Mg, K, CA, Mn, Cu and Zn. Cultivars No. 2, No. 218, No. 384 and No. 483 are 

rich in micronutrient elements. The varieties No. 384 and No. 483 had higher contents of Mn, 

Cu and Zn, as well as rich Mg and K elements. These rice varieties could be used as good 

parent in the future breeding work (Dong, 2014). 

6. Prospection 

Along with the deepening of rice scientific research and the improvement of residents' 

consumption level, breeders and consumers put forward higher requirements for rice grain of 

quality, which not only requires good appearance of rice, but also requires rice to have good 

taste quality (Zhang et al., 2007). Therefore, it is one of the most urgent tasks for rice quality 

breeding in China to improve grain quality, speed up the process of grain quality improvement 

and formulate new rice quality evaluation standards. The contents of protein and lipid in grain 

of rice are relatively low, however, they have great influence on cooking quality, storage 

quality, nutritional quality and appearance quality of rice. Therefore, this paper reviews the 

relationship between the main nutrients such as starch, protein, lipid and micronutrient 

elements in rice and their grain quality traits, which is of great theoretical significance and 

potential application value for the continuous improvement of grain quality in the future. In 

particular, the effects of the main nutrients in rice, including starch, protein, lipid and 

micronutrient elements, on the main traits of grain quality in rice were analyzed. This will 

provide important information for genetic improvement of grain quality and breeding of new 

varieties of high quality rice. 

Table 2. Soybean and rice varieties with high nutrient elements content 

ID of 

Variety 

Number 

Content of mineral elements 

N(mg/g) Mg(mg/g)K(mg/g) Ca(μg/g) Mn(μg/g) Fe(μg/g) Cu(μg/g) Zn(μg/g) 

2 20.08 1.82 4.86 168.89 38.59 354.92 15.60 36.47 

20 23.30 2.26 5.11 230.82 60.65 168.84 6.78 33.13 

41 24.70 2.02 5.21 236.50 49.92 77.81 3.21 33.31 

42 21.23 2.70 5.79 233.82 66.62 427.71 6.21 33.80 

218 20.08 1.72 3.76 218.22 66.47 248.80 7.72 35.99 

226 16.06 2.63 4.47 445.49 95.75 28.84 8.65 48.53 

246 22.52 2.19 4.71 223.64 38.20 184.76 8.21 27.78 

278 19.86 1.93 4.68 269.59 82.12 48.21 10.23 45.38 
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384 14.01 2.18 5.45 162.10 87.95 46.04 8.97 52.17 

482 16.06 2.22 5.03 263.06 131.63 18.96 9.32 66.30 

483 16.73 2.27 4.75 196.84 90.03 36.73 8.96 60.52 

Mean 17.77 1.67 3.76 163.30 50.02 99.46 5.23 25.53 

SD 2.32 0.24 0.56 50.80 18.15 96.72 2.34 7.46 
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