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Aging Technique Of Rice And Its Characteristics  
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Abstract: Aging is a post-harvest storage process to improve rice's quality and functional properties. Rice that has been through the aging process, 
especially in color, has different sensory properties from fresh rice. It also affects flavor, viscosity, hardness, cohesiveness, adhesiveness, and micro-
content after cooking. Such changes are due to enzymatic and non-enzymatic reactions, microorganism presence, and interactions between molecules 
and the environment. The aging process involves natural aging and artificial aging. Natural aging is the time required for rice post-harvest storage for 
about 3-4 months. Meanwhile, artificial aging has shorter storage times, also called accelerated aging. It affects rice's chemical, physical, and sensory 
characteristics that change during aging. 
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1. INTRODUCTION     
Rice (Oryza sativa L.) is a staple food for more than half of the 
world's population. It is important for human nutrition, energy 
supply, and food security [1]–[4]. In general, rice is consumed 
in the form of well-milled rice grains, where the whole layer of 
the bran has been removed from caryopsis, leaving only the 
dominant starch content of the endosperm [5], [6]. Rice 
structure and nutrients describe rice quality. Appropriate post-
harvest processes, including drying, storage, and milling 
stages, are used to maintain quality  [1]. All these stages affect 
the rice quality produced. During long-term storage, rice 
change's functional and physicochemical properties, such as 
rice's color and texture, lead to decreased sensory quality [6]. 
To be processed as industrial raw material or staple food, high 
demand for rice must be stored so that there is no stock 
shortage. Storage is done to overcome crop failure fears or a 
disaster that causes production decline [1]. Furthermore, 
storage can improve rice's quality and functional properties, 
known as the aging process [7]. The aging process 
mechanism is quite complex, including enzymatic activity. 
Endogenous enzyme rice production consists of peroxidase, 
catalase, amylase, protease, lipase, and lipoxygenase [1]. 
Enzymes experience increased activity during aging, resulting 
in changes in cell walls and major rice components, including 
starch, protein, and fat, followed by chemical reactions that 
may affect rice quality. Aging also affects rice properties such 
as hydration, swelling, solubility, viscosity, and pasting [5], [7]. 
Various studies were conducted to determine the right aging 
conditions so that rice quality is as expected. Such as an 
increase in storage temperature as an effort to accelerate 
aging [8], [9], a decrease in temperature to maintain rice's 
physicochemical characteristics [10], and the use of 
technology to optimize aging, such as microwave use [7] and 
irradiation [11]. With different situations and new trends, high 
demand for rice is both a staple food and an industry 
necessity. Proper aging can increase rice shelf life, milling 
quality, and sensory [1], so efforts should be made to maintain 
this quality by knowing rice changes during aging. This review 
will discuss the technology of rice's aging processes and its 
benefits, and its effects on chemical, physical, and 
organoleptic properties. 

 

2. BENEFITS AND TYPES OF RICE AGING 
PROCESS  

Aging is a post-harvest storage process to improve rice quality 
and functional properties. According to Saikrishna et al. [7], 
stored rice is preferable to freshly harvested rice because 
stored rice has a favored taste and aroma and increases 
milling quality. Aging is important in the post-harvest process 
because it can extend shelf life and increase the commercial 
value [1]. Rice's commercial value consists of sensory and 
physicochemical properties [12]. Aging has different sensory 
properties from fresh rice. It affects rice, especially flavor [3], 
color, and aroma[12]. Rice color change is influenced by 
enzymatic or non-enzymatic reactions [12] and fungal 
presence [13]. In addition to sensory properties, the aging 
process may affect physicochemical characteristics such as 
elongation ratio, whiteness, volume increase, water 
requirement, solid quantity loss, and pasting properties [1]. 
Other factors, such as aging temperature, also affect 
physicochemical properties that contribute to various micro 
and macromolecular reactions such as amylose and 
amylopectin in rice [1]. 

 
2.1 Natural aging 
The natural aging process is the time required for rice post-
harvest storage. Natural aging requires a large warehouse, 
conditioning, and maintenance for a long time. During the 
storage process, there are several interactions between biotic 
and abiotic factors that can change rice characteristics. Pest 
and insect attacks become obstacles during aging [7]. 
Hermetically conditioning rice is one of the technologies to 
prevent pest and insect attacks during the natural aging 
process [14]. Hermetically rice packaging is done by reducing 
oxygen in the package using vacuum packaging. It's proper to 
store rice from various pests and insects and reduce insects 
by up to 96%. Tropic climates show that oxygen can quickly 
increase insects' number [14]–[16]. Temperature affects the 
number of insects as they can breathe at certain temperatures. 
 
2.2 Artificial aging 
The natural aging process in rice takes a long time, about 3-4 
months. Because of a long time, it is necessary to innovate the 
aging process in a shorter time. This process is known as 
artificial aging or accelerated aging. Artificial aging aims to 
induce changes in rice's physicochemical characteristics in a 
shorter time, but the results are equivalent to natural aging rice  
[7]. The aging process's efficiency is influenced by the rice 
variety, the storage environment, and the treatments used. For 
example, a combination of natural and artificial aging using 
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heat treatment at 90-110 ᵒC for 2-8 hours on freshly harvested 
rice. The quality of rice given this treatment is equivalent to the 
quality of rice stored for 14 months. It proves that increasing 
the temperature can change rice's physicochemical 
characteristics in a more efficient time  [7]. Hydrothermal 
treatment is another method, which takes advantage of 
increasing temperature using steaming. The hydrothermal 
treatment procedure begins with pre-conditioning for 24 hours, 
followed by steaming for 30 minutes. This steaming can 
improve physicochemical characteristics such as absorbing 
water, swelling capacity, and reducing solid loss during the 
cooking process. Also, there was a change in structure, 
increased cohesiveness, springiness, and hardness, while 
adhesiveness significantly decreased  [7]. The use of a 
microwave can also speed up the aging process. The low 
temperature given makes the aging process by using the 
microwave to maintain the rice's nutrients. Conditioning rice 
with a frequency setting of 2450 MHz at 60, 70, and 80 ᵒC for 
1 and 3 minutes, followed by drying and storage for 6 months 
at a temperature of 40 ᵒC can increase rice nutrition, including 
starch digestibility and pasting properties by reducing the 
viscosity value peak  [7]. Besides, another technology to 
improve aging optimization is Superheated Steam. 
Superheated steam is a method used to remove peroxidase 
enzymes, which can reduce the quality of rice. This method 
utilizes a high temperature of around 120 ᵒC to inactivate the 
peroxidase enzyme in a short time [6]. Irradiation technology 
can also improve the quality of rice [17]. According to Chen, 
the new japonica rice with exposure to Gammacell-220 light 
irradiation can maintain quality for 18 months of storage at a 
temperature of 15 ᵒC. Irradiation can reduce the amount of 
free fatty acids that can affect rice's aroma without changing its 
physical, chemical, and structural conditions [11], [16]. 

 

3. CHANGES IN RICE CHARACTERISTICS 
DURING AGING 
 

3.1 Aging effects on chemical characteristics 
In the aging process, there are several changes in the 
chemical composition of rice. There is a relationship between 
the duration of the aging process and changes in chemical 
composition. The chemical components of rice that change 
include the amount of amylopectin. According to Gu et al. [4], 
rice was stored for 9 months, with decreased starch 
gelatinization due to decreased amylopectin. Also, the aging 
process affects protein and fatty acid content [18]. Amylopectin 
degradation during the storage process affects the 
endogenous amylose content in the starch structure. The 
decrease in short-chain amylopectin caused by degradation 
during storage will affect rice's pasting properties [4]. The 
aging process can also increase the interaction of amylose-
amylose, amylose-amylopectin, and starch-protein, which can 
increase water absorption and gelatinization time [19]. The 
components of macromolecules that are affected by the aging 
process are carbohydrates, proteins, and lipids. There is a 
change in carbohydrates; the endogenous enzyme α-amylase 
in rice will hydrolyze the starch during the aging process and 
cause a high amount of short-chain starch compared to 
medium and long chains [8]. Besides, the number of 
monosaccharides at the beginning of aging is less and 
increases after aging. It is indicated because glucose still 
binds to other macromolecules [1]. The aging process also 
affects protein. Proteins consist of albumin, globulin, prolamin, 

and gluten. The propanol fraction has decreased compared to 
rice in a fresh state [1], [4], [7]. The protein content in rice 
affects adhesiveness. Changes in the amount of protein during 
storage reduce rice solubility to water due to the low protein 
amount. Also, during the aging process, protein oxidation can 
occur, which causes a change in the sulfhydryl group's 
disulfide bond structure, which causes an increase in micelle 
bonds in rice starch, which can inhibit swelling in rice  [7]. An 
increase in protein molecular weight during storage can occur 
due to the oxidation of sulfhydryl groups, creating disulfide 
bridges and other cross-linking reactions in protein molecules 
[20]. The main lipid content in rice is oleic acid and linoleic 
acid. During the aging process, lipase can hydrolyze lipids in 
rice, reducing rice quality. During storage, free phenolic acids 
will come out of the rice and form free fatty acids, reducing the 
number of antioxidants built into rice [7]. The lipid hydrolysis 
process can be regulated by providing suitable humidity 
conditions and a higher temperature  [7], [18]. The effect of 
aging on the chemical characteristics of rice in various studies 
is shown in Table 1. 

 
Table 1. The effect of aging on rice's chemical properties in 

various studies 
Product Storage conditions Chemical characteristics Ref. 

Medium dan 
long rice 
grains 

Storage for 9 
months at 21 and 
38 °C 

Increase in short-chain 
carbohydrates (6-15 
polymers) and decrease 
the percentage of medium 
and long chains (16-50 
polymers) 

[8] 

Milled rice 
Storage at 49 °C 
and 85% RH 

Increased prolamin (333.6 
nmol/ ng to 787.7 nmol/ 
ng) and glutein (432.2 
nmol/ ng to 1160 nmol/ ng) 

[9] 

Milled 
Catahoula 
rice 

31-day storage at 
30-60 °C 
temperature 

The decrease in lipid 
content 

[21] 

Brown rice 
Storage 45-270 
days under certain 
conditions 

The increased amount of 
fatty acids, peroxide value, 
and carbonyl value 

[22] 

 
3.2 Aging effects on physical characteristics 
Physical characteristics may change during storage. It can 
affect cooking and eating quality, such as absorbing water, 
hydration ability, swelling, increased volume, hardness, and 
pasting properties  [23]. If there is an increase in the hardness 
value and a decrease in the adhesiveness value, it will affect 
the pasting properties because rice starch will experience 
difficulty in hydrating [24]. The viscosity and breakdown 
viscosity values showed the ability of starch granules to swell 
and fragile. The lower the swelling ability of the starch gel 
formed, the stiffer and denser it will be  [2]. Rice, with Post-
Harvest Yellowing (PHY), which has been treated with aging, 
shows a change in physical properties. This rice has a higher 
breakdown viscosity than normal rice. The aging process 
affects the pasting properties where the stored rice has a 
higher peak viscosity and a lower pasting temperature than 
fresh rice. The decrease in viscosity is influenced by the 
amylase content, which causes a high percentage of increase 
in short chains and a decrease in long chains during storage. 
Contributes to increasing the starch's swelling ability during 
the gelatinization process  [2], [25]. The pasting properties 
change in rice during storage is due to the interaction between 
starch and non-starch components. At high-temperature 
storage (40 ᵒC), there will be an increase in the α-amylase 
enzyme activity and a decrease in amylose water content, 
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causing changes in pasting properties viscosity and viscosity 
breakdown [23]. Table 2 shows the effect of the aging process 
on the rice's physical characteristics. 

 
Table 2. The effect of aging on rice's physical properties in 

various studies 
Product Storage conditions Physical characteristics Ref. 

KDML 
105/brown rice 

Storage for 8 
months at 4 °C 
temperature 

There was a significant 
increase in hardness 

[10] 

Germinated rice Storage for 8 
months at 37 °C 
temperature 

There was a significant 
increase in hardness 

[10] 

Milled rice High-temperature 
storage (30 °C- 40 
°C) for 4 months 

Increased hardness 
and cohesiveness, and 
decreased 
adhesiveness 

[26] 

Japonica rice 
and Indica rice  

Rice is conditioned 
to be Postharvest 
Yellowing rice 

Rice is waxier, 
characterized by a 
decrease in breakdown 
viscosity than raw rice 

[2] 

Rice grain 
cultivar Kyeema 

Storage at 37 °C 
for 16 months 

Rice has decreased 
viscosity 

[27] 

 
3.3 Aging effects on sensory characteristics 
The aging process affects the sensory characteristics of rice, 
such as texture, aroma, and color. These three parameters are 
influenced by changes in chemical components during the 
aging process. Changes in starch components will increase 
the strength of the micelle binding so that during the cooking 
process, the rice can inhibit the swelling process in the starch 
granules and cause a change in texture. The lipid components 
in rice that undergo hydrolysis will experience free fatty acid 
oxidation, affecting rice texture [7]. The change in rice aroma 
during aging is influenced by several factors such as lipid 
oxidation and damage to cell walls during the aging process. 
Lipid oxidation will increase hydroperoxide and carbonyl, while 
damage to the cell walls will produce phenolic acids that can 
change rice's aroma. The protein components that undergo 
oxidation also contribute because they produce volatile sulfur 
groups [7]. In some rice varieties, after aging treatment, the 
rice color changes to yellowish. These changes affect the 
physicochemical properties and reduce rice quality  [2]. 
Yellowing occurs in rice due to the Maillard reaction due to the 
formation of carbonyl and amino acid components from the 
breakdown of glycosidic and peptide bonds  [1], [28], [29]. 
Based on research by Ziegler et al. [19], black, red, and white 
rice, which has undergone aging treatment under conditions of 
increasing room temperature, is experiencing a darkening 
phenomenon. It is indicated by the color parameter, where L* 
has decreased while a* and b* values have increased. 
According to Hayashi and Yanase [30], brown rice's color 
change becomes darker (brownish red) due to changes in 
chemical components in rice, such as decreased polyphenols 
and oxidative degradation of proanthocyanin pigments. These 
changes are also due to fungi and water content changes and 
storage time [13]. The rapid development of research can 
produce faster rice aging technology with optimal quality, such 
as microwave heating technology. This technology is used for 
artificial rice aging, which is proven to have minimal damage 
with optimal aging ability. It can be shown from its ability to 
reduce water content, free fatty acids, reduce stickiness value, 
and increase hardness [31]. Irradiation technology using 
Gamma and UV-C rays can also reduce microorganisms that 
produce mycotoxins and control fungal growth [32], [33]. 
Research Jiang has even produced an olfactory visualization 

sensor to detect fatty acids in rice during storage [34]. These 
studies are the beginning of the widespread use of artificial 
aging in rice. However, research improvements continue to be 
developed to obtain suitable aging methods based on their 
physicochemical properties and efficiency. 

 

4. CONCLUSION 
Aging is a post-harvest storage process that aims to improve 
the quality and functional properties of rice. This process is 
very important in post-harvest because it can extend shelf life 
and increase commercial value such as sensory parameters 
and physicochemical properties. The aging process is divided 
into natural aging and artificial aging. Natural aging is less 
efficient because it takes a long time and has a large storage 
area, affecting maintenance costs. Artificial aging is done to 
correct the weaknesses of natural aging. Artificial aging is 
done by conditioning the aging space, either in terms of 
temperature or other conditions. For optimal artificial aging, 
technology applications such as microwave heating, 
hydrothermal treatment, and irradiation are carried out. Color 
is a sensory characteristic that is most easily changed during 
aging. The physicochemical properties changed, including 
viscosity, hardness, cohesiveness, adhesiveness, and micro-
and macromolecular content in rice. These changes occur due 
to enzymatic and non-enzymatic reactions, microorganisms, 
and interactions between molecules and environmental 
conditions. 
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