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Abstract: Rice is one of the most significant food crops for human sustenance. Every year, many
countries around the world hoard enormous amounts of rice to avert emergencies and guarantee
food security and sufficiency. As a result, the inventory of aged rice is growing as the number of
inventory years rises. Aged rice stored over three years loses its nutritional value and is no longer
suitable for human consumption. There is a pressing need to find a solution to effectively utilize
aged brown rice produced from aged rice after dehulling. Developing and utilizing aged brown rice
as feed is economical and efficient due to its massive resources and rich nutritional content, which
will also lessen food waste while resolving the problem of excessive hoarding of aged rice. This
review mainly summarizes the nutritional value, application in feed, and nutritional limiting factors
of aged brown rice. It provides a theoretical basis for solving the overstock of aged brown rice and
the feasibility of using aged brown rice as feed in a cost-effective way.
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1. Introduction

Rice is one of the most significant grains in the world. The global annual rice produc-
tion, especially from 2019 to 2021, has gradually increased due to the rapid development
of agricultural planting technology and the continuous increase in rice planting area [1],
and the rice production of Asia alone is enough to meet the food consumption of 2 billion
people [2]. Many countries store a portion of rice annually as a strategic measure to assure
food security and meet emergency requirements to prevent calamities such as wars and
natural disasters, or to maintain a balance in international trade. As a result, global rice
stock has also been growing year by year, with its stock reaching 275 million tons from 2018
to 2019 [3]. China and India, as the two countries with the largest rice storage reserves in
the world, possessed 62% and 19% of the worldwide rice inventories from 2019 to 2021,
respectively [4]. In 2017, South Korea’s rice reserves reached 1.89 million tons, more than
double the government’s regular rice stocks [5]. However, with the increase in storage
time, aged rice is no longer suitable for human consumption due to changes in its physical,
chemical, and nutritional properties [6,7], which will not only affect taste but may also
have unpredictable effects on human health. If not effectively utilized, aged rice will cause
significant waste and environmental pollution. Seeking effective ways to utilizing a large
amount of aged rice will be a crucial measure of great significance in the areas of economy,
environmental protection, and resource reuse.

The feed utilization method provides a valuable solution for the high value utilization
of a large amount of aged rice due to a huge demand for feed. Using aged rice as feed raw
material can effectively consume the inventory of aged rice and solve the huge demand for
feed grain sources. As early as 2006, the Chinese government have prohibited storing rice
for more than 3 years as food and proposed that aged rice should be used as feed. Aged rice,
as a feed ingredient, has certain advantages in terms of nutritional composition, but there
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are also some unfavorable factors that limit the application in feed, even having an adverse
impact on animal growth and productivity. At present, aged brown rice has not been widely
used in animal husbandry. This paper summarizes the nutritional characteristics of aged
brown rice, which is the main form of feed material formed after aged rice is ground and
husked. In addition, it reviews the influence of storage time on the nutritional properties
of brown rice, the application of aged brown rice in feed, and the limiting factors of aged
brown rice in animal production application, which would provide technical and theoretical
supports for the efficient use of aged brown rice as feed and reducing its inventory pressure.

2. Nutritional Properties of Brown Rice

Brown rice is the product of coarsely dehulling and processing rice grains, consisting
of a bran layer, germ, and endosperm. Furthermore, starch is the main component of brown
rice [8,9]. Brown rice is further classified as edible brown rice and forage brown rice based
on the dehulling rate during dehulling and processing, with the glume content of edible
brown rice accounting for 2% of the total weight, while that of forage brown rice accounts
for about 7%.

Brown rice is rich in various nutrients, mainly from functional nutrients of the bran
layer, such as dietary fiber, lipids, and mineral elements, so consuming brown rice is more
beneficial for one’s health. Furthermore, the bran layer contains a range of naturally occur-
ring bioactive compounds including B vitamins, glutenin, glutathione, γ-aminobutyric acid,
polyphenols, and other chemicals [10]. Dietary fiber is a non-starch polysaccharide with
the property of improving intestinal flora balance and ameliorating intestinal peristalsis,
and a reasonable amount of dietary fiber is beneficial for intestinal health. The dietary
fiber content in brown rice is approximately 3.7 g/100 g. As antioxidants, glutathione and
glutenin can scavenge free radicals and other harmful peroxide substances. γ-aminobutyric
acid can promote brain metabolism, regulate blood pressure, and alleviate atherosclerosis
and other physiological processes [11–13]. Brown rice polyphenols are a natural antioxi-
dant and crucial functional component. Polyphenols, such as phenolic acid, anthocyanin,
catechin, and epicatechin, play an important role in the physiological efficacy of improving
hypoglycemia, hypolipidemia, and cardiovascular disease [12,14]. The primary phenolic
compound found in brown rice is trans-ferulic acid (range: 161.42–374.81 µg/g) [15]. In
addition, polyphenol present in bound form in brown rice has antioxidant properties and
improves the activity of intestinal flora [16].

3. Influence of Storage Time on the Nutritional Properties of Brown Rice

Usually, changes in physical and chemical properties are inevitable when rice is
stored for more than three months even under favorable storage conditions. Reduction
in nutritional quality undergoes a series of physicochemical and physiological changes
brought on by respiration, oxidation, and endogenous enzymes during storage as a result
of some external factors (time, temperature, and moisture) [17]. With the extension of
storage time, some nutrients in brown rice undergo the following changes: change in starch
structure, denaturation of proteins, and decomposition of fats.

3.1. Influence on the Starch Structure of Brown Rice

The starch in brown rice accounts for about 78% of the total weight of brown rice and
consists of amylose and amylopectin. During the storage process, the total amount of starch
does not change significantly. However, due to the presence of debranching enzyme activity,
the content of insoluble amylose increases while the content of amylopectin decreases,
resulting in a harder taste and lower viscosity [18,19]. It has been shown that insoluble
amylose makes the microcrystalline bundle structure of starch grains more compact, making
it difficult for water to penetrate the interior. Moreover, under gelatinization temperature
conditions, there are many unbroken hydrogen bonds in the structure, which leads to
a decrease in the edible quality and palatability of brown rice [20]. A study showed
that the apparent digestibility of nutrients decreased linearly as the content of amylose
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increased by feeding rations with amylose/amylopectin ratios of 0.26, 0.37, 0.47, and 0.98
to finishing pigs [21]. Li et al. [22] conducted a study on weaned pigs fed with two diets
with amylose/amylopectin ratios of 0.39 and 0.6 and found a negative correlation between
the digestibility and the size of the ratio between amylopectin and amylose. The group
with a ratio of 0.6 had a 2.67% drop in overall intestinal digestibility of feed digestibility
compared with the group with a lower ratio of 0.39.

3.2. Influence on the Protein of Brown Rice

Proteins in brown rice are mainly composed of four types: serum proteins, globulins,
alcohol soluble proteins, and gluten proteins, among which the gluten protein content is the
highest, accounting for about 80% of the total protein content [23,24]. With the extension of
storage time, the total protein content in brown rice decreases slightly under the influence
of external factors such as air, light, and heat. The sulfhydryl groups in proteins are easily
oxidized into disulfide bonds, which increases the molecular weight of the proteins and
the reduce hydrophilic groups and the ability of brown rice to bind with water, resulting
in an overall decrease in the solubility of the proteins and an increase in the content of
free amino acids [25]. Another study also showed that limiting amino acids such as lysine
and tryptophan would be oxidized and reduced in the aging process of rice, leading to a
reduction in the nutritional quality of proteins [26]. Proteins can form a firm mesh structure
around the starch and limits the expansion and digestion of starch. Because of the oxidation
of proteins leads to the increase in the content of carbonyl compounds in brown rice [27].
Liu et al. [28] reported that the carbonyl values of brown rice gradually increased with
the increase in storage time at 15 ◦C and 25 ◦C, reaching the maximum values of 5.20 and
8.31 meqkg-1 after 270 days, respectively. The results of Frame et al. [29] showed that the
content of carbonyl compounds in feed reached 7.3 nmol/kg and 13.5 nmol/kg after three
days of oxidation at 45 ◦C and 100 ◦C, respectively, and they found a linear decrease in
protein digestibility with the increase in the content of carbonyl compounds.

3.3. Influence on the Crude Fat of Brown Rice

The content of crude fat in brown rice will decrease slightly during the aging pe-
riod [30,31]. The change in lipids in aged brown rice is mainly through oxidation and
hydrolysis. Most of the fatty acids in brown rice are unsaturated, and the double bonds
within their molecular structure can be oxidized to generate some carbonyl compounds.
Lipids in aged brown rice are hydrolyzed by lipase to produce glycerol and free fatty
acids [27,32]. The fatty acid value is one of the most used and core indicators to reflect the
freshness of brown rice. Generally, the higher the fatty acid value, the worse the quality of
brown rice [33]. The quality of brown rice will be significantly deteriorated when the fatty
acid value exceeds 25 mg KOH/100 g. When the fatty acid value of brown rice exceeds
100 mg KOH/100 g, it will give off an unpleasant odor, and the palatability is reduced so
that the brown rice cannot be used as a raw material for feeding [8]. In addition, free fatty
acids and amylose will react to each other to form some compound molecules with spiral
shaped, densely crystalline structure, which will severely constrain the expansion of the
starch during cooking [17].

3.4. Influence on the Enzymatic Activity of Brown Rice

Various enzymes, such as α-amylase, protease, fat oxidase, catalase, etc., are present
in brown rice, and these enzymes can still function even at low moisture content [34]. Most
of the physiological changes occurring in brown rice’s nutrients result from enzymatic
reactions. Furthermore, with the extension of the storage time, the activities of catalase and
α-amylase in brown rice will be gradually diminished, and the activity of lipase will be
enhanced, resulting in a gradual increase in the content of free fatty acids in brown rice [35].



Agriculture 2024, 14, 858 4 of 13

4. Application of Aged Brown Rice in Feed
4.1. Advantages of Aged Brown Rice in Feed Applications

It is evident from Table 1 that the nutritional content of husked brown rice is com-
parable to that of maize, with certain kinds even surpassing their nutritional value of
maize. Compared with the conventional nutrients of maize, the content of nitrogen free
extract in aged brown rice is higher and the crude fiber content is lower, indicating that
the aged brown rice has better palatability than maize [36]. Meanwhile, the content of
amylopectin, crude protein, calcium, and phosphorus in aged brown rice is also higher
than those of maize. The amino acid composition of aged brown rice, as shown in Table 2,
is more balanced than that of maize [27]. Lysine, methionine, and threonine are the top
three essential amino acids required for the pig growth and fattening process [37]. The
three amino acid contents of aged brown rice were higher than those of maize, as indicated
in Table 2. Overall, aged brown rice is expected to be used as an energy feed to replace
maize in feed. However, the current usage of aged brown rice in livestock and poultry feed
is relatively low, and it needs to be considered whether the storage time of aged brown rice
will affect the production and growth performance of animals.

Table 1. Conventional nutrients in aged brown rice and maize.

General Nutrition Facts, % Aged Brown Rice Maize

Total Energy, MJ/kg 16.00 16.20
Dry Matter 89.5 86.0

Crude Protein 8.67 8.70
Crude Fat 2.75 3.60
Crude Ash 1.41 1.20
Crude Fiber 0.90 2.30

Neutral Detergent Fiber 2.23 9.30
Acid Detergent Fiber 1.31 2.70

Nitrogen Free Leachate 74.1 70.7
Total Starch 79.6 75.0

Amylose 14.4 18.8
Amylopectin 66.2 56.3

Calcium 0.03 0.02
Total Phosphorus 0.41 0.27

Effective Phosphorus 0.15 0.05
Data on maize are from China Feed Database, version 31; and data on aged brown rice are from Kang et al. [38].

Table 2. Amino acid in aged brown rice and maize.

Amino Acid, % Aged Brown Rice Maize

Arginine 0.53 0.39
Histidine 0.17 0.21
Isoleucine 0.30 0.25
Leucine 0.68 0.93
Lysine 0.30 0.24

Methionine 0.20 0.18
Phenylalanine 0.41 0.41

Threonine 0.31 0.30
Tryptophan 0.08 0.07

Alanine 0.53 0.60
Cysteine 0.12 0.18
Tyrosine 0.22 0.33

Data on maize are from China Feed Database, version 31, and data on aged brown rice are from Kang et al. [38].

4.2. Application of Aged Brown Rice in Pig Feed

Starch in plant feedstuffs such as grains and tubers are the primary energy source for
pigs [39]. Maize is widely used as a primary energy feed for pigs due to its high content of
starch and considerable digestible energy. The total energy and crude protein composition
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of brown rice is better than those of maize, and a fresh brown rice diet can provide more
digestible energy, crude protein, and dry matter for growing finishing pigs [40]. Aged
brown rice also has the potential to be used as feed for pigs. He et al. [37] found that
feed brown rice aged for one year or six years had no significant effect on the growth
performance indexes, digestibility, and pork quality of weaned piglets and growing pigs.
Nevertheless, they have significantly reduced the activities of weaned piglets’ duodenum,
jejunum, and ileum digestive enzymes. Sarah et al. [41] and Wu et al. [42] also showed
that the diet for pigs formulated from brown rice increased amino acid digestibility and
practical energy value compared with the other cereal grains, indicating that brown rice
is an excellent raw material for feed. Kim et al. [43] found that adding 50% brown rice
into the diet had no adverse effect on the slaughter performance of pigs, but long-term
feeding of brown rice affected the intestinal microbiota of pigs due to the low fiber content
and fewer substrates required for bacterial fermentation in brown rice. The results of
Katsumata et al. [44] also indicated that replacement of all of corn contained in feed with
brown rice did not significantly impact growth traits and meat quality of fattening pigs.

On the contrary, some studies showed that feeding brown rice was detrimental to the
growth performance of pigs [45–47]. The different particle size of brown rice after grinding
significantly affected the absorption of nutrients in brown rice by animals [48]. However,
for weaned piglets, the diet of brown rice significantly reduced average daily gain and daily
feed intake compared to that of maize [49], due to the higher starch content in brown rice,
and the weaker ability of weaned piglets to digest starch in the early stages [50]. Hence, the
starch content in the diet has a significant influence on the growth performance of weaned
piglets. Moreover, the starch in brown rice is more accessible to be digested for growing
and fattening pigs and will not cause significant changes in their growth performance [51].

4.3. Application of Aged Brown Rice in Poultry Feed

Poultry occupies an essential position in animal production because its meat, eggs,
and feathers have high utilization values and high breeding efficiency [36,52]. However,
to obtain quality poultry produce, the energy and protein content of feed are crucial to
achieve ideal feeding efficiency for poultry production. Plant vegetable protein is one of the
best choices for monogastric animals, such as maize [53], soybeans [54], and other common
feed raw materials.

Brown rice contains more protein, fat, and mineral content than white rice [55].
Shih et al. [56] found that there was no significant effect of different proportions of aged
brown rice in diet on the growth performance, the number of lactic acid bacteria and
Escherichia coli in the ileum and cecum of broilers, which suggested that aged brown rice
with a short aging time has no adverse effect on broilers. Fujimoto et al. [57] suggested that
rice can be used to feed broilers, but it is important to pay attention to the potential adverse
effects of the fat in the aged rice on broilers. Excessive fat addition in diet will reduce the
feed intake of broilers, thus affecting their growth [58,59].

As herbivorous animals, geese have a more vital ability to digest crude fiber than broil-
ers, which is attributed to the solid digestive capacity of the goose stomach [60]. Yu et al. [61]
found that different proportions of paddy in the diet of geese significantly improved the
growth indexes of geese (p < 0.05) and had no adverse effect on the feed digestibility. A
study of feeding mallard ducks with rice found no significant difference in growth traits
and serum biochemical indexes compared with the control group [62,63]. These reports
demonstrated that rice can be a good energy source in the diet of aquatic poultry.

4.4. Application of Aged Brown Rice in Ruminant Feed

Nikkhah [64] found that brown rice, due to its rich starch and crude fiber content, can
effectively promote chewing and digestion, improve buffering and absorption capacity of
the rumen, and reduce the risk of rumen acidosis. The study of Scheibler et al. [65] showed
that replacing different proportions of corn with brown rice (0%, 33%, 63%, and 100%) had
no significant effect on the daily gain, apparent digestibility, milk yield, milk composition,
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and feed utilization efficiency of cows. However, Miyaji et al. [66] found that the higher
the proportion of brown rice replacement in the diet, the lower the milk yield of cows.
Because of the high grain content in dairy cow diets, replacing corn with rice in the diet of
cows resulted in an increase in rumen starch digestibility, the dry matter and starch intake
decreased. The report of Kim et al. [67] concluded that the maximum amount of paddy
replacing corn in the sheep diet cannot exceed 91%. Cattelam et al. [68] found that brown
rice can reduce carcass weight, adipose tissue accumulation, and slaughtering performance
of cattle compared with maize, indicating that it is not suitable to feed brown rice during
cattle’s growth and fattening stages. The above reports indicate that the application of rice
as feed for ruminants requires further research on its proportion in the diet, and the types
and physiological stages of ruminants used.

4.5. Application of Aged Brown Rice in Fish Feed

Fish is considered one of the indispensable sources of protein for humans, and the
demand is increasing. By 2020, the production of fisheries and aquaculture reached a
historic high of 214 million tons [69]. In the last century, fish feed was mainly composed
of expensive fish meal and fish oil, but today’s fish feed is mainly vegetable protein and
vegetable oil [70]. Brown rice has a rich starch content and can be added to fish feed as
a carbohydrate. Studies have shown that adding appropriate carbohydrates to the feed
can promote more protein for fish growth, reduce the consumption of protein, and reduce
the pollution of aquaculture water by excretion [71]. Sun et al. [72]. found that tilapia
has a good utilization effect on southern brown rice, which can be used as a high-quality
carbohydrate source for tilapia to reduce feed cost. Aged brown rice with good storage
conditions also has great potential as a novel fish feed.

5. Limiting Factors of Aged Brown Rice in Feed Application
5.1. Antinutritional Factors in Aged Brown Rice

The bran layer of brown rice contains phytic acid, non-starch polysaccharides, trypsin
inhibitory factor, and other antinutritional elements. In addition, brown rice has a rough
texture and low palatability due to a certain quantity of crude fiber and antinutritional
elements, which affect animal growth and digestion of feed.

5.1.1. Phytic Acid

Phytic acid is mainly concentrated in the bran layer of rice, and with a content of
about 9–14%. Phytic acid is difficult to degrade in the animal digestive tract, and can
only be degraded under conditions of strong acid, high pressure, or exogenous phytase.
Phytic acid can bind divalent and trivalent metal ions in the animal digestive tract to form
insoluble chelate compounds, which cannot be absorbed by the digestive tract [73,74].
Simultaneously, the chelate compounds amalgamate with proteins and certain enzymes to
generate ternary complexes of phytic acid, metal cation, and protein, reducing the solubility
of proteins and the activity of enzymes, consequently reducing the digestion and absorption
of proteins and carbohydrates in animal digestive tracts [75–77].

5.1.2. Non-Starch Polysaccharides

Non-starch polysaccharides are one of the main antinutritional factors in brown rice.
The antinutritional effects of non-starch polysaccharides are related to their viscosity and
effects on the physiology and microbial composition of the digestive tract. Soluble non-
starch polysaccharides can increase the viscosity of intestinal chyme, affect the mixing
of enzymes and nutrients, and thus reduce the circulation rate of chyme particles in the
intestinal cavity and affect the absorption of minerals, amino acids, and fats [78–80].

5.1.3. Trypsin Inhibitors

Trypsin inhibitors have the most significant impact on the digestive and absorption
functions of animals among the various protease inhibitors. They can reduce the activity
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of trypsin, leading to a reduction in protein digestibility and utilization, hyperplasia, and
enlargement of the pancreas, thereby inhibiting animal growth [81,82]. Trypsin inhibitor
binds to trypsin and chymotrypsin in the small intestine, forming a stable complex that
inactivates enzymes. Trypsin inhibitors also cause enhanced pancreatic secretory activity
and excessive secretion of trypsin and chymotrypsin, which externally leads to a significant
loss of endogenous nitrogen and sulfur-containing amino acids in the body [35].

At present, there are various means, such as milling, enzyme treatment, extrusion, and
germination, which can be used to reduce the content of antinutritional factors in brown
rice. Milling is a mechanical processing treatment that can remove the outer layer of the
paddy glumes [83]. Extrusion mainly uses high temperature and high pressure to inactivate
certain substances in brown rice such as trypsin inhibitors. Enzyme treatment by adding
exogenous enzymes, such as phytase and α-amylase, can effectively hydrolyze phytic acid
and non-starch polysaccharides, and improve the feeding value [84,85].

5.2. Mycotoxins in Aged Brown Rice

Molds will infect rice and other grains during their whole growth and ripening
process in the field. Mycotoxins are toxic fungal secondary metabolites frequently found
as contaminants of food and feed [86]. Many mycotoxins, especially aflatoxins (AFT),
ochratoxins (OTA), deoxynivalenol (DON), fumonisins (FBs), T-2 toxins, and zearalenone
(ZEN), would inevitably contaminate brown rice during storage. These mycotoxins can be
severely hazardous to animal bodies and produce additive and synergistic toxic effects. It
is necessary to consider the content and hazards of mycotoxins in aged brown rice used
as feed.

From 2018 to 2020, Zhao et al. [87] collected 3507 samples from different regions of
China and found that the positive rates of AFB1, DON, and ZEN in rice bran were 100%.
Lin et al. [88] analyzed 344 grains in the Tianjin area of China and found that the detection
rate of new Fusarium toxins (ENN A, ENN B) in rice was 69.0%. The percentage of rice
samples contaminated with AFB1 (31%) was higher than that of any other grain and feed
samples, with ZEN and DON contamination reaching 34% and 27%, respectively [89]. It
presents the limit standards of mycotoxins in China and international organizations in
Table 3 [90–92]. By conducting a global survey on mycotoxins from 2018 to 2020 on cereals,
Khodaei et al. [93] found that AFB1 in rice is a serious hazard, and 50%, 11.1%, 16.6%, and
25% of rice exceeded the EU standard limits of AFT, ZEN, DON, and FBs, respectively.
Iqbal et al. [94] found that the detection rates of AFB1 and OTA of brown rice from the
Pakistani market were 54% and 46%, respectively, and the content of AFB1 in 25% of the
brown rice samples exceeded the EU limit. The detection rates of 5 types of mycotoxins in
rice worldwide are summarized in Table 4. The detection rates of AFT, FBs, and ZEA were
the highest in Asian rice, while the detection rates of OTA and DON were the highest in
Africa [95]. However, as shown in Table 5, Kang et al. [38] determined the content of DON
and ZEN in brown rice stored from 2017 to 2019 for 1–3 years in some regions of China and
found that the contents of both mycotoxins were lower than the Chinese limit standards.
The average contents of AFT and OTA in the rice in Sichuan Province of China from 2013
to 2018 were 5.93 µg/kg and 1.175 µg/kg, respectively, which was lower than the Chinese
limit standards [96]. Therefore, mycotoxin content in aged brown rice will be varied and
influenced by factors such as storage conditions, storage time, and processing methods.

Table 3. Maximum limit standards of mycotoxins in rice by organizations and countries.

European Union America China

AFB1 (µg/kg) 20 - 30
AFT (µg/kg) - 200 -
OTA (µg/kg) 250 - 100
DON (µg/kg) 8000 5000 5000
ZEN (µg/kg) 2000 - 500
FBs (µg/kg) 60,000 30,000 60,000
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Table 4. Occurrence of mycotoxins in rice worldwide from 2008 to 2016.

Items Africa America Asia Europe

AFT
Incidence (%) 53 - 63 9

Range (µg/kg) 20–1642 0.1–308 0.45–3

OTA
Incidence (%) 38 42 18 7

Range (µg/kg) 0–1164 0–12.5 0.08–4.34 1.0–7.5

FBs
Incidence (%) 10 - 29 2

Range (µg/kg) 0.4–4.4 - 0–500 -

DON
Incidence (%) 24 - 23 3

Range (µg/kg) 0–112.2 - 6.2–81.2 71–176

ZEN
Incidence (%) 47 - 19 -

Range (µg/kg) 0–1169 - 1.5–51.1 -

Table 5. Mycotoxin content in brown rice aged for 3 years in four provinces in China.

Regions Year DON (µg/kg) ZEN (µg/kg) AFT (µg/kg) OTA (µg/kg)

Heilongjiang
Province

2017 11.3 0.46
- -2018 10.5 0.72

2019 13.2 0.49

Anhui
Province

2017 7.20 1.18
- -2018 19.3 1.63

2019 52.6 1.78

Hunan
Province

2017 28.4 0.82
- -2018 29.0 1.40

2019 26.8 1.15

Sichuan
Province

2016
- -

8.24 1.25
2017 8.98 0.985
2018 4.84 1.17

In recent years, the detoxification methods of mycotoxins in cereals, such as high
temperature irradiation, ozone, and probiotic degradation, have been developed relatively
maturely, which can effectively reduce the harm of mycotoxins to animal health and solve
the limitation of aged brown rice contaminated with mycotoxin as feed.

5.3. High Fatty Acid Content in Aged Brown Rice

With the increase in storage time of brown rice, the content of the free fatty acids in
aged brown rice will increase, leading to a continuous increase in the fatty acid value of
aged brown rice. A diet composed of aged brown rice with high fatty acid content could
affect the antioxidant and immune functions of an animal organism, leading to oxidative
stress and delay of the growth and development of animals [97]. As shown in Table 6,
the fatty acid values of brown rice from four origins of China were gradually increased
with the increase in storage time. The crude fat content of three kinds of brown rice stored
at room temperature for 300 days decreased significantly by about 55.5%, and the fatty
acid and fatty acid degree increased significantly [98]. Wang et al. [99] found that after
12 weeks of storage at 15 ◦C or 25 ◦C, the fatty acid value of red brown rice increased from
38.48 mg/100 g to 44.86 mg/100 g at 15 ◦C, and 54.86 mg/100 g, respectively. It can be
concluded that the fatty acid value increased gradually with the increase in storage time.
In the storage process, specific methods such as air-conditioned storage, air-conditioning
temperature control, and new drying technology can reduce the fatty acid content produced
by fat oxidation and hydrolysis in brown rice. Adding some antioxidants, such as vitamin
E, tea polyphenol, and bile acids, to the diet can effectively alleviate the adverse effects of
fatty acids in brown rice on animal health [100].
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Table 6. Fatty acid values in brown rice aged for 3 years in four provinces in China.

Regions Year Fatty Acid Value (mg
KOH/100 g)

Heilongjiang Province
2017 20.0
2018 21.3
2019 18.3

Anhui Province
2017 31.0
2018 31.1
2019 20.8

Hunan Province
2017 30.4
2018 26.7
2019 21.5

Sichuan Province
2016 53.9
2017 57.2
2018 43.5

6. Summary

Brown rice is rich in nutrients. Compared with fresh brown rice, the nutritional
content of aged brown rice slightly decreased, but the overall change is not significant. The
application of aged brown rice as feed is subject to limiting factors such as mycotoxins
and elevated fatty acid values during storage. In animal production, measures such as
improving feed formulas based on the nutritional characteristics of brown rice or adding
antioxidants and detoxifiers to feed can eliminate the potential adverse effects of aged
brown rice on animals. So, aged brown rice can be used as a feed ingredient in pigs,
chickens, ruminants, and aquatic animals. Importantly, the price of aged brown rice is lower
than that of corn. The effective utilization of aged brown rice can alleviate the shortage
of feed resources in animal husbandry and the problems of food competition between
humans and animals, and reduce the cost of feed and the waste of inventory resources
in animal husbandry. It has important economic, social, and ecological significance to
comprehensively and deeply exploring the efficient utilization technology of aged brown
rice as feed. This is of great significance for the formation of a new feeding mode of “corn
brown rice” recycling and the promotion of agricultural sustainable development.
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