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Context: Regular physical activity reduces oxidative stress by increasing the capacity of 
antioxidant defense, reducing pro-inflammatory mediators, and increasing anti-inflammatory 
mediators in healthy and obese conditions with chronic diseases. The role of physical activities 
in oxidative stress, and inflammation is dual and depends on the mood, intensity, and duration 
of the activity. 

Evidence acquisition: One session of long-term and intense exercises can produce free radicals 
more than the capacity of antioxidant defense and cause oxidative stress. Medicinal plants also 
have anti-obesity, antioxidant, and anti-inflammatory properties due to their phytochemical 
compounds. 

Results: Rice bran contains nutrients and bioactive compounds, such as phytosterols, phenolic 
acids, flavonoids, anthocyanins, proanthocyanins, tocopherols, tocotrienols, phytic acid, 
gamma-aminobutyric acid, and gamma oryzanol. These compounds have antioxidant, anti-
inflammatory, anti-obesity, and anti-diabetic effects. The examination of studies with human 
and animal subjects show that rice bran, gamma oryzanol, and anthocyanins improve endurance 
and resistance performance. Evidence shows that rice bran improves endurance performance 
by reducing lactate accumulation, and increasing muscle glycogen content, increasing free 
fatty acids turnover, and increasing muscle oxidative capacity and antioxidant enzymes. 

Conclusion: Anthocyanins improve physical performance by affecting blood flow, metabolic 
pathways, and muscle fatigue. Accordingly, rice bran can improve physical performance 
as an ergogenic factor and promote health development by reducing oxidative stress and 
inflammation. However, there is a need for more studies regarding the effect of rice bran on 
physical performance and health.
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Introduction

ree radicals are continuously produced as 
part of natural metabolic processes. Free 
radicals are defined as molecules or mo-
lecular fragments with one or more un-
paired electrons in an atomic or molecular 
orbital [1]. The most abundant type of free 
radicals is reactive oxygen species (ROS) 

[2]. Although free radicals in physiological doses have 
positive effects on immune reactions and cell signaling, 
in higher amounts, they have negative effects on cell 
structure and function, including oxidative damage to 
lipids, proteins, and nucleic acids, which can cause many 
diseases. When the production of free radicals increases 
and the antioxidant defense system cannot neutralize 
them, the accumulation of free radicals in the body cre-
ates a phenomenon called oxidative damage, which is 
also known as oxidative stress [1, 2]. Oxidative stress 
provides the molecular foundation for the initiation of 
several diseases and plays an important role in causing 
premature aging and chronic and degenerative disorders, 
such as arthritis, autoimmune disorders, cardiovascular 
and neurological diseases, inflammation, and cancer [3]. 
Due to the harmful effects of the pathological produc-
tion of free radicals, organisms have antioxidant defense 
systems that protect cells against the toxic effects of free 
radicals. The antioxidant defense system includes enzy-
matic antioxidants, such as superoxide dismutase (SOD), 
catalase, and glutathione peroxidase, in addition to non-
enzymatic antioxidants, such as vitamin C, vitamin E, 
glutathione, and bilirubin. These antioxidants play an 
important role in delaying or preventing the oxidation 
of intracellular and extracellular biological molecules 
[4]. Although a session of physical activity increases 
the production of free radicals due to the increase in 
metabolism and mitochondrial respiration, microscopic 
damage in active muscles, and the penetration of phago-
cytes, evidence shows that regular physical activity can 
increase the antioxidant defense capacity and reduce the 
harmful effects of free radicals [5]. In line with increas-
ing the capacity of antioxidant defense, regular physical 
activities can reduce inflammation in healthy and patient 
subjects by stimulating the secretion of anti-inflamma-
tory myokines [6-12]. On the other hand, due to the 
presence of various phytochemical compounds, such as 
phenols, polyphenols, and flavonoids, medicinal plants 
reduce oxidative stress and inflammation and protect 
tissues against the attack of free radicals and inflamma-
tory mediators [13, 14]. Based on the search, two review 
studies have been conducted on the biological benefits 
of rice bran. Gul et al. have pointed out that rice bran 

is an important rich source of protein, B-complex vita-
mins, and fiber, which is better used in enriching indus-
trial foods; however, it is still necessary to conduct more 
cellular and laboratory studies in this field [15]. In ad-
dition, Sapwarobol et al. have pointed out that rice bran 
has anti-inflammatory effects, lowers blood sugar, low-
ers cholesterol, and improves digestive system health, 
with no side effects reported [16]. Nevertheless, there is 
no accurate information about its daily consumption. No 
studies have been done on the simultaneous absorption 
of rice bran with sports activities, and limited original 
studies are also available. Rice bran is one of the me-
dicinal plants that has antioxidant and anti-inflammatory 
effects and has been used for therapeutic purposes for 
a long time. Recently, the ergogenic effect of rice bran 
has attracted the attention of sports nutritionists. Since 
both physical activity and rice bran have antioxidant and 
anti-inflammatory effects, in this study, a review of the 
studies is conducted regarding the simultaneous effect of 
physical exercises and rice bran on indicators of oxida-
tive stress, inflammation, and physical performance.

Materials and Methods

The present study utilized three widely recognized aca-
demic databases, namely PubMed, Scopus, and Google 
Scholar, to gather relevant literature on the topic of inter-
est. The search was conducted using a combination of key-
words, including “rice bran,” “obesity,” “oxidative stress,” 
“inflammation,” and “physical performance,” to ensure a 
comprehensive exploration of the subject matter. The initial 
search yielded a substantial number of articles, which were 
then subjected to a careful screening process. Firstly, unre-
lated studies that did not directly address the research ob-
jectives were excluded. This step was vital in maintaining 
the focus and relevance of the review. Secondly, duplicate 
studies were identified and subsequently removed to avoid 
repetition and duplication of findings. By implementing 
these criteria, a refined selection of 47 articles was obtained 
for in-depth analysis and evaluation. These chosen articles 
represented a diverse range of research methodologies, in-
cluding experimental studies, clinical trials, observational 
studies, and systematic reviews. This heterogeneity allowed 
for a comprehensive examination of the available evidence, 
enabling a more robust understanding of the relationship 
between rice bran consumption and its potential impact on 
obesity, oxidative stress, inflammation, and physical per-
formance. The review process involved a careful assess-
ment of each article’s methodology, objectives, results, and 
conclusions. Through this scrutiny, important patterns and 
trends began to emerge, shedding light on the potential ben-
efits of rice bran in various aspects of human health.

F
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The systematic approach employed in this study, cou-
pled with the thorough review of the 47 selected articles, 
establishes a solid foundation for the subsequent analysis 
and interpretation of the findings. By synthesizing and 
critically evaluating the available literature, this study 
contributes valuable insights to the existing body of 
knowledge and provides a comprehensive understanding 
of the potential effects of rice bran on obesity, oxidative 
stress, inflammation, and physical performance.

Nutritional values of rice bran 

Rice (Oryza sativa) is one of the main grains (the third 
most consumed grain in the world) and provides the 
main food for half of the world’s population [17]. Rice 
bran is a byproduct of rice whitening processing and 
is rich in protein [18]. About 10% to 20% of rice bran 
consists of protein [19]. Evidence shows that rice bran 
contains a variety of nutrients and bioactive compounds 
that have beneficial effects on health [20]. About 10% of 
rice is made up of bran, which is separated from it during 
the rice milling process [21, 22]. Rice bran is the brown 
outer layer of the rice kernel, which contains 50% car-
bohydrates, 20% fat, 15% protein, and 15% dietary fiber 
(mainly insoluble fiber) [15]. In the rice milling process, 
about 85% of fat, 15% of protein, 75% of phosphorus, 
90% of calcium, and 70% of B vitamins (including B1, 
B2, and B3) are removed from rice, which shows that 
rice bran has nutritional value [15, 23, 24]. By increasing 
the degree of rice milling, significant amounts of phy-
tochemical compounds useful for health are removed 
from rice and its antioxidant activity decreases due to 
the decrease in the content of phenolic compounds. 
Based on this, with a lower degree of rice grinding, more 
health-enhancing phytochemical compounds of rice are 
created. Apart from micro and micronutrients (vitamins, 
minerals, fats, and amino acids), brown rice contains rich 
phytochemical compounds, including phytosterols, phe-
nolic acids, flavonoids, anthocyanins, proanthocyanins, 
tocopherols, tocotrienols, phytic acid, gamma-aminobu-
tyric acid, and gamma oryzanol [25, 26]. 

Health benefits of rice bran

Due to having phytochemical compounds (the items 
mentioned in the previous sections), rice bran has a high 
capacity for health development, which can be men-
tioned for its anti-diabetic effects, blood lipid reduction, 
blood pressure reduction, antioxidant, and anti-inflam-
matory effects. One of the most important compounds in 
rice bran is gamma oryzanol. Gamma oryzanol exists in 
the form of steryl ferulates, which is a mixture of sterol 
ferulic acid esters and triterpene alcohols. In addition, 

the amount and composition of gamma oryzanol in rice 
bran varies depending on the rice variety and extrac-
tion method. Gamma oryzanol has antioxidant activity, 
anti-diabetic activity, fat-reducing effect, and anti-cancer 
properties [16, 24]. Other phytochemical compounds in 
rice bran include anthocyanins, which have antioxidant, 
anti-angiogenic, cardiovascular disease prevention, anti-
cancer, anti-diabetes, anti-obesity, antimicrobial, and 
neuroprotective effects [27]. The phytochemical com-
pounds of rice bran and its therapeutic effects are pre-
sented in Figure 1.

Effects of rice bran on inflammation, oxidative 
stress, and obesity markers

Phytochemical compounds of rice bran exert their anti-
obesity effects through various biochemical mechanisms. 
Accordingly, rice bran as a medicinal plant with anti-
obesity effects has attracted the attention of researchers. 
For this reason, researchers studied the effect of rice bran 
on obesity markers in in vitro and in vivo conditions. 
The results of in vitro studies demonstrate that rice bran 
reduces the number of fat cells and triglyceride accumu-
lation by reducing preadipocyte number, reducing tran-
scription factors (PPARγ, C/EBPα, and C/EBPβ) and 
their target genes [28]. Also, rice bran can exert its anti-
obesity effects by inhibiting pancreatic lipase, inhibiting 
the differentiation of fat cells, and stimulating the lipoly-
sis of fat cells [29]. In vivo studies have also confirmed 
the anti-obesity effects of rice bran. Justo et al. reported 
a reduction in markers of metabolic syndrome, including 
dyslipidemia, high blood pressure, and insulin resistance 
in obese rats after receiving rice bran [30]. In another 
study, Justo et al. [31] investigated the effect of rice bran 
on inflammation, macrophage permeability, and white 
adipose tissue size in mice fed a high-fat diet. The results 
of this study showed that rice bran decreased insulin re-
sistance, serum triglycerides, total cholesterol, IL-6, and 
IL-1β pro-inflammatory indicators, the size of white fat 
cells, and the permeability of M1 family macrophages 
in adipose tissue. These findings show that rice bran can 
reduce the negative effects of the high-fat diet in mice 
and exert its protective effect on subcutaneous white fat 
tissue [31]. In this regard, Duansak et al. showed that 
rice bran significantly reduced body weight, adipose tis-
sue mass, and blood vessel density in adipose tissue of 
obese rats fed with a high-fat diet [32]. In addition, rice 
bran reduced VEGF and MMP-2 mRNA levels in vis-
ceral adipose tissue. These results show that rice bran 
significantly reduces adipose tissue mass and prevents 
obesity in high-fat diet-fed mice, which may partially 
exert its anti-obesity effect through an anti-angiogenic 
mechanism [32]. Rice bran reduces the absorption of fats 

Rahmannezhad N, et al. Effect of Exercise and Rice Barn on Inflammation Improvement. HMJ. 2024; 28(1):1-8.

 [
 D

O
I:

 1
0.

32
59

8/
hm

j.2
8.

1.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 h
m

j.h
um

s.
ac

.ir
 o

n 
20

24
-0

3-
20

 ]
 

                               3 / 8

https://hmj.hums.ac.ir/
http://dx.doi.org/10.32598/hmj.28.1.8
https://hmj.hums.ac.ir/article-1-2726-en.html


4

January 2024, Volume 28, Number 1

in the intestine by affecting the digestive enzymes in this 
way. The individual can control obesity caused by eat-
ing a high-fat diet. Munkong et al. showed that rice bran 
reduces fat hypertrophy, fat accumulation, inflamma-
tion, and the expression of adipogenesis genes in intra-
abdominal epididymal white adipose tissue in mice fed 
with a high-fat diet. Evidence shows that the presence 
of phenolic compounds, including flavonoids, antho-
cyanins, and proanthocyanidins in rice bran, has anti-fat 
and anti-hypertrophic effects on fat cells and reduces the 
negative effects of eating a high-fat diet [33]. 

Rice bran, oxidative stress, and physical perfor-
mance 

In the last decade, the attention of researchers has been 
drawn to the ergogenic effects of rice bran. Bioactive 
substances in rice bran can improve physical perfor-
mance by stimulating messenger molecules, especially 
hormones. Seesen et al. investigated the effect of rice 
sprouts and bran on markers of inflammation, muscle 
strength, and physical performance in the elderly [34]. 

Elderly people trained for 24 weeks and received rice 
sprouts and bran along with it. The combination of ex-
ercise and rice bran significantly reduced inflammatory 
biomarkers including CRP and interleukin-6, and signif-
icantly increased the level of insulin-like growth factor 
1. A significant improvement in physical performance 
and muscle strength was observed. The results of this 
study show the synergistic effect of resistance training 
and rice bran on the sustainable improvement of physi-
cal performance, lower limb muscle strength, and modu-
lation of inflammatory and endocrine biomarkers [34]. 
Anthocyanins in rice bran have reduced inflammatory 
factors in this study [35]. On the other hand, the increase 
in muscle strength in this study can be attributed to the 
effect of resistance training on the stimulation of IGF-
1 secretion and the presence of proteins in rice bran. 
γ-oryzanol, a powerful antioxidant in rice bran, is used 
by bodybuilders and athletes to enhance strength and 
muscle hypertrophy, without major side effects. Eslami 
et al. (2014) studied the effect of gamma oryzanol and 
resistance training on anthropometric characteristics and 

Figure 1. Phytochemical compounds of rice bran and its therapeutic effects [15, 16, 22-24]
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muscle strength in healthy men. Subjects received 600 
mg of gamma oryzanol daily and performed four resis-
tance training sessions for 9 weeks. Although the con-
sumption of gamma oryzanol had no significant effect on 
anthropometric characteristics, it significantly increased 
muscle strength, which indicates the ergogenic effect of 
γ-oryzanol [36]. Fry et al. reported no effect of 500 mg 
of gamma oryzanol daily for 9 weeks on muscle strength 
and concentration of testosterone, cortisol, estradiol, 
growth hormone, insulin, and beta-endorphin hormones 
in trained men [37]. Anthocyanins are other compounds 
found in rice bran. This family of phytochemical com-
pounds can exert their ergogenic effect through various 
mechanisms. In this regard, reported that anthocyanins 
can improve physical performance by affecting blood 
flow, metabolic pathways, and muscle fatigue [38]. On 
the other hand, the consumption of medicinal plants con-
taining anthocyanins, in addition to reducing oxidative 
stress, inflammation, and muscle damage, increases the 
oxygen supply to muscles increases the oxidation of fatty 
acids, and improves aerobic performance by increasing 
the production of nitric oxide [39]. Yarahmadi et al. re-
ported an increase in maximum oxygen consumption af-
ter six weeks of receiving anthocyanins, which indicates 
the ergogenic effect of anthocyanins [40]. Bloedon et al. 
in a systematic review and meta-analysis article showed 
that the consumption of anthocyanins reduces oxidative 

stress and inflammation caused by physical activities 
[41]. The results of animal studies are also consistent 
with the results obtained from human studies. Kim et al. 
showed that consuming 1 g/kg for 21 days increases en-
durance activity time in rats, increasing endurance per-
formance by reducing lactate concentration and increas-
ing serum-free fatty acids, muscle glycogen content, and 
the activity of antioxidant enzymes was accompanied 
[42]. These findings show that rice bran increases endur-
ance performance by reducing lactate, increasing muscle 
glycogen content, and increasing free fatty acids and an-
tioxidant enzymes [42]. In this regard, Kim et al. investi-
gated the anti-stress and anti-fatigue effects of rice bran 
in rats in two studies. The findings of these two studies 
showed that receiving 1 g/kg of body-weight rice bran 
for two weeks increased the swimming time and delayed 
the time to reach stagnation in rats, which indicates the 
anti-fatigue effect of rice bran [43, 44] (Figure 2). 

Ahn et al. studied the effect of gamma oryzanol on en-
durance and strength performance in aged rats. γ-oryzanol 
did not cause significant changes in muscle weight; 
however, it increased the amount of running and also 
improved grip strength. Gamma oryzanol inhibited the 
TGF-β-Smad-NADPH oxidase 4 pathway and inflam-
matory cytokines, including TNF-α, IL-1β, IL-6, and 
p65 NF-κB, which cause muscle weakness. These re-

Figure 2. Effect of rice bran on physical performance

Notes:↑=increase, ↓=decrease [34, 37, 38, 42, 45].
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searchers concluded that gamma oryzanol increases the 
oxidative capacity of the muscle, which helps to increase 
the strength and the oxidative capacity in the muscles, 
thereby increasing the physical performance capacity in 
aged rats [45]. Rice bran affects physical performance 
and its simultaneous consumption with physical activity 
strengthens the health-enhancing effects of physical activ-
ity. Ismail et al. showed that ten weeks of consumption of 
gamma-oryzanol fraction along with swimming training 
leads to positive regulation of antioxidant gene expression 
and negative regulation of oxidative gene expression [46]. 
Similar results were obtained by Mowry et al. in horses. 
Competitions were observed. A total of 60 days of receiv-
ing sunflower oil and rice bran decreased interleukin 1β 
and creatine kinase after exercise, which indicates the 
anti-inflammatory effect of these two oils [47].

Conclusion

Further research is needed to explore the potential ben-
efits of incorporating rice bran into exercise programs. 
The combination of physical activity and the phytochem-
ical compounds found in rice bran has shown promising 
results in improving health indicators and reducing the 
negative effects of intense training. By harnessing the 
antioxidant, anti-inflammatory, and anti-obesity prop-
erties of rice bran, individuals can enhance their endur-
ance performance, increase muscle glycogen content, 
and reduce lactate levels. These effects can contribute 
to overall improved sports performance and recovery. 
Additionally, the use of rice bran as a by-product with high 
nutritional value presents an opportunity to optimize ath-
letic performance while minimizing the potential side ef-
fects of intense training. The various phytochemical com-
pounds present in rice bran, such as gamma oryzanol and 
anthocyanins, have been shown to have positive effects 
on oxidative stress and inflammation. These compounds 
work in synergy with regular physical activity to en-
hance the health-enhancing effects of exercise programs. 
However, it is important to note that more studies are 
needed in this field to fully understand the potential ben-
efits and mechanisms of action of rice bran in sports per-
formance. Further research can provide valuable insights 
into the optimal dosage, timing, and duration of rice 
bran supplementation for athletes. Additionally, studies 
exploring the long-term effects and potential risks asso-
ciated with rice bran consumption are necessary to en-
sure its safe and effective use in the athletic community. 
The combination of physical activity and the phyto-
chemical compounds found in rice bran hold promise 
for improving sports performance and reducing the side 
effects of intense training. The antioxidant, anti-inflam-

matory, and anti-obesity properties of rice bran make it 
a suitable candidate for enhancing endurance, promoting 
muscle glycogen synthesis, and reducing lactate levels. 
However, further research is needed to fully understand 
the potential benefits and risks associated with rice bran 
supplementation in athletes.
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