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Abstract
BACKGROUND: Obesity can cause oxidative stress due to the release of free radical components or reactive 
oxygen species. The accumulation of excess fat in obesity also causes the occurrence of non-alcoholic fatty liver. 
Brown rice is a functional food with higher fiber, vitamin, mineral, and antioxidant contents than those in white rice. 

AIM: This study was aimed to evaluate the effect of brown rice on the superoxide dismutase (SOD) level and non-
alcoholic fatty liver in obese Sprague–Dawley rats.

METHODS: An experimental study using a post-test-only control group design was carried out on a Sprague–
Dawley rat model of obesity-induced by a high-fat high fructose (HFHF) diet. Sample selection was done through 
simple random sampling; rats were divided into five groups, namely the normal diet group (K−), the HFHF diet group 
(K+), and HFHF diet groups with the addition of brown rice dose I (P1), dose II (P2), and dose III (P3). The measured 
variable was the SOD level measured using the spectrophotometric method and the calculation of the percentage of 
fatty liver cells on the results of a hematoxylin-eosin liver scan of a rat’s right lobe.

RESULTS: The dose of brown rice was not affected body weight of the rats significantly compared to the control 
groups. Then, there were significant differences in the SOD level and fatty liver in at least two groups (p = 0.01 and 
p = 0.001).

CONCLUSION: This study concludes that the administration of brown rice contributes to the increasing SOD level 
and decreasing fatty liver in obese model rats.
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Introduction

Obesity is an overweight condition due to the 
chronic accumulation of energy reserves in the form 
of fat, and this condition results in an increased risk of 
metabolic diseases such as type 2 diabetes mellitus 
and cardiovascular disease. The obesity category 
established by WHO for Asian populations is a body 
mass index ≥ 27.5 kg/m2 [1]. Increased consumption 
of high-energy foods that are imbalanced with sufficient 
physical activity (sedentary lifestyle) is a major cause 
of obesity [2]. A study revealed that consumption of 
sweetened drinks with a high fructose content can 
increase the incidence of insulin resistance and central 
obesity in adults [3], and other studies stated that a 
group of adults who consume high-fat foods has a risk 
9.3 times higher than groups with sufficient fat intake to 
experiencing central obesity [4].

Obesity can cause oxidative stress due to the 
release of free radical components or reactive oxygen 
species (ROS). Several studies report that ROS is 
the main factor affecting the occurrence of various 

degenerative diseases such as cancer, diabetes 
mellitus, and heart disease [5]. The body is able to 
combat free radicals, but if their amount is excessive, 
the body is not able to destroy them completely, thus 
producing an accumulation of oxidative stress. Fat 
accumulation in obesity conditions makes the adipose 
tissue a producer of adipokines, which induce the 
production of ROS.

Furthermore, the obesity condition increases the 
mechanical burden in the cardiorespiratory function and 
the body’s metabolism that affects the balance of free 
radicals and antioxidants in the body [6]. It is well known 
that one role of antioxidants is to counteract free radicals 
and their bad effects on the body. Superoxide dismutase 
(SOD) is a type of antioxidant that can protect cells 
and is found naturally in the human body [7]. However, 
continuous obesity conditions reduce the levels of SOD 
so that it can increase the number of free radicals in 
the body [6]. Thus, antioxidants from the outside are 
obtained by consuming food sources of antioxidants that 
can help to combat free radicals in the body.

Administration of high-fat high fructose 
(HFHF) in experimental animals showed an increase 
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in body weight, accumulation of abdominal fat, glucose 
intolerance, and histopathological damage to the liver, 
inflammation and hepatocyte damage resulting in 
nonalcoholic fatty liver disease (NAFLD) [8], [9], [10]. 
Several studies have been carried out using functional 
foods to prevent or improve the condition of NAFLD. 
Research by Doha et al. used functional food in the 
form of Purslane bread and garden cress bread to 
reduce weight, improves the condition of dyslipidemia, 
and reduces lipid peroxidation; these types of bread 
are effective in preventing the accumulation of fat 
in the liver [11]. In addition, Dian et al. found that the 
administration of high-dose shiitake mushroom powder 
(6%) in a high-fat diet for 6 weeks gave a significant 
difference in low-dose administration (2%). High-dose 
mushroom administration has reported to induce 
increased liver weight, liver steatosis, and higher liver 
triacylglycerol in the rats. This showed an important 
reason to explore the benefit of functional food active 
substances in health [12].

Brown rice is a rice variety that is made without 
removing the bran layer and the germ during milling. 
Based on cross-sectional studies, it is known that the 
number of obese individuals who consume brown 
rice is higher than that of consumers consuming other 
variations of brown rice (such as germinated brown 
rice). Consumption of brown rice that is rich in fiber 
can reduce in a higher weight loss [13]. Sintanur brown 
rice is local Indonesian rice, which is richer in fiber and 
minerals compared to white rice. The total fiber content 
of Sintanur brown rice is 22.04 g per 100 g of rice with 
1.79 g of soluble fiber, 20.25 g of non-soluble fiber, and 
4.9 β glucan (weight %) [14].

Research relating benefits of dewaxed brown 
rice and germinated brown rice to weight loss and fatty 
liver have been carried out [15], [16], but the benefits of 
brown rice in improving SOD and the fatty liver condition 
has not yet been found. This study aims to provide 
evidence related to the contribution of local Indonesian 
brown rice (Sintanur variety) to the improvement of the 
SOD level and the fatty liver condition.

Methods

Ethical consideration and research design

This study was conducted on December 2018 
– July 2019 and obtained ethical eligibility from the 
Medical Research Ethics Commission of the Faculty 
of Medicine, University of Brawijaya, through decree 
no. 210/EC/KEPK-S3/09/2018. The study design used 
was an in vivo laboratory experiment on white male 
Sprague–Dawley strain rats (Rattus norvegicus) in five 
treatment groups. The study was conducted using the 
post-test only control group design. This study is on 
the intervention of the administration of brown rice in 

the obesity of rats, and the measurement of samples 
was conducted at the end of the study.

Research sample and treatment group

The sample of this study was 35 white rats 
(R. norvegicus) from the Sprague–Dawley strain that 
were divided into five groups, namely negative control 
group (K−), positive control (K+), treatment 1 for dose 
1 (P1), treatment 2 for dose 2 (P2), and treatment 3 for 
dose 3 (P3). The inclusion criteria for the K-group were 
that the rates had to be aged 5.5–6 months (adult), 
healthy, and active and the exclusion criteria were 
obesity with Lee index >300, whereas the inclusion 
criteria for the K+, P1, P2, and P3 groups were that the 
rats had to be obese with a Lee index value >300 and 
be healthy and active.

Feed composition and brown rice 
intervention

The standard feed composition of AIN-93M 
is cornstarch, dextrinized cornstarch, sucrose, 
soybean oil, casein, egg white flour, agar, mineral 
and vitamin mix AIN, l-cystine, choline bitartrate, and 
tert-Butylhydroquinone (TBHQ). Contrastingly, the 
composition of HFHF modified AIN-93M is cornstarch, 
dextrinized cornstarch, sucrose, fructose, lard, soybean 
oil, casein, egg white flour, agar, mineral and vitamin 
mix AIN, l-cystine, choline bitartrate, and TBHQ.

Brown rice (Sintanur variety) intervention 
given to P1, P2, and P3 groups was AIN-93M HFHF 
feeds modified by replacing the weight of cornstarch 
composition as a source of carbohydrates with brown 
rice. The amount of brown rice given was 112.5 g for 
dose 1 (P1), 225 g for dose 2 (P2), and 337.5 g for dose 3 
(P3) that represented the average daily rice consumption 
of Indonesian people based on Statistics Indonesia or 
BPS (2015) of as much as 370–380 g [17]. The energy 
and nutrient values of feed are presented in Table 1.

The drinks given in the K+, P1, P2, and P3 
groups were 30% liquid fructose-containing 0.3 kcal/ml 
energy and 1.2 g/ml carbohydrate.

Diet intake, weight, and lee index

The diet intake of rats was measured every 
24 h, and the bodyweight of the rats was measured 
once a week during the research. The Lee index was 
measured at the beginning and end of the study. The 
Lee’s index calculation formula is (BB (g)1/3/naso-anal 
length [cm]) × 103 [18].

Blood and liver withdrawal

Euthanasia of the rats was done using a 
ketamine injection; then, surgery was performed to 
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draw the blood through the heart and to take the liver. 
The lobe of the liver used was the right lobe because 
the accumulation of fat typically only occurs in the right 
lobe area because of the presence of venous blood 
vessels that carry factors of scattered lipogenesis in the 
right lobe. The right lobe of each rat was weighed and 
stored in a 10% formalin solution for fixation, blocking, 
tissue cutting, deparaffinization, and hematoxylin-eosin 
staining.

SOD level

Blood that has been taken from the liver was 
centrifuged at 3000 rpm for 10 min; subsequently, 100 
µl serum was taken. The serum was put into a small test 
tube and added with 100 µl xanthine, 100 µl xanthine 
oxidase, 100 µl nitroblue tetrazolium, and 600 µl 
PBS and then homogenized with vortex, after which 
PBS was added until 2000 µl. Incubation was carried 
out at a temperature of 30°C for 30 min until serum 
changed to purple. Readings were carried out with a 
spectrophotometer at a wavelength of 500–600 nm [7].

Fatty liver

Tissues that had been through the hematoxylin-
eosin staining process were examined for the amount 
of fatty liver using a 100× magnification microscope. 
The Olyvia application is used to obtain tissue photo 
scans. The calculation was done manually using the 
cell count application by counting the number of cells 
that had a fatty liver from 1000 liver cells in the same 
field of view. The results of the calculation of fatty liver 
cells were expressed as percentages to assess the 
fatty liver category. The fatty liver assessment used the 
categories presented in Table 2.
Table 2: Fatty liver rating categories
Steatosis Grade
5–33% Mild
34–66% Moderate
>66% Severe
Brunt (1999) in Mark and Xuchen [19].

Data processing and analysis

Data were processed using the SPSS software 
with a significance of 0.05 and a confidence level of 
95%. All data were presented as mean ± SD. An analysis 
of differences between groups was carried out with the 
One-Way ANOVA test and the post-hoc Tukey test that 
fulfilled normality and homogeneity requirements. Data 
that did not meet the requirements were then tested 

using the Kruskal–Wallis test and the post-hoc Mann–
Whitney test.

Results

Energy intake and nutrient substances

The feeding of HFHF to the K +, P1, P2, and 
P3 groups contributed higher energy and fat compared 
to that to the K-group, which was at the level of AIN 93M 
standard feed. The addition of brown rice in groups P1, 
P2, and P3 contributed to high fiber intake. The higher 
the dose of brown rice was, the higher the fiber intake 
per day was (Table 3).

Body weight and the lee index

The administration of the HFHF diet contributed 
to the increase in body weight of rats; this can be seen 
in the K+ group, which had the highest weight gain, 
but from the statistical analysis, body weight was not 
different significantly among groups. By contrast, 
the mean of changes in the bodyweight of rats has a 
downward trend to the addition of brown rice in the 
HFHF feed. For the Lee Index, there were significant 
differences among groups. The addition of brown rice 
resulted in a greater decline in the Lee index (Table 4).

SOD level

The highest mean of the SOD level was 
in the P3 group, at 28.59 U/ml, and the lowest was 
in the K+ group at 23.20 U/ml (Figure 1). The result 
of the analysis indicated that there were significant 
differences in at least two groups (p = 0.01; p < 0.05; 
One-way ANOVA). Based on the results of the post-hoc 
Tukey HSD test, the SOD level in the group of rats on 
the HFHF diet without brown rice (K+) decreased but 
was not significantly different from that of the group 
given the standard diet (K−). SOD levels increased in 
the groups that were given brown rice (P1, P2, and P3), 
but only SOD levels in the K+ group and the P3 group 
that had significant differences (p = 0.004; p < 0.05).

Fatty liver

The average amount of fatty liver in each group 
is depicted in Figure 2. The highest mean was found in 

Table 1: Energy and feed nutrition of each group
Ingredient Group

K− K+ P1 P2 P3
Diet standard feed AIN-93M HFHF feed HFHF feed - Brown rice dose 1 HFHF feed - Brown rice dose 1 HFHF feed - Brown rice dose 1
Carbohydrate (%) 53.40 27.34 27.34 27.34 27.34
Fat (%) 21.84 52.73 52.73 52.73 52.73
Protein (%) 24.76 19.92 19.92 19.92 19.92
Energy density (Calorie) 4.12 5.12 5.12 5.12 5.12
HFHF: High-fat high fructose.
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the K+ group, at 96.48% ± 1.34%, and the lowest was 
in the K group, at 4.98% ± 4.97%. In the groups given 
brown rice (P1, P2, and P3), an increase in the dose 
of brown rice resulted in a decrease in the number of 
fatty liver.
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Figure 2: The average amount of fatty liver (%) in each group. The 
caps represent error standard and the letters above the caps indicate 
that the amount is different significantly from another group based on 
Tukey test (α: 5%)

The analysis indicated that there were 
significant differences in at least two groups (p = 0.001; 
p < 0.05; Kruskal–Wallis). The results of the post-hoc 
Mann–Whitney test indicated that the K− group had 
significant differences in the number of fatty liver with 
K+ (p = 0.004; p < 0.05), P1 (p = 0.011; p < 0.05), P2 
(0.018; p < 0.05), and P3 (p = 0.016). This indicates that 
the administration of HFHF increases the number of 
fatty liver. The administration of brown rice can reduce 
the number of indicated liver, as the post-hoc Mann–
Whitney test indicated that the K + group was significantly 
different from P1 (p = 0.016; p < 0.05), P2 (p = 0.009; p < 
0.05), and P3 (p = 0.006; p < 0.05). The higher the dose 
of brown rice was, the lower the number of fatty liver 
was; this was indicated by the post-hoc Mann–Whitney 
test, in which the P3 group was significantly different 
from P1 (p = 0.045; p < 0.05), although it did not differ 
significantly from P3 (p > 0.05). The comparison of a 
cross-sectional scan of the liver between control and 
treatment groups can be seen in Figure 3.

Figure 3: The results of a cross-sectional scan of the liver on a 100× 
magnification light microscope from (a) K−; (b) K+; (c) P1; (d) P2; 
(e) P3.  Red arrow indicates that fatty liver cells are not built 
up, and there are no lipid droplets in the cytoplasm. Meanwhile,  
yellow arrow shows that fatty liver cells are built up, and there is a 
large droplet lipid in the cytoplasm that replaces the small nucleus 
or “droplet lipids” varying in size in the cytoplasm with the nucleus 
still in place

Discussion

The lowest weight gain was in the K-group, and 
the highest weight gain was in the K+ group. Similarly, 
an increase in the Lee index occurred in the K+ and 
K− groups, but there were decreases in the groups 
that received brown rice. The higher the dose of brown 
rice given was, the more the decline of the Lee index 
was. Changes in body weight and the Lee Index were 
influenced by food intake and fructose. Fructose is very 
efficient in inducing lipogenesis so that it can increase 
the accumulation of abdominal fat even though it 
does not provide rapid weight gain due to the lower 
absorption rate of fructose [20]. The increase in the 
Lee index is in accordance with research conducted by 
Andressa et al. after 13 weeks of treatment with a high-
fat diet [21]. By contrast, the fiber content in brown rice 
affected the feed intake of rats; thus, the feed intake of 
rats in the groups given the brown rice diet was lower 
than that in the other groups, which was between 10.09 
and 7.94 g/day. Fiber can slow gastric emptying, such 
that rats experience a decrease in the amount of feed 
intake [22]; in addition, fiber can suppress food intake 
by causing an increase in satiety that, in turn, results in 
a decreased consumption level [23].

SOD levels in the groups that were given the 
normal diet were higher than those in the K+ group. The 
composition of energy and nutrients as needed has a 
positive effect on the body. In this study, giving a normal 
diet had an effect on weight control compared with giving 
the HFHF diet. In these conditions, the body is normally 
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Figure 1: Superoxide dismutase level (U/ml) in each group. The caps 
represent error standard and the letters above the caps indicate that 
the amount is different significantly from another group based on 
Tukey test (α: 5%) 
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able to fight free radicals in normal amounts. SOD is an 
antioxidant that can protect cells and is found naturally 
in the human body. The results of this study indicate that 
the SOD level increased in the groups that were given 
brown rice and that there was a significant difference in 
the SOD levels between the K+ group and the P3 group. 
The group that was given the HFHF diet (K+) had the 
lowest SOD levels; this is in line with a study conducted by 
Fikret et al., in which the administration of a high-fat diet 
to Wistar strain rats for 10 weeks indicated differences 
in the mean of SOD levels compared to the those in the 
group given the normal diet as much as 0.23 U/ml [24]. 
Another study conducted by Myong et al. indicated that 
the administration of a high-fat diet to Sprague–Dawley 
rats experienced differences in the mean of SOD levels; 
the group given a normal diet had an average SOD level 
of 124.7 U/ml, and the group given a high-fat diet had a 
SOD level as high as 71.2 U/ml [25].

SOD levels in rats fed a high-fat diet can 
decrease because of the accumulation of fat in the 
body. Besides, fructose administration in rats causes 
increased calorie intake and stimulates fat formation 
in the body [26]. The accumulation of fat can stimulate 
pro-inflammatory mediators in the form of free fatty 
acids and some cytokines such as interleukin 6, tumor 
necrosis factor-α, and monocyte chemotactic protein-1, 
which favor increased ROS. In such conditions, the 
body uses SOD as a defense against free radicals; 
thus, the SOD levels decrease [27].

The group of rats given the brown rice diet 
(P1, P2, and P3) tended to have higher SOD levels 
compared to the groups that were given the standard 
diet and the HFHF diet; this could be due to the presence 
of phenolic acids as one of the strong antioxidants 
commonly found in plants [28]. Some forms of phenolic 
acids can be found in rice, especially in dark rice such 
as brown rice; phenolic acids, which are most commonly 
found in brown rice, are trans-ferulic acid and trans-
p-coumaric acid [29]. In brown rice, trans-ferulic acid 
is found between 161.42 and 374.81 µg/g, and trans-
p-coumaric acid is between 35.49 and 81.52 µg/g [30]. 
These phenolic compounds work as antioxidants 
directly by finding and capturing several reactive 
species such as hydroxyl, peroxyl, and superoxide 
radicals; besides that, phenolic acids also act as chain 
breakers in the formation of free radicals and prevent 

lipid peroxidation [29]. These roles of phenolic acids 
help the body fight free radicals so that the body does 
not continuously use SOD as a defense [31].

Some other studies that demonstrated 
increased SOD levels are research conducted by Soo 
et al., in which white Sprague–Dawley rats given brown 
rice for 8 weeks with an average rice intake of 4.4 g/day 
had higher SOD levels compared to rats given a normal 
diet with an average difference in SOD levels as much 
as 2.81 U/ml [32]. Another study conducted by Jung 
et al. demonstrated that there were higher differences 
in the SOD levels as much as 2.15 U/ml in white 
Sprague–Dawley rats with an average brown rice intake 
of 5.2 g/day compared to rats that only consumed white 
rice for 6 weeks of treatment [33]. By contrast, research 
conducted by Chi and Gow on Sprague–Dawley rats 
injected with 100 µg trans-p-coumaric acid had a higher 
SOD level as much as 6.5–17 U/ml compared to the 
control group after 2 weeks of treatment [34].

The post-hoc Tukey test indicated that the 
groups that had significantly different SOD levels were 
between the K + group and the P3 group. The P3 group 
was the highest-dose brown-rice diet group with an 
average brown rice intake of 2.96 g/day. The insignificant 
difference could be because the doses determined still 
had a short gap or it could also be caused by doses 
that were not able to increase the SOD levels optimally. 
Thus, it can be seen that the optimal dose in increasing 
SOD levels in obese rats is the highest-dose brown 
rice (33.7%) that is suspected through the mechanism 
of phenolic acid, which works by helping the body in 
capturing free radicals and blocking lipid peroxidation 
so that free radicals in the body have decreased, and 
the SOD level in the body is longer decreasing.

The results of fatty liver in this study indicated 
that the K− group did not experience NAFLD conditions, 
the K+, P1, and P2 groups experienced severe NAFLD 
conditions, and the P3 group experienced moderate 
NAFLD. Even though they are in the same category, P1 
and P2 groups had lower percentages of the fatty liver 
than the HFHF group. Fatty liver can occur because 
of an imbalance of the amount of fat that enters and 
comes out of the liver [35].

Excessive fructose causes dysregulation in 
leptin signaling and increased synthesis of Protein 

Table 3: Average energy intake and nutrients per day
Group K− K+ P1 P2 P3 p-value
Energy/day (mean ± SD, Kcal) 55.2 ± 11.37a 80.46 ± 7.75b,c 86.82 ± 7.01b 78.07 ± 5.25b,c 76.21 ± 5.04c 0.002
Carbohydrate/day (mean ± SD, g) 7.26 ± 1.48a 3.10 ± 0.32b 2.76 ± 0.35b 2.28 ± 0.25c 2.17 ± 0.19c 0.000
Fat/day (mean ± SD, g) 2.97 ± 0.61a 5.97 ± 0.61b 5.32 ± 0.68b,c 4.39 ± 0.48c,d 4.19 ± 0.37d 0.000
Protein/day (mean ± SD, g) 3.37 ± 0.69a 2.26 ± 0.23b  2.01 ± 0.25b  1.66 ± 0.18c  1.58 ± 0.14c 0.000
Fiber/day (mean ± SD, g) 3.86 ± 0.79a 2.74 ± 0.28b 2.86 ± 0.28b,c 2.89 ± 0.32b,c 3.17 ± 0.28c 0.001
Niacin/day (mean ± SD, mg) 0.05 ± 0.007(a) 0.09 ± 0.01(b) 0.13 ± 0.01(c) 0.000*
*The value is significantly different according to Kruskal–Wallis test.

Table 4: Mean of changes in rats’ body weight and lee index
Parameters K− K+ P1 P2 P3 p-value
Changes in body weight (mean ± SD, g) 1.64 ± 5.46 31.83 ± 29.65 26.90 ± 21.26 20.14 ± 27.64 14.07 ± 11.42 0.292
Changes in Lee Index (mean ± SD) 7.43 ± 12.03(a) 4.50 ± 9.57(a) −10.77 ± 7.77(a,b) −16.61 ± 8.41(b) −17.29 ± 12.39(b) 0.000*
*The value is significantly different according to one-way ANOVA test.
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Kinase b/Forkhead Box Protein O1 (plays a role in 
the inactivation of the glycogen synthase-3 enzyme), 
resulting in an increase in gluconeogenesis and glucose 
release from the liver that causes hyperglycemia [36]. 
The fructose derivative compound, fructose-1-phosphate 
(Fructose-1P), can stimulate enzyme mitogen-activated 
protein kinase 8 (MAPK8), the connecting enzyme 
between hepatic metabolism and inflammation. 
When MAPK8 meets an active protein in the de novo 
lipogenesis process, namely protein kinase C, it will 
activate insulin receptor substrate 1 so that insulin 
resistance occurs. Hyperglycemia and insulin resistance 
causes an increase in the release of free fatty acids from 
visceral adipose tissue that goes to the liver so that the 
fat accumulation in the liver increases [10].

A study conducted by the intervention of 
Vitamin B3 (niacin) addition as much as 0.5–1% (the 
percentage is based on average body weight of rats) 
demonstrated that niacin could significantly prevent 
the development of hepatic steatosis in mice induced 
by a high-fat diet NAFLD model. In addition, this study 
also demonstrated that both groups of rats given niacin 
had the same steatosis-reducing effect, so it was 
suspected that niacin administration at lower doses 
could have a decreased effect of steatosis [37]. Studies 
in humans provide the same result that providing a 
dietary intervention through adding niacin according to 
daily needs (14 g–16 g/day) in individuals with NAFLD 
conditions can reduce the liver fat level [38].

In 100 g of brown rice, there is 4.3 mg of niacin. 
Based on calculations, it is known that the P1 group 
consumed approximately 0.02% niacin; P2, 0.03%; and 
P3, 0.04%. The percentage of niacin consumption in 
this study was lower than the percentage of niacin in the 
study by Shobha et al. [37]. In the study, Shobha et al. 
proved that the consumption of 0.5% and 1% niacin 
had the same effect in preventing fat accumulation in 
the liver, whereas, in the results, they found that niacin 
doses of 0.02% and 0.04% had significant differences in 
the amount fatty liver cells. These results complement 
the results of the statement in a study conducted by 
Shobha et al. that niacin interventions at lower doses 
can have a decreasing effect and significant differences 
between doses [37].

In addition, in this study, high fiber involvement 
was also an important factor in decreasing liver fat 
accumulation. The fiber consumed will experience 
fermentation and act as a prebiotic in the intestine, so 
it can increase bacteria that are beneficial to the body, 
such as Bifidobacteria and Lactobacilli, reduce luminal 
pH, and inhibit the growth of pathogens. Increasing the 
number of beneficial bacteria in the body can prevent 
the development of hepatic steatosis, increase glucose 
tolerance, decrease serum Lipopolysaccharide, and 
inhibit the pro-inflammatory response produced from 
endotoxins. Fiber fermentation produces short-chain 
fatty acids (SCFA), which acts as a ligand for G-protein-
coupled receptor (GPR) in intestinal epithelial cells. 

When SCFA activates GPR43, there is an increase 
in insulin signaling activation, decreased intestinal 
permeability, prevention of inflammation, and bacterial 
translocation into the portal vein and liver, whereas 
GPR41 activation by SCFA can increase energy 
expenditure. Intestinal microbiota can convert primary 
bile acids into secondary bile acids, which have selective 
properties in bacteria in the intestine. In addition, bile 
acids also play a role in improving choline metabolism by 
modulating farnesoid X receptor signaling so that it can 
reduce the synthesis of fatty acids and triglycerides and 
reduce gluconeogenesis in the liver. A study indicated 
that in germ-free mice, intestinal microbiota plays a role 
in increasing the work of key enzymes that play a role in 
the biosynthesis of de novo fatty acid, including acetyl-
CoA carboxylase and fatty acid synthase; additionally, 
intestinal microbiota increases LPL activity by inhibiting 
FIAF, which is an inhibitor of LPL [39].

Based on the results obtained, it can be 
concluded that brown rice has a positive effect on 
decreasing fat accumulation in liver cells, and the added 
dose of brown rice influences the effect of decreasing fat 
accumulation. This is proven by the highest reduction in 
fat accumulation in the group of rats that received the 
highest dose of brown rice (P3). Regarding the role 
of fiber and niacin in brown rice, it is suspected that 
niacin has a greater role in reducing the accumulation 
of fat in the liver. This is supported by several studies 
conducted to prove that niacin is a substance used for 
the treatment of dyslipidemia, cardiovascular disease, 
and reduction of hepatic steatosis [37], [38], [40]. 
Contrastingly, for fiber, no studies have been found that 
test the effect of fiber in NAFLD patients [41]. Based 
on our results, more experimental studies with a large 
sample size are needed to ensure and document of the 
comprehensive results.

Conclusion

Sintanur brown rice has high antioxidant and 
fiber contents. Administration of Sintanur brown rice to 
obese rats given the HFHF diet can improve the SOD 
levels and the incidence of fatty liver.
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