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Abstract 

Obesity is a long-term metabolic disorder caused by an imbalance between energy consumption and energy 

expenditure, leading to excessive fat accumulation. This condition is closely associated with metabolic disorders, thus 

requiring effective strategies for prevention and management. One such approach is the consumption of functional foods, 

such as whole grains like black rice, whose functional value can be enhanced through germination. This study aimed to 

evaluate the effects of administering germinated black rice (GBR) to rats with a high-fat diet (HFD), compared with non-

germinated black rice (NGBR) and white rice (WR). The results showed that GBR significantly suppressed body weight 

gain, liver mass, and adipose tissue mass, approaching levels observed in the control group. GBR also improved lipid 

profiles by reducing total cholesterol, triglycerides, and LDL, while increasing HDL and cecal cholesterol excretion. The 

most significant reduction in blood glucose levels was observed in the GBR group (Δ −49 mg/dL), accompanied by a 

decrease in hepatic malondialdehyde levels, indicating a reduction in oxidative stress. Additionally, GBR increased the 

concentrations of acetate, propionate, and butyrate, which contribute to metabolic improvement. Histopathological 

analysis revealed smaller adipocyte size and reduced hepatic steatosis in the GBR group. Gene expression analysis 

revealed significant downregulation of Hmgcr, suggesting an inhibition of hepatic cholesterol biosynthesis. These results 

indicate that germinated black rice exerts stronger anti-obesity effects than NGBR and WR, supporting its potential as a 

functional food for obesity prevention. 
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Introduction 

Obesity is a chronic disease characterized by 

excessive fat accumulation due to an imbalance between 

energy intake and energy expenditure over a long period 

[1]. This condition is a significant risk factor for various 

degenerative diseases, including hypertension, 

cardiovascular disease, type 2 diabetes, and cancer [2]. 

The prevalence of obesity continues to increase 

globally. The WHO estimates that by 2025, almost 167 

million individuals will suffer health deterioration as a 

result of being overweight or obese. This increase is 

primarily due to a high-calorie diet and a sedentary 

lifestyle. The high consumption of processed and fast  

foods that are high in fat and low in fiber, fruits, and 

vegetables, is exacerbating the obesity epidemic [3,4]. 

These figures confirm that obesity is a serious 

problem requiring attention, as well as effective 

intervention strategies to mitigate it. Actually, this 

condition can still be prevented by following the WHO 

recommendations, which include restricting calorie 

intake from fats and carbohydrates, increasing 

consumption of whole grains, legumes, fruits, and 

vegetables, and engaging in regular physical activity [5]. 

Recently, researchers have shown significant interest in 

non-pharmacological approaches, particularly the 
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consumption of whole-grain functional foods. Whole 

grains provide a source of complex carbohydrates and 

essential nutrients, while also being abundant in dietary 

fiber and bioactive substances that contribute to 

metabolic health maintenance. Black rice is 

distinguished among whole grains by its elevated 

anthocyanin pigment concentration in the aleurone/bran 

layer and its substantial dietary fiber content. These 2 

components are recognized for their contributions to 

antioxidant, hypolipidemic, and anti-inflammatory 

activities [6]. For example, a previous study 

demonstrated that replacing 20% of the meal with 

Brazilian black rice variety IAC 600 effectively lowered 

plasma cholesterol, triglycerides, and LDL levels in 

hyperlipidemic rats. 

 Post-harvest alteration through the germination 

process provides numerous advantages for black rice. 

This process enhances the bioavailability of bioactive 

compounds by degrading complex substances such as 

flavonoids, phenolics, and pyhtates into simpler forms, 

facilitating their absorption by the body [7]. Moreover, 

germination increases levels of specific nutrients, such 

as free amino acids and γ-aminobutyric acid (GABA), 

which are crucial for regulating fat metabolism and 

blood pressure [8]. This process increases the 

concentration of functional compounds, including 

anthocyanins, phenolic acids, and γ-oryzanol, which are 

recognized for their antioxidant and anti-inflammatory 

properties. The elevated levels of these bioactive 

compounds render germinated black rice superior to 

non-germinated rice, especially regarding its potential 

as a functional food for the prevention of obesity and 

associated metabolic disorders. 

 Numerous studies have shown that consuming 

foods rich in fiber and bioactive compounds can alter the 

expression of genes associated with lipid metabolism 

and inflammation. Compounds such as anthocyanins, γ-

oryzanol, and phenolic acids modulate molecular 

signaling pathways, consequently inhibiting 

lipogenesis, enhancing fat oxidation, and diminishing 

systemic inflammation [9]. Furthermore, consumption 

of whole grains rich in bioactive compounds such as 

ferulic acid and γ-Oryzanol has been reported can 

modulate lipid metabolism by activating the AMPKα 

pathway and suppressing lipogenic transcription factors 

such as SREBP, thereby influencing downstream targets 

including HMGCR and other cholesterol-synthesis 

enzymes [10,11]. 

 In Indonesia, in addition to imported varieties, 

there is a local black rice variety called Cempo Ireng, 

extensively cultivated in Yogyakarta and Central Java. 

This variety is recognized for its elevated anthocyanin 

content and has excellent potential for Development as 

a local functional food. Previous investigations indicate 

that the black rice variety Cempo Ireng is abundant in 

anthocyanins [12,13] and has potent antioxidant activity 

[13]. Nevertheless, the majority of these studies remain 

confined to in vitro studies, so currently, in vivo 

evidence directly comparing the effects of germinated 

and non-germinated Cempo Ireng rice on obesity 

parameters, including body weight, adipose tissue mass, 

and regulation of gene expression related to lipid 

metabolism, is still very limited. Therefore, this study 

aims to investigate the efficacy of germinated Cempo 

Ireng black rice as an anti-obesity agent by in vivo 

investigation, and to compare its effects with those of 

non-germinated black rice and white rice. The result 

aims to establish a scientific foundation for the 

Development of locally produced functional foods to 

prevent and treat obesity. 

 

Materials and methods 

 Plant materials  

 Cempo Ireng paddy was obtained from PD 

Agriwira Mandiri Sejahtera in Karanganyar Regency, 

Central Java, Indonesia, while the IR-64 white rice was 

from Sumber Hasil Bumi Bimomartani, Ngemplak, 

Sleman, Yogyakarta Special Region, Indonesia. 

 

 Black rice germination 

 Black rice samples were prepared through the 

hulling process. Whole kernels were separated from 

broken grains using a rice grader. Germination was 

carried out following the procedure by Munarko et al. 

[14] with some modifications. Dehulled black rice 

Cempo Ireng variety was soaked in a 0.1% hypochlorite 

solution for 30 min, then rinsed with distilled water. The 

rice was subsequently soaked in distilled water at a 1:1 

(w/v) ratio at 35 °C and incubated at 33 °C for 24 h, with 

water replaced every 8 h. After soaking, the rice was 

aerated by spreading it on a sterile tray lined with tissue 

for 24 h at the same temperature, with distilled water 

sprayed every 8 h. Drying was carried out using a food 
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dehydrator at 50 °C for 2 h. Flours from germinated and 

non-germinated rice samples were sieved through an 80-

mesh sieve and stored at 4 ℃. 

 

 Dietary fiber measurements 

 Total dietary fiber was determined using the 

AOAC (1995) multi-enzyme method. Briefly, 0.5 of the 

sample was sequentially incubated with α-amylase, 

pepsin, and β-amylase under controlled pH and 

temperature conditions. The insoluble fraction was 

collected by filtration, washed with ethanol and acetone, 

dried at 105 °C overnight, and weighed. In contrast, the 

soluble fraction was precipitated from the filtrate with 

warm 95% ethanol, filtered, washed, dried, and 

weighed. Total dietary fiber was calculated as the sum 

of insoluble and soluble fractions using the formula:  

 

Total Dietary Fiber = Insoluble Dietary Fiber + Soluble Dietary Fiber. 

 

 Animals experimental 

 A total of 30 male Sprague-Dawley (Rattus 

norvegicus) rats (8 weeks old, weighing 170 - 200g) 

were obtained from the Nutrition and Food Research 

Center, Universitas Gadjah Mada, Yogyakarta, 

Indonesia. The animals were individually housed in 

stainless-steel cages under controlled environmental 

conditions (temperature 24 ± 2 °C, relative humidity 

85%, 12 h light/dark cycle, and adequate ventilation). 

All rats were acclimatized for 7 days with free access to 

food and water (ad libitum). All experimental 

procedures were approved by the Ethics Committee of 

Universitas Gadjah Mada (Ref. No. 

00066/X/UN1/LPPT/EC/2024). 

 

 Induction of obesity  

 After acclimatization, the rats were randomly 

divided into 5 groups. The control group (n = 6) 

continuously consumed standard AIN-93M pellets 

during the induction period, while the obesity group (n 

= 24) was induced with a high-fat diet (HFD) by feeding 

a modified AIN-93M high-fat diet for 4 weeks. The 

HFD formulation based on Dourmashkin [15], it 

contained 50% fat, sourced from lard. The HFD was 

prepared weekly to prevent spoilage by thoroughly 

mixing all ingredients, extruding them, and drying them 

in an oven at 65 °C for 24 h. After the induction period, 

the average body weight of the HFD group was 

compared with that of the control group. Rats with a 

weight exceeding 10% of the maximum body weight of 

the normal diet rats were classified as obese [16]. 

Obesity was also confirmed using the following 

calculation:  

 

Lee index = 
(𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔𝑟))

1/3

 𝑛𝑎𝑠𝑜 − 𝑎𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ (𝑐𝑚)
×1,000 

 

 Rats with a Lee Index greater than 0.30 were 

classified as obese [7]. In addition, lipid profile analysis 

was performed after induction to confirm the 

development of obesity in the rats. 

 

 Treatment of GBR 

 After confirming that the HFD-induced rats had 

developed obesity after 4 weeks of induction, they were 

further divided into 4 groups: Positive control / HFD 

group (n = 6), obese rats induced with HFD and 

substituted with IR-64 white rice diet (WR) (n = 6), 

obese rats induced with HFD and substituted with non-

germinated Cempo Ireng black rice diet (NGBR) (n = 

6), and obese rats induced with HFD and substituted 

with germinated Cempo Ireng black rice diet (GBR) (n 

= 6). Each group was fed 15 - 20 g daily for 4 weeks. 

The control group (n = 6) and positive control / HFD 

group continued consuming standard AIN-93M pellets, 

while the 4 treatment groups were provided with iso-

caloric diet formulations (Table 1).

 

Table 1 Isocaloric and isofiber diet formulation. 

Ingredients (g/kg) 
AIN-93M 

Standard 
HFD WR NGBR GBR 

Corn starch 620.692 341.25 - - - 

Rice flour -  749.47 642.65 617.37 

sucrose 100 100 100 100 100 

CMC 50 50 40.38 7.20 4.13 
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Ingredients (g/kg) 
AIN-93M 

Standard 
HFD WR NGBR GBR 

Casein 140 140 140 140 140 

Soybean oil 40 - 40 40 40 

Lard - 258.3 - - - 

AIN-93 Mineral Mix 35 35 35 35 35 

AIN-93 Vitamin Mix 10 10 10 10 10 

L-Cysteine 1.8 1.8 1.8 1.8 1.8 

Choline Bitartrate 2.5 2.5 2.5 2.5 2.5 

TBHQ 0.008 0.008 0.008 0.008 0.008 

Total 1.000 939 1.119,16 979,16 950,80 

Energy (kcal/kg) 3.554 4.650 3.554 3.554 3.554 

The AIN-93M diet [17] and a high-fat diet (HFD) [15] were used with modifications. 

 

 

 Anthropometric and dietary measurements  

 Body weight and food intake were monitored 

regularly throughout the intervention period. Blood 

samples were collected from the retro-orbital vein at 

baseline (pre-induction) and after the intervention (post-

treatment). 

 

 Biochemical determinations 

 Plasma was used to determine the levels of total 

cholesterol, triglycerides, low-density lipoprotein 

(LDL) cholesterol, high-density lipoprotein (HDL) 

cholesterol, cecal cholesterol excretion, and glucose 

levels using commercial diagnostic kits (DiaSys 

Diagnostic Systems GmbH, Germany). Short-chain 

fatty acids (SCFAs) were analyzed by gas 

chromatography equipped with a flame ionization 

detector (GC-FID) (Shimadzu GC-2010 Plus). Lipid 

peroxidation was assessed using the TBARS 

(Thiobarbituric Acid Reactive Substances) method. 

 

 Histopathological liver and white adipose tissue  

 The liver and white adipose tissue were fixed in a 

10% formalin buffer solution for 24 h. The fixed tissue 

was then routinely processed for paraffin block 

preparation and stained using hematoxylin and eosin 

(H&E). The stained preparations were observed using 

an optical microscope (Olympus CX33 Trinocular LED; 

Tokyo, Japan). Liver images were then analyzed semi-

visually and quantitatively using ImageJ software 

(National Institutes of Health, USA).  

 

 Quantitative real-time PCR (qRT-PCR) 

analysis  

 Liver tissues were preserved in RNAlater, and 

total RNA was isolated using Isogen reagent. The 

extracted RNA was purified and reverse transcribed into 

cDNA using a commercial reverse transcription kit 

(according to the manufacturer’s instructions). 

Quantitative real-time PCR (qRT-PCR) was performed 

with SYBR Premix Ex Taq (Takara Bio, Otsu, Japan) 

and gene-specific primers as shown in Table 2 on a Bio-

Rad CFX Connect Real-Time PCR Detection System 

(Hercules, CA, USA). Relative mRNA expression 

levels were normalized to Eukaryotic translation 

elongation factor 1α1 (Eef1α1) as the internal reference 

gene. The relative hepatic mRNA expression of lipid 

metabolism, namely Fasn (Fatty acid synthase), Hmgcr 

(3-Hydroxy-3-methylglutaryl-CoA Reductase), and Lxr-

α (Liver X receptor alpha).
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Table 2 Primer list of genes used for qRT-PCR analysis. 

Gene name Forward/Reverse Primer sequence 

Fasn 
Forward 

Reverse 

GGCTCACACACCTACGTATTGG 

TGCTTAATGAAGAAGCATATGGCTT 

Hmgcr 
Forward 

Reverse 

AATTGTGTGTGGCACTGTGATG 

GATCTGTTGTGAACCATGTGACTTCT 

Lxr-α 
Forward 

Reverse 

ACCTCTGCGATCGAGGTGAT 

AAAGTCTTCCGGGTTGTAACTGA 

 

 

 Statistical analysis 

 Data were analyzed using 1-way analysis of 

variance (ANOVA), followed by the Tukey test using 

IBM SPSS software version 27. When the assumptions 

of normality or homogeneity of variance were not met, 

the Kruskal-Wallis test was applied. Statistical 

significance was set at p < 0.05. 

 

Results and discussion 

 Dietary fiber 

 This study analyzed the dietary fiber content in 

white rice (WR), non-germinated black rice (NGBR), 

and germinated black rice (GBR). Our results showed 

that the highest total dietary fiber (TDF) content was 

found in GBR at 7.43%, followed by NGBR at 6.66%, 

while WR had the lowest fiber content at 1.28%. The 

increase in TDF in GBR mainly came from the insoluble 

dietary fiber (IDF) fraction, which was also significantly 

higher than in WR and NGBR. Conversely, the soluble 

dietary fiber (SDF) fraction was relatively smaller than 

the IDF. However, the analysis showed significant 

differences between groups (Figure 1). These results 

indicate that the germination process of black rice 

increases dietary fiber content, with both soluble and 

insoluble fractions increasing, with insoluble fiber 

predominating.

 

 

 

Figure 1 Dietary fiber content of IR-64 white rice (WR), Cempo Ireng black rice non-germinated (NGBR), and Cempo 

Ireng black rice germinated for 48 h (GBR) was obtained from 3 replications (mean ± SD) (n = 3). Different letters in the 

same column indicate statistically significant differences among samples (p < 0.05). 
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  The increase in dietary fiber content 

observed in this study is consistent with previous 

findings showing that germination can enhance dietary 

fiber levels in different brown rice varieties [18]. In 

addition, prior research has demonstrated that 

germination in the dark can increase IDF by up to 55% 

compared to light conditions, by 34%. This is associated 

with metabolic processes in the dark that are more 

focused on the formation of new cell structures and the 

provision of energy for seedling growth, thereby 

increasing cellulose microfibril synthesis and 

accumulation [19]. 

 Physiologically, germination triggers an increase 

in the activity of hydrolytic enzymes, particularly β-

amylase, which hydrolyzes starch into simple sugars 

[20]. In the cotyledon, starch is broken down into 

smaller molecules such as glucose and fructose to 

provide energy for embryo growth [21]. In general, α-

amylase activity is consistent with the pattern of starch 

degradation, so that the longer the germination process, 

the greater the conversion of starch into simple sugars. 

The breakdown of starch reserves increases the 

proportion of non-starch components, including dietary 

fiber, which makes up cell walls such as cellulose, 

hemicellulose, and lignin. 

 

 The effect of germinated black rice 

administration on body weight gain and feed intake  

 Changes in body weight of rats during the 9-week 

intervention are shown in (Figure 2(a)). Body weight 

increased gradually in all groups, except for NGBR and 

GBR, which tended to remain stable. Repeated-

measures ANOVA showed significant differences 

across weeks (p < 0.001) and a week × group interaction 

(p = 0.02). From week 4 to week 9, the HFD and WR 

groups had significantly higher body weights than the 

control (p < 0.05), while the NGBR and GBR groups 

showed lower body weights than the HFD and WR 

groups in weeks 8 and 9, and were not significantly 

different from the control.  

 Feed consumption patterns in Figure 2(b) did not 

differ significantly between groups (p > 0.05), 

suggesting that metabolic factors and feed composition 

were more likely to have influenced differences in body 

weight. These results are consistent with previous 

studies reporting that rats fed diets containing 50% and 

100% substitution of germinated brown rice (GBR) 

exhibited significant reductions in body weight and feed 

intake after 8 weeks, and that a similar trend was 

observed in HFD rats substituted with germinated 

brown rice IR-64 for 28 days. However, the differences 

were not statistically significant [22,23]. The weight 

loss in the Cempo Ireng germinated black rice group is 

thought to be related to its high fiber content, which 

reduces feed intake. Dietary fiber can enhance satiety by 

increasing the volume and viscosity of food in the 

stomach [24]. In addition, viscous soluble fiber can 

increase lumen viscosity, slow gastric emptying, and 

form a mechanical barrier that inhibits starch digestion 

in the small intestine, thereby reducing energy 

absorption [25]. Furthermore, bioactive compounds 

increase during germination and play a role in inhibiting 

fat accumulation and increasing lipid oxidation [26,27].
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Figure 2 The effect of germinated black rice administration on body weight and feed intake of rats during the induction 

and intervention periods. Changes in (a) body weight and (b) feed intake were monitored throughout the experimental 

period. Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated 

black rice (NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different 

letters in the same column indicate statistically significant differences among samples (p < 0.05). 
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3. High-fat diet induction was proven to be effective in 

triggering obesity in the treatment groups. This is 

demonstrated by a significant increase in the Lee index 
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groups showing a Lee index ≥ 300 before intervention, 

indicating obesity in rats [28]. 

 The result showed that the HFD and WR groups 

had significantly higher liver weights than the Control, 

NGBR, and GBR groups (p < 0.05). Conversely, GBR 

(8.98 ± 0.06 g) had the lowest liver weight, which was 

significantly lower than that of all other groups. Adipose 

tissue weight and the ratio of adipose tissue to body 

weight also increased significantly in the HFD and WR 

groups compared to NGBR and GBR (p < 0.05), with 

GBR showing the lowest values (1.91 ± 0.05 g; 0.60%). 

There were no significant differences between GBR and 

control in adipose parameters, either absolute or ratio.

 

Table 3 Average Lee index, liver weight, and adipose tissue weight of experimental rats. 

No Group 
Lee index 

(Induction) 

Liver Weight 

(g) 

Adipose tissue 

weight (g) 

Ratio liver 

weight (%) 

Ratio adipose 

tissue weight (%) 

1 Control 286.41 ± 2.05a 9.49 ± 0.60a 1.93 ± 0.10a 3.86c 0.78b 

2 HFD 317.84 ± 3.21bc 13.59 ± 0.70c 5.52 ± 0.42c 3.77c 1.53d 

3 WR 321.54 ± 3.09b 13.54 ± 0.41c 5.03 ± 0.39c 3.86c 1.43d 

4 NGBR 322.25 ± 3.83b 10.15 ± 0.11bc 2.83 ± 0.08b 3.17b 0.88c 

5 GBR 316.84 ± 2.18b 8.98 ± 0.06a 1.91 ± 0.05a 2.82a 0.60a 

Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated black 

rice (NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different letters 

in the same column indicate statistically significant differences among samples (p < 0.05). 

 

 A similar pattern was observed in liver weight 

ratio, where GBR at 2.82% and NGBR at 3.17% were 

significantly lower than the HFD and WR groups (p < 

0.05). Overall, HFD increased liver and adipose tissue 

weight, whereas administration of germinated black rice 

effectively suppressed the obesity-inducing effect of 

HFD, with values approaching those of the control 

group. Brown rice germination administration has been 

reported to reduce white adipose tissue mass, adipocyte 

size, and hepatic steatosis in obese rats [23]. In addition, 

brown rice sprout extract can reduce lipid accumulation 

in the liver and adipose tissue by decreasing the 

expression of lipogenic genes (SREBP-1c, FASN), 

thereby reducing de novo lipogenesis [29]. 

 

 Plasma lipid profile  

 Blood lipid profile analysis includes total 

cholesterol (TC), triglycerides (TG), low-density 

lipoprotein cholesterol (LDL), and high-density 

lipoprotein cholesterol (HDL) levels, which reflect lipid 

metabolism in the intestine. Lipid profile analysis is an 

essential biomarker for describing the risk of organ 

damage. The results of lipid profile analysis after 

intervention showed changes in levels due to dietary 

treatment. The differences between groups were 

significant, with analysis based on the change difference 

(Δ post–pre). The GBR and NGBR diets significantly 

improved the plasma lipid profile of obese rats 

compared with the HFD group. Both diets reduced total 

cholesterol (−134.66 ± 4.26; −120.45 ± 4.89 mg/dL), 

triglycerides (−82.76 ± 3.27; −60.90 ± 5.47 mg/dL), and 

LDL (−131.16 ± 3.30; −93.93 ± 3.80mg/dL) 

significantly (p < 0.05), while the HFD and control 

groups tended to increase (p > 0.05). The increase in 

HDL, known as the good cholesterol, was also 

significant in BRG (+63.54 ± 1.17 mg/dL) and NGBR 

(+61.08 ± 2.22 mg/dL), whereas the HFD and control 

groups showed a decrease (Table 4). 

 The results showed that germinated black rice 

intervention improved the lipid profile in HFD-induced 

obese rats. Significant decreases in total cholesterol, 

triglycerides, and LDL levels, along with increases in 

HDL levels, confirmed a significant hypolipidemic 

effect in the GBR group compared with the HFD and 

control groups. These findings are consistent with 

previous studies reporting that rice germination, 

including germinated brown rice (GBR), effectively 

lowers lipid profiles in HFD-induced obese rats 

[24,30,31]. 
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 Consistently, these results are supported by other 

literature reporting that pigmented rice, especially black 

rice, is rich in bioactive compounds such as 

anthocyanins, γ-oryzanol, tocopherols, and dietary fiber, 

which help reduce the risk of dyslipidemia. In addition, 

the germination process in black rice is known to 

increase the bioavailability of bioactive compounds, 

such as γ-aminobutyric acid (GABA), free phenols, and 

bioactive peptides that have beneficial effects on lipid 

metabolism [8]. Dietary fiber also plays a significant 

role in lowering lipid profiles through several 

mechanisms, including binding bile acids and 

cholesterol during micelle formation in the intestinal 

lumen and increasing the excretion of bile acids and 

steroids in feces [32].

 

Table 4 Plasma lipid profile (total cholesterol, LDL, HDL, and triglycerides) of experimental rats. 

Group 

Total cholesterol (mg/dL) Triglyceride (mg/dL) LDL (mg/dL) HDL (mg/dL) 

Pre 

Intervention 

Post 

Intervention 

Δpost-

pre 

Pre 

Intervention 

Post 

Intervention 

Δpost-

pre 

Pre 

Intervention 

Post 

Intervention 

Δpost-

pre 

Pre-

Intervention 

Post 

Intervention 

Δpost-

pre 

Control 

88.36  

±  

2.29 

89.51  

±  

2.27 

1.28  

±  

0.49d 

65.37  

±  

3.54 

66.43  

±  

3.10 

1.59  

± 

0.72d 

23.07  

±  

1.49 

27.09  

±  

1.82 

4.02  

±  

1.90d 

82.77  

±  

1.47 

81.75  

±  

1.66 

−1.24 

± 

0.40c 

HFD 

235.62  

±  

4.33 

237.28  

±  

5.15 

0.70  

±  

1.00d 

140.75  

±  

4.59 

142.02  

±  

4.64 

0.89  

± 

0.58d 

81.20  

±  

1.49 

83.04  

±  

2.44 

1.84  

±  

0.96d 

25.51  

±  

1.27 

24.45  

±  

1.37 

−4.33 

± 

0.45c 

WR 

233.45  

±  

3.28 

212.84  

±  

4.02 

−9.68  

±  

5.24c 

140.40  

±  

1.59 

125.60  

±  

2.41 

−11.79 

± 

2.52c 

81.43  

±  

1.79 

76.21  

±  

1.75 

−6.85  

±  

1.84c 

28.00  

±  

1.17 

28.83  

±  

1.37 

2.87  

± 

2.03c 

NGBR 

232.42  

±  

3.72 

105.43  

±  

3.91 

−120.45 

±  

4.89b 

138.87  

±  

2.31 

86.31  

±  

3.41 

−60.90 

± 

5.47b 

81.78  

±  

2.60 

42.17  

±  

3.65 

−93.93 

±  

3.80b 

27.89  

±  

2.06 

71.65  

±  

1.69 

61.08 

± 

2.22b 

GBR 

233.79  

±  

2.73 

99.63  

±  

3.40 

−134.66 

±  

4.26a 

140.99  

±  

1.32 

77.14  

±  

3.29 

−82.76 

± 

3.27a 

83.04  

±  

1.80 

35.92  

±  

2.88 

−131.16 

±  

3.30a 

29.14  

±  

1.58 

79.93  

±  

1.37 

63.54 

± 

1.74a 

Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated black rice (NGBR), and high-fat 

diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different letters in the same column indicate statistically significant 

differences among samples (p < 0.05).  

 

 Cecal cholesterol excretion  

 The analysis of cecal cholesterol aims to assess the 

proportion of dietary cholesterol and bile secreted 

cholesterol (endogenous) that is not reabsorbed in the 

intestine and is subsequently excreted in the feces. This 

parameter is important because it reflects decreased 

intestinal cholesterol absorption and increased 

conversion of cholesterol to bile acids. In general, cecal 

cholesterol levels show a pattern opposite to plasma 

cholesterol levels. In this study, cecal cholesterol levels 

in rats showed significant differences between treatment 

groups (Figure 3). The HFD group had the lowest cecal 

cholesterol levels at 23.83 mg/100 g. In contrast, the 

control group had the highest at 96.46 mg/100 g. 

Interestingly, intervention with GBR resulted in higher 

cecal cholesterol levels than with NGBR, WR, or HFD, 

indicating increased cholesterol excretion. 

 This cholesterol-lowering effect is thought to be 

influenced by the increased insoluble dietary fiber 

content in the GBR group. This mechanism is likely to 

act indirectly by triggering early satiation and sustained 

satiety [33]. In addition, the observed 

hypocholesterolemic effect is likely reinforced by the 

presence of soluble dietary fiber, which synergizes with 

insoluble dietary fiber by binding bile acids in the 

intestinal lumen, thereby inhibiting cholesterol 

solubility and absorption at the brush border membrane 

of intestinal epithelial cells. Previous reports also 

showed that bile acid excretion in feces increases in 

dietary fiber groups and is negatively correlated with 

serum cholesterol levels. This mechanism is further 

supported by evidence that dietary fiber increases mass 

in the gastrointestinal tract and can bind cholesterol, 

thereby reducing its absorption in the liver [34]. This 

condition promotes increased excretion of cholesterol 



Trends Sci. 2026; 23(8): 12735   10 of 19 

along with lipids and bile acids through feces. The 

accumulation of cholesterol in the cecum reflects this 

process, as the cecum is the primary storage site before 

excretion, and can therefore be used as an indicator of 

increased cholesterol excretion due to fiber 

consumption.

 

 

Figure 3 Effect of germinated black rice administration on cecal cholesterol excretion during the intervention. Standard 

AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated black rice 

(NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different letters in 

the same column indicate statistically significant differences among samples (p < 0.05). 

 

 

 Plasma glucose level 

 Plasma glucose analysis was performed because 

obesity is consistently associated with insulin resistance 

through various mechanisms, including the 

accumulation of free fatty acids and dysregulation of 

adipokines, such as adiponectin and TNF-α, which 

underlie glucose metabolism disorders [35]. As shown 

in Figure 4, the analysis results indicate differences in 

the patterns of plasma glucose level changes between 

groups after 4 weeks of intervention. The control and 

HFD groups showed a slight increase from baseline to 

the end (Δ −1 - 2 mg/dL), while the WR group decreased 

slightly (Δ −3.6 mg/dL). A much greater decrease 

occurred in NGBR (Δ +41.6 mg/dL), with the most 

significant reduction observed in GBR (Δ +49.0 mg/dL) 

(p < 0.05).
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Figure 4 Effect of germinated black rice administration on plasma glucose levels in obese rats during the experiment. 

Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated black 

rice (NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different letters 

in the same column indicate statistically significant differences among samples (p < 0.05).  

 

 

 The most significant decrease in blood glucose 

levels was observed in obese rats treated with 

germinated black rice. This is most likely due to the 

higher fiber content in germinated Cempo Ireng black 

rice (7.43%) compared to non-germinated black rice 

(6.66%). Fiber has a hypoglycemic effect by slowing 

gastric emptying, inhibiting glucose diffusion, altering 

gastric peristalsis, reducing amylase activity due to 

increased intestinal viscosity, and shortening intestinal 

transit time, thereby decreasing glucose absorption [36]. 

This condition ultimately affects insulin secretion and 

glucose utilization in liver cells. In addition, pigmented 

rice contains bioactive compounds, including 

anthocyanins, a flavonoid group that has potential for 

medicinal and nutraceutical ingredients [37]. Several in 

vitro, in vivo, and clinical studies have demonstrated that 

the antidiabetic effects of black rice are strongly 

associated with its anthocyanin content. Anthocyanins, 

when delivered through fortified foods at effective 

doses, have been shown to inhibit carbohydrate-

digesting enzymes in vitro and subsequently improve 

postprandial glycemic and lipidemic responses in vivo. 

These benefits include enhanced insulin sensitivity, 

reduced glucose absorption in the small intestine, and 

improved metabolic regulation observed in controlled 

human trials [27]. 

 

 Malondialdehyde (MDA) level 

 Malondialdehyde is the main product of 

polyunsaturated fatty acid peroxidation and is widely 

used as an indicator of oxidative stress levels, both in 

vivo and in vitro. The accumulation of lipid peroxidation 

products increases with a high-fat diet [38]. In this study, 

MDA levels were measured from liver tissue after 

intervention. The results of the analysis showed that the 

HFD group had the highest MDA levels at 12.17 

nmol/mL, while the control group had 2.12 nmol/mL, 

and the GBR group had 3.10 nmol/mL, showing the 

lowest levels (p < 0.05) compared to the NGBR and WR 

groups (Figure 5). 
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Figure 5 Effect of germinated black rice administration on malondialdehyde level in obese rats during the intervention. 

Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-germinated black 

rice (NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 6). Different letters 

in the same column indicate statistically significant differences among samples (p < 0.05). 

 

 

 Similar findings have been reported, showing that 

supplementation with germinated brown rice in 

hypercholesterolemic rats significantly reduced serum 

MDA levels compared to non-germinated brown rice 

[22]. In the present study, obesity treatment with 

germinated black rice also reduced hepatic lipid 

peroxides. Hyperlipidemic conditions, particularly 

hypercholesterolemia, can lead to the formation of 

reactive oxygen species (ROS) via lipid oxidation, as 

evidenced by elevated malondialdehyde, the primary 

product of lipid peroxidation. The accumulation of ROS 

in the body triggers inflammatory responses, especially 

in the liver. Lipid oxidation can be prevented by 

hydrogen atom donors that react with lipid radicals to 

produce stable non-radical compounds. Molecules that 

can donate hydrogen atoms without becoming radicals 

themselves are antioxidants. 

 

 Short-Chain Fatty Acid (SCFA) 

 Short-chain fatty acids (SCFAs), such as acetate, 

propionate, and butyrate, are the primary products of 

dietary fiber fermentation by gut microbiota. These 3 

fatty acids are the main SCFA components in the colon. 

SCFA concentrations are greatly influenced by the 

composition of the microbiota, dietary patterns, and the 

availability of fermentable substrates, especially dietary 

fiber. Consuming fiber-rich foods increases the 

availability of fermentable substrates for gut microbes, 

thereby boosting SCFA production. It is known that the 

germination process in Cempo Ireng black rice can 

increase dietary fiber content. This increase in dietary 

fiber content has the potential to improve the short-chain 

fatty acid (SCFA) profile in obesity. 

 The results of this study show a significant 

difference in total SCFA concentration between groups 

(p < 0.05). The control group had the highest total SCFA 

levels at 123.3 mmol, while the HFD group had the 

lowest at 49.6 mmol. GBR administration increased 

total SCFA to 80.3 mmol, which was higher than NGBR 

(75.8 mmol), WR (63.9 mmol), and HFD. For all SCFA 

types, the control group had the highest levels and 

differed significantly from the HFD group. GBR 

increased acetate levels compared to HFD, although it 

did not differ considerably from NGBR. In propionate, 

GBR was also higher than HFD (p = 0.004) but did not 

differ from WR and NGBR. For butyrate, the GBR 

group showed a significant increase compared to HFD 

(p = 0.004), although it did not reach the level of the 

control group (Figure 6).

  

0

2

4

6

8

10

12

14

Control HFD WR NGBR GBR

M
al

o
n

d
ia

ld
eh

y
d

e 
le

v
el

 (
n

m
o
l/

m
l)

Group

a
b

c

d

e



Trends Sci. 2026; 23(8): 12735   13 of 19 

 

 

Figure 6 Effect of germinated black rice administration on short-chain fatty acid concentration in obese rats during the 

intervention. Standard AIN-93M (Control), high-fat diet (HFD), high-fat diet + white rice (WR), high-fat diet + non-

germinated black rice (NGBR), and high-fat diet + germinated black rice (GBR). Data are presented as mean ± SD (n = 

6). Different letters in the same column indicate statistically significant differences among samples (p < 0.05). 

 

 

 These results indicate that germinated black rice 

intervention can improve SCFA production in obesity. 

Fermentability of dietary fiber varies greatly. Soluble 

dietary fiber is generally almost completely fermentable 

in the colon, producing short-chain fatty acids (SCFA) 

that play a role in maintaining gut health, including 

providing anti-inflammatory effects and maintaining 

epithelial barrier integrity [39]. In contrast, insoluble 

dietary fiber undergoes fermentation to a lesser extent 

and at a slower rate. Acetate, propionate, and butyrate 

are the most abundant SCFAs, and they are present in 

the colon in a ratio of approximately 60:20:20, 

respectively [40]. The increase in total SCFA levels 

observed in the GBR group indicates that the dietary 

fiber contained in germinated black rice undergoes 

active fermentation in the colon. This shows an increase 

in the activity of microbes that produce SCFA, which, 

in turn, improves metabolic function.  

 Mechanistically, SCFAs play an essential role in 

metabolic regulation. Propionate in humans has been 

shown to increase the secretion of anorexigenic 

hormones such as peptide YY (PYY) and glucagon-like 

peptide-1 (GLP-1). These 2 hormones play a role in 

regulating appetite, increasing satiety, and reducing 

energy intake and weight gain [41]. Thus, the increase 

in propionate levels observed in the GBR group can be 

linked to the effects of suppressing energy intake and 

improving the body's energy balance by stimulating 

these intestinal hormones. 

 

 Histopathological analysis 

 Histopathological analysis of the liver (Figure 7) 

revealed differences in the degree of fatty liver between 

groups, as assessed by both semi-quantitative scores and 

area measurements using ImageJ. The control group 

showed almost no fatty liver, with a score of 0.6 ± 1.15 

(area 23.02%). In the HFD group, severe fatty liver was 

observed, with a score of 3.0 ± 0.00 (area 31.23%). The 

WR treatment still showed moderate fatty liver, with a 

score of 2.0 ± 1.00 (area: 29.80%). Meanwhile, the 

NGBR treatment reduced the degree of fatty liver to 

mild, with a score of 1.5 ± 0.57 (area 22.08%). The most 

noticeable effect was observed in the GBR group, with 

a score of 1.0 ± 0.00 (area 13.54%), indicating the 

lowest degree of fatty liver among the treatment groups 

(Table 5). White adipose tissue in the HFD and WR 
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groups showed adipocytes with larger sizes. Meanwhile, 

in the NGBR treatment group, adipocyte size appeared 

slightly reduced compared to the HFD group. In the 

GBR group, adiposity decreased significantly and 

approached levels similar to those of the control group 

(Figure 8). 

 In the HFD and WR intervention groups, swollen 

hepatocytes persisted, whereas the NGBR and GBR 

interventions showed improvements in hepatocyte 

morphology and adiposity. The histopathological results 

showed similar findings, namely a reduction in micro- 

and macrovesicular steatosis in obese rats treated with 

100% GBR [23]. This is consistent with another report 

stating that germinated brown rice has the potential to 

reduce fat accumulation by inhibiting adipocyte 

differentiation and stimulating lipolysis in adipocytes, 

as shown in in vitro studies [42].

 

 

Table 5 Semi-quantitative visual scoring and quantitative image analysis of hepatic steatosis in rats. 

Group Visual score (Mean ± SD) Visual description Steatosis area (%) 

Control 0.6 ± 1.15 Non to very mild 23.02b 

HFD 3.0 ± 0.00 Severe 31.23c 

WR 2.0 ± 1.00 Moderate 29.80c 

NGBR 1.6 ± 0.57 Mild 22.08b 

GBR 1.0 ± 0.00 Mild 13.54a 

Representative data of hepatic steatosis evaluation in liver sections. Semi-quantitative scoring was performed by visual 

histopathological assessment of Hematoxylin and Eosin-stained sections (0 = none; 1 = mild; 2 = moderate; 3 = severe), 

while quantitative analysis was conducted by measuring the steatosis area (%) using ImageJ software. Values are 

presented as mean ± SD (n = 3). 

 

 

 

 

 

 

 

Figure 7 Liver photomicrographs (H&E, 4×) of rats: (A) Control, (B) HFD, (C) WR, (D) NGBR, and (E) GBR groups. 

H, Hepatocytes; MaV, Macrovesicular; MiV, Microvesicular; E, Erythrocytes; S, Sinusoid.  
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Figure 8 White adipose tissue photomicrographs (H&E, 10×) of rats: (A) Control, (B) HFD, (C) WR, (D) NGBR, and 

(E) GBR groups. A, Adipocytes; Bc, Blood capillaries; Co, Coalescence; N, Nucleus. 

 

 

 The effect of germinated black rice 

administration on lipid metabolism–related gene 

expression 

 The effect of germinated black rice administration 

on mRNA levels was analyzed using qRT-PCR in the 

liver to evaluate the expression of genes involved in 

lipid metabolism, namely Fasn (Fatty acid synthase), 

Hmgcr (3-Hydroxy-3-methylglutaryl-CoA Reductase), 

and Lxr-α (Liver X receptor alpha). Expression levels 

were normalized to the housekeeping gene Eukaryotic 

translation elongation factor 1α1 (Eef1α1) and 

calculated using the 2^-ΔΔCt method. The data were 

normalized to the HFD group, which was used as the 

baseline for comparison with the GBR group.

 

 

Figure 9 Effect of germinated black rice administration on gene expression. High-fat diet (HFD), high-fat diet + 

germinated black rice (GBR). Data are presented as mean ± SD (n = 3). Different letters in the same column indicate 

statistically significant differences among samples (p < 0.05). 

 

 Based on Figure 9, among the 3 genes analyzed, 

Hmgcr showed a statistically significant difference, with 
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on cholesterol synthesis. In contrast, Fasn showed a 

strong Cohen’s d effect value at 1.525 but was not 

statistically significant, suggesting that it may still have 

a biological tendency even though it is not yet 

significant. Meanwhile, Lxr-α showed a small Cohen's d 

effect value at 0.376 and was not significantly different, 

indicating that the effect of germinated black rice on 

lipid regulation via Lxr-α is relatively limited. Overall, 

these results suggest that germinated black rice (GBR) 

exerts a stronger effect on the cholesterol synthesis 

pathway than on the lipogenesis pathway. 

 These results are consistent with findings that 

feeding pre-germinated brown rice (PGBR) to HFD rats 

reduced HMGCR protein levels by approximately 78% 

[43]. Thus, although this study is still limited to the 

mRNA level, these findings reinforce the possibility that 

the decrease in Hmgcr expression induced by GBR may 

extend to the protein and enzymatic activity levels, 

which need to be confirmed in further research. HMG-

CoA reductase is a key enzyme in the cholesterol 

biosynthesis pathway (mevalonate pathway) that 

converts HMG-CoA to mevalonate, an essential step in 

cholesterol formation. HMGCR regulation can occur at 

several levels, namely, SREBP-2-mediated 

transcription downregulation, mRNA stability 

downregulation, and post-translational regulation, such 

as phosphorylation and ubiquitination, which accelerate 

protein degradation [44]. Therefore, the observed 

changes in Hmgcr mRNA expression likely reflect one 

or a combination of these mechanisms, which imply a 

reduction in intrahepatic cholesterol synthesis.  

In line with this mechanism, the increase in SCFA 

levels, especially propionate, observed in the GBR 

group indicates that the effect of decreased Hmgcr gene 

expression is also likely influenced by propionate's 

suppression of cholesterol biosynthesis in the liver. This 

effect may occur by inhibiting HMG-CoA reductase and 

acetyl-CoA reductase, thereby altering transcriptional 

regulation via SCFA-mediated signaling, particularly 

propionate [45]. These findings are consistent with 

previous reports that propionate can modulate various 

critical metabolic processes, including gluconeogenesis, 

ureogenesis, and ketogenesis, further emphasizing its 

multifunctional role in maintaining energy and lipid 

homeostasis [46]. However, the gene expression 

findings were based solely on mRNA levels and were 

not validated by Western blot, limiting the strength of 

molecular interpretation. 

 

Conclusions 

 This study shows that substitution with germinated 

black rice Cempo Ireng variety protects against obesity 

in rats fed a high-fat diet, compared with non-

germinated black rice and white rice. The 48 h 

germination process has been shown to increase the 

content of bioactive compounds, particularly dietary 

fiber, thereby improving lipid and glucose metabolism. 

These effects are demonstrated by reduced liver and 

adipose tissue weight, improved lipid profile (decreased 

plasma triglycerides, total cholesterol, and LDL 

cholesterol), increased HDL cholesterol and cecal 

cholesterol excretion, and reduced plasma glucose and 

malondialdehyde levels. These benefits are mediated by 

the hypoglycemic and hypolipidemic effects of dietary 

fiber, modulation of gut microbiota and short-chain fatty 

acid production, and antioxidant properties associated 

with genetic regulation. Overall, these findings indicate 

that germinated black rice has the potential to be 

developed as a functional food in obesity diet 

management. 
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