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Abstract. Kurnianto MA, Puspita AA, Winarti S, Munarko H, Aulia SS, Rini DM. 2025. Traditional fermented anchovy rusip 
demonstrates antidiabetic effects through enzyme inhibition and metabolic improvement in diabetic rats. Biodiversitas 26: 2278-2288. 

Rusip, a traditional fermented anchovy, is a high-protein food with potential anti-diabetic properties. This study investigated the 
physicochemical properties and in vitro inhibitory activity of diabetes-related enzymes of rusip fermented at different time points (0, 7, 
14, and 21 days). The optimal formulation was then subjected to further in vivo study with Streptozotocin-Nicotinamide (STZ-NA)-
induced rats. The results revealed increased moisture, soluble protein, TVBN, and N-amino acid and decreased protein, fat, ash, 
carbohydrate, and pH of rusip during the 21-day fermentation time compared to the other fermentation stages. Glutamic acid and 
arginine, as well as Methyl-cis-10-pentadecenoate and Methyl-cis-4,7,10,13,16,19-docosahexaenoate, were the most dominant amino 
acids and fatty acids in rusip. The rusip showed α-glucosidase (53.8-59.8%) and α-amylase (40.3-46.7%) inhibitory activities at 20 
mg/mL, with the lowest IC50 observed at day 14 of fermentation (30.52 mg/mL and 26.01 mg/mL). Further evaluation in STZ-NA-
induced diabetes rats showed that rusip administration could reduce fasting blood glucose, HbA1c, and HOMA-IR and improve insulin 

levels, HOMA-B and QUICKI. Hepatoprotective (suppressing elevated AST, ALP, and ALT) and nephroprotective (decreasing urea 
and creatinine) effects were also observed. Rusip also improved lipid metabolism, reducing LDL, triglyceride, and cholesterol levels and 
returning HDL levels to normal, thereby reducing hypercholesterolemia. These findings suggest that rusip may mitigate diabetes-related 
metabolic disorders, highlighting its potential as a functional food for diabetes management. 
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INTRODUCTION 

Rusip, a traditional fermented fish product from Bangka 

Belitung, Indonesia, comprises anchovies, salts, and palm 

sugars. The mixture undergoes spontaneous fermentation 

under sealed conditions for 7-14 days (Susilowati et al. 

2014; Koesoemawardani and Ali 2016; Kurnianto et al. 

2023a). A study by Puspita et al. (2024) revealed that rusip 

possesses a high protein content (23.78-27.03%) and a low 
fat content (6.19-7.64%). Additionally, it exhibits a distinctive 

organoleptic profile, characterized by a thick texture, fishy 

aroma, light brown to dark ash color, and a sour taste. 

During the fermentation process of rusip, various bacteria, 

mainly Lactic Acid Bacteria (LAB), such as Lactococcus 

sp., Leuconostoc sp., and Streptococcus sp., undergo natural 

growth and produce a range of metabolites and enzymes, 

including proteolytic enzymes (Koesoemawardani and 

Yuliana 2013). Proteolytic enzymes facilitate the breakdown 

of the parent protein of anchovies into peptides and amino 

acids (Kurnianto et al. 2024).  
Several studies have demonstrated that rusip possesses 

a range of functional activities that are beneficial to health, 

including antioxidant properties (Najafian and Babji 2018), 

angiotensin-converting enzyme inhibitor or antihypertensive 

(Rinto et al. 2021), and anti-cholesterol properties (Rinto et 

al. 2019). Our previous in-silico study also reported that 

rusip exhibits significant bioactive potential for preventing 

diabetes. This potential was attributed to its ability to inhibit 

Dipeptidyl Peptidase IV (DPP-IV) and α-glucosidase 

receptors, with an inhibition frequency of 47.2% (Kurnianto 

et al. 2023b). The diverse functional activities of rusip are 

likely due to Bioactive Peptides (BPs). BPs are short 
protein fragments consisting of 2-20 amino acids with low 

molecular weights (<6 kDa) that exhibit a variety of 

specific bioactivities (Tamam et al. 2018; Kurnianto et al. 

2023a). Numerous studies have reported that BPs possess 

antioxidant, antithrombotic, antimicrobial, anti-cholesterol, 

immunomodulatory, anti-hypertensive, and anti-diabetic 

properties (Wang et al. 2015; Agrawal et al. 2016; 

Chalamaiah et al. 2019; Kurnianto et al. 2023a, 2023b). 

Diabetes is a chronic metabolic disorder characterized 

by hyperglycemia, which is caused by an impairment in the 

secretion or effectiveness of insulin or a combination of 
both (American Diabetes Association 2009). Johnson et al. 

(2011) posited that several enzymes, including α-glucosidase, 

α-amylase, and DPP IV, regulate hyperglycemia in diabetes. 

The enzymes α-glucosidase and α-amylase are involved in 

the breakdown of carbohydrates into monosaccharides 
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within the digestive tract. Consequently, the inhibition of 

these enzymes is an effective method for reducing blood 

glucose levels. Conversely, DPP-IV inactivates the incretin 

hormone Glucagon-Like Peptide-1 (GLP-1) and gastric 

inhibitor peptides (Deng et al. 2018). BPs can prevent the 

onset of diabetes by inhibiting the activity of these three 

enzymes. Specifically, as α-glucosidase inhibitors, BPs block 

the absorption of carbohydrates, which reduces the sugar 

uptake that normally stimulates GLP-1 secretion, ultimately 

lowering blood sugar levels (Williams et al. 2020). By 
acting as α-amylase inhibitors, BPs decrease the hydrolysis 

of α-1,4-glycosidic bonds. This action slows carbohydrate 

digestion and delays glucose absorption, further contributing 

to reduced blood glucose levels (Ren et al. 2024). Concurrently, 

as DPP-IV inhibitors, BPs inactivate DPP-IV, thereby 

preventing the decomposition of GLP-1 (Elam et al. 2021). 

Several fermented foods have been reported their 

activity in preventing diabetes, such as fermented soybean 

(Kwon et al. 2010), tempeh fermentation with Lactobacillus 

plantarum and Rhizopus oligosporus (Huang et al. 2018), 

fermented rice bran (Hu et al. 2023), fermented camel milk 
(Ayyash et al. 2020), and fermented fish sausage (Alkalbani 

et al. 2019). However, this activity has not been explored, 

especially for fermented fish. To date, the bioactivity of 

rusip has been the subject of a limited number of in vitro 

experiments, which have focused on their antioxidant, 

antihypertensive, and anti-cholesterol potential (Rinto et al. 

2017; Najafian and Babji 2018; Rinto et al. 2021). The 

potential of rusip to prevent diabetes is yet to be evaluated 

through in vitro and in vivo studies. This study aimed to 

analyze and identify the physicochemical properties of 

rusip and the potential of rusip to inhibit the activity of α-
amylase and α-glucosidase enzymes in vitro at different 

fermentation stages. The optimal formulation was further 

analyzed for administering Water-Soluble Extract (WSE) 

of rusip to improve the metabolism of Streptozotocin-

Nicotinamide (STZ-NA)-induced rats.  

MATERIALS AND METHODS 

Preparation of rusip 

Anchovies (150 g) were weighed, washed, and drained. 

150 mg/g salt (Cap Kapal, Indonesia) was added and 

mixed. Then 100 mg/g palm sugar (Nira Murni, Indonesia) 

was added and mixed. The mixed ingredients were then 

kept in an incubator (Memmert, Germany) at 30°C for 0, 7, 
14, and 21 days (Puspita et al. 2024). 

Extraction of water-soluble fractions 

The rusip sample and deionized water were mixed in a 

ratio of 1:10 and then homogenized for 30 minutes. The 

mixture was heated at 100°C for 10 minutes to inactivate 

the enzyme, then cooled to room temperature. The process 

was continued by filtering using cheesecloth and filter 

paper. The filtrate obtained was then re-filtered using a 

cellulose acetate membrane with a pore size of 0.22 μm, 

producing a Water-Soluble Extract (WSE) (Istiqamah et al. 

2019; Amelia et al. 2024). 

Physicochemical analysis 

The proximate composition of rusip samples—including 

moisture, ash, protein, lipid, and carbohydrate content—

was analyzed using the methods established by the AOAC 

(Desta et al. 2021). pH analysis was carried out based on 

the Kurnianto and Munarko (2022). N-amino content was 

analyzed using formol titration (Wikandari and Yuanita 

2016). Soluble protein was analyzed using the Lowry 

method (Lowry et al. 1951; Sompinit et al. 2020). Total 

Volatile Base Nitrogen (TVBN) analysis was analyzed 
using the method by Yildiz et al. (2021).  

In vitro α-amylase enzyme inhibition 

The inhibitory activity of rusip against the α-amylase 

enzyme was evaluated following the methods of Apostolidis 

et al. (2007) and Wickramaratne et al. (2016). The Water-

Soluble Extract (WSE) was centrifuged, and the supernatant 

was used to prepare working solutions (125-2000 µg/mL). 

Each solution (500 µL) was mixed with sodium phosphate 

buffer (pH 6.9) containing α-amylase (0.5 mg/mL) and 

incubated at 25°C for 10 minutes. Starch solution (500 µL) 

was added, followed by further incubation. The reaction 
was stopped with 3,5-dinitrosalicylic acid, heated for 5 

minutes, cooled, and the absorbance was measured at 540 

nm using a spectrophotometer. The inhibitory activity was 

calculated as the percentage of inhibition:  

 

% Inhibition =  

 

The sample and positive control concentrations were 

plotted against percent inhibition to generate a linear 

regression equation. The y-intercept represents the IC50, 

indicating the WSE concentration required to inhibit 50% 

of α-amylase activity, while the slope reflects the WSE 

concentration evaluated. 

In vitro α-glucosidase enzyme activity 

The α-glucosidase activity of rusip was assessed using a 

modified method by Etsassala et al. (2020). A mixture of α-

glucosidase enzyme (1 U/mL), phosphate buffer (100 mM, 

pH 6.8), and WSE samples was incubated at 37°C for 15 
minutes. After incubation, the sample was added with 4-

nitrophenyl-d-glucopyranoside (5 mM) and re-incubated 

for 20 minutes. The reaction was stopped with 0.1 M 

Na₂CO₃. Absorbance was measured at 405 nm, and the 

percentage of α-glucosidase inhibition was calculated: 

 

α-glucosidase inhibitory activity (%) = % 

 

AbsA is the absorbance of the sample being tested, and 

AbsB is the absorbance of the control (phosphate buffer). 

The IC50 value was subsequently calculated in a manner 
identical to that described in the previous section. 

Amino acid and fatty acid analysis 

The amino acid profile was analyzed using HPLC 

(Shimadzu CBM 20A). The sample was mixed with citrate 

phosphate buffer (pH 4.6) containing β-glucosidase (37 
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units), hydrolyzed at 37°C for 4 hours, and added ethanol. 

After centrifugation, the supernatant was concentrated. Amino 

acids were identified by retention time and spectra comparison 

with standards and quantified using peak area (Afifah et al. 

2023). Fatty acid profiles were analyzed using GC-MS 

(Agilent 7890B). Samples were mixed with concentrated 

HCl, heated in a water bath to boiling for 3 hours, and 

cooled. The sample was extracted with diethyl and petroleum 

ether (1:1) and allowed to settle. The top layer of oil was 

taken and evaporated with N2 gas. The oil was added to 
methanolic sodium and boron, heated at 60°C for 5-10, and 

extracted with saturated Heptane and NaCl. The top layer 

was removed and injected into GC. Fatty acids were 

identified using a flame ionization detector and recorded via 

chromatogram (Chiu and Kuo 2020; Fitriana et al. 2021). 

Animals and experimental design 

The study protocol was approved by the Animal Care 

and Use Committee (ACUC) of Airlangga University's 

Faculty of Veterinary Medicine (No. 3.KEH.119.08.2023). 

All rats were maintained following laboratory animal care 

guidelines. Male Wistar rats (n = 28), aged 3-4 months 
(250-300 g), were housed under controlled conditions 

(25°C, 12 h light/dark cycle, 35-60% humidity) and 

acclimatized for 7 days. They had access to a Comfeed AD 

II (Japfa Comfeed Indonesia, Indonesia) diet and distilled 

water during acclimatization. Rats were weighed before 

and after acclimatization, and healthy, similarly weighted 

rats were selected for the study. 

After acclimatization, 28 rats were divided into 4 groups. 

To induce diabetes, 21 rats fasted for 12 hours, consumed a 

Comfeed AD II diet and received intraperitoneal injections 

of streptozotocin (STZ, 45 mg/kg body weight) and 
nicotinamide (NA, 110 mg/kg body weight) (Ardiana et al. 

2018; Gad-Elkareem et al. 2019). They were given 5% 

glucose solution ad libitum to prevent hypoglycemia 

(Preetha et al. 2012). Diabetes was confirmed if fasting 

blood glucose levels exceeded 200 mg/dL after 72 hours 

(Banda et al. 2018; Gad-Elkareem et al. 2019). Rats with 

diabetes were then grouped into STZ-NA, DMG (STZ + 

Glibenclamide 0.45 mg/kg), and DMR (STZ + rusip 9 g/kg) 

groups, with via intragastrically rusip and Glibenclamide 

administered daily for 14 days. Six rats served as controls 

on a Comfeed AD II diet. Body weight and food intake 

were monitored daily. 

Biochemical measurement 

Fasting blood glucose level was determined using 

glucose oxidase-peroxidase aminoantipyrine (GOD-PAP, 

DiaSys, Indonesia) methods. HbA1c levels analysis was 

performed using the Epithod®616 HbA1c Test Kit (DxGen 

Corp, Republic of Korea). Plasma insulin levels were 

determined by an enzyme-linked immunosorbent assay kit 

(Mybiosource, USA) according to the manufacturer’s 

instructions. Furthermore, insulin sensitivity levels were 

measured through three indices, including the Homeostasis 

Model Assessment (HOMA) index, both HOMA-IR and 
HOMA-B using calculations based on Khamchan et al. 

(2018) and de Fátima Haueisen Sander Diniz et al. (2020) 

while QUICKI is calculated based on logarithmic 

transformation according to Katz et al. (2000). 

Analysis of lipid and liver profile  

Lipid profiles for HDL and LDL levels were measured 

using the photometric cholesterol oxidase-p-aminophenazone 

method with DiaSys kits (Germany) following the 

manufacturer’s instructions. Triglycerides and cholesterol 

were analyzed with Selectra Pro M (ELITech Clinical 

System SAS, French). Renal profile analyses, including 

urea and creatinine levels, were performed according to the 

Selectra Pro M analysis instructions (ELITech Clinical 
System SAS, French). Meanwhile, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and alkaline 

phosphatase (ALP) levels were assessed using an optimized 

UV-test based on modified International Federation of 

Clinical Chemistry and Laboratory Medicine (IFCC) methods 

with DiaSys kits (Germany), adhering to the manufacturer's 

protocol. 

Statistical analysis  

Quantitative data are presented as mean±standard 

deviation. One-Way Analysis of Variance (ANOVA) was 

used to compare differences between groups, while multiple 
comparisons were performed with the least significant 

difference (SPSS 25, USA). A p<0.05 was considered the 

minimum level of statistical significance. 

RESULTS AND DISCUSSION 

Physicochemical profile of rusip 

During fermentation, the moisture content, N-amino 

acid, soluble protein, and TVB-N concentrations increased 

(Table 1 and Figures 1.A-1.C). These results are consistent 

with those of studies on fish sauce products fermented for 

60 days, suanyu fermented for 6 weeks, and low-salt 

shrimp paste fermented for 12 weeks (Wang et al. 2017; Li 
et al. 2022; Takada et al. 2023). This trend is generally due 

to the synergistic effects of autolytic and microbial activities 

during fermentation (Faithong and Benjakul 2014; Peralta 

et al. 2021). More specifically, the metabolism of glucose 

to lactic acid by LAB and proteolysis might cause an 

increase in water content (Khositanon et al. 2021). The 

increase in soluble protein levels indicates substrate protein 

hydrolysis, which forms free amino acids and peptides 

(Wang et al. 2017). A high TVBN content also indicated 

the presence of proteolytic bacteria and the action of 

proteolytic enzymes in degrading protein and nitrogen (N)-

containing compounds in the substrate (Lee et al. 2016; 
Bekhit et al. 2021). 

In contrast, the ash, fat, protein, and carbohydrate contents 

showed a downward trend (Table 1). It may be due to the 

utilization of these components in the metabolism of LAB. 

García-Cano et al. (2019) and Islami et al. (2022) reported 

that the proteolytic and lipolytic activities of LAB degrade 

proteins and fats into amino acids, peptides, glycerol, and 

fatty acids. LAB breaks down carbohydrates into simple 

sugars for energy production (Yadav et al. 2010). Further 

sugar metabolism by LAB produces lactic, acetic, gluconic, 

and glucuronic acids, which accumulate and lower the pH 
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levels (Figure 1.D) (Wang et al. 2017; Zubaidah et al. 

2020; Liu et al. 2023). 

Inhibitory effects of rusip on α-amylase and α-glucosidase 

activities 

The inhibitory effects of rusip on α-amylase and α-

glucosidase activity have been observed to reduce postprandial 

hyperglycemia by slowing polysaccharide digestion (Sim et 

al. 2010; Date 2020). Our results demonstrated that a WSE 

of rusip showed increased enzyme inhibition at higher 

concentrations and longer fermentation durations (Figures 
2 and 3). The highest inhibition occurred when rusip was 

fermented for 14 days, with an increase in α-amylase 

inhibition from 40.27% to 46.46% at 2000 µg/mL and α-

glucosidase inhibition increasing from 56.06% to 59.80% 

at 1000 µg/mL. In addition, at this fermentation duration 

and concentration, the WSE of rusip showed the lowest 

IC50 values of 30.52 µg/mL for α-amylase and 26.01 µg/mL 

for α-glucosidase (Table 2). Similar trends have been 

reported for fish sausages fermented with Enterococcus 

spp., in which enzyme inhibition increased from 29.2 to 

68.7% for amylase and 23.9 to 41.4% for glucosidase on 
the 14th day (Alkalbani et al. 2019). 

The inhibitory ability of the WSE of rusip against α-

amylase and α-glucosidase may be due to peptides released 

during protein hydrolysis in the fermentation process 

(Alkalbani et al. 2019). It is supported by increased N-

amino acid, soluble protein, and TVBN levels in rusip, 

indicating proteolysis into peptides and amino acids 

(Chadong et al. 2015). Peptides inhibit glucose metabolism 

by interfering with enzymes via competitive inhibition 

involving hydrophobic interactions, hydrogen bonding, and 

van der Waals forces, thereby altering enzyme activity (Lu 
et al. 2023). Previous studies have shown α-glucosidase 

inhibition by GLLGY oligopeptides from fermented rice 

bran (Hu et al. 2023) and Ser-Thr-Tyr-Val peptides 

(Ibrahim et al. 2018). Additionally, peptides such as Cys-

Ser-Ser-Val and Tyr-Ser-Phe-Arg from Andrias davidianus 

(Blanchard, 1871) demonstrate α-amylase and α-glucosidase 

inhibition with IC50 values of 2.86-13.76 µg/mL and 42.93-

206 µg/mL, respectively (Ramadhan et al. 2017). 

Amino acid and fatty acid profile of selected rusip formula 

The most potent inhibition of α-amylase and α-

glucosidase enzymes was found in rusip fermented for 14 

days, which was further used for subsequent investigations. 

The amino acid and fatty acid profile of rusip fermented for 

14 days were evaluated. The dominant amino acids in rusip 

were glutamic acid (1912.71 mg/100 g), arginine (1757.92 

mg/100 g), and aspartic acid (1199.36 mg/100 g) (Table 3). 

Meanwhile, the fatty acids Methyl palmitoleate, Methyl cis-

4,7,10,13,16,19-docosahexaenoate, and Methyl linolelaidate 
are high in rusip (Table 4). As raw materials, anchovies 

influence the dominance of amino or fatty acids. Mohanty 

et al. (2014) and Gencbay and Turhan (2016) stated that 

glutamic and aspartic acid are the dominant amino acids in 

anchovies (S. commersonii and Engraulis encrasicholus). 

Similar finding of glutamic acid dominance was reported in 

other fish fermentation products such as fish sauce (Puat et 

al. 2015), tuna by-product fish sauce (1.01% w/w) (Wenno 

and Loppies 2019), tuna fish sauce (Leiwakabessy et al. 

2021), Zhayu (An et al. 2022) and fermented mackerel 

sausage (Afifah et al. 2023). Meanwhile, Kaya and Turan 
(2008) and Bayraklı (2023) reported that C22:6n3, C18:1n9c, 

C18:1n9t, and C16:0 are the dominant fatty acids in 

anchovies. Sayuti et al. (2022) also reported that C15:1(n-

5) is the dominant fatty acid in smoked Katsuwonus pelamis 

(Linnaeus, 1758). 
 

 

 
Table 1. Proximate content of rusip at different fermentation 

times 

 

Proximate 

content 

Fermentation time (Day) 

0 7 14 21 

Moisture 60.65±0.52d 62.71±0.37c 63.77±0.13b 65.70±0.38a 
Ash 2.19±0.16a 1.78±0.11b 1.23±0.14c 1.09±0.02c 

Protein 28.23±0.31a 27.45±0.16a 25.69±0.52b 22.82±0.55c 
Fat 5.62±0.27a 5.12±0.05ab 4.53±0.30bc 4.29±0.09c 
Carbohydrate 3.27±0.40 2.93±0.69 2.85±0.22 2.59±0.28 

Note: Values without a common letter are significantly different 
(p<0.05) as determined by LSD 

 
 
 

 

A B C D 
 
Figure 1. Chemical profile of fermented anchovy (rusip) during the fermentation period (0, 7, 14, and 21 days). A. N-Amino; B. Soluble 
Protein; C. TVBN; D. pH value 
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Figure 2. Inhibition of α-amylase by rusip at various fermentation times and different WSE of rusip concentration: A. Day 0; B. Day 7th; 
C. Day14th; D. Day 21st; WSE: Water-Soluble Extract 
 
 
 

 
A B C D 

 
Figure 3. Inhibition of α-glucosidase by rusip at various fermentation times and WSE of rusip different concentrations. A. Day 0; B. 
Day 7th; C. Day 14th; D. Day 21st; WSE: Water-Soluble Extract 
 
 
 
Table 2. IC50 value of rusip inhibiting α-amylase and α-

glucosidase enzyme activity 

 

Sample 
IC50 value (µg/mL) 

α-amylase α-glucosidase 

Acarbose* 17,43±1.45a 6.87±2.93a 

Rusip 0 d 33.87±1.21c 50.90±2.96c 

Rusip 7 d 31.07±1.89b 43.32±2.41b 

Rusip 14 d 30.52±0.97b 26.01±1.31b 

Rusip 21 d 37.73±1.85d 46.63±1.56d 

Note: *Positive control; Values without a common letter are 
significantly different (p<0.05) as determined by LSD 
 

 
 

The presence of glutamic acid, arginine, and aspartic 

acid in rusip contributes to α-amylase and α-glucosidase 

inhibitory activity, as these amino acids are associated with 
insulin regulation and secretion. Singh and Kaur (2016) 

and Ramadhan et al. (2018) highlighted that amino acids 

enhance insulin secretion from primary islet cells and β-cell 

lines. Furthermore, arginine is crucial in increasing insulin 

secretion through allosteric activation of metabolism or 

membrane depolarization (Salil et al. 2012). Additionally, 

van Loon et al. (2003) and Ramadhan et al. (2018) found 

that amino acids such as arginine, phenylalanine, leucine, 

and glutamic acid exhibit significant insulinotropic effects 

on pancreatic β-cells. 

Effects of STZ-NA-induced diabetes on fasting blood 

glucose, HbA1c, body weight, and insulin level 

Fermented 14-day rusip with high diabetes-related 

enzyme inhibitory potential was further used in an in vivo 

study. STZ-NA induction in rats significantly increased 

fasting blood glucose and HbA1c levels and decreased 

insulin levels and body weight compared to control rats 
(Table 5). Increased fasting blood glucose levels are 

thought to be due to impaired sugar conversion, resulting in 

hyperglycemia (Rashid et al. 2019). This condition triggers 

the glycosylation of erythrocyte membranes and an increase 

in HbA1c levels, which is a significant factor in oxidative 

stress in diabetes (Wang et al. 2021). STZ-NA induction 

can also disrupt glucose homeostasis and decrease insulin 

levels. It triggers insulin deficiency, resulting in insulin 

catabolism, which can lead to weight loss (Rashid et al. 

2019). 



KURNIANTO et al. – Antidiabetic potential of rusip 

 

2283 

Table 3. Amino acid profile of rusip fermented for 14 days 
 

Classification Type of amino acids 
Composition 

(mg/100 g) 

Essential amino acids L-Histidine (His) 251.58±4.62 
 L-Isoleucine (Ile) 548.27±2.73 
 L-Leucine (Leu) 953.37±2.75 
 L-Phenylalanine (Phe) 528.08±6.61 

 L-Threonine (Thr) 522.98±3.64 
 L-Valin (Val) 677.01±0.28 
 L-Lysine (Lys) 900.92±13.0 
Non-essential amino 
acids 

L-Alanine (Ala) 786.86±6.29 
L-Arginine (Arg) 1757.92±14.5 
L-Aspartic acid (Asp) 1199.36±10.1 

 Glycine (Gly) 327.37±8.41 
 L-Glutamic Acid (Glu) 1912.71±7.62 
 L-Serin (Ser) 518.37±7.30 

 L-Tyrosine (Tyr) 848.9±7.97 

 

 

 
Table 4. Fatty acid profile of rusip fermented for 14 days 
 

Types of fatty 

acids 
Fatty acids 

Composition  

(% relative) 

Saturated fatty 
acids  

C4:0 <0.1 
C6:0 <0.1 
C8:0 <0.1 

C10:0 <0.1 
C11:0 <0.1 
C12:0 0.523±0.04 

C13:0 <0.1 
C14:0 5.13±0.01 
C15:0 <0.1 
C16:0 <0.1 
C17:0 5.504±0.04 
C18:0 <0.1 
C20:0 0.859±0.05 
C21:0 <0.1 

C23:0 3.926±0.12 
C24:0 9.226±0.07 

Unsaturated fatty 
acids 

C14:1 (n-5) <0.1 
C15:1 (n-5) 1.250±0.03 
C16:1 (n-7) 29.517±0.66 
C17:1 (n-7) 1.656±0.03 
C18:1 (n-9) <0.1 
C18:1 (n-9) 9.150±0.05 
C18:2 (n-6) 9.428±0.06 

C18:2 (n-6) <0.1 
C18:3 (n-6) <0.1 
C20:1 (n-9) <0.1 
C18:3 (n-3) <0.1 
C20:2 (n-6) 0.522±0.02 

C22:0+C22:0+20:3 (n-6) <0.1 
C20:3 (n-3) <0.1 
C22:1 (n-9) <0.1 

C20:4 (n-6) <0.1 
C22:2 (n-6) <0.1 
C20:5 (n-3) <0.1 
C24:1 (n-9) <0.1 
C22:6 (n-3) 23.305±0.08 

 
 

 

In contrast, administering rusip and Glibenclamide (DMR 
and DMG groups) reduces blood glucose and HbA1c levels 

and increases insulin levels and body weight (Table 4). 

Similar results were shown in the administration of F. 

olivieri water fraction and pomegranate aril juice, which 

also significantly reduced fasting blood sugar and increased 

body weight and insulin levels compared to the negative 

control (rats with diabetes) (El-Beih et al. 2019; Rashid et 

al. 2019). Huang et al. (2018) also reported that feeding 

tempeh fermented with L. plantarum significantly reduces 

blood sugar and HbA1c. Based on the study results, the 

administration of rusip produced an anti-hyperglycemic 

effect, which might be due to the content of BPs formed 
during fermentation. These results confirm our previous in 

silico study that reported the potential of BPs from rusip as 

anti-diabetic (Kurnianto et al. 2023b). 

The effect of rusip administration on insulin resistance 

and sensitivity was determined using HOMA-IR and 

QUICKI scores. The STZ-NA group showed significantly 

increased HOMA-IR scores and decreased QUICKI scores. 

Another parameter of β-cell secretory function and response 

seen through HOMA cell function (HOMA-B) also showed 

a significant decrease in the STZ-NA group (Figure 4). 

These results indicate that the rats experienced hyperglycemia 
and relative insulin deficiency and showed insulin 

resistance, which reflects the metabolic characteristics of 

type 2 diabetes mellitus (Nurdiana et al. 2017). It may be 

due to the upregulation of proinflammatory cytokines 

(TNF-α and IL-6), FFA, and adipose tissue expression 

levels of resistin, as well as the downregulation of adipose 

tissue PPARγ, GLUT4, adiponectin, and insulin receptor 

expression levels (Aziz et al. 2020). 
In contrast, administration of rusip and glibenclamide in 

the DMR and DMG groups decreased the HOMA-IR score 
and increased QUICKI and HOMA-B scores, although not 

to normal levels (Figure 4). These results suggest a 
hypoglycemic effect of rusip, which is more attributed to 

its ability to improve insulin sensitivity rather than to 
increase insulin secretion (Azra 2022). Wang et al. (2024) 

also stated that the pathogenic factors contributing to 
hyperglycemia are closely related to the dysregulation of 

insulin-dependent pathways, including deficient insulin 
secretion and increased insulin resistance. However, further 

studies are needed to confirm these mechanisms. Importantly, 

our study showed that 14 days of treatment of rats with 
diabetes with 9 g/kg rusip lowered fasting blood glucose 

levels and normalized insulin levels. Thus, the administration 
of 9 g/kg rusip has higher anti-diabetic potentials than the 

administration of 0.45 mg/kg glibenclamide, an anti-diabetic 
drug that stimulates insulin release from pancreatic-β cells, 

in STZ-NA-induced diabetic rats (Furman 2007; Zhou et 
al. 2019). 

Effects of STZ and NA-induced diabetes on liver enzyme, 

renal, and lipid profiles 

The liver is the principal site of insulin action and the 

regulation of glucose homeostasis (Wang et al. 2024). High 

serum AST, ALP, and ALT levels indicate early liver 

damage, and they are correlated with an increased risk of 

diabetes (Chen et al. 2017; Karimabad et al. 2022). All 
three biomarkers were significantly higher in the STZ-NA 

group than in the control groups (Table 6). Azra (2022) 

reported that an increase in the levels of these three 

enzymes in liver cells indicated liver cell damage due to 
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oxidative stress. In contrast, the DMR and DMG groups 

showed decreased AST, ALT, and ALT levels. It suggests 

that rusip consumption has hepatoprotective effects, and 

even the administration of 9 g/kg rusip showed better 

hepatoprotective properties than the standard drug 

glibenclamide. This hepatoprotective effect may be due to 

the bioactive compounds of BPs that can maintain the 

hepatic redox status by enhancing enzymatic and non-

enzymatic antioxidant defenses while reducing cellular 

damage, oxidative stress, and the presence of free radicals 

(Prathapan and Rajamohan 2011; Renjith et al. 2013). Our 

results are consistent with those of a previous study by 

Rashid et al. (2019) that showed decreased levels of AST, 

ALP, and ALT in the serum of rats with STZ-NA-induced 

diabetes treated with an extract of Fagonia olivieri DC. 

(Zygophyllaceae). Treatment with unfermented oat extract 

and L. plantarum fermented oat extract in rats with STZ-

induced diabetes improved liver function by decreasing 

ALT, AST, and ALP levels (Algonaiman et al. 2022). 

 
 
 
Table 5. Effect of STZ and NA-induced diabetes and rusip supplementation on body weight of rats, fasting blood glucose, and HbA1c 
 

Group 
Body weight (g) Fasting blood glucose (mg/dL) 

HbA1c (%) 
Initial body weight Final body weight Body weight gain Initial Final 

Control 187.42±1.90a 207.42±2.64c 20.00±1.00c 68.2±1.39 a 69.44±1.78 a 3.86±0.20a 
STZ-NA 185.85±2.79a 162.14±2.41a -23.71±2.14a 271.42±2.70 c 272.58±3.02d 6.78±0.75c 
DMG 189.14±2.41a 190.85±2.91b 1.71±0.95b 268.01±3.26 b 125.32±3.15c 4.63±0.15b 
DMR 186.14±3.84a 190.85±3.44b 4.71±1.38b 268.05±3.69 b 97.8±4.51b 4.24±0.20b 

Note: Control: No treatment; STZ-NA: Streptozotocin and Nicotinamide-induced diabetes rats; DMG: Streptozotocin and Nicotinamide-
induced diabetes rats given Glibenclamide 0.45 mg/kg BW; DMR: Streptozotocin and Nicotinamide induced diabetes rats given rusip 9 
g/kg BW; Value was mean±SD with n = 7. Values without a common letter are significantly different (p<0.05) as determined by LSD 

 
 
 
Table 6. Effect of STZ and NA-induced diabetes and rusip supplementation on the liver profile of rats 
 

Group 
Liver profile (U/L) Lipid profile (mg/dL) Renal profile (mg/dL) 

AST ALT ALP HDL LDL Triglyceride Cholesterol Urea Creatinine 

Control 19.14a±0.62 39.11a±0.55 38.79a±1.24 50.09c±2.21 16.45a±2.57 64.27b±3.65 56.52c±4.12 40.14a±2.54 0.32c±0.02 
STZ+NA 42.86d±1.18 73.58c±9.73 74.04d±2.84 36.93a±1.60 45.71c±2.03 76.85a±5.12 70.63a±2.83 50.32a±9.65 0.41a±0.06 
DMG 28.16c±0.93 59.85b±2.47 70.89c±1.24 40.13b±2.16 21.60b±2.37 57.15c±2.52 65.85b±2.22 44.51a±1.53 0.35b±0.04 
DMR 21.57b±0.68 42.79a±2.21 43.91b±1.47 49.62c±1.98 17.56a±1.53 59.43c±2.78 63.57b±1.19 42.66a±2.54 0.34b±0.02 

Note: Control: No treatment; STZ+NA: Streptozotocin and Nicotinamide-induced diabetes rats; DMG: Streptozotocin and 
Nicotinamide-induced diabetes rats given Glibenclamide 0.45 mg/kg BW; DMR: Streptozotocin and Nicotinamide induced diabetes rats 
given rusip 9 g/kg BW; Values without a common letter are significantly different (P<0.05) as determined by LSD; AST: Aspartate 

aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; HDL: High-Density Lipoprotein; LDL: Low-Density 
Lipoprotein 
 
 
 

 

A B C D 

 
Figure 4. Effect of rusip and Glibenclamide administration on: A. Insulin production; and B, C, D. Sensitivity in Streptozotocin (STZ) 

and Nicotinamide (NA) induced diabetes rats. Control: No treatment; STZ+NA: Streptozotocin and Nicotinamide induced diabetes rats; 
DMG: Streptozotocin and Nicotinamide induced diabetes rats given Glibenclamide 0.45 mg/kg BW; DMR: Streptozotocin and 
Nicotinamide induced rats given rusip 9 g/kg BW; Data expressed as mean±SD 
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Analysis of urea and creatinine levels was performed to 

evaluate renal function. The result showed the STZ-NA 

group had significantly higher urea and creatinine levels 

than the control group (Table 6). Similar findings were 

reported by Gad-Elkareem et al. (2019) and Fagbohun et al. 

(2020), who showed increased urea and creatinine levels in 

rats with diabetes compared to normal rats. Urea and 

creatinine are end products of body metabolism that serve 

as markers of nephrotoxicity and are often used to diagnose 

renal damage (Khan and Sultana 2004). Elevated levels of 
these two markers reflect decreased glomerular filtration 

rate or impaired urinary excretion, indicating impaired renal 

function and metabolism (Pandya et al. 2016). However, 

DMR and DMG groups showed significantly reduced urea 

and creatinine levels. This decrease suggests that rusip may 

contain bioactive compounds with antioxidant and 

nephroprotective activities and the ability to lower serum 

urea levels in rats with diabetes (Rajasekaran and Kalaivani 

2015; Sivamaruthi et al. 2018). The study of Rajasekaran 

and Kalaivani (2015) showed a similar trend, in which 

supplementation of fermented rice in STZ-induced diabetes 
rats showed a significant reduction in urea and creatinine 

levels. Administration of L. fermentum fermented skimmed 

milk also showed reduced urea levels in rats with diabetes 

(Kumari et al. 2024). 

The administration of STZ-NA significantly altered 

lipid profile biomarkers in rats with diabetes, mainly by 

decreasing HDL levels and increasing LDL levels (Table 

6). These results indicate dyslipidemia or a cholesterol 

imbalance, which is prevalent in type 2 diabetes mellitus 

(Vergès 2015). This increase in LDL levels was associated 

with decreased insulin levels due to the activation of 
HMGCoA-reductase, the enzyme responsible for synthesizing 

cholesterol-rich LDL. High LDL levels contribute to 

cholesterol deposition in the arteries and aorta, thereby 

increasing the risk of coronary heart disease in patients 

with diabetes (Rashid et al. 2019). A decrease in HDL levels 

indicates the inability to inhibit cholesterol deposition in 

the system, which increases the risk of atherosclerosis 

(Rashid et al. 2019). In the DMR and DMG groups, there 

was a decrease in LDL levels and an increase in HDL 

levels. These results indicate that administering rusip to 

rats with diabetes can alleviate the disruption of lipid 

metabolism, thereby reducing hypercholesterolemia. 
Consistent with other parameters, these results suggest that 

9 g/kg body weight rusip is more effective than 

glibenclamide at modulating diabetic symptoms. Similar 

results were obtained after the consumption of soybean 

fermented with Lactobacillus plantarum, which resulted in 

a significant decrease in LDL levels to HbA1C but an 

increase in HDL levels in DM rats (p<0.05) (Huang et al. 

2018). Huang et al. (2022) showed that fermented shrimp 

shells at 9 g/kg doses reduced hypercholesterolemia and 

hypertriglyceridemia in rats with diabetes. 

In vitro and in vivo studies showed that rusip alleviates 
diabetes in rats. BPs were considered compounds that play 

a significant role in this activity. BPs exert anti-diabetic 

effects by enhancing insulin and AMPK signaling pathways, 

mimicking insulin to activate the insulin receptor and 

downstream pathways, including PI3K, protein kinase B, 

glycogen synthesis, and GLUT4-mediated glucose uptake. 

They also inhibit gluconeogenesis and stimulate glucose 

uptake via AMPK activation. Feedback inhibition of PI3K 

by mTOR complex 1 in obesity warrants further exploration 

(Li et al. 2018). Previous studies report that several 

fermented foods are known to have similar activities, such 

as fermented soybean (Kwon et al. 2010), fermented milk 

(Song et al. 2016), fermented oat (Algonaiman et al. 2022), 

Makgeolli (Korean rice wine) (Choi et al. 2014), Chouguiyu 

(Chinese traditional fermented fish) (Yang et al. 2022), and 
fermented rice bran (Hu et al. 2023). However, whether 

BPs or other water-soluble compounds in the rusip are 

responsible for this effect remains unclear, requiring further 

investigation. 

In conclusion, this study demonstrated that rusip has 

anti-diabetic potential mainly through its ability to inhibit 

α-amylase and α-glucosidase enzymes. Rusip effectively 

regulates blood glucose, HbA1c levels and maintains 

insulin, HOMA-IR, HOMA-B, and QUICKI in STZ-NA-

induced diabetes rats. In addition, rusip normalizes the liver 

marker enzymes associated with diabetes, such as AST, 
ALP, and ALT, and reduces other liver markers, such as 

urea and creatinine levels. Rusip also restores the 

abnormalities in HDL, LDL, triglyceride, and cholesterol 

levels in rats with diabetes, thereby protecting them from 

diabetes-associated tissue damage. Thus, our results suggest 

that the administration of rusip may serve as an alternative 

food for people with diabetes and its associated 

complications. However, the precise mechanisms underlying 

these effects remain to be elucidated and warrant further 

investigation. 
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