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Bekasam is a one of Indonesian traditional fermented fish product. Bekasam has a beneficial use as 
functional food beside the present use as condiment. The purpose of this study was to determine the 
potential of bekasam as source of cholesterol reduction agent (HMG-CoA reductase inhibitor).Steps 
taken for this research were as say of bekasam extract for HMG-CoA reductase inhibitor, analysis of 
statin content and peptide profilein bekasam extract.The results showed that bekasam extract from 
seluang fish (Rasborasp) had a higher blocking activity of HMG-CoA reductase than bekasam extract 
from snakehead fish (Channastriata).  The content of statin in bekasam ranged between 20.98-
101.65ppm. SDS-PAGE analysis showed various peptides with molecule weight between 5 to 40 kD 
were extracted from the bekasam.The number of peptides in the bekasam extract from Rasbora sp was 
lower than bekasam from Chana striata. Variation of peptides in the bekasam extract influenced HMG-
CoA reductase inhibition. 
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INTRODUCTION 
 
Heart disease is one of non-communicable diseases 
considered as “The top 10 causes of death” in the world. 
As many as 17 million peoples in the world die every year 
from heart attacks (WHO, 2011). In    Indonesia,  36 million  
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peoples suffer heart disease with an increase of 10% every 
year. Study conducted in 440 regencies of 33 provinces, 
Indonesia in 2007 showed that heart disease prevalence 
was 9.3% (Delima et al., 2009). Hypercholesterolemia is a 
major factor in heart attacks. Hypercholesterolemia is 
influenced by consumption of foods containing high 
cholesterol which can lead to increase of serum 
cholesterol. 
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Several clinical studies indicate that some fermented 

products and probiotics can selectively reduce serum 
cholesterol, especially Low Density Lipoprotein (LDL). 
Some fermented products without the presence of probiotic 
are still able to lower cholesterol levels in the blood. This 
implies the presence of compound in fermented products 
which inhibit synthesis of cholesterol (Ebringer et al., 
2008). 

Bekasam is one of Indonesian traditional fermented fish 
product from South Sumatera, South Kalimantan, and 
North Sulawesi, Indonesia which has a beneficial use as 
functional food beside the present use as condiment. 
Bekasam extract has been reported to reduce 
hypertension through inhibition of  Angiotensin I Converting 
Enzyme (ACE).  This activity might be due to the peptide 
produced by lactic acid bacteria during fermentation 
(Wikandari, 2011). Many products similar to bekasam, i.e. 
the Japanese heshiko and narezushi is able to reduce 
cholesterol by inhibition of HMG-CoA reductase an enzyme 
responsible in the first step of cholesterol biosynthesis. The 
fractionation of heshiko and narezushi extract produced 
peptides and non peptide fractions found as inhibitor of 
HMG-CoA reductase (Itou & Akahene, 2009 and 2010). 
Comonly, HMG-CoA reductase activity inhibited by statins 
and peptides (Barrios-Gonzalles et al., 2010; Kato et al., 
2009). This implies the presence of HMG-CoA reductase 
inhibitor in bekasam. In this research we studied the 
inhibition activity of bekasam extract and content of HMG-
CoA reductase inhibitor especially a statinand peptides 
profile in bekasam. 
 
 
MATERIALS AND METHODS 
 
Sample and Chemicals 
 
Bekasam was obtained from Palembang region, South 
Sumatera, Indonesia. De Man Rogosa Sharpe (MRS) 
brothand Nutient Broth medium were purchased from 
Oxoid (England). Lovastatin, simvastatin, compactin, 
pravastatin,HMG CoA reductase kit assay, TrisHCl, and 
Sodium Dodecyl Sulfate were purchased from Sigma 
Aldrich (USA). A standard molecular weight marker (Low 
Range Protein Ladder) were purchased from Thermo 
Scientific (Lithuania). Methanol, ethanol, NaOH, Glycine 
and Acetic Acid were purchased from Merck (Germany).All 
other chemicals were analytical grade. 
 
 
 
 
 

 
 
 
 
Eksperimentals Procedures 
 
Preparation of bekasam extract  
 
Extract of bekasam was prepared according to the 
following method. Briefly, 10 g bekasam was homogenized 
with 40 mL distilled water. The homogenate was 
centrifuged at 2,000 x g, 4 

o
C for 15 min. After separating 

the first supernatant, 50 mL distilled water was added to 
the precipitate to obtain a second supernatant in the same 
manner. These two supernatants were mixed and filtered 
through membrane 0.45 µm (Biotechlab, Bulgaria). The 
filtrate was used in enzyme inhibition assay and analysis of 
lovastatin content.  
 
Analysis of bekasam extract as HMG-CoA Reductase 
Inhibitor 
 
Supernatant from bekasam extract (5 mL) was separated 
and filtered by 0.45 µm membrane and the filtrate was 
used in the HMG-CoA reductase inhibition assay using 
HMG-CoA reductase assay kit containing pravastatin as 
positive control, HMG-CoA as a subtrate, HMG-CoA 
reductase enzyme, NADPH and assay buffer. The 
procedure followed manufacturer’s instructions. The assay 
was based on the spectrophotometric measurement of 
decrease in absorbance at λ = 340 nm, which represented 
oxidation of NADPH by the catalytic subunit of HMG-CoA 
reductase in the presence of the subtrate HMG-CoA. One 
unit was defined as 1.0 µmole of NADPH converted to 
NADP+ per 1 minute. Specific activity was defined as 
µmol/min/mg-protein (Units/mg) (Lachenmeier et al., 2012).  
 
Assay of statin content in bekasam extract 
 
Supernatant from bekasam extract (1 mL) was dissolved in 
9 mL methanol (Merck, Germany) and centrifuged at 
2,000x g, 4 

o
C for 15 minutes. After that 1 mL solution 

(supernatant) was diluted again with nine volumes of 
methanol. The absorbance was measured by 
spectrophotometer at 238 nm (Spectrophotometric UV-
Mini-1240, Shimadzu). The concentration of compactin, 
lovastatin, simvastatin and pravastatin were calculated in 
ppm corresponding to the calibrated curve. Standard of 
Compactin, Lovastatin, simvastatin and pravastatin at 
concentrations of 6, 8, 10, 20, 30, 40, 50, and 60 ppm were 
used (Harsha et al., 2013). 
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                                                           Figure 1.Inhibition activity of HMG-CoA reductase enzyme by bekasam extract compared with pravastatin. 
                              B1-B2: bekasam produced from snakehead fish (Rasbora sp) 
                              B3-B5: bekasam produced from seluang fish (Chana striata) 

 
 
 
SDS PAGE analysis  
 
The peptide profile was analyzed by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) by 
using a 18% resolving gel in the 1 M Tris-HCl pH 6.8. The 
protein fraction were loaded into the wells of the gel and 
electrophoresed using 1x running buffer (24.8 mMTris, 192 
mM glycine, 0.1% SDS, in the pH 8.3. A standard 
molecular weight marker (Low Range Protein Ladder 
Thermo Scientific, Lithuania), was loaded onto the gel to 
compare the molecular weights of the proteins/peptides in 
different samples. After electrophoresis, the gels were 
stained with Coomassie Brilliant Blue (CBB R-250)  (Giri et 
al., 2012). 
 
RESULTS 
 
Inhibition activity of bekasam extract for HMG-CoA 
reductase 
 
Five types of bekasam were taken from different sources in 
Kayuagung region of South Sumatra, Indonesia. Bekasam 
no.1 and 2 were made from snakehead fish 
(Channastriata) and bekasam no.3, 4, and 5 were made 
from seluang fish (Rasborasp), where they were fermented 
with salt (15%) and white rice. Inhibition assay of bekasam 
extract for HMGR showed that five types of bekasam have 

an inhibition activity for HMGR (36-100%).Bekasam extract 
form seluang fish (Rasborasp) have better inhibition 
capacity (64.44%) than bekasam extract from snakehead 
fish (Channastriata) (46.66%). There is presence of 
bioactive compound in extract bekasam from seluang fish 
higher than snakehead fish (Fig. 1). 
 
Statins present in bekasam 
 
Four types of statin can be detected on bekasam, i.e 
compact in, lovastatin, simvastatin and pravastatin (Fig. 2). 
The average content of compactin, lovastatin, simvastatin 
and pravastatin in bekasam were 106.42ppm, 101.65ppm, 
85.67ppm, and 20.98ppm respectively. Compactin was 
found with highest content in bekasam, while the lowest is 
pravastatin. This indicates that microorganisms in bekasam 
are dominated by compactin producer, while the 
microorganisms capable of convertion of compactin and 
lovastatin are fewer in number. The average content of 
compactin, lovastatin, simvastatin and pravastatin are 
highest in bekasam from seluang fish (B-3). 
 
Peptides profile in bekasam extract 
 
Fig. 3 shows the SDS-PAGE of different peptides extracted 
from bekasam with molecular weight between 5  
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Figure 2. Statin content in bekasam extract  
  B1-B2 : bekasam produced from snakehead fish (Rasbora sp) 
  B3-B5 : bekasam produced from seluang fish (Chana striata) 
   : lovastatin 

   : simvastatin 

   : compactin 

   : pravastatin 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.Peptide profile of bekasam extract 
B1-B2 : bekasam produced from snakehead fish (Rasbora sp) 
B3-B5 : bekasam produced from seluang fish (Chana striata) 
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to 40 kD. Bekasam was produced from Channastriata (B1 
and B2) contained simmillar peptides i.e 6.3 kD and 7.4 kD 
where in both bekasam extract were dominated by peptide 
7.4 kD. In the other hand, bekasam extract from seluang 
fish (Rasborasp) weredominated by peptide 6.3 kD (Table 
1). Variation of peptides in the bekasam B5 (only one 
peptide) lower than other, this influencing high inhibition of 
HMG-CoA reductase. Higher variation of peptides caused 
lower HMG-CoA reductase inhibition. 
 
 
DISCUSSION 
 
Proteinis the most abundant nutrient compound in the  fish  
meat.  Protein could be source of nitrogen (N) for the 
growth of microorganism. Protein  is the most abundant 
nutrient compound in fish. Snakehead fish (Chana striata) 
and seluang fish (Rasbora sp.) as a raw material for 
bekasam have different protein content. Protein content in 
snakehead fish is 16.2% (Mustafa et  al., 2012) and in 
seluang fish is 17.75% (Liuhartana  &  Harris,2011). 
Protein content in seluang fish is higher than snakehead 
fish. Difference ofprotein content in the fish have more 
effects on aminoacid composition. Methionine content in 
seluang fish is 1.64% (Screenivasan  &  Natarajan, 1966), 
it is greater than methionine content in snakehead  fish 
(0.18%-0.23%) (Mustafa et  al., 2012). In our study,  this 
caused  lovastatin concentration in  bekasam from seluang 
fish is higher than  bekasam from snakehead  fish (Fig. 2). 

Methionine can increase the formation of statin.   
Methionine is the best amino acid for statin production can 
produce 180 µg/ml. Other amino acids which support 
growth and lovastatin productivity are alanine, proline and 
leucine, i.e. 169, 173 and 151µg/ml respectively. Glycine 
and asparagine result statin at 140.1 and 143 µg/ml. 
Aspartic acid resulted in retardation of lovastatin production 
with the least lovastatin products (40.6µg/ml)  (Osman et  
al.,2011).  

Methionine content in seluang fish  is 1.64% 
(Screenivasan  &  Natarajan, 1966), it is greater than 
methionine content in snakehead  fish (0.18%-0.23%) 
(Mustafa et  al., 2012;  Yuniarti  et  al., 2013). In our study,  
this caused statins concentration in  bekasam from seluang 
fish is higher than  bekasam from snakehead  fish. 

Methionine  plays an important role  in the formation of  
statin. Statinbiosynthetic pathway  begins  with  the 
formation  of  monacolin-L from 9  molecules  acetate  and 
1 methionine,  is turned into  monacolin J by  hydroxylation 
process involving  cytochrom  P-450 in the cell. And then  
monacolin J  is changed to  lovastatin  which involve  
stranesterase enzyme. Methyl group in statin that are in  

the side  chain  (C6) is formed  from 2 acetates  and  
1methionine.  

Statin content in bekasam is 18.67 to 120.21 ppm 
(Fig.2). It is still low compared with statins in red yeast 
(angkak)  (175-254 ppm). Red yeast (angkak) is known as 
cholesterol-lowering agents (Danuri, 2008). Although statin 
content in bekasam are still relatively low, bekasam can be 
developed as a functional food to lower cholesterol. 
Besides it can also be developed as a source of statin-
producing microorganisms to produce statin drugs. Statin-
producing microorganisms can be isolated from various 
sources. Streptomyces regencies, 
Pseudonocardiaautotrophica, Streptomicesgricoulus, 
Xanthomonascompestries, Amycalatopsissulphurea, 
Bacillus megaterium, and Salmonella enteric that produce 
statin had  been isolated from soil and waste vegetable oil 
(Chen et al., 2006), Pseudonocardiacarboxydivorans a 
statin producer of oil-contaminated soil (Lin et al., 2011), 
and Actinomadura sp. isolated from soil (Penget al., 1999). 

Bekasam is a product of fermentation, microorganisms 
that play a role  in the fermentation process such as 
Lactobacilluskefir can produce precursor to statin 
formation. Lactobacilluskefir which was isolated from kefir, 
produced tert-butyl(3R, 5S)-6-chloro dihydroxyhexanoate 
(CDHH) which act as a precursor in the formation of the 
statin molecule which inhibit 3-hydroxy-3-methylglutary 
coenzyme A(HMG -CoA) reductase enzyme. Tert-butyl 
(3R, 5S)-6-chloro dihydroxyhexanoateisachiral alcohol, 
which are  used for the synthesis of the statin side chain 
(Amidjojo et al., 2005; Pfruender et al., 2005). 

The content of simvastatin and pravastatin in bekasam 
extracts (Fig. 2) are lower than compactin and lovastatin. 
Due to simvastatinorpravastatin are derivative product of  
lovastatin  and  compactin. This  indicates that the ability of  
microorganisms  to hydroxyl compactin  into  pravastatin  
and alkylation of lovastatin  to  simvastatin in  bekasam are 
lower  than the  ability of microorganisms to produce 
compactin  and  lovastatin.  Pravastatin is produced by 
hydroxylation of compactin. Chen et al. (2006) designed 
screening method to isolate compactin-resistant microbial 
strains with high hydroxylation activity at the 6β position of 
compactin. Pravastatin  was first discovered  as a 
minorurinary  metabolitein dogs that fed  intake  compactin 
which was metabolism bycytochrom P450in the liver. 
Microorganism which has cytochrom P450, can catalyze 
hydroxylation of compactin to pravastatin (Matsuoka et  al., 
1989).Simvastatin is a semisynthetic derivative of 
lovastatin. The molecular difference between lovastatin 
and simvastatin resides in the side chain the C-8 carbon 
position. In this position, lovastatin carries a 2-
methylbutyrate moiety, while sinvastatin has a 2,2-
dimethylbutyrate (DMB) moiety. One biotechnological 
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                            Table 1. Molecular weight of peptides from bekasam extract 

 

No Sample  Molecular Weight of 
Peptides (kD) 

1 B1 (Bekasam produced from Chana striata) 6.3 

7.4 

2 B2 (Bekasam produced from Chana striata) 6.3 

7.4 

28.7 

3 B3 (Bekasam produced from Rasbora sp.) 6.3 

28.7 

35.9 

4 B4 (Bekasam produced from Rasbora sp.) 6.3 

  28.7 

5 B5 (Bekasam produced from Rasbora sp.) 6.3 

 
 
 
 
approach to the production would be the enzymatic 

synthesis of simvastatin from monacolin J (MCJ), with the 
acyltransferase (lovD). lovD gene from Aspergillusterreus, 
can be over  expressed in E. coli. In this way, they were 
able to characterize this acyltransferase that selectively 
transfers α-methylbutyryl group (from the LDKS) to the C8 
hydroxyl group of MCJ, to produce lovastatin (Barrios-
Gonzales & Miranda, 2010).   

During fermentation of bekasam was produced peptides 
by some microbials. Bekasam extract contained some 
peptides 5 to 40 kD. Variation of peptides in the bekasam 
extraxt effected HMG-CoA reductase inhibition, where 
slighty of peptides caused high inhibition. Some peptides 
can reduced activity of HMG-CoA reductase enzyme but 
lower than statin (Kato et al., 2009). Some peptides known 
as inhibitor of HMG-CoA reductase enzyme (cholesterol 
reducing agent) was extracted from fish fermented (Singh 
et al. 2009), herb Senna obtusifolia (Chuhua et al. 2008), 
potato and soybean (Liyanage et al. 2008) and syntetic 
peptides (Kirana et al. 2005; Gupta et al. 2005; Sharifof et 
al. 2011). 
 
 
CONCLUSION 
 
Bekasam extract is a potential inhibitor to HMG-Coa 
reductase activity, with the result that bekasam can be 
developed as a functional food to lower cholesterol. Statin  
content in bekasam  extract is 18.67 to 120.21 
ppm.Variation peptides in the bekasam extract  influence of 
HMG-CoA reductase enzyme inhibition. The great variation 

of peptides in bekasam extractc  a use low inhibition of 
HMG-CoA reductase enzyme. 
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