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INTRODUCTION 

 

The Sea cucumber is a detritivore which makes the seabed its natural habitat. This 

marine life consumes sediments, such as sand, and absorbs organic nutrients using its 

digestive tract (Zhang et al., 2012; Pringgenies et al., 2018). The aforementioned 

feeding process exposes the sea cucumber to the risk of bacterial infection from its 

immediate surroundings. Several symbiont bacteria found in Holothuria atra and 
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One of the reasons of  low fish meat quality is attributed to enzymes, 

biochemical reactions, and bacterial activities, which produce histamine.  One 

of the bacterial groups capable of producing histidine decarboxylase (HDC) 

enzyme is Bacillaceae, which is commonly found in the digestive system of sea 

cucumbers. Based on the facts mentioned above, this study was presented to 

determine the potential of Bacillus aquimaris and Virgibacillus chiguensis in 

delaying the degradation of the Pacific mackerel’s (Scomber japonicus) meat 

quality. Several methods were employed during the study to guarantee the 

safety of meat for consumption, based on its chemical and microbiological 

characteristics. The methods employedin the current study were: organoleptic 

assessment, measurement of acidity, total plate count (TPC) , proximate test, 

total volatile base (TVB) analysis, trimethylamine (TMA-N) analysis, histidine 

analysis, histology of fish meat, and HDC gene analysis. Based on the quality of 

fish meat (morphology, structure, proximate contents, histidine content, and 

histology), V. chiguensis had the best potential as a bactericidal agent against 

multidrug resistance (MDR) pathogenic strain bacteria compared to B. 

aquimaris and the bacterial consortium, making it the most promising candidate 

to be incorporated into food as a preservative. 
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Holothuria leucospilota, such as the methicillin-resistant Staphylococcus aureus (MRSA) 

and the extended spectrum β-Lactamase (ESBL) Escherichia coli, have been known to 

inhibit the growth of multi drug resistance (MDR) pathogenic strain. Molecular 

identification of these symbiont bacteria determined that these species are Bacillus 

aquimaris and Virgibacillus chiguensis (Ibrahim, 2012; Pringgenies et al., 2019; 

Santosa et al., 2020). 

 Pacific mackerel (Scomber japonicus) is a member of the Scombridae family 

which lives in epipelagic waters, or in approximately 50 meters under the surface of the 

ocean (Hernández & Ortega, 2000; Allaya et al., 2013). This species is widely 

consumed, especially by members of the community from the middle to lower income 

bracket, due to its affordable price and good taste.  This fish is generally processed using 

a simple method which results in a limited range of products. The most prevalent issue in 

the processing of  fish meat is that the quality of the meat deteriorates rapidly. This issue 

is attributed to the existence of bio-degrading bacteria in the meat, among which is E. 

coli. These bacteria break down protein for their own growth, which affects the color, 

texture, odor, and the acidity of the meat (Farouk et al., 2007).  

In the process of microbial bio-degradation, meat releases histamine. This 

phenomenon is especially apparent in fish of Scombridae family, when bacteria produce  

histidine decarboxylase (HDC) which turns free histidine into histamine (Kanki et al., 

2007). Histamine is an active primary heterocyclic biological compound in fish meat 

(Nahla & Farag, 2005). High histamine content can cause toxicity in humans 

(FAO/WHO, 2012). Several known HDC-producing bacteria come from 

Enterobacteriaceae and Bacillaceae family. 

A preservation process is needed to slow down fish meat deterioration rate, yet 

only a few preservation techniques have been applied so far. Supernatant with secondary 

metabolites from B. aquimaris and V. chiguensis is used to enhance meat quality and 

inhibit the synthesis of HDC. This process is employed because according to Brillantes 

et al. (2002), there are several compounds which can inhibit the rate of histamine 

production, making a further exploration on this finding that is necessary for the 

discovery of new preservative materials.  This research aimed to determine the potential 

of B. aquimaris and V. Chiguensis in their application as preservatives for Pacific 

mackerel meat. The supernatant was used in an immersion process in order to allow the 

compound to be incorporated into the meat tissue. The potential of the compounds was 

measured by chemical assay, microbiological assessment, organoleptic assessment, and 

HDC gene detection. 

MATERIALS AND METHODS 

Sample Collection  

          Specimen of fresh sea cucumber Holothuria atra and Holothuria leucospilota were 

collected from Bandengan waters, Jepara, Indonesia during May – August 2020. 

Bacterial isolation was conducted in Tropical Marine Biotechnology Laboratory, Faculty 
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of Fisheries and Marine Science, Diponegoro University. The samples were kept in 

polyethylene plastic bags (Whir-pak, Nasco, USA) and placed in a coolbox. 

 

Research Procedures  

Bacterial Colony Cultivation, Immersion Test of Supernatants of B. aquimaris and 

V. chiguensis 

10 ml of Zobell liquid media was placed in centrifuge tubes that were sterilized 

using the autoclave at 121 
o
C for 20 minutes. The bacteria of B. aquimaris and V. 

chiguensis were cultured and shaken at 120 rpm for 5 days to accumulate the resulting 

secondary metabolites in the media (Fitri et al., 2017). The bacterial cultures were 

centrifuged at 3000 rpm for 10 minutes to separate the supernatant-laden media from its 

bacterial suspension. A weight of 30 g of Pacific mackerel meat, which had been 

prepared in fillets, was placed in petri dishes. The treatments employed in the immersion 

test used the supernatants of B. aquimaris, V. chiguensis, sterilized Zobell liquid media, 

with no immersion. The supernatants were poured over the fillets till immersion. The 

sterilized media for immersion and no immersion treatments were used as control groups. 

The fillets were immersed for 2 hours at 4 
o
C  following the method of Deviyanti et al. 

(2015).  

Organoleptic Assessment  

 The organoleptic assessment in this study consisted of observations on texture, 

color, and odor of the samples from each treatment group and control group. The scoring 

was performed by 10 untrained individuals using questionnaires. The acidity of the meat 

was measured using pH paper with 3 iterations for each treatment group. The bacterial 

colony count was tallied using the total plate count method. Seeding for TPC were the 

results of 10
-3

, 10
-4

, and 10
-5

 dilutions and were seeded using spread plate technique. The 

incubation period for the TPC was 3 days at 37 
o
C to allow the bacteria to grow. 

Proximate test includes water, ash, protein, fat, and carbohydrate contents according to 

AOAC (2005). Meanwhile, total volatile base (TVB-N) analysis and trimethylamine 

(TMA-N) analysis were conducted using Idakwo et al. (2016)  as reference. 

 

Histidine Analysis 

 The histidine analysis was performed according to the methods used in  

Takahashi and Tezuka (1997). 1 g of meat sample was pulverized and homogenized by 

adding 100 ml of distilled water. 5 ml of homogenized sample was placed into an 

erlenmeyer flask. 0.5 ml of 2 N sulfic acid was added into the flask, then the mixture was 

left for 15 minutes.  0.25 g of bromine was added into the prepared sample. The mixture 

was left in a dark room for 2.5 hours. Afterwards, 5 - 6 ml of arsenate reagent was added 

and the mixture was homogenized before adding 2.5 ml of acetate solution. The mixture 

was diluted with cold (4 
o
C) distilled water to a volume of 10 ml. The prepared sample 

was then measured using a spectrophotometer at 540 nm wavelength. 
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Histology of Fish Meat 

 A portion of the fish meat was immersed in a formalin solution to prevent 

decomposition. The sample was then fixated in 10% BNF solution for 3x24 hours, after 

which it was diced, placed in a tissue cassette and dehydrated in an alcohol solution with 

a gradual increase in concentration. The sample was purified in xylol and embedded in 

paraffin, and then, cut into 4 µm thickness with a microtome. The slices were carefully 

placed onto an object glass, immersed in hot water, and left to simmer. The prepared 

sample was incubated at 52 
o
C for 24 hours. Coloration was performed using xylol, 100% 

alcohol, hematoxylin and eocyn solutions. The preparation was then observed under a 

microscope (Tinacci et al., 2018). 

 

HDC Gene Analysis 

The cultivation of fish meat bacteria used 18 ml of Zobell 2216E liquid media to 

immerse 2 g of pulverized fish meat. The prepared sample was shaken at 120 rpm for 48 

hours. Then, it was centrifuged at 6000 rpm for 10 minutes. The resulting supernatant 

was removed, and the bacteria were suspended at the bottom of the centrifuge tube 

(Malenfanta et al., 2019). 10-25 g of bacterial sample was taken and placed in a 1.5 ml 

micro tube. 100 µl of ddH2O and 1 ml of 0.5% saponin in 1x PBS were added, and the 

micro tube was stored at a temperature of 4 
o
C for 12 hours. The micro tube was then 

centrifuged at 12.000 rpm for 10 minutes, after which the resulting supernatant was 

removed. 1 ml of 1 x PBS was added, and the mixture was centrifuged at 12.000 rpm for 

5 minutes, after which the resulting supernatant was removed. 100 µl of ddH2O and 50 µl 

of 20% Chelex® 100 were added into the prepared sample. The sample was then heated 

for 10 minutes, which was vortexed in the first 5 minutes. The prepared sample was 

placed back into the centrifuge at 12.000 rpm for 5 minutes, after which the resulting 

supernatant was transferred to a fresh micro tube. The sample was then stored at a 

temperature of -20 
o
C (Phillips et al., 2012) 

 

Amplification of Bacteria DNA 

The polymerase chain reaction (PCR) method was employed in DNA 

amplification in accordance with Radjasa et al. (2001). The primers used were hdc 

forward (5ʹ-TCH ATY ARY AAC TGY GGT GAC TGG RG-3ʹ) and hdc reverse (5ʹ-

CCC ACA KCA TBA RWG GDG TRT GRC C-3ʹ) with a base length of 709 bp. The 

materials used were hdc forward and hdc reverse primers, each 2 µl, 2.5 µl of extract of 

sample DNA, 6 µl of ddH2O, and 12.5 µl of Promega’s GoTaq® DNA Polymerase. The 

protocol of PCR amplification in this study included 5 minutes of pre-denaturation at 94 

ºC, 1 minute of denaturation at 94 ºC, 1 minute of annealing at 58 ºC, and 1 minute of 

extension at 70 ºC. The cycle was performed in 35 iterations. 
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Electrophoresis and Visualization 

The electrophoresis was achieved through an induction of electrical current, so 

that the DNA shifted towards the opposing polar. The materials used were 1% agarose 

gel diluted in 1x TAE buffer. 5 µl of DNA sample was injected into one gel well and 1 µl 

of DNA marker was injected into the other well. Electrical current at 100 Volts was 

inducted for 35 minutes. Hence, the DNA fragment separated. The electrophoresis result 

was visualized using UV Gel Documentation.  The DNA band was highlighted upon 

being exposed to UV light (Suzuki et al., 1993). 

RESULTS  

 

Organoleptic Assessment  

The meat with VC immersion treatment was given the highest score at 7.25, and 

the lowest was given to that of TP immersion treatment at 5.25 (Table 1). Based on the 

results, the treatment correlated to the resulting texture. VC, BA, AC and MS treatments 

resulted in better texture scores compared to those of the TP. The score awarded by each 

panelist indicated that the meat with treatment had more tender texture, compared to the 

meat with no treatment, which resulted in a lack of elasticity. This result was attributed to 

the activity of contaminant bacteria during storage. The scores of meat texture, odor, 

color,  after 2 hours of immersion treatment, are presented in Tabel (1).  

  

Table 1.  The scores of meat texture, odor, color 

Treatment  Texture  Odor Color 

VC 7.25 5.50 4.75 

BA 6.75 5.50 6.75 

AC 6.30 5.70 5.50 

MS 6.50 6.70 5.50 

TP 5.25 4.50 4.50 

Note  : VC = Supernatant of V. chiguensis; BA = Supernatant of B. aquimaris; AC = Supernatant of V. 

chiguensis and B. aquimaris co-culture; MS = Liquid Media; TP = No Sterilized Immersion. 

Tabel (1) shows the average scores of Pacific mackerel meat odor in which MS 

treatment resulted in the highest score at 6.5. Whereas VC, BA, and AC treatments 

recorded scores ranging from 5.5 to 5.7.  The lowest score was found in the meat without 

treatment at 4.5. This result showed different scores given by the panelists to each 

treatment group sample, with samples from treatment group emitting common fish meat 

odor while the non-treatment sample gave out a strong, putrid odor. The value of the MS 

control group indicated the effect of the liquid media on the meat. Moreover, the 

supernatant of sea cucumber symbiont bacteria indicated an inhibitition of a degradation 

process due to its bactericidal properties. 
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Table (1) shows average scores of Pacific mackerel meat color. The highest score for 

meat color was awarded to BA treatment group at 6.75. While VC, AC and MS treatment 

groups obtained 4.75, 5.5, and 5.5 respectively. The meat with no treatment obtained  the 

lowest score with a value of 4.5. The scores given by the panelists indicated that the 

treatment resulted in red to pale red colors, whereas the meat with no treatment was 

observed to be dark red. 

 

Acidity and Colony Count 

       The lowest acidity was found in VC at 5, and the highest acidity was found in TP at 

6.33 (Table 2 ). Almost all treatments resulted in pH values under 7 (neutral). The results 

of total plate count in Pacific mackerel meat are presented in Table (1). The results 

indicated that VC had the least colony count (6.4x105 colony/g). The acidity in sample 

with VC treatment was thought to be the contributing factor in low contaminant bacterial 

growth. The highest colony count was found in TP with 92.2x10
5
 colony/g. 

 

Table 2. Acidity of Pacific Mackerel Meat and Colony Count 

Immersion Treatment pH (colony/g) 

VC 5 6.4x10
5 

BA 6 10.7x10
5 

AC 6 17.8x10
5 

MS 5.67 7.8x10
5 

TP 6.33 92.2x10
5 

 

Note : VC = Supernatant of V. chiguensis; BA = Supernatant of B. aquimaris; AC = 

Supernatant of V. chiguensis and B. cquimaris co-culture; MS = Liquid Media; TP 

= No Sterilized Immersion. 

 

The high acidity of TP meat was thought to be the cause of rapid proliferation of 

bacterial colony.  The bactericidal compounds in the supernatant were attributed to the 

low rate of bacterial growth.  

Chemical Assay 

The highest water content was found in BA treatment at 77.28%, whereas the 

lowest was found in AC treatment at 72.98% (Table 3). The immersion treatment was 

believed to be the contributing factor of high water content in meat, in addition to low 

storage temperature at 4 ºC. Low storage temperature correlates directly with high water 

content in the meat, since the lower the temperature is, the more water the meat retains. 
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Table 3. Chemical Assay of Pacific Mackerel Meat 

Treatment   Water 

Content 

(%) 

Ash 

Content 

(%) 

Fat 

Content 

(%) 

Protein 

Content 

(%) 

Carbohydrate 

Content (%) 

TVB-N 

(mgN%) 

TMA-N 

(mgN%) 

VC 77.00 1.04 0.81 19.19 1.96 41.24 18.46 

BA 77.82 1.13 0.73 19.16 1.16 53.35 29.04 

AC 72.98 1.21 0.92 22.6 2.29 43.93 22.44 

MS 74.67 1.32 1.71 20.74 1.56 48.57 22.86 

TP 76.32 0.43 1.34 21.77 0.14 33.2 12.56 

 

Note : VC = Supernatant of V. chiguensis; BA = Supernatant of B. aquimaris; AC = 

Supernatant of V. chiguensis and B. aquimaris co-culture; MS = Liquid Media; TP 

= No Sterilized Immersion 

Histidine Analysis  

       The Histidine analysis in this study indicated that the treatment with sterilized liquid 

media resulted in 0.217% histidine content (Table 4).  The most desirable result of 

histidine content was found in VC treatment group with 0.38%, followed by BA 

treatment group with 1.038% and AC treatment group with 1.049%. 

Table 4. Histidine Content of Pacific Mackerel Meat  

Sample Code Histidine Content (%) 

VC 0.384 

BA 1.083 

AC 1.049 

MS 0.217 

TP 0.291 

 

Note : VC = Supernatant of V. chiguensis; BA = Supernatant of B. aquimaris; AC = 

Supernatant of V. chiguensis and B. aquimaris co-culture; MS = Liquid Media; TP = No 

Sterilized Immersion 

Histology of Pacific Mackerel Meat  

 The results indicated that the tissue samples with V. chiguensis supernatant, 

B. aquimaris supernatant, and from Sterilized liquid media treatment groups retained 

good tissue structures. However, meat treated with B. aquimaris supernatant and V. 

chiguensis co-culture supernatant, as well as  meat without treatment showed necrosis 

and fat degeneration in their tissues. This means that the tissues from the products in both 

groups were damaged (Figure 1). 
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    Note: NR (Necrosis); DL (Fat Degeneration); DH (Hyaline Degeneration) 

Figure 1. Histology of Pacific mackerel meat tissue at 400 x magnification; (A) 

immersion treatment using B. aquimaris supernatant; (B) immersion treatment 

with V. chiguensis supernatant; (C) immersion treatment with B. aquimaris and 

V. chiguensis co-culture supernatant; (D) immersion treatment with sterilized 

liquid media; (E) no immersion treatment 

The HDC gene in the visualization was indicated by 700 bp marker. Similar 

patterns were visually observed in all samples, namely VC treatment group, BA treatment 

group, AC treatment group, MS control group, and TP control group, as presented in 

Figure (2). Band comparison of samples across all groups indicated that the marker band 

matched the sample bands.  
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Figure 2. Electrophoresis result of Rep-PCR amplification product visualization 

DISCUSSION 

 

Organoleptic Assessment 

The pathogen of bacteria used the protein content of the meat as their source of 

nutrition, caused a gradual change of meat structure. The enzymes from bacterial activity 

during the storage contributed to the texture breakdown, allowing the bacterial colony to 

proliferate and adversely affect the product quality (Dwetro et al., 2017). Texture is 

defined as the way in which the constituent components and structural elements are 

arranged and combined into micro and macrostructure, and present the reality of this 

structure out in terms of flow and deformation (Budaraga et al., 2016). The texture of 

the meat deteriorates as the binding tissues of the meat egrade. The antibacterial 

compounds in the supernatant contributed to hinder the growth of contaminant bacteria, 

which resulted in the preservation of meat texture. The Indonesian National Standard 

(SNI) establishes a minimum score of 7 on texture for meat product safety, which means 

that the treatment result of this study succeeded to meet the standard for further 

processing. 

The activity of the contaminant bacteria on the meat was thought to be the cause 

of the strong, unpleasant odor. The fresh fish fillets had a specific fresh smell, while the 

rotten fish fillets had a harsh malodorous odor of ammonia (Budaraga,   2016). Amaral 

et al. (2018) attributed the putrid odor of the meat to the fat oxidation process. This 

DNA 

Marker VC BA AC MS TP 

800 bp 

700 bp 

1000 bp 

900 bp 
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process produces ammonia, which is known to emit putrid odor.  Indonesian National 

Standard (SNI) establishes a minimum score of 6.5 on odor for meat product safety. This 

score was given to MS treatment group. However, the treatment could not be applied in 

the meat preservation as it was the control group in this study.  All immersion treatments 

with supernatants did not meet this standard. 

The treatment sample groups consistently showed lighter coloration compared to 

the sample with no treatment. The supernatant used in the immersion treatment 

contributed to this result by slowing down meat degradation. The antibacterial compound 

in the supernatant lowered the growth rate of contaminant bacteria in the meat. Color has 

a drastic effect on the perception of flavor because the information that is received from 

eyes will lead to an expected flavor based on the color of a food, and that initial 

assumption can override the information received from our taste buds and olfactory 

system (Opeña et al., 2017). 

Acidity and Colony Count 

TP fish meat did not have the antibacterial compound, making the growth of 

contaminant bacteria significantly faster. The antibacterial compounds can lower the 

enzyme production from the proliferation of the contaminant bacteria (Egorov et al., 

2018). Contaminant bacteria will continue to grow along with autolysis. This process 

involves protein-degrading enzymes from the fish which allow contaminant bacteria to 

break down protein even faster. The environmental factor during storage also plays an 

important role in the rate at which contaminant bacteria proliferate (Dwetro et al., 2017). 

Based on the current results, the bacterial colony count of the fish meat did not meet the 

standard set out in SNI 2729:2013, where the maximum colony count for any meat 

product deemed safe for consumption is 5x10
5
 colony/g. Therefore, the TPC count from 

this study did not meet the safe standard for consumption. 

Pre-rigor mortis meat has a pH value of 7 (Kim et al., 2014; Álvarez et al., 

2019). Acidity value lower than 7 will inhibit the growth of several species of 

contaminant bacteria. This finding is in accordance with that of Cotter and Hill (2003), 

who stated that bacteria cannot grow ideally in acidic environments (pH value < 7), 

except for some species which can still thrive in such environments. Contaminant 

bacteria grow well in environments with optimum acidity, with pH value between 7 and 

7.5. Low pH value resulting from immersion treatment was thought to be caused by the 

existence of acidic compound in the supernatant of sea cucumber symbiont bacteria. This 

acidic compound enhances the acidity of the meat, making it a non-ideal environment for 

the growth of contaminant bacteria. The pH, as an index, is important to determin the 

quality of fish, thus, it can be used as a guide (Abbas et al., 2008; Gonçalves, 2017); . 

The pH of fish flesh and gills has an important influence on its freshness because of its 

influence on bacterial growth (Obemeata & Christopher,  2012). 

The results of total plate count in Pacific mackerel meat are presented in Table 

(2). The results indicated that VC had the least colony count at 6.4x10
5
 colony/g. The 
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acidity in the sample with VC treatment was thought to be the contributing factor in low 

contaminant bacterial growth. The highest colony count was found in TP with 92.2x10
5
 

colony/g. The high acidity of TP meat was thought to be the cause of rapid proliferation 

of bacterial colony.  The bactericidal compounds in the supernatant were attributed to the 

low rate of bacterial growth. The TP fish meat did not have these compounds, making the 

growth of contaminant bacteria significantly faster. The antibacterial compounds can  

lower the enzyme production from the proliferation of contaminant bacteria (Egorov et 

al., 2018). Contaminant bacteria will continue to grow along with autolysis. This process 

involves protein-degrading enzymes from the fish which allow contaminant bacteria to 

break down protein even faster. The environmental factor during storage also plays an 

important role in the rate at which contaminant bacteria proliferate (Dwetro et al., 2017). 

Based on the results, the bacterial colony count of the fish meat in this study did not meet 

the standard set out in SNI 2729:2013, where the maximum colony count for any meat 

product deemed safe for consumption is 5x10
5
 colony/g. Therefore, fresh fish quality 

requirements, based on SNI standards, are to have a TPC value of 5x10
5
 CFU / g or 

equivalent to 5.70 log CFU / g. This shows that the fish is not suitable for consumption. 

This is presumably because the salmon is contaminated with pathogenic microbes that 

develop in the fish's body.  

Chemical Assay 

 The high water content in the air of the storage chamber can also cause an 

increase in the water content of the meat (Mathlouthi, 2001; Guiné, 2018). During the 

treatment phase, the supernatant, which is rich with secondary metabolites from the 

symbiont bacteria, was introduced into the meat tissue. The SNI has established a 

maximum water content of 60-65% for safe-to-consume meat products, a standard which 

the meat in this study did not meet. Water content significantly impacts meat quality and 

its shelf-life. High water content in meat directly contributes to the rapid deterioration of 

color, odor and texture during storage (Aidani et al., 2014). High water content also 

causes rapid proliferation of contaminant bacteria colony, which further lowers the 

quality of the meat (Cabral, 2010;  Agus et al., 2014).  The lower the water content of 

the meat is, the longer the shelf-life will be and vice-versa (Katiandagho et al., 2017). 

Histology of Pacific Mackerel Meat  

Tubular cell necrosis is usually caused by ischemic and nephrotoxic agents. 

Vasoconstriction and reduced blood flow that cause ischemia result in tubular cell 

damage (Ahmadmoradi et al., 2012). This is caused by the cathepsin enzyme, whose 

activity increases during the setback process quality, thereby causing the protein band to 

degrade and look thinner. Cathepsins are the most abundant lysosomal proteases that are 

mainly found in acidic endo/lysosomal compartments where they play a vital role in 

intracellular protein degradation, energy metabolism, and immune responses among a 

host of other functions (Yadati et al., 2020). This is caused by the Cathepsin enzyme, 

whose enzyme activity will increase during the setback process quality, thereby making 
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the protein band degraded and look thinner. Cathepsins are the most abundant lysosomal 

proteases that are mainly found in acidic endo/lysosomal compartments where they play a 

vital role in intracellular protein degradation, energy metabolism, and immune responses 

among a host of other functions (Yadati et al., 2020). 

 

CONCLUSION 

 

The study indicated that Virgibacillus chiguensis found in the intestines of sea 

cucumbers showed potential in its application to be a bactericide of contaminant bacteria 

in the Pacific mackerel (Scomber japonicus) meat’s preservation process.  
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