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Abstract
Peptones are produced from products with high protein content. Recently, peptone
produced from fishery by-products were sought as a source of bacteria substrate. In this
study, the enzymatic hydrolysis of peptone production of Yellowstrip scad fish at the end
post-rigour phase was optimized. Peptones produced were physicochemically
characterised and tested for microbial growth application. Proximate composition, peptone
characterisation and amino acid analysis were conducted following AOAC methods. The
pH value of the peptones was measured using a pH-meter and the microbial growth was
monitored via measuring the optical density (OD) of the cultures. The outcome of the
research showed that the best enzymatic hydrolysis was 0.20% (w/v) papain carried out
for 6 hours. The results showed that the Yellowstripe scad fish peptones (YSFP) had a
high protein level (77.46%) and contained essential amino acids such as histidine (4.12%),
isoleucine (0.96%), leucine (2.42%), lysine (2.25%), methionine (3.07%), phenylalanine
(1.68%), threonine (1.06%), valine (2.61%), and arginine (2.85%). The end post-rigour
phase YSFP has a solubility of 97.08%; total nitrogen of 12.39%; α-amino nitrogen of
1.03 g/100 g; α-amino nitrogen per total nitrogen of 8.31 and salinity of 4.19%. Bacillus
spp., Staphylococcus aureus and Escherichia coli was observed to have better growth
performances on the YSFP than bacto peptone.

1. Introduction

market price compared to other fishery by-products such
as fish oil, fish silage, and fish powder. Peptones are
Indonesia has a very high potential of fishery hydrolysates protein that contains peptides and free
products as raw materials of animal protein sources. The amino acids which are heat stable and water-soluble
main fishery products produced are Surimi, Kamaboko, reported by (Green et al., 1977; Vaseliva-Tonkova et al.,
fish fillets, often with high economic value. However, 2007). Peptone can be generated through the hydrolysis
there are several types of fish do not have high economic processes of acid, alkaline or enzyme (raw materials,
value, such as the Yellowstripe scad fish, often assigned photolytic, fish-derived, etc.) and using microbes
to fishery by-products. Based on the data of Indonesian deriving protease (Kristinsson and Rasco, 2000).
Ministry of Maritime Affairs and Fisheries (KKP, 2011),
Yellowstripe scad fish production has increased up to
Indonesia has been importing peptone from other
23.230 metric tons, i.e. from 156.710 metric tons in 2009 countries at a high price and it has been increasing each
to 179.940 metric tons in 2010. There was an increasing year. Voigt Global Distribution Inc. (2019) reported the
volume production of Yellowstripe scad fish in the North purchase of bacto peptone 500 g was USD 122.50. This
Sumatra Province. During that time, the fishes were calls for a need to research for substitutes of bacto
wasted at the fish landing sites or simply processed into peptone. Saputra (2008) and Saputra and Nurhayati
non-food products like animal feeds and non-economic (2013) reported that the fishery by-product in the postby-products such as fish silage, protein concentrates, etc. rigour state has a good potential to be used as a raw
material in the bacteria medium. Falah et al. (2015)
Fishery by-products can be used to produce fish reported that the growth of Staphylococcus aureus on the
peptones. Fish peptone is a product that has high medium which uses Silver carp fish peptone hydrolysed
economic value in the fishery sector due to the high with Alcalase enzyme was better than Tryptic Soy Broth
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and trypsin medium. Vieira et al. (2005); Safari et al.
(2011); and Safari et al. (2012) also compared fish
peptones with commercially available peptones and
reported positive reviews.

protein and crude lipid) of the Yellowstripe scad fish at
the end post-rigour phase as the raw material and the
peptones were conducted following the AOAC (2005)
methods. The total nitrogen content of the YSFP was
determined by the Kjeldahl method (AOAC, 2005). The
The purpose of this study was to optimize the ratio of Total Solubility Nitrogen (TSN) to Total
enzymatic hydrolysis of YSFP production at the end post Nitrogen Raw Material (TNRM) of the YSFP was
-rigour phase and to test the YSFP for microbial growth estimated as per (AOAC, 2005) method to determine the
application. The YSFP produced at different enzyme best enzyme concentration. All analysis was performed
concentrations were characterized and evaluated.
in triplicate.
2. Materials and methods
2.1 Raw materials
Yellowstripe scad fish (Caranx leptolepis) was
received from Muara Baru, West Jakarta and kept at 410°C before processing. Bacillus spp., S. aureus, and
Escherichia coli were received from Food Microbiology
Laboratory in SEAFAST Center, Indonesia. The enzyme
used was commercial local crude papain enzymes
received from PAU Biochemistry laboratory located in
IPB University. All chemicals and reagents used in this
work were analysis grade for chemical, biochemical, and
microbiology tests such as sulfuric acid (H2SO4),
hydrochloric acid (HCl), potassium hydroxide (KOH),
sodium hydroxide (NaOH), sodium thiosulfate
(Na2S2O3), boric acid (H3BO3), acetonitrile, nutrient
broth (NB) (DIFCO 234000), commercial peptones
(bacto peptone) (DIFCO 234000).

2.4 Characterization of the Yellowstripe scad fish
peptone
Characterization parameters used were solubility in
water (Gravimetric analysis); total nitrogen (TN)
(AOAC, 2005) method; α-amino nitrogen (α/N) (AOAC,
1995) method; α-amino nitrogen/total nitrogen (α/N)/
TN; and salinity based on Volhard method (United States
Department of Agriculture (USDA) Food Safety and
Inspection Service (FSIS), 2009). YSFP were compared
with commercially available bacto peptone from Difco,
used as the standard, and post-rigour Yellowstripe scad
fish peptone (Saputra, 2008; Saputra and Nurhayati,
2013).
2.5 Amino acid analysis

The amino acid analysis was performed on two types
of bacto peptone (Oxoid and Difco), post-rigour
Yellowstripe scad fish and the end post-rigour phase
2.2 Peptone production
YSFP. The end post-rigour phase YSFP with the highest
The preparation of fish peptone was performed TSN/TNRM ratio was selected. The amino acid
according to previous studies by Saputra (2008) and composition was determined following the AOAC
Saputra and Nurhayati (2013). Yellowstripe scad fish (2000) method where the samples were hydrolyzed with
(Caranx leptolepis) at the end post-rigour phase was cut 6N HCl (amino acids other than cysteine, methionine,
to 2 x 2 cm size. The cut samples were mixed with and tryptophan). Then, the free amino acids were
distilled water (1:2 w/v) and added with papain enzymes separated using the High-Performance Liquid
at concentrations of 0% (control); 0.02%; 0.08%; 0.14%; Chromatography (HPLC). The identity and quantity of
0.20%; 0.26%; and 0.32% (w/v). The experiment was the amino acids were determined by a comparison
performed in duplicate. The mixture was incubated at between the retention times and peak areas of each
60°C in the hot shaker bath (B-Braunc) at the natural pH amino acid standard.
for 2, 4, and 6 hrs. The pH values of the mixture were
2.6 Microbial growth application
determined before incubation (0 hr) and at two-hour
intervals. After 6 hrs, the papain enzymes were
The strains of Bacillus spp., S. aureus, and E. coli
inactivated by heating the mixture to 85°C for 15 mins. were used to test the microbial growth performance. The
The sediment was separated from the supernatant and inoculum was prepared by inoculating each strain into
was kept at 4-10°C for 24 hrs in the chiller until the lipid 100 mL of NB and incubated in the shaker incubator at
on the surface of supernatant appears. Then, the lipid on 30oC for 18 hrs. The media was prepared by adding 5%
the supernatant was discarded. The supernatant was (v/v) of peptone into NB (Rahayuningsih and Wiranti,
spray-dried (Inlet temperature: 170°C; Outlet 2014). In this analysis, the end post-rigour phase YSFP,
temperature: 70°C) and referred to as YSFP.
bacto peptone (Difco) and post-rigour Yellowstripe scad
fish peptone was tested as subjects. An aliquot (1 mL) of
2.3 Chemical composition
the inoculum was inoculated into the prepared media.
The proximate composition (moisture, ash, crude The microbial growth was monitored by measuring the
eISSN: 2550-2166
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2.7 Statistical analysis

Figure 1 depicts the TSN/TNRM ratio over the
enzyme concentration. Overall, the results showed that
the TSN/TNRM ratio increased as the enzyme
concentration increases. Enzyme concentration at 0.20%
produced the highest TSN/TNRM ratio (0.32%) and was
selected as the best enzyme concentration of the
enzymatic hydrolysis. Moreover, the ratio showed a
statistically significant difference (p<0.05) than other
ratios. In the study conducted by Saputra and Nurhayati
(2013), 0.26% of papain enzyme concentration was
selected to hydrolyse the post-rigour Yellowstripe scad
fish peptones. The similar results were observed in the
study by Suhandana (2010) whereby the same papain
enzyme concentration was used to hydrolyse yellowfin
tuna viscera.

Data (means) was subjected to one-way analysis of
variance (ANOVA) (Herzog et al., 2019) with Least
Significant Different test (LSD) test using SPSS IBM
20.0 to evaluate the statistical significance. All data are
presented as mean±SD, while for the chemical
composition of the raw material and final product were
analyzed with descriptive statistics.
3. Results and discussion
3.1 Chemical composition of Yellowstripe scad fish
As shown in Table 1, the proximate composition of
the end post-rigour phase Yellowstripe scad fish are as
follows: moisture content (75.71%); ash (2.31%); protein
content (15.47%); and lipid content (2.94%). All
chemical composition was measured on a wet mass basis
in the g.100 g-1 raw material.
Table 1. Chemical composition of the Yellowstripe scad fish
(Caranx Leptolepis)

Figure. 1. The average value of TSN/TNRM of hydrolysates
with different papain enzyme concentrations. Different
superscripts in the curves indicate significant differences
(p<0.05)

3.2 Chemical composition of end post-rigour phase
Yellowstripe scad fish peptones

The chemical composition of end post-rigour phase
YSFP is shown in Table 2. From the result, it can be
inferred that the crude protein content of the end postrigour phase YSFP was 83.62±1.05%, lipid content was
0.07±0.01%, moisture content was 7.96±0.60%, ash
content was 4.73±0.54 and the total of nitrogen content
was 12.39±0.08. End post-rigour phase YSFP had
statistically significant higher values in the total nitrogen
Based on the results, it can be concluded that the
content and protein content while lower lipid content
Yellowstripe scad fish has the potential to be used as raw
from the raw material based on descriptive statistics.
material to produce fish peptones because it has a high
This indicated that fish peptones are efficient to be used
protein content with low lipid content. This result agrees
as a bacteria substrate in media.
with the findings of Saputra and Nurhayati (2013)
reported that the post-rigour Yellowstripe scad fish was a
These results were higher than the previous study by
potential material to produce fish peptones, with the Saputra (2008) and Saputra and Nurhayati (2013) who
protein content of 64.27% and lipid content of 12.10%. reported that peptones produced from the post-rigour
This was further supported by the report of Nurhayati et Yellowstripe scad fish, had a protein content of
al. (2015), in which the chemical composition of spoiled 81.50±0.19%; a lipid content of 0.09±0.00% and a total
by-catch fish has a protein content of 15.56%, moisture nitrogen content of 11.86±0.04%. However, the results
content of 70.90%, an ash content of 5.36%, and fat were in the agreement with the results by Muzaifa et al.
content of 3.06%.
Parameter
(%)*
Moisture
75.71
Ash
2.31
Protein
15.47
Lipid
2.94
* Values (means) are expressed as a percentage (g.100 g-1) on
a wet mass basis.
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spectrophotometer UV 1800 (Shimadzu). The bacterial
density in the different media was determined by
measuring the turbidity at two-hour intervals, for 20 hrs.
The OD was performed by shaking the culture for 5 s
before withdrawing 2.5 mL of the culture and read at 660
nm (Poernomo and Buckle, 2002). A growth curve of
OD against the incubation time (semilog) was
constructed. The straight and steep segment of the curve
where the correlation between time and log OD was
linear, was considered the exponential growth phase. The
slope (log A/h) of the exponential growth phase curve
was taken as the growth rate.
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(2012). Based on the results by Muzaifa et al. (2012), the
fish protein hydrolysate hydrolysed with Alcalase
enzyme had a protein content of 82.66±1.36% and a lipid
content of 0.87±0.18%. While the fish protein
hydrolysate hydrolysed with flavour enzyme had a
protein content of 73.51±3.53% and a lipid content of
0.44 ±0.51% (Muzaifa et al., 2012). Fallah et al. (2015)
also reported the protein content of the silver carp
hydrolysate hydrolysed with Alcalase enzyme was
higher (92.92±0.18%) on a dry mass basis.

drastically as the pH changed to 3.0 or 7.0. At the pH
above 7.0, there was an insignificant difference level
among different pH values at (p<0.05) for various
hydrolysates with a degree of about 2.3–6.7%. The
research by Souissi et al. (2007) also reported that the
pH value ranges from 6.0 to 10.0 to achieve a high
degree of hydrolysis on fish protein hydrolysates.

3.3 Effect of pH on the enzymatic hydrolysis

post-rigour phase YSFP contained nine essential amino
acids namely phenylalanine, isoleucine, lysine, histidine,
leucine, methionine, threonine, valine, arginine. Besides
the essential amino acids, it also contained non-essential
amino acids namely alanine, aspartic acid, glutamic acid,
cysteine, tyrosine, glycine, proline, and serine.

3.4 Amino acids analysis

The quality of the end post-rigour phase YSFP was
determined
based on amino acids contains. The amino
Table 2. Chemical composition of the end post-rigour phase
acid composition of end post-rigour phase YSFP has an
YSFP
important role in the growth of bacteria, due to the
Proximate composition
*Values (%)
nitrogen sources used in the bacteria’s growth activity.
Moisture
7.96±0.60
Amino acids composition in fish peptones variated and
Ash
4.73±0.54
generally depends on several factors such as raw
Lipid
0.07±0.01
material, enzyme source, and hydrolysis condition
Protein
83.62±1.05
(Klompong, Benjakul, Kantachote et al., 2009;
Total nitrogen content
12.39±0.08
* Values (means) are expressed as a percentage (g.100 g -1) on Klompong, Benjakul, Yachai et al., 2009). Amino acids
composition of the end post-rigour phase YFSP is shown
a wet mass basis.
In comparison to the total nitrogen content of the in Table 3.
Yellowfin tuna heads hydrolysate hydrolysed with
Table 3 shows the amino acid composition (g.100 g-1
Alcalase and Prot Novozymes which were 12.84±2.33% protein) of the end post-rigour phase YSFP, post-rigour
and 11.68±1.03% respectively, the total nitrogen content Yellowstripe scad fish peptone, and two types of bacto
of the end post-rigour phase YSFP were similar.
peptones (Oxoid and Difco) used as standard. The end

Figure 2. pH values of end post-rigour phase Yellowstripe
scad fish hydrolysate. Values are expressed as mean±SD.

There are several factors that can influence the
enzymatic hydrolysis namely pH, time, the concentration
of enzyme, and temperature. The pH of the homogenized
end post-rigour phase Yellowstripe scad fish was
suitable for the optimum hydrolysis activity of the papain
enzyme, which varies between 6.31±0.014 to 7.21±0.09
(Figure 2). There was no significant change in the pH
values during the process. Similarly, Bhaskar and
Mahendrakar (2008) reported the pH values of the
homogenized visceral mass and heat-treated visceral
mass (HTVM) were 6.2±0.15 and 5.95±0.10
respectively. Yin et al. (2008) also reported that the
protein solubility of Hemp Protein Isolates (HPI) was
minimal at the pH range of 4.0–6.0 but increased
eISSN: 2550-2166

These results were similar to the post-rigour
Yellowstripe scad fish peptones which contained the
essential and non-essential amino acids as reported by
Saputra (2008) and Saputra and Nurhayati (2013). This
result was also similar to the result obtained by Seniman
et al. (2014) that reported catfish protein hydrolysates to
have all essential amino acids and non-essential amino
acids.
In this study (Table 3), the end post-rigour phase
YSFP contained more glutamic acid (10.43 g.100 g-1
protein), aspartic acid (5.92 g.100 g-1 protein) and
histidine (4.12 g.100 g-1 protein). The studies conducted
by Saputra (2008) and Saputra and Nurhayati (2013)
found that the glutamic acid (10.18 g.100 g-1 protein),
aspartic acid (6.50 g.100 g-1 protein) and histidine (4.70 g
100g-1 protein). These amino acids were higher
compared to other amino acids. Seniman et al. (2014);
Ghassem et al. (2014); and Hou et al. (2011) also
reported that glutamic acid and aspartic acid were higher
levels than those of other peptones as compared.
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Table 3. Amino acid composition (g.100 g protein) of commercial bacto peptones, post-rigour Yellowstripe scad fish peptones
and end post-rigour phase Yellowstripe scad fish peptones.

Histidine

Average of amino acid composition (%)
Post-rigour Yellowstripe
End post-rigour phase
Difco peptones* Oxoid peptones**
scad fish peptones*** Yellowstripe scad fish peptones
0.8
1.5
4.7
4.12

Isoleucine

2.1

2.4

1.33

0.96

Leucine

3.8

5

4.76

2.42

Lysine

3.4

5.8

2.76

2.25

Methionine

0.7

1.4

4.01

3.07

Phenylalanine

2.8

2.3

2.17

1.68

Threonine

1.1

2.6

1.25

1.06

Valine

2.8

3.6

3.82

2.61

Arginine

5.8

8.6

1.45

2.85

Alanine

9.2

7

0.74

0.55

Aspartic acid

5

7.5

6.5

5.92

Glutamic acid

8.1

11.6

10.18

10.43

Cysteine

-

0.5

1.6

0.65

Tyrosine

0.6

1.8

1.45

1.32

Glycine

15.9

5.6

1.04

0.96

Proline

8.8

-

1.8

1.49

Serine

1.5

2.9

2.88

2.93

*,**Bionutrient Technical Manual (2006); ***Saputra (2008); Saputra and Nurhayati (2013)
Table 4. Characteristics of the commercial bacto peptones, post-rigour Yellowstripe scad fish peptones and end post-rigour
phase Yellowstripe scad fish peptones.
Yellowstripe scad fish
Yellowstripe scad fish peptones
peptones on post rigor (%)**
on End post-rigour (%)
Solubility in water
100
96.74
97.08
Total Nitrogen (TN)
12-13
11.86
12.39
α-amino Nitrogen (α/N)
1.2-2.5
1.07
1.03
(α/N)/TN
11-21
9.02
8.31
Salinity
≤17
0.41
4.19
*Bionutrient Technical Manual (2006); **Saputra and Nurhayati (2013)
Characteristics

Bacto peptones (%)*

3.5 Characterization of the end post-rigour phase
Yellowstripe scad fish

that some of the properties of the dry products of Eladin
and blood hydrolysates have better characteristics than
the standard especially higher amino nitrogen/total
Generally, some products produced had standard nitrogen ratio that was about 65.30% and 68.10%
properties, including the end post-rigour phase YSFP. respectively. A similar study was also reported by
The dry product was determined and compared with Suhandana (2010) that stated that peptones were
those of the post-rigour peptones and the commercial produced from tuna viscera had a solubility of 98.20%;
peptones used as standard can be seen in Table 4.
TN content of 8.03%; free α/N of 1.12%; a ratio α/N per
From the results, the total nitrogen (TN) content, α/ TN of 13.93%; with salt content of 0.79%. The
N, the ratio of α/N per TN, the salinity and the water characteristics of the end post-rigour phase YSFP were
solubility of end post-rigour phase YSFP were 12.39%, similar to the study by Nurhayati et al. (2015) that
1.03%, 8.31%, 4.19 and 97.08% respectively. From the hydrolysed by-catch fish with 0.3% papain enzyme for 5
results, the YSFP had the same better characteristics with hours which produced hydrolysate with a protein content
the previous study reported by Nurhayati et al. (2015), of 71.39%, solubility of 99.96%, TN content of 11.42%,
especially the higher total nitrogen content. This α/N of 1.76%, ratio of α/N per TN of 15.41%, and
indicated that the quality of the end post-rigour phase salinity of 7.82%.
YSFP was capable of supporting the bacteria's growth 3.6 Microbial growth application
due to the high free amino acids.
In this work, the growth curves of Bacillus spp., S.
Research by Vaseliva-Tonkova et al. (2007) reported
eISSN: 2550-2166
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aureus and E. coli are shown in Figure 3, 4, and 5
respectively. As can be seen from Figure 3, the growth
rate of Bacillus spp. on the test peptones media from 0-2
hrs was stable in the lag phase. The exponential growth
of Bacillus spp. happened from 4-16 hrs on the tested
media. The best growth rate was observed on the
medium containing end post-rigour phase YSFP
although there was no significant difference with the
medium containing post-rigour Yellowstripe scad fish
peptone. Saputra (2008) and Saputra and Nurhayati
(2013) reported that the growth of Bacillus spp. on postrigour Yellowstripe scad fish peptone was higher than
the bacto peptone. The better performance of fish
peptone in comparison with commercial media was also
reported in other researches (Poernomo and Buckle,
2002; Vieira et al., 2005; Safari et al., 2011; Safari et al.,
2012).

phase was at 12 hrs (from 2 hrs to 14 hrs).

Figure 5. Growth of E. coli in test media

E. coli also showed similar growth rate compared to
S. aureus and Bacillus spp. (Figure 5). The lag phase of
E. coli was shorter, and the exponential phase was at 10
hrs (from 4 hrs to 14 hrs) for all the tested media. As
shown in Figures 3, 4 and 5, better results were obtained
from the end post-rigour phase YSFP for all bacteria
tested. This may be due to end post-rigour phase YSFP
contained short peptides, available free amino acids as
nitrogen resources for bacteria’s growth.
4. Conclusion

Figure 3. Growth of Bacillus spp. in test media

The Yellowstripe scad fish on the end post-rigour
phase with a high protein content of 15.47% and low
lipid content of 2.94% had the potential as the raw
material to produce fish peptones. The optimum enzyme
concentration was 0.20% and the hydrolysis process
should be carried out at 60oC for 6 hrs. The end postrigour phase YFSP contained nine essential amino acids
and eight non-essential amino acids. The end post-rigour
phase YFSP were also rich in glutamic acid (10.43 g.100
g-1protein), aspartic acids (5.92 g.100 g-1protein) and
histidine (4.12 g.100 g-1protein). The characteristics of
the end post-rigour phase YFSP were better than postrigour Yellowstripe scad fish peptone and commercially
available bacto peptone including enhancing the
microbial growth in bacteria medium.

Figure 4. Growth of S. aureus in test media

The growth rate for S. aureus (Figure 4) was similar
to the growth rate of Bacillus spp. on the microbial
growth application. As shown in Figure 4, the lag phase
of S. aureus was shorter, similar to Bacillus spp. (0-2
hrs). The exponential phase happened at 10 hrs (from 4
hrs to 14 hrs) for all the tested media. As shown in
Figure 4, the growth rate of S. aureus on the end postrigour phase YSFP medium was better compared to other
media. Similarly, Nurhayati et al. (2015) reported that
the lag phase of for S. aureus on peptone from spoiled by
-catch fish was shorter (0-2 hrs), and the exponential
eISSN: 2550-2166
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