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ABSTRACT

Scad fish (Decapterus kurroides) is the most productive fish species. To provide the added value,
fishermen can process scad fish into various forms of processed products, such as preserved fish, which
extend the shelf life. In order to extend the shelf life of canned fish, natural preservatives could be used
that contain antimicrobial agents, such as bay leaves. The present study aimed to determine the effects of
bay leaf extract in different concentrations on the shelf life of preserved scad fish. In the present study,
the completely randomized design was used as an experimental research method. The treatments given
differed in terms of the concentration of the bay leaf extract. The groups were treated as the scad fish
without bay leaf extract (A), scad fish soaked in 6% of bay leaf extract (B), scad fish soaked in 7% of
bay leaf extract (C), scad fish soaked in 8% of bay leaf extract (D), and scad fish soaked in 9% of bay
leaf extract (E). The analyzed parameters included the total plate count, pH, and water level test using
Analysis of Variance (ANOVA). The supportive parameters observed included an organoleptic test. The
results indicated that the lowest total bacterial count from the beginning to the end of the experiment (18
hours) occurred on treatment C (7% of bay leaf extract addition), which was 1.54 x 103 to 5.85 x 106.
Regarding the water level test from the beginning to the end of the experiment, treatment A (control) was
not significantly different from other treatments. The difference in the concentration of bay leaf extract
on scad fish effectively inhibited the growth of bacterial colonies. In conclusion, adding bay leaf extract
to scad fish could inhibit bacteria for up to 12 hours. Treatment C (7% of bay leaf extract) gave the best
results since this concentration level could inhibit the bacteria on scad fish.
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INTRODUCTION

Scad fish (Decapterus kurroides) is the most productive fish species, accounting for 52% of the total catch of
approximately 2323365 tons per year. In addition, scad fish comes at a relatively low price. To achieve added value,
fishermen process scad fish into various forms of processed products, such as petis (fish paste) and preserved fish.
Preserved fish is one of the most famous marine products in Indonesia due to a combination of boiling and salting. The
resulting product is a preserved fish with low salt content. The traditional preservation process of boiling the fish in the
salt solution is called pindang cue (Triarso, 2012; Junianingsih, 2015).

Pindang cue uses scad fish, which can be found in traditional markets and are commonly placed in paso or naya
(small woven tray) without any packaging. Thus, microbial contamination occurs during the sales process. The shelf life
of scad fish is approximately 1-2 days, and safety is not guaranteed. Scad fish contain high water (60%) and protein
(27%), which are suitable for the microorganisms' growth. The maximum limit for the microorganism in food products is
5.0 x 105 cells/gram (Ariyani, and Yennie 2008).

Preservation is an appropriate way to extend the shelf life of scad fish. Fish preservation is a process that is aimed at
developing high-quality processed fish products (in terms of color, odor, texture), offering a wide range of food and
varietal products on the market, increasing the economic value of the product, as well as enhancing the shelf life of fish.
Since these preserved scad fish had a limited shelf life and are prone to deterioration, fish should be stored longer to
provide benefits to traders while increasing consumers' appeal. Conservation also is used to inhibit the activities of
enzymes and microorganisms (Herawati, 2008).

Preservation with hazardous chemicals, such as formalin, is mostly used because the price is lower than safe
preservation. The use of formalin has been constantly increasing. Thus, natural preservations are required to inhibit the
growth of spoilage bacteria (Hastuti, 2010; Nafisyah, 2015). Herbs and spices native to Indonesia contain active
antimicrobial substances that potentially can be used as natural preservatives. Bay leaf is one of the natural ingredients
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that can be used as a preservative, and also has many benefits to be utilized in cooking as a seasoning because of its
distinctive aroma and odor, as well as its low price and easy procurement (Purwani and Muwakhidah, 2008).

Bay leaf is an ingredient that can be used as a fish preservative since it contains flavonoid, terpenoid, and tannin,
which have antibacterial properties. Flavonoids inhibit bacterial growth by forming complex compounds with
extracellular proteins through hydrogen bonds, that damage the cell membrane. Tannin inhibits bacterial growth by
denaturating bacterial cell proteins in the cell membrane. The terpenoid inhibition mechanism for bacterial growth is to
react with porin (transmembrane protein) on the external membrane of the bacterial cell wall. Bay leaf indicated good
antibacterial activity against Staphylococcus aureus (Roslizawaty, 2013; Nurwijayanti, 2016). Based on the fact that bay
leaf indicated sufficient antibacterial activity against Staphylococcus aureus, the present study was conducted to
investigate the effects of bay leaf extract with different concentrations on the shelf life of scad fish.

MATERIALS AND METHODS

The current research used an experimental research method and the experiment design of a completely randomized
design. The following is the bay leaf treatments on scad fish, scad fish without bay leaf extract treatment (A), scad fish
soaked in 6% of bay leaf extract (B), scad fish soaked in 7% of bay leaf extract (C), scad fish soaked in 8% of bay leaf
extract (D), and scad fish soaked in 9% of bay leaf extract (E).

The variables included in the present study were independent, dependent, and control variables. The independent
variable was the bay leaf extract. The dependent variables of the study were the Total Plate Count (TPC), organoleptic
value, pH, and water level of scad fish. The control variables of the research were bay leaves, preserved scad fish, and
bay leaves boiled at 90°C for 30 minutes.

The research procedure was divided into two stages of preparation and implementation. The preparatory stage
consisted of fish processing, sterilization of tools and materials, bay leaf extraction, and preparation of Plate Count Agar
(PCA) media. The implementation stage included the treatment of scad fish, marked with the letter A, B, C, D, and E.
Then, the treatment was performed by mixing bay leaf extracts with the preserved scad fish. In treatment A, the scad fish
were not soaked in the bay leaf extract. In treatments B, C, D, and E, the scad fish were soaked in bay leaf extract with
concentrations of 6%, 7%, 8%, and 9%, respectively, for 30 minutes. Furthermore, the soaked scad fish were then placed
into the oven for 30 minutes at a temperature of 50°C. Then, the fish were transferred to clean containers and stored at
room temperature. Afterward, the total number of bacteria, the pH value, water content, and the organoleptic value were
observed before storage and after 3, 6, 9, 12, 15, and 18 hours of storage.

The research parameters were the main parameters and supporting parameters. The main observed parameters
entailed the TPC test, pH, and water level. The supporting parameters observed included the organoleptic tests. The
research result data were analyzed in the terms of TPC, pH, and water level using Analysis of Variance (ANOVA) to
determine the difference in the different concentrations of bay leaf extracts on the shelf life of scad fish. Duncan's
Multiple Range Test was then performed to determine the differences between treatments. The data analysis for
organoleptic tests used descriptive methods. The distinction between the two approaches to sensory evaluation of fish
products was made to first emphasize that both of these approaches were necessary for the evaluation of this commaodity.
Secondly, these two aspects of sensory evaluation of fish products were not mutually exclusive but rather acted as a
mutual information resource. Sensory assessment of fish products would continue to be essential in quality testing, even
as with time, useful chemical tests are developed which are as efficient and cost-effective as sensory testing. In product
grading, standard chemical and physical tests can only measure what is already known. The sensory assessor can
measure both the known attributes of the product and assess the presence of new attributes, especially in the area of
measurement of ‘taint' in fish products. The factor of sensory testing is part of the definition of taint in a product ['fish
that is rancid or has an abnormal odor or flavor (DFO, 1978). However, chemical testing can accurately assess the level
of a particular compound in a sample, it cannot by itself, indicate what this number means relative to the final quality of
the product and the action that needs to be taken as to whether the product will continue to be used as a food, or whether
it has deteriorated to a point where it is no longer usable. The definition of the 'cut-off' point for taint will always be
based on a human definition of this level for the particular culture in which the product is being used (York and Sereda,
2014).

RESULTS

Total bacterial count
The highest mean total bacterial count from the beginning of the experiment until the end of the experiment (18
hours) occurred in treatment A (control), which was 1.57 x103 to 8.55 x106. Meanwhile, the mean value of the lowest
total bacterial count occurred from the beginning to the end in treatment C (7% of bay leaf extract), which was 1.54x103
to 5.85x106 (Table 1).
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Water level test

The water level test utilized a moisture analyzer. The average value of the water content found in the redtail scad at
the beginning of the experiment and the end of the experiment of each treatment decreased during storage at room
temperature until the end of the study. The results of the ANOVA test showed that the mean value of the water level at
the beginning and in hour 18 of the experiment in treatment A (control) did not significantly differ (p > 0.05) from the
other treatments (Table 2).

PH level test

The results of the ANOVA test showed that the mean value of the water level at hour 12 in group D and hour 15 in
group C, and E was significantly different (p < 0.05) from the other treatments (Table 3).

Table 1. Total bacterial count (CFU/gram) of Staphylococcus aureus and bacterias in Scad fish meat

Observation Treatment (Average + SD)

Time (hour) A (0%) B (6%) C (7%) D (8%) E (9%)

1 1.57x10% +0.11 1.52x10% + 0.15 1.54x10%+0.17 1.82x10%+ 0.12 1.43x10%+0.14
3 8.25x10% + 0.04 6.85%10%° + 0.05 5.1x10% + 0.07 5.95x10%° + 0.04 6.45x10%° + 0.07
6 2.58x10% + 0.04 2.22x10%° +0.13 1.72x10% + 0.07 2.22x10%% +0.12 2.11x10%% + 0.11
9 6.60x10% + 0.04 6.65x10% + 0.03 5.11x10"+0.03 6.50x10%+ 0.05 5.94x10%+ 0.02
12 2.78x10% + 0.02 2.23x10% +0.10 1.47x10%+ 0.02 1.87x10%°+ 0.03 2.18x10%+ 0.08
15 2.35x10% + 0.08 2.12x10% + 0.07 1.45x10% + 0.05 1.94x10%+ 0.06 2.08x10%+ 0.08
18 8.55x10% + 0.04 7.17x10%% + 0.04 5.85x10%°+ 0.06 6.1x10% +0.08 6.57x10% + 0.07

The different superscript letters in the same column shows a significant difference (p < 0.05). CFU: Colony-forming unit, SD: Standard deviation.

Table 2. Water level test of scad fish meat

Treatment (%)

The water level at the beginning of the study (%)

The water level at the end of the study (%)

A (0%) 45.97°+1.34 34.74*+ 6.87
B (6%) 48.6%+ 4.49 34133+ 8.88
C (7%) 47417+ 2.44 33.78%+ 11.02
D (8%) 43.08%+ 5.89 37.81%+9.25
E (9%) 45.94%+ 5.42 36.51%+ 7.62

Remarks: The notation indicated by different superscript letters in the same column shows a significant difference (p < 0.05).

Table 3. PH Level of scad fish meat

Treatment
A (0%) B (6%) C (%) D (8%) E (9%)

Observation time

1 7.05%+ 0.40 6.997 + 0.42 6.78%+0.24 6.78%+0.21 6.73%+0.09
3 6.89%+ 0.57 6.88%+ 0.40 6.73%+0.12 6.7°+0.23 6.6°+0.11
6 6.92°+ 0.48 6.95%+ 0.34 6.75%+ 0.10 6.78+0.21 6.7°+0.08
9 6.85%+ 0.35 6.7°+0.18 6.65%+ 0.24 6.53%+0.17 6.53%+ 0.05
12 6.78%+0.28 6.7+ 0.00 6.63%+0.22 6.5°+ 0.08 6.53%+ 0.05
15 6.73%+0.09 6.55% + 0.10 6.5°+0.14 6.6%+0.11 6.5°+0.18
18 6.45%+0.13 6.45%+ 0.24 6.28%+0.17 6.3%+ 0.00 6.3%+0.23

Remarks: The notation indicated by different superscript letters in the same column shows a significant difference (p < 0.05). A: Scad fish without bay
leaf extract treatment, B: Scad fish soaked in 6% of bay leaf extract, C: Scad fish soaked in 7% of bay leaf extract, D: Scad fish soaked in 8% of bay
leaf extract, E: Scad fish soaked in 9% of bay leaf extract.

Organoleptic test

The organoleptic tests on preserved scad fish included five parameters, including visual, aroma, odor, texture, and
mucus parameters that create an individual experience via the senses including taste, sight, smell, and touch. The
minimum acceptable score was 6. The results of the organoleptic tests were provided at the beginning of the experiment
and after 18 hours of preservation time.

Visual parameter

The results of the visual parameters at the beginning of the trial indicated the preserved scad fish in treatment A, B,
C, D, and E experienced organoleptic values until the end of the storage period (18 hours). The average visual score of
the beginning of the experiment in treatments A, B, C, D, and E ranged from 7.39 to 8.35. Furthermore, the average
visual score at the 18 hours in treatments A, B, C, D, and E ranged from 5.48 to 6.97 (Figure 1).

Aroma parameter
The results of the aroma parameter of scad fish at the beginning of the experiment up to hour 18 of all treatments
A, B, C, D, and E indicated a decrease in the organoleptic score. The average odor score at the beginning of the
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experiment in all treatments was between 7.33 and 8.31. Furthermore, the average aroma value in all treatments at hour
18 ranged from 5.8 to 6.89 (Figure 2).

Odor parameter

The results of the odor parameter of the scad fish at the beginning of the experiment in all treatments indicated a
decrease of the organoleptic values after 18 hours of storage period. The average odor value in all treatments at the
beginning of the experiment was between 7.28 and 8.03 (Figure 3). The odor parameter results at the 18 hours were not
assessed because the total value of the bacteria exceeded the limit of microorganisms.

Texture parameter

The results of the texture parameter at the beginning of the experiment at all treatments indicated a decrease in the
organoleptic values by the end of 18 hours of the storage period. The average texture value at the beginning of the
experiment was between 7.18 and 8.3 for all treatments. Furthermore, the average texture value was between 6.27 and
6.92 for all treatments after 18 hours (Figure 4).

Mucus parameter

The results of the mucus parameter at the beginning of the experiment for all treatments indicated a decrease in the
organoleptic values by the end of 18 hours of the storage period. The average mucus value at the beginning of the
experiment for all treatments was between 7.18 and 8.3. Furthermore, the average mucus value was between 6.13 and
6.87 for all treatments after 18 hours (Figure 5).
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Figure 1. The results of the visual parameters of scad fish at the beginning of the experiment and after 18 hours of the
storage period.
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Figure 2. The results of the aroma parameters of scad fish at the beginning of the experiment and after 18 hours of
storage period.
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Figure 3. The results of the odor parameters of the scad fish at the beginning of the experiment and after 18 hours of the
storage period.
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Figure 4. The results of the texture parameters of scad fish at the beginning of the experiment and after 18 hours of the
storage period.
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Figure 5. Mucus parameter of scad fish at the beginning of the experiment and after 18 hours of the storage period.
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DISCUSSION

Shelf life is the period in which the quality of fresh food is impaired and becomes inedible. In the present research, the
shelf life was determined using the TPC of the microbiological tests, chemical tests (water level and pH), and sensory
tests (organoleptic test). The food product quality is influenced by the microbial content of the product as it determines
consumption safety. The shelf life of food is determined by the total bacterial count in the product using a method called
the TPC. The results of total bacteria calculation on the scad fish in all treatments increased constantly from the
beginning of the experiment up to after 18 hours since the storage time could increase the total bacteria count. The test
results of bay leaf extract on scad fish from the beginning up to 12 hours indicated that the number of microorganisms
was still at the maximum growth limit of 5x105 Colony-Forming Unit (CFU)/gram (Buckle, 1987; Herawati, 2008).

Various factors that influenced microbial growth in the food products included intrinsic factors such as acidity
(pH), water activity, nutrient content, biological structure, and antimicrobial content, while the extrinsic factors included
storage temperature, humidity, type and amount of gases in the environment, and preparation and processing errors. All
the treatments indicated that the bay leaf extract could inhibit the bacteria for up to 12 hours. The best treatment was
obtained in treatment C (7% of bay leaf extract) because it had the lowest bacterial count among all treatments. The
current result is in line with the previous study conducted by Buckle (1987) and Sahputra (2015) which suggested that a
combination between 7% of bay leaf extract treatment and 8% of salt can inhibit bacteria in the milkfish (Buckle, 1987;
Sahputra, 2015).

Bay leaf extract contained antibacterial compounds with high tannin, terpenoid, and flavonoid contents. These
compounds could inhibit the growth of microbes. Flavonoid compounds have an important role in the inhibition of
bacteria by forming complex compounds with extracellular proteins through hydrogen bonds that degrade bacterial cell
membranes. Hydrogen and flavonoid bonds cause unstable cell wall structure and cell membrane and cellular
deterioration. Tannin compounds play a role in shrinking cell walls and membranes to interfere with cell permeability.
The impaired cell permeability means that the cell cannot perform living activities. Thus, it could inhibit bacterial growth
and kill the bacteria. In addition, terpenoid compounds act as antibacterial compounds on the outer membrane of
terpenoid cell walls by reacting with porin (transmembrane protein) to form strong polymer bonds. The polymer bonds
caused the porin to deteriorate as a connecting gateway to reduce the permeability of the bacterial cell walls; and that
caused bacterial cells to lack in the nutrient, whereby the bacterial growth is inhibited (Roslizawaty, 2013).

The water level is a factor that affects the shelf life of processed food and determines the freshness of food against
microbes. The high water content causes bacteria, mold, and yeast to multiply easily. So there will be changes in the
food. When stored in-room temperature, water level changes would be caused by the free water formed as a result of
protein denaturation by microorganisms (Nirmala, 2016). Based on the results of the present study, the water level
decreased from the beginning to the end of the storage process. This condition was caused by the evaporation of most of
the water as the storage process was only stored at room temperature. The low water content led to a decrease in bacterial
activity. However, based on the current research, the water level and the TPC indicated the opposite results, where the
water level decreased, while the TPC increased. This phenomenon was caused by the still good water level, which
allowed the bacteria to grow well. More than 30% of the water content in the food could affect bacterial growth.
Elevated microbes could damage the hydrophilic protein, resulting in a reduced ability to hold water when the water
level finally decreased (Siskos, 2007).

The pH value is an indicator that is measured to chemically determine the freshness level of fishery products. The
optimal pH for bacterial growth is 6.5-7.5. The pH value of scad fish decreased from the beginning up to 18 hours. The
pH change was caused by several factors, such as poor storage and storage temperature. The pH values obtained
indicated that the scad fish marinated in bay leaf extract had an acidic pH value. The bay leaf boiling time affected the
pH value of the leaf extract because the longer the leaves were boiled, the more organic acids from the leaves were
extracted, resulting in a decrease in the pH value of the bay leaf. The pH value is closely related to the growth of
microbes in fishery products. Fresh fish has a neutral pH, making it an ideal medium for bacterial growth (Junior, 2010).
The organoleptic test on the scad fish, with and without adding bay leaf extract, included the visual, aroma, odor, texture,
and mucus parameters. The result showed that at the starting hour, the quality of the fish was still acceptable by the
panelists according to the Indonesia Nasional Standard with a minimum organoleptic value of 6. At the starting hour, the
appearance of the scad fish received an average value in the range of 7.39 to 8.35. Meanwhile, the results of the
organoleptic test at the 18 hours of storage suggested that the visual score of the scad fish decreased from 5.48 to 6.97.
The results also indicated that there was an increasing bacterial count by hour 18. The appearance change was caused by
the growth of microbe that could damage the products as the microbe were highly destructive to food.

The odor of the scad fish averaged between 7.33 to 8.31 at the beginning of the experiment. The odor value
indicated that the fish was still fresh and smelled good. The fish smelled fresh since the bay leaves contained terpenoid
compounds containing essential oils, which produced a distinctive but less sharp aroma. After 18 hours, the average
result of the odor value decreased and was between 5.8 and 6.89. Therefore, the aroma parameter of scad fish at the
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beginning of the experiment up to hour 18 of all treatments A, B, C, D, and E indicated a decrease in the organoleptic
score. Treatment A gave the lowest score, reaching 5.8 at hour 18. The lowest odor score parameter on treatment A was
also supported by the result indicating the high bacterial count found in the fish, which was 8.55x106. A decrease in the
organoleptic matter could occur because the room temperature could accelerate the disintegration process during the
storage of the fish. These bacteria could carry out a perfect metabolism that produced a bad odor.

Initially, the scad fish began to smell an average value of between 7.28 to 8.03, indicating that the fish was tasty,
savory, or less savory. Meanwhile, after 18 hours, the odor test was not carried out by the organoleptic test due to the
high TPC level of enzyme in the scad fish. In addition, the texture of the scad was given an average value in the range of
7.18 to 8.3, indicating that the fish were solid and elastic or less elastic. This texture was caused by the salt that was
added in the process of making preserved scad fish since salt could improve the texture of fish. The salt used in the
process of making scad fish reduced the water contents in the fish, which made the texture more solid and firm.
Meanwhile, after 18 hours, the texture of scad fish decreased from 6.27 to 6.92. Treatment A had the lowest score, 6.27
at the 18 hours. The texture parameter of treatment A was also indicated by the high bacterial count found in the fish,
which was 8.55 x 106, compared to the other treatments. The high bacterial count was caused by microorganism activity
affecting the texture changes. The protein denaturation produced a simple protein, and also decreased the protein
capacity to hold water so that the texture of fish became less solid and firm.

At the starting hour, the mucus of the scad fish obtained an average score from 7.18 to 8.3, indicating that the fish
had thin and more neutral mucus and was odorless. Meanwhile, at 18 hours, the mucus content of scad fish fell from 6.13
to 6.87. The mucus parameter of the treatment is considered treatment with the lowest value of 6.13. The mucus
parameter of treatment A was also indicated by the high bacterial count found in the fish, reaching 8.55x106, compared
to other treatments. Mucous could be caused by bacteria. The mucus found in the fish’s skin could be used as a
parameter to determine the freshness level of the scad fish by focusing on the clearness and thickness of the mucus. The
mucus changes were caused by the increasing number of spoilage bacteria activity on the fish after 18 hours (Lougovois
and Kyrana, 2005).

CONCLUSION

Adding bay leaf extracts to preserved scad fish indicated that the total bacterial count was lesser than the Indonesian
National Standard (SNI), of 5x105 CFU/gram, which could inhibit bacterial development by 12 hours. The best result
was with treatment C (7% of bay leaf extract addition), as the concentration at this percentage could inhibit bacteria in
preserved scad fish.
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