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Abstract

Short mackerel (Rastrelliger brachysoma) is a common fish consumed in Malaysia. The
high protein content of fish makes it prone to contamination with bacteria, including
Listeria monocytogenes. Therefore, the objective of this study is to control the growth of
L. monocytogenes by marinating short mackerel with turmeric-salt and storing at various
temperatures. The short mackerel was treated with 70% of ethanol before marinating with
turmeric-salt in a ratio (1:1). The short mackerel were inoculated with a concentration of
10 CFU/mL of L. monocytogenes and was stored at 0, 5, 10, 15, 20, and 25°C for 21
days. The total microbial count and L. monocytogenes count were determined for every
three days from O days to 21 days. The growth of L. monocytogenes in marinated
mackerel was from 4.30 log CFU/g (0 days at 0 °C) to 5.22 log CFU/g (0 days at 25 °C).
While the total of L. monocytogenes counts in non-marinated (control), short mackerel
increased significantly based on temperature and time from 4.98 log CFU/g (0 days at 0
°C) to 6.22 log CFU/g (0 days at 25 °C). These results indicated that the growth of L.
monocytogenes in the presence of turmeric-salt slowed compared with the non-marinated
product, although the growth of L. monocytogenes was gradually increased throughout 21
days of storage. There was a significant difference (p<0.05) in the growth of L.
monocytogenes with the storage temperature. In conclusion, the turmeric-salt marination
has the potential to slow the growth of L. monocytogenes in short mackerel by
approximately 0.07 log CFU/g - 2.81 log CFU/g of log reduction.

1. Introduction

The exposure

of foodborne

general population (Buchanan et al., 2017). Since L.
monocytogenes responsible for human foodborne and

pathogens  to . o) pathogen, many studies focusing on farm

environmental and preservation stresses can improve the
safety of food products. Listeria monocytogenes is a
common foodborne pathogen (Chen et al., 2017).
Listeria is a small microorganism (0.5 um diameter and
only about 1 to 2 um in length). It is a regular Gram-
positive rod with rounded ends. Usually, Listeria cell is
found as single cells or short chains and does not
produce spores and capsules. The genus Listeria is
composed of six species which are Listeria grayii,
Listeria innocua, Listeria ivanovii, Listeria seeligeri and
Listeria welshimeri. These five species are generally non
-pathogenic (Fallah et al., 2013). They are aerobic to
facultative anaerobic psychrotrophic bacteria with low
C+G content and high mortality rate (Jamali et al.,
2015). L. monocytogenes is widely distributed through
the environment with a high frequency of isolation in
foods but relatively low incidence of listeriosis in the
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environments and food processing (Ryser, 1957).
Listeriosis is a potentially fatal disease that exhibits the
symptoms of abortion, neonatal death, septicemia and
meningitis (Chen et al., 2017). It can easily affect a
pregnant woman, immunocompromised individuals, and
newborn babies. There are many listeriosis outbreaks
reported. In the previous study, 35 persons infected with
this foodborne in the United States from December 2014
to January 2015 (Gurresch et al, 2016). It can be
transmitted to humans by direct contact with infected
animals during calving or lambing and the consumption
of contaminated food. WHO concluded that foodborne
listeriosis predominantly transmitted by nonzoonotic
means. L. monocytogenes is an environmental organism
whose primary route to humans is via food contaminated
during production. It also being isolated from many
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environments including, water, soil, sewage, vegetation,
animal feeds, farm environments, soil and food
processing environments (Ryser, 1957). Based on a
study conducted by (Wieczorek and Osek, 2017) among
301 samples of fresh and smoked fish tested, about 57
(18.9%) were positive for L. monocytogenes. There have
been many major outbreaks happened in the US and
Europe involving the consumption of food that was
contaminated with L. monocytogenes. Steps need to be
implemented to prevent and control listeriosis outbreaks
(Chen et al., 2017).

Fish is one of the most perishable food products.
According to Pal et al. (2016), a number about 22,000
species of fish started to evolve from 480 million years
ago (Pal et al., 2016). Numbers, colours, shapes, and
sizes of fishes differ depending on their habitats. Gram
and Dalgaard, (2002), reported that there is only a little
amount of carbohydrate in fish, in contrary, it contains a
high amount of free amino acids. The spoilage that
happened from the fresh fish usually from the monitoring
and controlling of storage temperature (Giannakourou et
al., 2005). Fishes are classified in the cold-blooded
aquatic vertebrates of the super-class Pisces because of
the typically showing gills, fins, and streamLine body
(Pal et al., 2016), (Han et al., 2017). Previous research
work reported that Malaysian consumed as much as one
and medium fish per day, thus denoted it as our essential
food. Generally, fishes are known as nutritious, safe and
give benefit to human, but as usual, the aquaculture
products are also associated with certain food safety
issues (Pal et al., 2016).

To date, there is various type of fishes available in
the market. Rastrelliger brachysoma is a scientific name
for short mackerel. It is from a family of Scrombidae and
genus Rastrelliger. There are three species in this genus
which are short mackerel (Rastrelliger brachysoma),
Indian mackerel (Rastrelliger kanagurta) and Island
mackerel (Rastrelliger faughni) (Basheer et al., 2015).
These three species represent the essential fisheries
resources in Southern Asian and Indo Pacific countries.
It is known as an essential commercial small pelagic fish
species migratory fish (oceanodromous). Consumers
have a high preference for this species due to its
availability and affordable price. Short mackerel
available in Southeast Asia countries, including
Malaysia, Cambodia, Indonesia, Thailand, and the
Philippines (Tan et al., 2017).

Marination is a process that is used mainly for
flavouring and at the same time, it also could slow down
bacterial and enzymatic activity. It also provides
structural changes, tenderness and textural changes with
a prolonged shelf life (Siavash Maktabi et al., 2016).
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Commonly, marination is used in the poultry industry,
which increases raw yield at the processing plant
(Nieminen et al., 2012). Marination can be applied by
injecting, soaking, and tumbling with an aqueous
solution that contains distinct ingredients (Vlahova-
Vangelova and Dragoev, 2014). Some previous studies
have been done focusing on seafood marinating by using
holy basil, paper garlic (Maktabi ef al., 2015), rosemary
extract, yoghurt, tomato sauce, and spices. Nowadays,
many other constituents being added in the food human
eat such as synthetic preservatives, colourants, and
antioxidants in order to extend the shelf life of the food
(Siavash Maktabi et al., 2016). Marination of fish using
turmeric and salt is common in Malaysia, it gives an
excellent flavour and gains the public interest on
developed this fish marinade with turmeric and salt as a
semi preserved and ready to cook fish for consumers as
the short mackerel had a high demand in the market.
Beside of flavouring purposes, the effect of turmeric-salt
marination in inhibiting the microorganisms is still
unknown. Therefore, the objective of this study was to
determine the effect of the turmeric-salt marination for
short mackerel on total microbial and L. monocytogenes
count at various storage temperature.

2. Materials and methods
2.1 Sample preparation

Short mackerel (Rastrelliger brachysoma) was
purchased from a local market in Pasar Seri Serdang,
Selangor, Malaysia, and kept in the icebox to maintain
the temperature at 4 to 6°C and brought to the laboratory
at Universiti Putra Malaysia. The time interval from the
market to the laboratory was around 20 mins. The
samples were washed and cleaned by removing the gut,
head, and tail. The samples were weighed and measured
to get the exact weight and length. The fillets were
measured using a ruler to get the same measurement, 8
cm x 4 cm (25 g). The samples were dipped into 70%
ethanol to remove the background microflora for about 1
minute. The treatment with 70% EtOH for 60 s reduced
the population of natural microorganisms by
approximately 1 log CFU/g (Ukuku and Fett, 2002).
After that, the samples were put under laminar flow for 1
hour to dry the ethanol residue (Bourdoux et al., 2018).
Then, the samples were placed in a sterile stomacher bag
(Bag filter, Interscience, France) and inoculated with L.
monocytogenes by using micropipettes for 100 pL. The
treatments used in this study was marinating the short
mackerel with turmeric and salt. After inoculation, all
bags were hand-shaken for 1 min to disperse the
bacterial cells.
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2.2 Experimental design

Short mackerel were divided into two groups which
consist of control and treatment. For treatment, the
sodium chloride crystal was added with the commercial
turmeric powder in the sample bag contained with short
mackerel. The part of short mackerel used in this
experiment were the fillets. In order to assess the effect
of marinating on L. monocytogenes, the experiment was
arranged in a factorial design (Ekhtiarzadeh et al., 2012).
This design included one level of turmeric + salt (1:1),
six storage temperatures (0, 5, 10, 15, 20 and 25°C) as an
isothermal condition, and repeated examinations for
growth (microbial count) in marinated and non-
marinated short mackerel at eight intervals (0, 3, 6, 9, 12,
15, 18, and 21 days). All experiments were conducted in
independent triplicate. The samples were taken at
appropriate time intervals to allow for an efficient kinetic
analysis of microbial growth (Zhang et al., 2011). The
fillets experimented every three days for 21 days under
the same temperature.

2.3 Microbiological analysis
2.3.1 Bacterial strains and preparation of inoculum

One strain of L. monocytogenes ATCC 19112 was
used in this study. ATCC 19112 strains are part of the
products from a company headquartered in St. Cloud,
Minnesota, USA. This strain was isolated from the spinal
fluid of man in Scotland. Before used, the strains stored
on -80°C, were revived in 10 mL of Brain Heart Infusion
(BHI, Oxoid, England) for 24 hrs at 37°C. After 24 hrs,
the strains were streaked on Tryptic Soya Agar (TSA,
Oxoid, England). One colony was taken from the
selective medium, and TSA slants were inoculated and
incubated for 24 hrs at 37°C. These working cultures
were stored at 4°C for up to 1 month (Li et al., 2016).
The bacterial cells were separated from BHI by triple
centrifugation at 6000 rpm for 5 mins. During the last
two centrifuge runs, the supernatants were removed, and
10 mL peptone water was added. Dilutions of L.
monocytogenes cultures (OD gyonm = 0.1) were prepared
in 0.1% (w/v) peptone water (PW, Oxoid, England). The
bacterial count was determined by the optical density
(OD) method at 600 nm, a population of 1 x 10% cells/mL
(according to the pre-test, 0.1 — 0.08 OD was equal to (1
x 10® cells/mL) (Abdollahzadeh et al., 2016).

2.3.2 Total microbial count

The samples were retrieved in a sterile stomacher
bag (Bag filter, Interscience, France) and diluted with
1:10 in peptone water (PW, Oxoid, England) followed by
2 mins stomaching. After homogenization, serial
dilutions (6 dilutions per sample) were performed, and
the sample was spread plated (2 plates per dilution, 0.1
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mL spread plated) on Plate Count Agar (PCA, Oxoid,
England) at 37°C for 48-72 hrs.

2.3.3 Listeria monocytogenes count

The samples were retrieved in a sterile stomacher
bag (Bag filter, Interscience, France) and diluted with
1:10 in peptone water (PW, Oxoid, England) followed by
2 min stomaching. After homogenization, serial dilutions
(6 dilutions per sample) were performed, and the sample
was spread plated (2 plates per dilution, 0.1 mL spread
plated) on PALCAM agar (PALCAM, Oxoid, England).
The incubation was performed at 37°C for 48 hrs for L.
monocytogenes (Hystead et al., 2013).

2.4 Physicochemical analysis
2.4.1 pH determination

For pH determination, 5 g of marinated and non-
marinated short mackerel was stomached for 2 mins and
transferred into a plastic centrifuge tube. The pH of the
sample was measured with a Corning pH meter.
Determinations of pH were performed in triplicate at
room temperature.

2.4.2 Water activity determination

For water activity determination, the water activity
(aw) of marinated and non-marinated short mackerel was
measured by using a water activity meter.
Determinations of a,, were also performed in triplicate at
room temperature.

2.5 Statistical analysis

The data was collected and calculated with the
program EXCEL from Microsoft Office 2017. The
obtained data were statistically analyzed using
MINITAB. All experiments were performed in triplicate
on separation time, and the results are expressed as
averages for each experiment. All error bars showed in
the figures represent the standard deviation above and
below the mean.

3. Results and discussion

3.1 Total microbial count of marinated and non-
marinated short mackerel at different storage
temperature and time

The growth of microbial count depends on the
environment, whether temperature, pH, water activity
and others. Temperature is essential in fresh fish because
the temperature determines the rate of microbial activity
(Giannakourou et al., 2005). Fish can associate with two
types of bacteria pathogen which were non-indigenous
(Clostridium  botulinum, monocytogenes,
Staphylococcus aureus, Salmonella species, Shigella
species, Escherichia coli, etc.) and indigenous (Vibrio

Listeria
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species, Aeromonas species, etc.). Short mackerel
contains high water contains and some microorganisms
can grow upon storage and through handling the fish
(Eze et al., 2011). The enzymatic, and chemical reactions
normally contribute to the initial loss of freshness and for
the spoilage and products, shelf life is from microbial
activity (Pal et al., 2016).

Based on Table 1 it shows the growth of microbial
count in non-marinated short mackerel for 21 days in six
different temperature in every three days. As in Table 1
shows that at temperature 0°C there were no significant
differences from O days until 18 days but there was a
significant difference at 0 day and 21 days which were
log 4.87 CFU/g and log 6.86 CFU/g respectively. The
maximum growth for the microbial count was at 25°C
for 18 days which log 9.41 CFU/g. Microbial growth
occurs due to environmental factors such as pH,
temperature and water activity. The concentrations of
specific spoilage organisms were lower at 0 days but
then increased throughout the storage (Giannakourou et
al., 2005). The rate of microbial activity was determined
by temperature, and it is known as the primary source of
spoilage for the fresh stage of the distribution chain, it
produces a quality loss for the product (Giannakourou et
al., 2005). Few studies discussed the foodborne

pathogens in specific foods that contained L.
monocytogenes from imported beef, local beef and
fermented fish (Hayadi, 2011). Based on the observation
of non-marinated short mackerel, there were some
visible spots with white mould, unpleasant smell, and the
short mackerel turn watery because of the moisture from
the short mackerel itself. The quality of the fish is
defined as the rate of degradation through
microbiological, chemical and physical forms of
deterioration (Caldera, 2013).

Table 2 shows the growth of microbial count in
marinated short mackerel from 0 days until 21 days.
There was no significant difference for temperature 0°C
and 10°C throughout 21 days. The maximum growth of
microbial count for 0°C was log 5.62 at 18 days.
According to a study stated, these methods, including
preservation by biological which is biopreservation, and
the marinating process does not eliminate microbial
growth but only slow down the growth (Fallah et al.,
2013). The maximum growth of microbial count in
marinated short mackerel was log 8.45 CFU/g at 18 days
for 25°C. The difference between the growth of
microbial count in non-marinated and marinated was
rather visible because the growth was lower when the
short mackerel was marinated with turmeric and salt. In

Table 1. Total microbial count of non-marinated short mackerel at different storage temperature (0, 5, 10, 15, 20 and 25°C) for

21 days

Incubation Temperature

Time (day) 0 5 10 15 20 25
0 4.8740.67°"  5.18+0.86 **  5.09+0.59**  6.17£0.16 *  6.08£0.014 %" 6.27+0.21 *
3 4.94+0.61°  6.23+0.47 ¢ 6.26£0.34 B¢ 7.93£0.60 *  6.65+0.67 “*B  7.25+0.043 B
6 5.03+0.35"%  6.56£0.96 " 7.21+0.89 **  8.21+0.73 "*  7.23+0.92 " 8.19+0.26 A
9 5.4440.49 ¢ 7.1241.04 B¢ 7.59+0.62 " 9.22+0.15*  7.99+0.51 ***AB  8.55+0.50 AP
12 5.63£0.43 ¢ 7.50+1.14*®  7.61+0.42 %"  922+0.12**  8.60+0.61 B 9.12+0.43 4B
15 6.27+1.17 ™8 7.69+1.18 "B 7.85+0.47 **®  9.26+0.13**  8.97+0.55**  9.37+0.059 **
18 6.63+0.54 ¢ 7.70+1.11 *¢  7.45£0.70°°  9.27+0.18 **®  9.25+0.27 **®  9.41+0.15**
21 6.86+£0.51 % 7.7120.64 "*¢  7.82+0.39 €  9.06+0.09 ***  8.78+0.4 B 9.34+0.37 A

Values with the same lower-case superscript letters in each column are not significantly different (P>0.05). Values with the

different upper-case superscript letters in the same row are significantly different (P<0.05).

Table 2. Total microbial count of marinated (turmeric-salt, 1:1) short mackerel at different storage temperature (0, 5, 10, 15, 20

and 25°C) for 21 days

Incubation Temperature

Time (day) 0 5 10 15 20 25
0 5.16£0.31 **  4.82+0.62°  5.33+0.78**  5.17+0.36°*  5.44+0.050 * = 5.55+0.25
3 4.58+0.68 **  5.43+0.63 ™ 5.38+0.89  5.61+0.80 ™  6.18+0.70 "4 5.84+0.40 A
6 4.90+0.25*  5.1940.11 ™ 5.84+1.12*  6.11+1.21 ™ 6.92+0.45 "  6.58+0.83 **A
9 4.9140.17%°  5.2540.09 P 6.00+0.81 **P  6.49+0.63 ®ABC 7.18+0.17 B 7.42+0.70 A
12 5.16£0.26 °C  5.35+0.06 B¢ 5.16+0.21*C  6.24+0.10 %  7.65+0.51 **  8.00+0.51 **
15 5.45+0.37*®  6.18+0.95*%  6.33+1.35*F  6.68+0.62 ™"  7.89+0.46 "  8.09+0.25 *
18 5.6240.51 %" 6.12+0.11 P 5.64+1.05°°  7.09+0.14 **¢  8.16+0.15 "  8.45+0.051 **
21 5204031 6.20£0.012 B¢ 6.1240.73 B¢ 7.2240.15*8  7.44+0.60 ™ = 8.24+0.25**

Values with the same lower-case superscript letters in each column are not significantly different (P>0.05). Values with the

different upper-case superscript letters in the same row are significantly different (P<0.05).
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order to produce a safe, hygienic product that has a
reasonable shelf life and acceptable to the consumer,
there must be a variety of processing and preservation
methods used (Ryser, 1957).

3.2 Log reduction of total microbial count in marinated
short mackerel at different storage temperature and time

Table 3 shows the log reduction for the total
microbial count in marinated short mackerel for 21 days.
The log reduction from 0 days until 21 days show an
increment for 0°C and 20°C respectively. Marinating
with turmeric and salt can reduce the total population of
microbial count in short mackerel. The highest reduction
for the total microbial count was 2.98 log CFU/g. For
temperatures 5°C, 10°C and 15°C, it presented the
increment until day 12, but after that, the total log
reduction was decreased. It is because there was
contamination during the process of marinating and
handling the short mackerel. Also, the ingredient used
for marinade consists of turmeric which has antioxidant
effect and salt that support the marinade (Maktabi et al.,
2016). The growth of bacteria in short mackerel was
considered as an essential factor to the spoilage. As the
initial number of bacteria in the fish was about 3.0 to 4.0
log CFU/g. This was proved in a study by Maktabi ef al.
(2016) that found out that the microbial load decreased
after the shrimps were marinated.

3.3 Listeria monocytogenes count of marinated and non-
marinated short mackerel at different temperature and
time

One of the studies stated that L. monocytogenes
contaminated in water could reach enough numbers to
generate human infections (Ryser, 1957). The probability
of the L. monocytogenes to contaminate water was
probable and L. monocytogenes-contaminated water
might play as an indirect source of human infections
from marine or freshwater fish or seafood harvested and
stored for extended times under refrigeration (Ryser,
1957). Table 4 tabulates the growth of L. monocytogenes
in non-marinated short mackerel for different
temperature in 21 days. Based on Table 4, there were no
significant differences from 0 days to 21 days at the
temperature 0°C, 5°C, 10°C, and 25°C, but for
temperature 15°C and 20°C with the different day there
were significant differences from 0 days to 3, 6, 9, 12,
and 15 days. There is a vast amount of literature on the
characteristics of L. monocytogenes as a psychotropic
microorganism, and it can grow under minimum growth
temperature (Fallah ez al., 2013). As observed in Table 4,
it shows some increment in the growth of L.
monocytogenes at 0°C from log 4.98 CFU/g to log 5.22
CFU/g. L. monocytogenes have the ability to grow in the
refrigerated temperature range (0.5-3°C) (Novotny et al.,
2004; Fallah et al., 2013). The growth of L.
monocytogenes in non-marinated short mackerel versus
temperature and incubation day had a p-value less than

Table 3. The total of log reduction for the total microbial count in marinated short mackerel at different storage temperature (0,

5, 10, 15, 20 and 25°C) for 21 days

Incubation Time (days)

Temperature (°C)

0 3 6 9 12 15 18 21
0.31 0.36 0.14 0.53 0.47 0.82 1.01 1.66

0.36 0.8 1.37 1.85 2.15 1.5 1.58 1.51

10 -0.24 0.88 1.36 1.59 2.45 1.51 1.81 1.7
15 0.99 2.32 2.1 2.72 2.98 2.58 2.18 1.85
20 0.64 0.47 0.31 0.81 0.95 1.08 1.1 1.34
25 0.73 1.41 1.62 1.14 1.11 1.28 0.96 1.11

Table 4. Listeria monocytogenes count of non-marinated short mackerel at different storage temperature (0, 5, 10, 15, 20 and 25°

C) for 21 days

Incubation Temperature

Time (day) 0 5 10 15 20 25
0 498+1.13*  5.07+0.88**  4.68+0.83*  6.17+0.19°*  6.16+0.091 **  6.22+0.18 **
3 4.5240.54 % 5.60+1.06 B¢ 541+1.43 B¢ 7.7840.53 **  6.63+£0.70 B¢ 6.96+0.47 P
6 479+0.79 % 5.68+1.07**®  6.83+1.20 ™8  7.74+0.71 **  7.42+0.20 "  7.23140.17 *
9 4.96+0.66 ®  5.76+0.68 B 6.29+1.68 B 7.89+0.53 **  7.83+0.43 ™  7.56+0.36 **
12 5.30+0.66 ®  6.41+1.06 *®  6.84+0.84 B 7.64+0.52**  7.5140.53 **  7.56+0.68 **
15 453+033 % 6.79+0.50 **  6.79+1.04*  7.69+£0.15%  7.61+0.49 ®*  7.79+0.43 **
18 5.30+0.068 *®  6.93+0.53 B 6.56+1.10 *®  7.54+0.60 **  8.16+0.34**  7.48+0.82 **
21 5224024 *  6.88+0.63**  6.91+0.48 **  7.02+0.58 ™  7.23+1.28 ™  7.16+0.99 *

Values with the same lower-case superscript letters in each column are not significantly different (P>0.05). Values with the
different upper-case superscript letters in the same row are significantly different (P<0.05).
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0.05, which mean there was a significant difference.

Based on Table 4 the maximum growth of L.
monocytogenes in non-marinated short mackerel was log
8.16 CFU/g at 20°C for 18 days and the minimum
growth of L. monocytogenes in non-marinated short
mackerel was log 4.52 CFU/g at 0°C for three days. At
temperature 0°C, the growth of L. monocytogenes was
increased but slower because the growth was suppressed.
The capability of L. monocytogenes that can grow at low
temperatures raises the risk of food infection (Tang et
al., 2013). The trend for the growth of L. monocytogenes
was unbalanced because L. monocytogenes need to adapt
to the temperature.

The growth of L. monocytogenes in the Table 5
shows there was no significant differences for
temperature 0°C, 5°C, 10°C and 15°C and as for 20°C
and 25°C there were significant differences for different
days. At temperature 20°C only 0, 9, 12, and 18 days had
significant differences. The p-value for the growth of L.
monocytogenes  versus incubation time and the
temperature was 0.011, which was below than 0.05. The
maximum growth for L. monocytogenes in marinated
short mackerel was Log 7.19 CFU/g at 20°C for nine
days. There was a difference in the growth of L.
monocytogenes in marinated and non-marinated short
mackerel which seen that the growth of L.
monocytogenes in marinated lower than in non-
marinated short mackerel. The growth was affected by

the turmeric, which contains curcumin that reacts as
antioxidant, antibacterial, antifungal and antiviral
activities (Abdollahzadeh et al., 2014). Based on Ryser
(1957), L. monocytogenes is different from another
foodborne pathogen because it can tolerate (up till 20%)
salt concentrations and can multiply over a wide range of
temperatures (1 to 45°C), also can adapt to the stress
situation.

3.4 Log reduction of Listeria monocytogenes in
marinated short mackerel at different temperature and
time

The initial reduction in L. monocytogenes count
observed according to the marinades with turmeric and
salt. According to a study from Maktabi et al. (2016), the
log reduction of L. monocytogenes in marinated short
mackerel was calculated by subtracting the growth of
marinated short mackerel with non-marinated short
mackerel. Table 6 presents the highest log reduction for
L. monocytogenes was 2.81 log CFU/g at 5°C for 21
days. Hence, marinated with turmeric and salt can reduce
the growth of L. monocytogenes count in short mackerel
from 0.07 log CFU/g until 2.81 log CFU/g. During the
whole incubation time, at 0°C, the log reduction was not
so high. L. monocytogenes turn out to survive longer
under environmental conditions focusing on the ability
of L. monocytogenes to colonize, multiply and remain in
the food processing environment and food processing
equipment (Ryser, 1957). Salt and pH work as a control

Table 5. Listeria monocytogenes count of a marinated (turmeric-salt, 1:1) short mackerel at different storage temperature (0, 5,

10, 15, 20 and 25°C) for 21 days

Incubation Temperature

Time (day) 0 5 10 15 20 25
0 4374079 % 4.04+0.11°*  4.71+1.22*  538+0.10**  5.28+0.065°*  5.21+0.24
3 4444046 4.76+0.88 %  4.45+1.12*  5.60+£0.69 **  5.74+0.68 **  5.53+0.46 **
6 4.04+£022 "8  426+0.04® 52241558 593+1.02*F  6.41+0.12 " 5.29+0.023 B
9 4.13£0.14 %€ 4.53+0.34 B¢ 4.93+1.34*BC  6.25+0.77 "  7.19+£0.099 **  7.12+0.10 **
12 425+0.13°¢  4.61+0.42 "¢ 4.89+0.57 ¢ 6.02+£0.96 “*®  7.10+0.14**  6.78+0.49 **
15 4.1940.36 % 4.75+1.14*®  511+1.65*® 5224021 " 6.94+0.51 ™  6.53+0.21 B
18 43240598 42740.69®  4.67+0.90 % 5.68+0.57 B 7.07+0.65**  6.15+0.74 AP
21 4.15+0.11 "8 4.06£0.59 *®  4.50+0.68 **B  5.67+0.091 **B  6.29+1.28 ®*  6.17+0.41 A

Values with the same lower-case superscript letters in each column are not significantly different (P>0.05). Values with the
different upper-case superscript letters in the same row are significantly different (P<0.05).

Table 6. The total of log reduction for Listeria monocytogenes count in marinated short mackerel at different storage temperature

(0, 5,10, 15, 20 and 25°C) for 21 days

Incubation Time (days)

Temperature (°C)

0 3 6 9 12 15 18 21

0.61 0.07 0.75 0.83 1.05 0.34 0.97 1.07

5 1.02 0.85 1.41 1.23 1.80 2.04 2.66 2.81
10 -0.03 0.96 1.61 1.35 1.95 1.68 1.89 2.41
15 0.79 2.19 1.80 1.63 1.62 2.47 1.85 1.35
20 0.88 0.89 1.01 0.64 0.41 0.66 1.09 0.94
25 1.01 1.43 1.94 0.44 0.78 1.26 1.33 0.99
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towards the growth and survival of L. monocytogenes.

3.5 pH and water activity of marinated and non-
marinated short mackerel

The initial pH in fresh fish usually in neutral range
but along the experiment, the pH increased because of
the decomposition of the nitrogenous compound during
storage (Table 7). This can be observed in Maktabi
(2016) when the pH was increased the product loss
quality. According to Caldera (2013), the concentration
of SSOs are low at the beginning, but during the storage,
their growth was faster compared to other
microorganisms and produced metabolites and enzymes
to cause spoilage. The quality of the fish is must be
maintained from catching the fish until the storage of the

4. Conclusion

In conclusion, the study shows that the marination
using turmeric-salt for short mackerel results in slower
the growth of Listeria monocytogenes compared to the
non-marinated short mackerel. Storage at a lower
temperature, 0 and 5°C were also determined could assist
in reducing the L. monocytogenes growth.
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