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ABSTRACT
Horse mackerel (Trachurus trachurus, Linnaeus 1758) fillets were inoculated with bacteriocin-like metabolite
producer (Group A) and non-producer (Group B) strains of Pediococcus spp. (7 log CFU g-1), then samples were
vacuum packaged and stored (4°C 10 days-1). pH values did not display differences between the groups (P>0.05).
TVB-N and TMA-N values, total mesophilic and psychrophilic aerobic bacteria counts of all groups (Control, A and
B) increased rapidly (TVB-N: 30.15, 33.86, 34.65 mg 100g-1; TMA-N: 11.63, 13.07, 13.20 mg 100g-1; mesophilic
aerobic bacteria: 6.02, 6.30, 5.94 log CFU g-1; psychrophilic aerobic bacteria: 6.30, 6.24, 6.09 log CFU g-1), and
exceeded the limits at the 2nd day of storage. However, sensory scores of the inoculated samples were higher than
that of the controls during the storage. Sensory qualities of group A and B samples were acceptable until the 6th day,
while control samples spoiled at the 4th day. Therefore, it was concluded that sensory quality of treated samples were
better, but Pediococcus strains used in this study were not proper for preserving horse mackerel fillets especially at
low storage temperatures.
Keywords: Horse mackerel; Fish; Lactic acid bacteria; Pediococcus; Shelf life
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ÖZET
Đstavrit (Trachurus trachurus, Linnaeus 1758) filetoları bakteriosin-benzeri metabolit üreten (A grubu) ve üretmeyen
(B grubu) Pediococcus spp. ile inoküle edilmiş (7 log kob g-1), ve daha sonra vakum paketlenerek depolanmıştır (4°C
10 gün-1). Gruplar arasında pH değerinde önemli farklılık görülmemiştir (P>0.05). Tüm deneme gruplarının
(Kontrol, A, B) TVB-N, TMA-N değerleri ile toplam mezofil ve psikrofil bakteri yükleri hızla artarak (TVB-N:
30.15, 33.86, 34.65 mg 100g-1; TMA-N: 11.63, 13.07, 13.20 mg 100g-1; toplam mezofil aerob bakteri: 6.02, 6.30,
5.94 log kob g-1; toplam psikrofil bakteri: 6.30, 6.24, 6.09 log kob g-1) kabul edilebilir limit değerleri depolamanın 2.
gününde aşmıştır. Ancak inoküle edilmiş grupların duyusal puanları depolama süresince kontrol grubundan daha
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yüksektir. Depolamanın 6. gününe kadar A ve B grupları duyusal bakımdan kabul edilebilirken, kontrol örnekleri 4.
günde bozulmuştur. Böylece inoküle edilmiş örneklerin duyusal bakımdan kontrol grubundan daha iyi olduğu, fakat
kullanılan Pediococcus spp.’un istavrit filetolarının özellikle düşük sıcaklıkta muhafaza edilmesi konusunda yeterli
olmadığı sonucuna varılmıştır.
Anahtar sözcükler: Đstavrit; Balık; Laktik asit bakterisi; Pediococcus; Raf ömrü
© Ankara Üniversitesi Ziraat Fakültesi

1. Introduction
Lactic acid bacteria (LAB) may inhibit the spoilage
bacteria due to the production of a variety of
antimicrobial substances. Bacteriocins, produced by
LAB are biologically active proteins that have
antimicrobial effect. Therefore, bacteriocinproducing LAB is considered as promising natural
preservatives (Aymerich et al 1998; Yin et al 2002).
It is possible to prevent the growth of undesirable
microorganisms on refrigerated fish by inoculation
with lactic acid culture (Kim & Hearnsberger
1994). Using protective cultures maintains additivefree preservation, and biopreservation may provide
an extended shelf life and enhance the safety of fish
using the microflora and/or their antimicrobial
products (Stiles 1996). Lactic acid bacteria may
inhibit growth of undesirable microorganisms by
one or synergism between several mechanisms such
as lowering pH, competition for nutrients,
production of organic acids, hydrogen peroxide, gas
compositions of atmosphere or antimicrobial
compounds such as bacteriocins (Ray & Deaschel
1994; Cosansu & Ayhan 1998; Çakır & Çakmakçı
1998; Karahan & Çakmakçı 1998; Durlu-Ozkaya et
al 2001).
In recent years many researchers have been
focused on bacteriocins produced by LAB due to
their antibacterial activity against food-borne
bacteria (Soomro et al 2002). Comparing with
antibiotics, the most important advantage of
bacteriocins is their digestion in human intestine
system due to their peptide structure. Thus, the
ingestion of these compounds will not affect
digestive tract ecology, and also will not cause risks
related to the use of antibiotics (Bromberg et al
2004). The members of genus Pediococcus, which
has a large group of lactic acid bacteria, are
commonly used for fermentation of meat and
vegetables. Bacteriocin producing Pediococcus
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strains are shown as good candidates not only for
food processing, but also for preservation of fresh
and processed foods (Pederson 1949; Chikindas et
al 1993). Conditions of treatment with LAB are
important to maintain shelf life extension, but there
is a lack of knowledge and there are very limited
publications on the effect of lactic acid bacteria on
the shelf life of refrigerated fish (Kim &
Hearnsberger 1994; Kim et al 1995). For fish
products the use of lactic acid bacteria is still
relatively unexploited according to Jeppesen &
Huss (1993).
Horse mackerel was chosen as material in this
study since it is a common fish in Mediterranean
Sea (Gogus & Kolasarıcı 1992) and it is one of the
fish species mostly caught in Turkish marine
waters. The amount of catch has been reported as
20 373 tons in 2009 (Tuik 2009). Therefore, the aim
of this study was to determine the effect of a
bacteriocin-like metabolite producer and a nonproducer strain of Pediococcus on the sensory,
microbiological and chemical quality of vacuum
packed horse mackerel during the storage at 4±1oC.

2. Materials and Methods
2.1. Materials
Horse mackerel (Trachurus trachurus, Linnaeus
1758) samples were purchased from wholesale fish
market in Istanbul. Samples were transferred to
laboratory in cooled conditions and used in the
same day. Pediococcus spp. cultures, which were
originally isolated from fermented sausages
(Cosansu et al 2007), were obtained from culture
collection of Ankara University, Engineering
Faculty, Department of Food Engineering. The
strain Pediococcus sp. 13 sp. has been shown as a
bacteriocin producer in a recent study by Altuntaş
et al (2010).
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2.2. Preparation of bacterial inoculums
Pediococcus sp. 13 (Bac+) and Pediococcus sp. 1
(Bac-) were maintained in MRS Broth (Merck,
Darmstadt, Germany) contained 15% glycerol at 40oC. Pediococcus strains, propagated twice in
MRS Broth at 30°C for 24 h, were inoculated in to
100 ml MRS Broth at the level of 2% and incubated
at 30°C for 24 h. After incubation, the cultures were
centrifuged at 5000 rpm in a Centro mix centrifuge
(Selecta, Barcelona, Spain) for 10 minutes at 4°C,
supernatants were removed and the pellets were
washed with sterile peptone water (0.1%).
Following washing, the supernatants were
discarded and the pellets were resuspended in the
flasks contained 100 ml sterile peptone water
(0.1%). These solutions were used for inoculation
of horse mackerel fillets.
2.3. Treatment of horse mackerel fillets by
Pediococcus strains
Horse mackerels were headed, eviscerated, and
filleted. Samples were divided into three groups and
first group was separated as control. The second
group (group A) was inoculated with Pediococcus
sp. 13 (Bac+) and the third group (group B) with
Pediococcus sp. 1 (Bac-). Inoculation level was 107
log CFU g-1. For inoculation, the inoculum was
sprayed from a 10 cm-distance to one side of each
fillet and spread with sterile bent glass rod.
Inoculated fillets were left to stand separately at
4°C for 15 minutes for inoculums attachment. The
same procedure was repeated for the other side of
each fillet. For all groups (Control, A and B), two
fillets were inserted into vacuum bags (suitable for
vacuum packaging, thickness 90 micron, oxygen
permeability 160 cc m-2 day-1, moisture
permeability 8.50 cc m-2 day-1, Polinas, Istanbul,
Turkey), sealed using vacuum packaging machine
(Komet, Germany), and stored at 4±1°C for 10
days. On each sampling day (0, 2, 4, 6, 8, and 10th)
the contents of two packages from each group were
mixed and analyzed. Chemical and microbiological
analyses were carried out for 4 times for each group
on each sampling day and all the study was
conducted as two replicates.
2.4. Microbiological, sensorial and chemical
analyses

Samples of 10 g from each group were placed in
sterile plastic bags, mixed with 90 ml of peptone
water (0.1%) and homogenized for 120 s at 8.0
strokes s-1 (IUL Masticator, Spain) for
microbiological analyses. Appropriate serial
dilutions were made in 0.1% peptone water and
plated by spreading 0.1 ml on duplicate plates of
Plate Count Agar (PCA, Merck, Darmstadt,
Germany) for total aerobic mesophilic (30°C, 48 h)
and total psychrophilic (7°C, 10 days) counts.
Lactic acid bacteria were enumerated by pour
plating 1 ml sample using MRS agar (Merck,
Darmstadt, Germany) and after solidification a
second layer of MRS Agar was poured onto plates
to create microaerobic conditions. Then, the plates
were incubated at 30°C for 48 h. After incubation,
the colonies were counted manually and counts
were expressed as log CFU g-1.
For the sensory analysis texture, smell,
appearance, and taste (cooked) of the samples were
evaluated by five judges experienced to estimate
fish quality. The mean of these criteria was used for
the sensory evaluation. Three was the highest point
for the panel testing and the one point was the limit
of acceptability (Ozden et al 2007). pH was
measured with Hanna 211 microprocessor pH meter
(Vyncke 1981). For TVB-N and TMA-N analyses
the method described by Schormüller (1968) was
used. The study was duplicated; mean values and
standard deviations were presented in the
manuscript and in the tables. Statistical analyses
were carried out according to Sümbüloğlu &
Sümbüloğlu (2002) and ANOVA-test was
performed. Standard errors were mentioned in the
tables. Differences between the treatments were
evaluated (P<0.05) and shown in the tables.

3. Results and Discussion
In this study sensory scores of the inoculated
samples were not different than treated ones
(P>0.05) at the beginning of storage (Table 1).
However, treatment with lactic acid bacteria tended
to be higher in sensory scores at the later stages of
cold storage. Similarly, Leroi et al (1996) found no
important sensory improvement for smoked salmon
inoculated with lactic acid bacteria, while the
sensory properties of inoculated slices became
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significantly better than the control, during the
storage period. In another study, shelf life of lactic
acid-added chub mackerels has been reported as 12
days, while not-treated control samples spoiled at
the 9th day (Metin et al 2001).
In our study, for the pH values there were no
significant differences among the groups (P=0.841)
during storage (Table 1). Similar to our result,
Djenane et al (2005) studied on the effect of lactic
acid bacteria on the shelf life of beef steaks and
reported no significant difference (P>0.05) between
the control and inoculated samples for pH during
the storage.
It is known that total volatile bases (TVB-N) are
present in even very fresh fish. Likewise, the TVBN content of the samples was approximately 15 mg
100 g-1 at the beginning of storage in this study.
Total volatile bases nitrogen value of 35 mg 100 g-1
is regarded as the acceptability limit for seafood
(Schormüller 1968; Ludorff & Meyer 1973). In our
study, all samples were below this limit until the 2nd
day, while they were above 50 mg 100 g-1 at the 4th
day of storage (Table 2). During the storage, TVBN values increased rapidly in all groups, not
correlated to sensory results, thus did not indicate
the spoilage. Similarly, Leroi et al (1996) studied
the effect of lactic acid bacteria on the shelf life of
smoked salmon. They reported no difference
between TVB-N values of control and treated
samples (P=0.881), while the sensory scores of
treated samples were better. Therefore, they have
mentioned TVB-N as a poor spoilage indicator.
In marine fish, trimethylamine oxide (TMA-O)
found in large amount and it is decomposed to
trimethylamine (TMA-N) by endogenous and
bacterial enzymes (Ashie et al 1996). Different
limit values for TMA-N were reported in various
literatures. It was reported as 5–10 mg 100 g-1 by
Sikorski et al (1990), 8 mg 100 g-1 by Varlik et al
(1993), and 10–15 mg 100 g-1 by Connell (1980).
Mol et al (2007) reported TMA-N content of cold
stored (4°C) horse mackerels as 5 mg 100 g-1 at the
beginning of storage, similar to that of our study.
This value reached to 17.58 mg 100 g-1 on the 2nd
day and it was over 30 mg 100 g-1 at the rest of
storage. Likewise, TMA-N values were above 10
mg 100 g-1 after the 2nd day of storage in our study
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(Table 2), and there were no significant differences
(P= 0.734) between TMA-N values of the groups.
Similarly, Leroi et al (1996) reported TMA-N as a
poor spoilage indicator since there was no
difference between control and LAB-inoculated
samples, even sensory scores were different.
The activity of microorganisms is important on
fish spoilage and therefore enumeration of total
viable counts is usually used to estimate quality of
fish (Olafsdottir et al 1997). It was also reported
that, psychrophilic aerobic bacteria are generally
responsible for the spoilage of cold-stored foods
(Mol et al 2007). Leroi et al (1996) inoculated
vacuum-packed cold smoked salmon with lactic
acid bacteria and reported no great difference
between controls and treated samples for
microbiological parameters. Similar to this finding,
there were not significant differences between the
control and treated groups for total mesophilic (P=
0.876) and psychrophilic (P=0.975) aerobic bacteria
counts in presented study. As it was shown in Table
3, total mesophilic and psychrophilic aerobic
bacteria counts increased in all groups during the
storage. However, sensory scores of control and
treated samples were not in parallel with microbial
counts as it was also reported by Leroi et al (1996).
In another study, Kim & Hearnsberger (1994)
treated catfish fillets with sodium acetate and or
potassium sorbate with or without lactic culture.
They reported that, samples were still marketable
while they contain high amounts of gram negative
bacteria at the further stages of storage.
Lactic acid bacteria (Pediococcus sp13/Bac+ for
group A and Pediococcus sp1/Bac- for group B)
were inoculated on to fish fillets at the level of 7 log
CFU g-1 in our study. This inoculation level was
chosen because high inoculum levels (6-9 log CFU
g-1) are needed for protective effect. Lactic acid
bacteria counts of treated groups remained almost
stable during the ten-day storage and their amounts
were significantly higher (P<0.05) than control
group which has natural LAB load about 3-4 log
CFU g-1 (data not shown). Likewise, LAB count of
vacuum-packed cold smoked salmon remained at
their level of inoculation during the four-week
storage period at 4°C (Leroi et al 1996). Similarly
Tanaka et al (1980) found that L. plantarum did not
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Table 1-Sensory evaluation and pH of horse mackerel samples during cold (4°°C) storage (Mean±
±SEM)
Çizelge 1-Đstavrit örneklerinin soğuk (4°C) depolanması sırasındaki duyusal ve pH değerleri (Ortalama±SEM)
Days
0
2
4
6
8
10
Mean
P values
Treatment (T)
Days (D)
T×D

Sensory*
A (Bac+)

Control
2.20±0.11
1.68±0.06
0.94±0.12
0.72±0.08
0.59±0.04
0.28±0.09
1.06±0.30

2.25±0.02
1.98±0.06
1.44±0.13
0.90±0.07
0.86±0.11
0.59±0.06
1.33±0.27

B (Bac-)
2.22±0.05
2.03±0.16
1.31±0.17
0.82±0.08
0.65±0.09
0.54±0.05
1.26±0.30

Mean
a

2.22±0.02
1.89±0.11 a
1.23±0.15 b
0.81±0.05 bc
0.70±0.08 c
0.47±0.09 c

Control

pH
A (Bac+)

B (Bac-)

6.42±0.03
6.44±0.08
6.82±0.03
6.78±0.01
6.83±0.04
6.84±0.05
6.73±0.05

6.41±0.03
6.56±0.02
6.82±0.01
6.83±0.02
6.80±0.04
6.81±0.00
6.70±0.02

6.44±0.03
6.57±0.01
6.82±0.01
6.82±0.01
6.74±0.05
6.82±0.01
6.71±0.02

0.797
0.000
0.659

Mean
6.42±0.02 a
6.52±0.03 a
6.82±0.09 b
6.81±0.08 b
6.81±0.02 b
6.83±0.08 b

0.841
0.000
0.929

*= Extra Quality ≥2:7; A Quality 2.0 ≤A<2:7; B Quality 1.0≤B<2:0; Unacceptable C<1.0
a-c

: In the same column means with different letters are significantly different (P≤0.05)

Table 2-TVB-N and TMA-N values (mg/100 g) during cold (4°°C) storage (Mean±
±SEM)
Çizelge 2-Soğuk (4°°C) depolama sırasındaki TVB-N ve TMA-N (mg/100g) değerleri (Ortalama ±SEM)
Days
0
2
4
6
8
10

Control

TVB-N, mg 100 g-1
A (Bac+)
B (Bac-)

15.77±1.73
30.15±2.79
55.35±1.23
63.89±0.63
66.93±0.66
63.33±0.88
49.23±2.88

15.51±1.72
33.86±2.12
54.24±1.11
60.56±0.82
61.67±0.73
60.05±1.27
47.49±2.61

15.65±1.73
34.65±0.55
55.12±2.53
60.84±0.85
65.45±1.32
64.96±1.32
49.16±2.81

TMA-N, mg 100 g-1
Control
A (Bac+) B (Bac-)

Mean
15.64±0.95 a
32.88±1.23 b
54.90±0.91 c
61.76±0.53 d
64.68±0.70 e
62.78±0.78de

5.34±0.24
11.63±0.23
13.69±0.19
13.59±0.21
13.25±0.36
13.92±0.30
11.63±0.56

Mean
P values
Treatment (T)
0.881
Days (D)
0.000
0.557
T×D
a-e:
In the same column means with different letters are significantly different (P≤0.05)

5.34±0.24
13.07±0.35
13.65±0.21
13.49±0.16
13.49±0.31
13.69±0.33
11.89±0.55

5.31±0.23
13.20±1.82
13.64±0.21
13.74±0.12
12.93±1.24
13.61±0.25
12.31±0.72

Mean
5.34±0.13 a
12.63±0.75 b
13.66±0.11 b
13.61±0.09 b
13.22±1.39 b
13.74±0.14 b

0.734
0.000
0.965

Table 3-Total mesophilic and psychrophilic bacteria counts (log CFU g-1) during cold ( 4°°C) storage
(Mean±
±SD)
Çizelge 3-Soğuk (4°°C) depolama sırasındaki toplam mezofilik ve psikrofilik bakteri (log CFU g -1 ) sayıları
(Ortalama ±SEM)
Days
0
2
4
6
8
10
Mean
P values
Treatment (T)
Days (D)
T×D
a- d

Mesophilic bacteria, log CFU g-1
Control
A (Bac+) B (Bac-) Mean
5.38±0.11
6.02±0.20
6.07±0.12
6.58±0.21
7.05±0.26
6.49±0.20
6.35±0.11

5.01±0.12
6.30±0.18
6.47±0.27
6.88±0.26
7.10±0.28
6.81±0.13
6.43±0.13

5.29±0.22
5.94±0.11
6.56±0.29
6.77±0.28
6.94±0.25
6.72±0.13
6.37±0.12

5.22±0.09 a
6.06±0.10 b
6.36±0.14 b
6.74±0.14 c
7.03±0.15 c
6.84±0.09 c

Psychrophilic bacteria, log CFU g-1
Control A (Bac+) B (Bac-)
Mean
5.67±0.20
6.30±0.30
6.58±0.27
6.95±0.28
7.35±0.22
7.44±0.17
6.71±0.13

5.75±0.19
6.24±0.24
6.64±0.27
6.99±0.23
7.42±0.18
7.48±0.13
6.75±0.15

0.876
0.000
0.925

5.47±0.28
6.09±0.24
6.81±0.32
6.94±0.29
7.45±0.19
7.53±0.16
6.71±0.12

5.63±0.13 a
6.21±0.14 b
6.68±0.16 c
6.96±0.15 c
7.41±0.11 d
7.48±0.09 d

0.975
0.000
1.000

: In the same column means with different letters are significantly different (P≤0.05)
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grow at 4°C but survived for 21 days in meat.
In this study one of the strains (Pediococcus sp
13) used for the samples of group A was a
bacteriocin-like metabolite producer and the other
was non-producer (Cosansu et al 2007). However,
as it was shown in Table 3, there was almost no
difference between the groups for total mesophilic
and psychrophilic aerobic bacteria counts. It could
be mentioned that these strains was not capable to
produce antimicrobial metabolites such as
bacteriocins or lactic acid at these conditions. It is
known that incubation temperature is one of the
main factors that influence the bacteriocin
production rate and also their activity (Rodgers
2001). Besides, Kotzekidou & Bloukas (1996)
underlined the importance of selecting the type of
protective culture regarding its antimicrobial agent
production ability during cold storage and the
specific characteristics of product. Leroi et al
(1996) inoculated cold smoked salmon with lactic
acid bacteria and found no important difference
between microbiological and chemical parameters
of control and treated samples. Djenane et al (2005)
found higher effect of LAB at 25°C than that of at
lower temperatures. It is also mentioned that using
LAB as preservative and/or bioprotector could be
useful especially at abuse temperatures (Scott &
Taylor 1981; Signorini et al 2006; Wessels & Huss
1996).
Einarsson & Lauzon (1995) treated shrimps with
various bacteriocins from lactic acid bacteria and
reported shelf life extension except carnocin UI49.
Total mesophilic and psychotropic bacteria and
MRS counts of the samples treated with carnocin
UI49 were not different than those of controls at
4.5°C. Some foods may have inhibitory effect
towards bacteriocins and thus reduce or eliminate
their efficiency (Ganzle et al 1999). Therefore it
was mentioned that LAB as protective cultures
were less effective in foods than in vitro conditions
(Budde et al 2003). Djenane et al (2006) studied the
effect of LAB on shelf life of CO2-packed beef
steak’s microbial flora and found no significant
alteration of meat quality characteristics. Kışla &
Ünlütürk (2004) studied the microbial shelf life of
rainbow trout treated with lactic acid culture and
lactic acid. They reported the initial load of gram-
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negative bacteria as 4.55 log CFU g-1 and
psychrophilic bacteria as 4.89 log CFU g-1. These
values have been reported as 4.42 and 5.29 log CFU
g-1 (P>0.05), respectively after the treatment with
lactic culture. However, the count of gram-negative
bacteria was 3.41 log CFU g-1 and it was 4.39 log
CFU g-1 for psychotropic bacteria (P<0.05) in lactic
acid dipped samples. They mentioned that the
dipping of rainbow trout fillets into a lactic culture
did not prolonged the shelf life due to the low
inoculum level and type of lactic culture used.
Metin et al (2001) mentioned that lactic acid
increased the shelf life of chub mackerel at 4°C.
Similarly, Signorini et al (2006) suggested lactic
acid as the most efficient treatment for controlling
spoilage populations. However, effect of treatment
with lactic acid bacteria considered as an additional
factor parallel to other preservation methods.

4. Conclusions
Ineffectiveness of both LAB strains used in this
study could be attributed to low storage
temperature.
In
other
words,
inoculated
Pediococcus strains survived well on the surface of
horse mackerel samples, but could not produce
enough antimicrobial metabolites such as lactic
acid, hydrogen peroxide and bacteriocin to inhibit
spoilage flora.
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