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Inhibitory Effect of Lactic Acid and Nisin on
Bacterial Spoilage of Chilled Shrimp

A. R. Shirazinejad, I. Noryati, A. Rosma and I. Darah

Abstract— Lactic acid alone and its combined application with
nisin were evaluated for reducing population of naturally occurring
microorganisms on chilled shrimp. Fresh shrimps were dipped in 0,
1.0% and 2.0% (v/v) lactic acid alone and their combined application
with 0.04 (g/L/kg) nisin solution for 10 min. Total plate counts of
aerobic bacteria (TPCs), Psychrotrophic counts, population of
Pseudomonas spp., H,S producing bacteria and Lactic acid bacteria
(LAB) on shrimps were determined during storage at 4 °C. The
results indicated that total plate counts were 2.91 and 2.63 log CFU/g
higher on untreated shrimps after 7 and 14 days of storage,
respectively, than on shrimps treated with 2.0% lactic acid combined
with 0.04 (g/L/kg) nisin. Both concentrations of lactic acid indicated
significant reduction on Pseudomonas counts during storage, while
2.0% lactic acid combined with nisin indicated the highest reduction.
In addition, H,S producing bacteria were more sensitive to high
concentration of lactic acid combined with nisin during storage.
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I. INTRODUCTION

RGANIC acids seem to be an alternative decontaminant

in fish preservation, like the treatments of meat and
poultry products with lactic acid. Unfortunately, nisin, a
bacteriocin produced by Lactococcus lactis, inhibiting many
Gram-positive food-borne pathogens like Listeria and
Clostridium [1], could not be used alone for fish products
because the initial spoilage flora primarily consists of Gram-
negative (especially Pseudomonas) bacteria. However, several
studies have indicated the effect of nisin on Gram-negative
bacteria in the case of its combined use with other compounds
such as organic acid, ethylenediaminetetraacetic acid (EDTA)
and ethyl alcohol by increasing the rate of nisin penetration
into Gram-negative cell walls [2], [3], [4]. Moreover, nisin
and high hydrostatic pressure alone or combined applications
with lysozyme, lactoferrin and lactoferricin in foods including
egg and poultry, appeared as another meat protection
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alternative [5], [6]. The application of nisin as a food
preservative has been studied extensively [7], [8]. Based upon
its target microorganisms, nisin application falls into one of
three categories: (1) prevent spoilage by sporeforming
bacteria, (2) prevent spoilage by lactic acid bacteria and
related microorganisms or (3) kill or inhibit gram- positive
pathogenic bacteria, e.g., Bacillus cereus, C. botulinum or L.
monocytogenes [9].

The aim of this study was to evaluate the applicability of
lactic acid and nisin alone and their combination to control
population of naturally occurring microorganisms on chilled
shrimp during storage at refrigerator temperature.

II. MATERIALS AND METHODS

A. Sample Preparation and Treatment Application

Freshly caught shrimps (Penaeus merguiensis) were
purchased directly from Penang, Malaysia. They were
transferred immediately to the laboratory in polystyrene boxes
with an appropriate quantity of crushed ice. Withinl hour of
arrival, they were divided into six groups as each contains 1
kg of shrimp (as 0.5-kg sample and 0.5-kg replicate). The
sample to be analyzed for zero time (initial microbial load)
was taken. For alone application shrimps were dipped into 1.0
and 2.0% lactic acid (PURAC, Singapore) and 0.04 mg/L/kg
nisin (Sigma, USA) separately for 10 min at 25 °C. The nisin
solution was prepared by adding 0.04-g nisin into 1-L distilled
water at pH 5.2. For the combined applications of nisin and
lactic acid, shrimps were dipped for 10 min in nisin solutions
which was prepared the same way and then transferred into
the 1.0 and 2% lactic acid solution, respectively. Shrimps
dipped into distilled water were used as control treatments. All
samples were kept in duplicate sterile plastic bags at 4 °C. At
predetermined periods, samples were randomly removed from
the storage bag. Each sampling time, three shrimps from each
group were randomly selected and taken to all analysis.

B. Microbiological Sampling and Analysis

Twenty-five grams of shrimp samples were aseptically
removed from the package and homogenized for 30s with a
Lab blender in 225 ml sterile 0.1% peptone water (Merck,
Germany). 1 ml of primary 1/10 suspension was then
withdrawn and further decimal serial dilutions were prepared
from this homogenate in the same chilled sterile diluents. The
appropriate dilutions were subsequently used for enumeration
and differentiation of microorganisms and particular microbial
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genera in the samples, at each of the pre-determined time
intervals, during refrigerated storage.

1) Aerobic Plate Count
Total plate counts of aerobic bacteria (TPCs) were
determined by inoculating 1 ml of the sample
homogenate, at selected dilutions, onto duplicate sterile
plates of plate count agar (PCA; Merck) using “pour-
plate” method, then the plates were incubated for 48
hrs at 25 °C [10]. The plates showing colony numbers
of 25 to 250 were then selected for counting with a
colony counter. Results were expressed as CFU/g.

2) Psychrotrophic count
Psycrotrophic bacteria (PTCs) were enumerated in a
similar method to that for TPC except that plates were
incubated at 4 °C for 10 days.

3) Pseudomonas count
Pseudomonas were counted on Pseudomonas Agar
Base (CM 0559; Oxoid, UK) supplemented with
cetrimide, fucidin, and cephaloridine (C-F-C)
supplements (SR 0103E; Oxoid) providing a selective
isolation medium for Pseudomonas spp. Colonies were
counted after 48 hrs incubation at 25 °C.

4) Hydrogen sulfide-producing bacteria
H,S-producing organisms were enumerated on Triple
sugar iron agar (Merck, Germany) by spread method.
The plates were incubated at 25 °C for 48 hrs [11]. On
this medium, these bacteria are recovered as black
colonies due to precipitation of ferrous sulfide. Twelve
selected black colonies were isolated, pure cultured,
and then characterized by morphology, Gram reaction,
motility test, catalase and oxidase production.

5) Lactic acid bacterial count
For determination of lactic acid bacteria (LAB), diluted
samples were plated on de Man, Rogosa, and Sharpe
(MRS) agar (Oxiod, UK) and incubated at 30 °C for 3—
5 days in anaerobic jars with GasPak bags for the
generation of an anaerobic medium.

C. Statistical analysis

Statistical analysis was performed using SPSS 15.0 (SPSS
Inc.) 2006 Windows XP. Means were compared with an
analysis of variance (ANOVA) followed by Duncan test to
determine among means at P<0.05 level.

III. RESULTS AND DISCUSSION

A. Total plate counts (TPCs)

The TPC counts in shrimps treated with different solutions
on day one of storage ranged from the highest numbers for
control samples (5.08 log CFU/g) to lowest numbers for 2%
lactic acid combined with nisin treated samples (2.39 log
CFU/g). The reductions of TPC for nisin (N), 1% lactic acid
(1% LA), 1% lactic acid combined with nisin (1% LA+N), 2%
lactic acid (2% LA) and 2% lactic acid combined with nisin
(2% LA+N) were 0.28, 1.22, 2.62, 2.53, and 2.69 log CFU/g
on day 1 respectively, whereas, it was 0.64, 1.64, 2.07, 2.17,
and 2.52 log CFU/g respectively on day 14 of storage (Fig. 1).
This indicated that dipping of the shrimp in the different

treatment solutions resulted in drastic reduction of TPCs on
day 1. However, TPCs in shrimps for all of the different
treatments were still around 4 log CFU/g, while that of control
attained a count of 6.58, which is in close proximity to the
maximal recommended limit of 7 log CFU/g for TPC in raw
fish product [12].

On the other hand the results indicated that nisin alone were
less effective on TPCs growth when compared with lactic acid
(1-2% v/v) alone. However, after 7 days of storage there was a
synergy effect especially for higher concentration of lactic
acid when used in combination with nisin (P<0.05). On the
day 14, TPCs for 2% LA+N treated shrimps was kept around
6.30 log CFU/g whereas the control had reached 8.92 log
CFU/g. Therefore, a reduction of 2.63 log CFU/g in TPC was
obtained with respect to control samples at this point of
storage. Thus, it can be clearly expressed that nisin should be
applied as combined with lactic acid application, rather than
its alone application. This greater inhibition of 2% LA+N may
be due to the lactic acid’s increasing effect of nisin’s
penetration into also Gram-negative bacteria, by decomposing
the Gram-negative cell wall prior to nisin application [13],
[14].
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Fig. 1 Effect of lactic acid and nisin treatments on total aerobic plate
count (TPC) of shrimp during storage at 4 °C

B. Psychrotophic counts

The Gram-negative psychrotrophic bacteria are the major
group of microorganisms responsible for spoilage of
aerobically stored fresh fish products at chilled temperatures
[15]-[11]. In this study, the psychrotophic counts of shrimp
were ranged from not-detectable value (negligible; log CFU/g
<2), in 2%LA+N-dipped samples, to 3.64 log CFU/g in
control samples on day 1. (Fig. 2) Additionally, the growth
pattern of psychrotophic showed same behavior as that of
TPC, with control also being the highest at day 14 (8.95 log
CFU/g), followed by samples treated with Nisin (8.74 log
CFU/g), and 1% LA (7.61 log CFU/g), while lower count
(6.59 log CFU/g) was detected in samples treated with 2%
LA+N. Nisin alone indicate lowest effect on psychrotophic
growth when compared with other treatments, while 2% LA
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and/or 2% LA+N treatments indicate the most effect on
psychrotophic growth. The psychrotrophic population,
however, were relatively higher than TPCs, which was
attributed to the refrigerated storage condition. It should be
noted that refrigeration will restrict the growth of mesophiles,
generally a major component of the initial microflora, and
allow psychrotrophic microorganisms to grow during storage
period and eventually dominate the microflora.

Psychrotrophic counts (Log CFU/fg)
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Fig. 2 Effect of lactic acid and nisin treatments on Psychrotrophic
counts of shrimp during storage at 4 °C

C. Pseudomonas counts

The initial Pseudomonas counts in this study were ranged
from not detectable (2>log CFU/g) in 2% LA+N treated
samples to 2.87 in control samples by the dayl. Pseudomonas
count for 1% LA+N, 2% LA, and 2% LA+N were kept
around 6.90, 6.35, and 6.13 log CFU/g (which is in the limits
of consumption risk), whereas the control had reached 7.99
log CFU/g at the end of the 14™ day. (Fig. 3) More inhibition,
which was made by LA+N combination, indicates a
synergistic effect of lactic acid (epically in higher
concentration) on the effectiveness of nisin, when compared
to applications of lactic acid and nisin alone, which caused
less inhibition on Pseudomonas spp. as the initial spoilage
Gram-negative flora of shrimp.

Under aerobic iced storage, the flora is composed almost
exclusively of Pseudomonas spp. and S. putrifcirn [16], [11].
This is true for all fish and shellfish whether caught or
harvested in temperate or sub-tropical and tropical waters
[17], [18]. Furthermore, Pseudomonas fragi was reported as
the major spoilage organism in tropical shrimps [19].

Counts of Pseudomonas spp. in the early of storage period
are slightly lower than the TPCs and psychrotophic counts
(Fig. 3), indicating the importance of these species in the
spoilage of fresh shrimp examined. This could be interest
since microbial spoilage usually does not take part initially
during the storage. Indeed, the microbial population of fish
products stored aerobically under chilling condition consists
almost exclusively of Pseudomonas spp. and H,S-producing
bacteria (presumably, Shewanella putrefaciens) [15].
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Fig. 3 Effect of lactic acid and nisin treatments on Pseudomonas spp.
counts of shrimp during storage at 4 °C

D. H,S producing counts

The initial H,S producing microorganisms were below the
detection limit (2> log CFU/g) and they start to growth and
colonize after 1 day of storage. (Fig. 4) The species is
sensitive to high concentration of lactic acid combined with
nisin during storage (P< 0.05). Nisin and 1% lactic acid alone
was found in high number of this group of microorganisms.
The development of specific spoilage bacteria in a fish
ecosystem is a result of both environmental conditions and
microbial competition. Therefore, the low count of H,S-
producing bacteria might be the result of inhibition by
Pseudomonas  spp. Actually, it was reported that
Pseudomonas spp. can inhibit the growth of H,S-producing
bacteria (including S. putrefaciens) because of the ability of
the former to produce siderophores, and this interaction can be
the major factor governing the development of spoilage flora
[20].

HZS producing bacteria {Log CFU/E)
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Fig. 4 Effect of lactic acid and nisin treatments on H,S producing
bacteria of shrimp during storage at 4 °C

E. Lactic acid bacteria counts

The initial counts of LAB were below the detection limit (2>
log CFU/g). The count of LAB was lower than the other
bacterial counts determined in this study at the time of
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spoilage. (Fig 5) A final count of 5.41 was reached in control
samples at the end of storage period (day 14), whereas
samples treated with nisin alone application did not attained
significant reduction (P>0.05) in LAB count compared to
other treatments. On the day 14, a significant reduction
(P<0.05) in LAB counts was attained in 1% LA and 2% LA-
treated samples when compared with the control (4.94 and
4.88 versus 5.41, respectively), but these applications showed
less effect when compared with their combinations with nisin
to inhibit LAB growth. Consequently, among all the above
treatments the most effective one is 2% LA+N. Therefore, it
can be clearly expressed that solutions of nisin and LA alone,
were less effective on LAB growth when compared with their
combined application (Fig. 5).
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Fig. 5 Effect of lactic acid and nisin treatments on Lactic acid
bacteria (LAB) counts of shrimp during storage at 4 °C

The low LAB count in this study was expected since lactic
acid bacteria tend to grow slowly at refrigeration temperatures
and are under aerobic condition generally out-competed by
pseudomonas [21]. In contrast, the contribution of LAB as the
major spoiling microorganisms had been reported in fresh
vacuum-packed Atlantic salmon portions stored at 4 °C [22].

It should be noted that the antimicrobial properties of lactic
acid are attributed to the undissociated lactic acid molecule
and to a reduction of pH below the level at which the growth
of many bacteria is inhibited (5). Undissociated weak acids
possess the ability to cross membranes of micro
microorganisms, become dissociated inside the cell and
acidify the cell interior. It has been suggested also that nisin
disrupts membrane activity via pore formation and may have
additional effects on electron transfer chain components [23].
Organic acids and their salts can potentiate the activity of
bacteriocins greatly, whereas acidification enhances the
antibacterial activity of both organic acids and bacteriocins
[24]-[25]. The increase in net charge of bacteriocins at low pH
might facilitate translocation of bacteriocin molecules through
the cell wall. The solubility of bacteriocins may also increase
at lower pH, facilitating diffusion of bacteriocin molecules.
Moreover, the outcome of nisin activity within a food system
depends on numerous factors. Nature of the food, other
preservative hurdles such as heat treatments, low water

activity, modified atmosphere, low temperature, and pH
enhanced activity [26], [27], [28], [29]. For instance, Nisin
works better in liquid or homogenous foods compared to solid
or heterogeneous products because the bacteriocin can be
better and more evenly distributed throughout the food matrix
of the former. There are some considerations for nisin that
need to be concerned e.g. certain food additives should be
avoided in foods preserved with nisin. For example, nisin is
degraded in the presence of sodium metabisulphite that used
as an antioxidant, bleach, antimicrobial, and also in shrimp
processing to prevent of melanosis or black spot [30].

IV. CONCLUSION

This study successfully indicated that the combined
application of lactic acid and nisin would be preferred in
reducing total plate count of aerobic bacteria (TPCs) and
extending the shelf life of shrimps, rather than their alone
application. The growth pattern of psychrotrophic bacteria
showed same behavior as that of TPC. The psychrotrophic
population, however, were relatively higher than TPCs, which
was attributed to the refrigerated storage condition of the
shrimps. In addition, lactic acid (especially in higher
concentration) combined with nisin, indicates a synergistic
effect in inhibition of Pseudomonas spp. as the initial spoilage
flora of shrimp. Similarly, H,S producing microorganisms are
more sensitive to high concentration of lactic acid combined
with nisin during storage.
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