
Effect of lactic acid and lysozyme on river fish
fillets during cold storage

LIEN LE PHUONG NGUYEN1,2p

1 Institute of Food Science and Technology, Hungarian University of Agriculture and Life Sciences, 1118
Budapest, Hungary
2 Institute of Biotechnology and Food Technology, Industrial University of Ho Chi Minh City, Ho Chi
Minh, Viet Nam

CONFERENCE FULL PAPER

Received: June 11, 2021 • Accepted: August 12, 2021

Published online: August 31, 2021

© 2021 The Author(s)

ABSTRACT

Presented work evaluated how quality of catfish fillets is affected by treatments using lactic acid or lyso-
zyme in combination with chlorine. Fish fillets without skin were consecutively immersed and washed in
100 ppm chlorine solution and sprayed with 2.5% lactic acid or 0.5% lysozyme solution. Control samples
were only washed with water at the same time. Samples were stored at 2 8C for 10 days in vacuum
packaging. Parameters of pH, firmness, surface color and microbial cell counts (cfu/g) were measured on
the 1st, 4th, 7th and 10th days. Especially the latter had high importance from the point of view of food
safety. Catfish fillets shown decreased survival of microorganisms as a result of treatment. Lysozyme and
lactic acid achieved 1.8 and 2.4 log cfu/g reduction, respectively. Lower cell counts were observed for all
treated samples compared to control during 10 days. Chlorine in combination with lactic acid achieved the
best efficiency. The results are promising and suggest that combined treatment is able to improve safety by
controlling microorganisms on fish fillets during cold storage.
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INTRODUCTION

Channel catfish (Ictalurus punctatus) is a popular freshwater fish providing key animal proteins
for humans (Orban et al., 2008). In addition, catfish is also a vital source of minerals, vitamins,
fatty acids and essential supplement for child growth and adult health (Ahmed et al., 2015).
Besides the health benefits, fish has been involved in foodborne diseases due to microbial
contamination (Kim and Marshall, 2001). Studies proved that fishes are continuously exposed in
nature to a wide range of microorganisms, particularly in water and their feed (Ringø and
Gatesoupe, 1998). Additionally, minimally processed food might be infected in the supply chain
as well (Hasani et al., 2020; Kim and Marshall, 2001). According to recent studies in the topic,
there is high demand for standard protocols preventing severe contamination and maintaining
quality as long as possible (Nogueira et al., 2019; Park et al., 2017). Bonilla et al. (2018) suc-
cessfully used 0.5% chitosan solution with 1% acetic acid to prolong microbiological shelf life of
refrigerated catfish fillet. Lactic acid, 2% solution, and Lactococcus lactis spp. cremoris culture
were found to suppress gram-negative bacteria on catfish fillet surface alone and in combination
as well (Kim et al., 1995). Collagen-lysozyme was found to be effective in suppressing bacteria on
salmon (Wang et al., 2017). Lysozyme, 0.5% solution, was able to reduce surface spoilage of carp
(Palot�as et al., 2020).

Therefore, the aim of this study was to investigate the effect of the combination of chlorine
with lysozyme or lactic acid in decreasing microorganisms on catfish fillets during storage.

MATERIALS AND METHODS

Materials

Channel catfish (I. punctatus) were bought from a local catfish plant. On the same day, catfish
were deboned and skinned. Fillets of catfish cut into 700–800 g pieces were immersed and
washed in 100 ppm chlorine solution for 60 s, followed by 2.5% lactic acid or 0.5% lysozyme
solution treatment as spray on the surface. Chlorine from electrolyzed water of 280 ppm solution
(Fishmarket Kft., Buda€ors, Hungary) was diluted for treatment. Chlorine concentration was
tested by instrument (Hanna Instrument, HI93701-0, Romania). Lysozyme stock solution was
diluted with distilled water to obtain 0.5% concentration. Treatment was performed at 20 8C.
Control samples were washed only with tap water. Samples were stored at 2 8C with ice flakes for
10 d using vacuum packaging made of 90 mm thick polypropylene foil.

Measurements

Measurements were carried out on the 1st, 4th, 7th and 10th days. Three packages of each group were
removed from the fridge to analyze the quality indices of catfish fillets for each storage interval.

Surface color. Surface color of catfish was measured with a handheld Minolta Chroma Meter
CR-400 (Minolta Corporation, Osaka, Japan). Standard CIE L*, a* and b* color characteristics
were determined at three points on each fillet following Dam et al. (2020a, 2020b).

Drip loss. The drip loss from fillets was determined by the amount of liquid accumulated in
the packages at each storage interval and calculated as the weight of liquid in the packages
divided by initial weight of catfish fillets multiplied by 100.
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Firmness. Firmness of fillet was determined by the maximum force required to penetrate
each slice, using Stable Micro System TA-XT Plus, UK. All fillet slices were punctured at 6
locations to a depth of 15mm using a B2mm round-surfaced cylindrical probe with 2mm s�1

speed. The average of those six measurements was considered as one replicate. Results were
expressed as N.

pH. pH of samples was measured at three points on each piece with a portable pH meter
(Testo 206-pH1) by touching the electrode directly to the catfish fillet surface. Average pH
values were reported from triplicate readings of each piece.

Microbiological analysis. Microbiological tests were carried out on day 0 (after treatment),
and on the 1st, 4th, 7th, 9th and 10th days. Fish fillets were blended for 2min and appropriate
serial dilutions were plated on agar media according to Kim et al. (1995). Total viable counts
(TVC) were determined following the standard procedure of ISO 4833-1:2013 after 72 h in-
cubation on plate count agar at 30 8C.

Statistical analysis

The software of IBM SPSS Statistics (IBM Inc, USA) was used to perform analysis of variances
(ANOVA). Tukey’s post-hoc test was applied to compare groups with P < 0.05 significance level.
Data are reported on charts with mean and standard deviation.

RESULTS

The surface pH of catfish fillets increased during the 10 d storage period. The pH value of fish
samples treated with chlorine-lactic acid was lower than that of chlorine-lysozyme and control
groups, probably due to the effect of lactic acid (Fig. 1). This observation is likely the result of
production of alkaline substances of endogenous enzymes and bacteria, such as ammonia and
trimethylamine (Cao et al., 2021).
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Fig. 1. pH of catfish fillet during storage
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The firmness of catfish fillets declined during 10 d of storage (Fig. 2). The control had the
lowest value in firmness compared to other treatments. However, no significant effect of
treatment was observed on firmness.

The drip loss of fish fillets increased throughout storage. Drip loss is consisting of loosely
bound water and soluble substances, as a result of ruptured structure, protein degradation and
rigor state (Cao et al., 2021). No significant difference was observed among samples. Drip loss
was approximately 2.7% at the end of the experiment (Fig. 3).

The surface color of catfish fillets changed during storage (data not shown). Samples treated
with lactic acid were lighter than the other samples (Fig. 4).

Treatment with lactic acid had negative effect on sensory attributes, lactic acid caused flesh
discoloration. This was coincident with a previous report (Marshall and Kim, 1996).
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Fig. 2. Firmness of catfish fillet during storage
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Fig. 3. Drip loss of catfish fillet during storage

140 Progress in Agricultural Engineering Sciences 17 (2021) S1, 137–143

Unauthenticated | Downloaded 12/06/21 11:01 AM UTC



Figure 5 showed that chlorine-lysozyme and chlorine-lactic acid had benefit in controlling
the level of microorganisms on fish fillets during storage. Treatment with chlorine-lysozyme and
chlorine-lactic acid reduced the contamination by 1.8 log cfu g�1 and 2.4 log cfu g�1, respec-
tively, compared to control.

At the end of the experiment, the differences between treatments were still significant. Fish
treated with chlorine-lactic acid had the lowest number of microorganisms, compared to
chlorine-lysozyme and control group. Lactic acid was effective in reducing the initial counts and
growth of microorganisms during storage. This was in agreement with earlier reports (Kim et al.,
1995; Kim and Marshall, 2001; Verhaegh et al., 1996).
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Fig. 4. Lp value of catfish fillet during storage
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Fig. 5. Total viable counts of catfish fillet during storage
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CONCLUSION

The results of this study indicated that chlorine-lactic acid or chlorine-lysozyme treatment could
maintain the quality of catfish fillets during cold storage. There was no significant difference in
drip loss and firmness between treated samples and control. The surface color of fish fillet
treated with lactic acid became lighter. However, treatment with chlorine-lactic acid or chlorine-
lysozyme benefited decreased microbial contamination of catfish fillets.
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