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Abstract
Fish is an indispensable source of protein, omega-3 fatty acids, and critical nutrients. However, its 
quick perishable characteristics demand a proper storage strategy to extend shelf life. Refrigeration 
is one of the earliest methods of storage where temperature is maintained between 2 °C and 5 °C. 
Temperatures below 5 °C significantly regulate microbial growth and spoilage in most food products, but 
psychrotrophs thrive at these temperatures. Thus, it is essential to thoroughly identify and understand 
the development patterns of specific spoilage bacteria (SSB). The study aims to evaluate the impact of 
SSB activity on rohu quality assessed under refrigeration over 11 days. The study observations identified 
Aeromonas hydrophila as SSB. Also, observed bacterial load was found to correlate directly with spoilage 
parameters such as TMA, TVBN, PV, FFA, and TBARS, confirming the relationship between bacterial load 
and the progression of spoilage. Next, the role of SSB in fish spoilage was validated through controlled 
SSB inoculation experiments. Here, refrigerated rohu spoiled faster than the control groups, indicating 
the bacteria responsible for the deterioration of refrigerated rohu. Furthermore, the predominance of 
A. hydrophila over other microbes confirms its role as the primary SSB. Thus, monitoring and controlling 
SSB is crucial for understanding its growth dynamics, which assists in developing targeted strategies 
and effective control measures to preserve the organoleptic qualities of refrigerated products.
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INTRODUCTION 

 Fish is a vital source of protein, omega-3 
fatty acids, and essential elements. However, fish 
are highly perishable and demand quick storage 
for shelf-life extension. Additionally, appropriate 
storage is crucial to maintain its freshness, safety, 
and nutritional integrity for an extended period. 
Refrigeration is one of the earliest methods of 
storage where temperature is maintained between 
0 °C and 5 °C. Its origins can be traced to ancient 
traditions involving the utilization of ice and snow. 
In the 18th century, mechanical refrigeration 
developed, progressing into contemporary systems 
by the 20th century. Today, it is a widely accessible 
system that has transformed food preservation 
worldwide. Temperatures below 5 °C significantly 
regulate microbial growth and spoilage in 
most food products.1,2 Owing to the impact of 
refrigeration on fresh food in extending shelf-life, 
the US Food and Drug Administration (FDA) and 
the European Union (EU) strongly recommend 
maintaining a temperature range of 0 °C to 4 °C to 
prevent the growth of microbes that influence the 
product’s integrity.3,4 Rohu (Labeo rohita), is a 
popular freshwater fish in India known for its 
flavor and nutritional value. However, given its high 
moisture and nutrition levels, it is quite perishable, 
rendering it vulnerable to microbial growth and 
subsequent deterioration. Generally, refrigeration 
at 0 °C to 5 °C can extend its shelf life up to 15 days,5 
while freezing at -18 °C or lower can preserve it 
for up to 30 days.6 Further, modern techniques 
like vacuum packaging and modified atmosphere 
packaging enhance storage efficiency beyond 
30 days. Despite the effectiveness of modern 
techniques and freezing systems, their high 
equipment costs present significant challenges for 
many users. Consequently, refrigeration remains 
a more economically viable option for small and 
medium-scale entrepreneurs, offering a practical 
balance between cost and preservation efficiency.
 Microbial growth is a major concern 
during refrigeration and is influenced by multiple 
factors, including harvesting conditions, handling 
practices, duration, and moisture content of 
the fish. Refrigerated stored fish are susceptible 
to deterioration due to microbial activity, 
enzymatic reactions, and oxidation, which 
influence the organoleptic characteristics of the 

stored product. Previous studies indicated that 
refrigeration, even at low temperatures, facilitates 
the growth of bacteria, molds, and yeasts.7,8 
Therefore, understanding the characteristics of 
fish deterioration during refrigeration is crucial, 
particularly for freshwater fish with high moisture 
content, as they are more prone to rapid spoilage 
and microbial growth. Microbial growth during 
refrigeration includes specific spoilage bacteria 
(SSBs), which are initially a small fraction of the 
microbiota. The term “specific” highlights the 
unique adaption of the microbe to thrive and 
cause spoilage. Unlike general microbes, SSBs 
exhibit selectivity in their ability to proliferate 
at low temperatures and tend to act as the 
major drivers of spoilage in refrigerated food.9,10 
SSB dominates the degradation process as 
their metabolites promote the breakdown of 
proteins, lipids, and carbohydrates, resulting in 
texture, flavor, and odor alterations. SSBs were 
reported as early as the 1990s, with bacteria 
such as Pseudomonas and Shewanella identified 
as dominant spoilage bacteria in refrigerated 
fish, particularly under anaerobic conditions.11 
Later, further investigations laid the foundation 
for SSB microbial growth rates and spoilage 
patterns at refrigeration temperatures. However, 
most of the investigations were inconclusive. 
Therefore, it is essential to thoroughly identify 
and understand the development patterns of SSB, 
particularly in developing countries like India. This 
understanding is crucial for preparing strategies 
and implementing effective control measures 
that ensure the organoleptic characteristics of the 
stored products. 
 Refrigeration retains freshness but does 
not kill bacteria or stop enzymatic activity.12 For 
instance, hydrolysis occurs 3-4 times faster at 
room temperature compared to 0 °C. While lower 
temperatures significantly slow microbial growth, 
psychrotrophic bacteria can still survive and 
eventually cause spoilage. Previous reports suggest 
that fresh fish stored at lower temperatures were 
appear to be dominated by Pseudomonas spp. and 
Shewanella spp.13 Similarly, multiple investigations 
demonstrated the presence of Yersinia spp., 
Aeromonas spp., and Bacillus cereus in various 
fish products stored at 4 °C.14-17 These observations 
highlight the ability of psychrotrophic pathogens 
to persist and potentially proliferate under chilled 
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storage conditions. Despite these challenges, in 
this age of increasing urbanization and global 
food trade, refrigeration ensures that consumers 
have access to fresh, high-quality fish, even in 
regions far from the source of catch. Furthermore, 
Advances in refrigeration technology, packaging 
innovations, and natural preservatives can help 
enhance storage efficiency and safety. Specifically, 
the development of biodegradable packaging 
films embedded with nanoencapsulated natural 
antimicrobials specifically targeting SSB. These 
cutting-edge materials contribute to extending 
shelf life and reducing spoilage during extended 
storage period. Thus, investigation on SSB will 
help us to overcome the challenges posed by 
psychrotrophs. Furthermore, continued research 
is essential to address emerging pathogens and 
improve the efficiency and reliability of cold chain 
logistics. Therefore, the study aims to identify SSB 
in refrigerated Rohu (2 to 5 °C), one of the widely 
distributed Indian Major Carps (IMC) and a major 
aquaculture species, over a storage period of 11 
days.

MATERIALS AND METHODS

Statement of ethics
 All procedures involving the handling 
and sampling of live Labeo rohita (rohu) were 
performed in strict accordance with institutional 
guidelines for the care and use of aquatic animals 
in research. The experimental protocol was 
reviewed and approved by the Central Institute 
of Fisheries Education, Mumbai. Efforts were 
made to minimize stress and discomfort to the 
fish throughout the study, and humane endpoints 
were employed, as necessary.

Experimental design
 The study comprised two independent 
segments, each intended to achieve specific 
goals. The first phase of the study focused on 
identifying SSB by systematically observing the 
alterations in the bacterial population linked 
to spoiling in fresh rohu over 11 days under 
refrigeration storage conditions. The objective of 
the first phase was achieved by analyzing microbial 
growth and characterizing the bacteria sampled at 
different storage intervals, along with biochemical 
evaluations to assess the spoilage characteristics. 

Here, bacteria that showed a steady increase in 
their population during the storage period and 
subsequently emerged as the dominant species 
by the end of the storage duration were identified 
as SSB. In the next phase, the role of the identified 
SSB in fish spoilage was validated through 
targeted experiments aimed at confirming their 
contribution to the deterioration of fish quality 
under refrigerated storage conditions. Specifically, 
identified SSB was inoculated into refrigerated 
stored fish samples. Then, the SSB growth was 
assessed compared to other microbial populations 
in the inoculated group and to a control group, 
where fish were stored under identical conditions 
without the introduction of SSB. The study design 
is schematically illustrated in Figure 1.

Sample collection and storage conditions
 Live rohu were purchased from a local 
fish market in Nalasopara, Mumbai, India. All 
necessary precautions were taken to ensure 
the purchase of high-quality fish with minimal 
handling to preserve their freshness and integrity. 
Upon arrival at the laboratory, the fish were 
stunned, washed, packed in a thermal box, and 
refrigerated for up to 11 days. Samples were 
collected on days 0 (day of purchase), 1, 2, 4, 7, 9, 
and 11 for sensory, chemical, and microbiological 
analysis to assess changes over time. In the second 
phase, fish were stored in similar conditions with 
103 CFU/gm of identified SSB. Later, samples were 
collected on days 0, 1, 2, 4, 7, 9, and 11 to evaluate 
the impact of SSB on microbial growth and spoilage 
pattern by measuring the Trimethylamine (TMA), 
Total volatile basic nitrogen (TVBN), Peroxide value 
(PV), Free fatty acid (FFA), and Thiobarbituric acid 
reactive substances (TBARS). 

Identification of SSB
 As reported earlier, microorganisms were 
isolated from samples collected at predetermined 
intervals with minor modifications.18,19 Tissue 
samples from stored fish were homogenized 
with a physiological saline solution. The resultant 
suspension was serially diluted, spread on agar 
plates, and incubated at 37 °C for 24 h. Total 
plate count (TPC) was performed as outlined in 
earlier reports.20 All the counts were expressed 
as colony-forming units (CFU) per gram. A total of 
35 representative colonies were selected over the 
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Figure 1. Schematic representation of study design. The first phase identified specific spoilage bacteria (SSB) by 
monitoring bacterial changes in refrigerated rohu over 11 days. Bacteria that were consistently observed and 
dominated by the end of storage were classified as SSB. The second phase validated SSB role in spoilage by inoculating 
SSB into refrigerated fish samples and comparing their growth to other microbes and a control group without SSB

11 days of refrigerated storage, with the following 
distribution: 8 colonies on day 0, 7 colonies on day 
1, 6 colonies on day 2, 5 colonies each on days 4 
and 7, 3 colonies on day 9, and 1 colony on day 
11. These colonies were thoroughly evaluated 
for shape, color, size, transparency, and other 
morphological characteristics. Additionally, their 
contribution to the overall bacterial population 
was calculated. Besides, selected colonies were 
subjected to biochemical testing, including Gram 
staining, catalase test, oxidation test, urease test, 
oxidative-fermentative (OF) test, triple sugar 
iron (TSI) test, amino acid (AA) decarboxylation 
test, and sugar fermentation tests, to facilitate 
bacterial classification. All biochemical tests 
were conducted as described in prior reports.21-24 
Additionally, proteolytic and lipolytic assays were 
conducted to further elucidate the properties 
observed in microbes. 

Measurement of spoilage characteristics
 Sensory evaluation was performed 
using a 9-point scale of hedonic sensory scores to 
understand consumer acceptance and preferences. 
Here, scores range from 1 to 9 to measure the 
degree of likability of a product. A score of 9 
represents the highest level of preference, while 
8 reflects higher preference, and 7 corresponds 
to moderate preference. On the other hand, the 
lowest scores, like 2, indicate dislike very much, 
and 1 indicates extreme dislike, suggesting the 
lowest level of preference. The biochemical 
characteristics, including pH, Trimethylamine 
(TMA),25,26 Total Volatile Basic Nitrogen (TVB-N),27 
Peroxide value (PV),28 Free fatty acids (FFA),29 
and thiobarbituric acid (TBA)30 were assessed to 
measure the spoilage process.
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Extraction of genomic DNA and PCR amplification
 Genomic DNA from the bacterial cultures 
was extracted using the lysate method using 
TE buffer with minor modifications.31 Here, a 
loopful of the culture was mixed with TE buffer, 
vortexed thoroughly, and boiled at 98 °C for 
10 min. The resulting mixture was centrifuged 
at 12000 rpm for 10 min using a refrigerated 
centrifuge to separate the supernatant containing 
DNA fragments and stored at -80 °C. Next, DNA 
was amplified with indicated primers. Primers 
used in the investigation are as follows: Forward 
5’-AGAGTTTGATCCTGGCTCAG-3' and Reverse 
5’-TACGGTTACCTTGTTACGACTT-3'. PCR conditions 
for amplification included an initial denaturation 
at 95 °C for 5 min, followed by 35 cycles of 
denaturation at 95 °C for 30 sec, annealing at 56 
°C for 45 sec, elongation at 72 °C for 1 min, and a 
final elongation at 72 °C for 10 min. Amplification 
was performed with a thermal cycler (Applied 
Biosystems, USA). The amplified products were 
visualized by adding 1 µl of tracking dye and 
captured using a Bio-Rad Gel Documentation 
System (Bio-Rad Gel Documentation System, USA).

DNA purification and sequencing
 The PCR product was purified using 
the Gene JET Gel Extraction Kit (Thermo 
Fisher Scientific, India) per the manufacturer’s 
instructions. Briefly, 90 µl of DNA sample was 
added to the purification columns provided in 
the Kit, followed by the addition of binding buffer 
to facilitate DNA binding to the column matrix, 
and the mixture was centrifuged with SLM-MCF-
14K centrifuge (GeNei, India). Next, the reaction 
column was washed and DNA was eluted using 
the elution buffer. This purified DNA was sent 
to Eurofins Laboratory, Bangalore, India, for 
sequencing. The obtained DNA sequences (FASTA 
format) were processed by trimming low-quality 
regions and aligning them using bioinformatics 
tools to ensure accuracy. The processed sequences 
were compared against reference databases, 
such as NCBI BLAST, to identify closely related 
species. The highest similarity between the 
obtained sequence and the reference sequence 
was considered the correct identification of the 
bacteria.

Figure 2. Spoilage indicators during refrigeration of Rohu. (A) pH, (B) Levels of TMA, (C) Lev-els of TVBN, (D) PV, 
(E) FFA, and (F) TBARS. Data are presented as mean ± SEM (n = 3, * p < 0.05 vs. Day 0; # p < 0.05 vs. Day 2,4,7, 
9). TMA, Trimethylamine; TVBN, Total Volatile Basic Nitrogen; PV, Peroxide value; FFA, Free fatty acids; TBARS, 
Thiobarbituric Acid Reactive Substances
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Statistical analysis
 All statistical calculations and graphical 
illustrations were done with Origin application 
(OriginLab, MA, USA). Data are shown as the 
mean ± SD. One-way analysis of variance (ANOVA) 
with Tukey’s post-hoc test was used for multiple 
comparisons. The threshold for statistical 
significance was set at p < 0.05.

RESULTS

 Phase I – Bacterial profiling, identification 
of SSB and spoilage indicators

Identification SSB
 Screening SSB during refrigeration is 
essential for food safety and quality. Identification 

Table 1. Microbial growth in phase I of refrigerated Labeo rohita (rohu)

Sampling  TPC count Dilution  Biochemically  Contribution 
day CFU/g factor identified genus (%)

0 168 × 103 -1 Aeromonas spp. 25
   Shigella spp. 13.69
   Bacillus spp. 20.83
   Shewanella spp. 23.80
   Yersinia spp. 16.66
1 275 × 103 -1 Aeromonas spp. 23.63
   Shigella spp. 13.81
   Bacillus spp. 17.45
   Shewanella spp. 16.72
   Yersinia spp. 15.27
   Pseudomonas spp. 8.36
   Acinetobacter spp. 4.72
2 27.5 × 105 -2 Aeromonas spp. 28
   Shigella spp. 12.72
   Bacillus spp. 17.81
   Shewanella spp. 16.36
   Yersinia spp. 12.36
   Pseudomonas spp. 9.09
   Acinetobacter spp. 3.63
4 21.9 × 105 -3 Aeromonas spp. 38.35
   Shigella spp. 13.2
   Bacillus spp. 20.54
   Shewanella spp. 5.93
   Yersinia spp. 10.04
   Pseudomonas spp. 10.04
   Acinetobacter spp. 1.82
7 2.07 × 109 -4 Aeromonas spp. 58.45
   Shigella spp. 11.11
   Bacillus spp. 20.77
   Yersinia spp. 6.28
   Pseudomonas spp. 3.38
9 2.39 × 109 -4 Aeromonas spp. 89.53
   Shigella spp. 5.85
   Bacillus spp. 4.60
11 2.25 × 109 -5 Aeromonas spp. 92.88
   Shigella spp. 3.11
   Bacillus spp. 4
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facilitates the optimization of storage conditions 
and the prediction of deterioration rates, thereby 
determining the maximum storage time while 
maintaining quality and safety. In this study, 
representative colonies were screened at various 
intervals during refrigeration. Observations 
revealed a steady increase in bacterial counts 
during the initial refrigeration storage phase, 
which was followed by a marked acceleration in 
microbial proliferation as storage time progressed. 
This trend highlights the dynamic nature of 
bacterial growth under refrigerated conditions 

and emphasizes the importance of monitoring for 
spoilage.

Bacterial load and bacterial profile during 
refrigeration
 The alterations in total plate count 
(TPC) in refrigerated rohu are shown in Table 1. 
On the day of collection (Day 0), the bacterial 
load was recorded at 168 × 10³ CFU/g, indicating 
that the live fish obtained from the market 
was already contaminated despite the careful 
handling. This suggests poor handling practices 

Table 2. Identification of microbial species through DNA sequencing during Phase I of the study

Sampling  Collected Biochemically  Molecularly identified  Accession No.
day colony  identified genus spp. (% Seq. match) (Gen Bank)
 samples

1 65 Aeromonas spp. Aeromonas hydrophila (99.16) CP143514.1
 38 Shigella spp. Shigella sonne (95.33) CP049177.1
 48 Bacillus spp.	 Bacillus	firmicutes	(87.10) KY849501.1
 46 Shewanella spp. Shewanella putrefaciens (95.85) MK447627.1
 42 Yersinia spp. Yersinia ruckeri (91.16) KX388238.1
 23 Pseudomonas spp.	 Pseudomonas	putida	(96.15) KT429603.1
 13 Acinetobacter spp. Acinetobacter baumannii (98.69) KT156752.1
2 77 Aeromonas spp. Aeromonas hydrophila (98.72) CP143514.1
 35 Shigella spp. Shigella sonne (92.01) CP049177.1
 49 Bacillus spp.	 Bacillus	firmicutes	(87.10) KY849501.1
 45 Shewanella spp. Shewanella putrefaciens (94.69) MK447627.1
 34 Yersinia spp. Yersinia ruckeri (90.06) KX388238.1
 25 Pseudomonas spp.	 Pseudomonas	putida	(94.32) KP192772.1
 10 Acinetobacter spp. Acinetobacter baumannii (97.01) KT156752.1
4 84 Aeromonas spp. Aeromonas hydrophila (98.64) CP143514.1
 29 Shigella spp. Shigella sonne (92.35) CP049177.1
 45 Bacillus spp.	 Bacillus	firmicutes	(77.54) KY849501.1
 13 Shewanella spp. Shewanella putrefaciens (92.58) MK447627.1
 22 Yersinia spp. Yersinia ruckeri (88.03) KX388238.1
 22 Pseudomonas spp.	 Pseudomonas	putida	(94.22) KP192772.1
 4 Acinetobacter spp. Acinetobacter baumannii (94.24) KT156752.1
7 121 Aeromonas spp. Aeromonas hydrophila (98.62) CP143514.1
 23 Shigella spp. Shigella sonne (94.69) CP049177.1
 43 Bacillus spp.	 Bacillus	firmicutes	(81.51) KY849501.1
 13 Yersinia spp. Yersinia ruckeri (89.17) KX388238.1
 07 Pseudomonas spp.	 Pseudomonas	putida	(97.69) KT429603.1
9 214 Aeromonas spp. Aeromonas hydrophila (98.30) CP143514.1
 14 Shigella spp. Shigella sonne (91.18) CP049177.1
 11 Bacillus spp.	 Bacillus	firmicutes	(82.10) KY849501.1
11 209 Aeromonas spp. Aeromonas hydrophila (99.16) CP143514.1
 07 Shigella spp. Shigella sonne (88.96) CP049177.1
 9 Bacillus spp.	 Bacillus	firmicutes	(81.48) KY849501.1
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during the fish journey from farm to market. By 
the end of storage (Day 11), the bacterial count 
had increased considerably to 2.25 × 109 CFU/g, 
signifying an extensive microbial load even under 
refrigeration conditions. Specifically, the bacterial 
load increased significantly by Day 7, reaching 2.25 
× 109 CFU/g. Thereafter, the growth rate plateaued, 
likely due to the accumulation of metabolic waste, 
including organic acids, ammonia and sulfur 
compounds, which may have inhibited further 
bacterial proliferation between Day 7 and Day 11. 
The gradual increase in microbial count indicates 
the acclimatization of psychrotrophic microbes 
during refrigeration, marking the onset of spoilage 
after Day 4. Based on morphological characteristics 
and biochemical analysis, the study identified 
the presence of multiple bacterial species during 
refrigeration. On Day 0, we observed Aeromonas 
spp., Shigella spp., Bacillus spp., Shewanella 
spp., and Yersinia spp. Interestingly, by Day 4, 
the study identified seven species, including 
Aeromonas spp., Shigella spp., Bacillus spp., 
Shewanella spp., Yersinia spp., Pseudomonas 
spp., and Acinetobacter spp. However, after 

Day 9, only Aeromonas spp., Shigella spp., and 
Bacillus spp. were observed, with Aeromonas 
spp. appearing to dominate during refrigeration. 
Further, approximately 59% of the colonies were 

Table 3. Growth dynamics of Aeromonas hydrophila 
during refrigeration following controlled inoculation

Storage Species Count ~% to 
Day   (CFU/g) TC

Day 0 A. hydrophila 1 × 103 100
 Other spp. 0 0
Day 1 A. hydrophila 2 × 103 66.66
 Other spp. 1 × 103 33.33
Day 4 A. hydrophila 2.9 × 105 76.31
 Other spp. 9 × 104 23.7
Day 7 A. hydrophila 8.8 × 108 90.7
 Other spp. 9 × 107 9.3
Day 10 A. hydrophila 1.01 × 108 93.51
 Other spp. 7 × 103 6.49

TC: Total count on respective day; Other species include 
Shigella spp., Bacillus spp., Shewanella spp., Yersinia spp., 
Pseudomonas spp., and Acinetobacter spp. However, their 
exact counts were not provided, as the Phase II investigation 
focused on the growth dynamics of the SSB

Figure 3. Alterations in spoilage indicators. (A) pH, (B) Levels of TMA, (C) Levels of TVBN, (D) PV, (E) FFA, and (F) 
TBARS. Data are presented as mean ± SEM (n = 3, * p < 0.05 vs. Day 0). Control, fish stored without SSB; AA, fish 
stored without 103 CFU/gm SSB
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identified as Aeromonas spp. on day 7. Their 
contribution to the TPC increased to 93% by Day 
11. These observations strongly suggest that 
microbial growth aligns with the rapid spoilage 
period occurring between Day 4 and Day 7. 

Dominance-based selection and validation of SSB
 Bacterial profiling of refrigerated rohu 
samples demonstrated the presence of multiple 
bacterial species during storage (Table 1). The 
data convincingly suggests that Aeromonas 
spp. steadily established itself and eventually 
dominated the bacterial population. By Day 9, 
Aeromonas completely dominated the microbial 
flora. Other species, including Pseudomonas, 
Yersinia, Shewanella, Shigella, and Bacillus, which 
were initially present, showed a steady decline in 
their contributions over the 11-day storage period. 
By Day 9, only Bacillus and Shigella were observed 
alongside Aeromonas, but their contributions were 
negligible. Thus, Aeromonas, which prevailed 
during the spoilage phase, emerges as the 
most likely candidate to be identified as the 
SSB. To investigate the observed further, BLAST 
analysis of 16S rRNA sequences was conducted 
to accurately identify the species corresponding 
to the observed microbes. Analysis revealed 
that the microbes observed during refrigeration 
included Aeromonas hydrophila, Shigella sonnei, 
Bacillus	firmicutes, Yersinia ruckeri, Shewanella 
putrefaciens, Acinetobacter baumannii, and 
Pseudomonas	putida. Among these, Aeromonas 
hydrophila dominated the microbial flora during 
refrigeration and was therefore identified as the 
SSB. All relevant details regarding the sequence 
alignment and matching results are presented in 
Table 2.

Spoilage indicators in refrigerated rohu
 In this Phase I study, the initial pH of 
the sample was measured at 6.88 ± 0.03 on Day 
0. By Day 1, the pH slightly decreased to 6.81 ± 
0.05. The pH continued to decline progressively 
over the storage period, reaching 5.90 ± 0.04 
by Day 11, indicating extensive biochemical 
changes. This consistent decrease in pH reflects 
the accumulation of acidic metabolites, likely 
resulting from microbial activity and spoilage 
processes during refrigeration. Moreover, a 

comprehensive analysis of biochemical spoilage 
indicators like TMA, TVBN, PV, FFA, and TBARS 
levels revealed a clear pattern of progressive 
deterioration in the quality of rohu during 
refrigerated storage. Specifically, a significant 
elevation in these parameters was observed 
starting from Day 4 of storage, marking the initial 
stages of spoilage. By Day 11, the levels of all these 
indicators had surpassed commonly accepted 
freshness thresholds, clearly signifying advanced 
spoilage and a substantial decline in the quality 
and safety of the refrigerated rohu (Figure 2A-F). 
These observations suggest protein breakdown 
and a corresponding decline in freshness during 
refrigeration, which align with the increasing 
bacterial population detailed in Table 1.

Sensory analysis
 The study observed that the sensory 
attributes of smell, taste, and odor began to 
deteriorate after day 5 of storage. These changes 
were indicative of the onset of spoilage, with 
declines in the freshness of the fish. The study 
observed that smell, taste, and odor began 
appeared to be deteriorating after day 5. The 
sensory rejection point was reached by the 11th 
day of refrigeration storage, as the samples 
exhibited noticeable spoilage characteristics. 
These included darkened gills, a decayed muddy 
odor, significant yellowing of the belly region, and 
soft, deteriorated muscle texture. These changes 
significantly reduced the product’s visual appeal 
and overall acceptability.

Phase II – Evaluation of SSB influence during 
refrigeration
Microbial profile in refrigerated rohu inoculated 
with SSB
 SSB (Aeromonas hydrophila) microbial 
inoculation examinations are vital for evaluating 
the shelf life of refrigerated products. They 
replicate realistic storage conditions with prevalent 
bacteria, facilitating an understanding of microbial 
proliferation and its influence on decomposition 
during storage. In this investigation, fresh rohu 
purchased from the market were inoculated 
with 103 CFU/g SSB prior to refrigeration, and 
rohu was observed for up to 10 days. Here, the 
bacterial count on day 1 was 3 × 103 CFU/g and 



  www.microbiologyjournal.org1560Journal of Pure and Applied Microbiology

Joshi et al | J Pure Appl Microbiol. 2025;19(2):1551-1564. https://doi.org/10.22207/JPAM.19.2.62

this count increased to 1.08 × 108 CFU/g by day 
10. As expected, SSB dominated the microbial flora 
throughout the storage period, demonstrating its 
ability to thrive at refrigerated temperatures while 
inhibiting the growth of other microorganisms 
(Table 3).

Progression of spoilage in presence of SSB
 In this study, the pH of the control group 
was 6.77 ± 0.07 on Day 1 but decreased significantly 
to 6.03 ± 0.07 after 10 days of refrigeration. 
Similarly, rohu stored with A. hydrophila showed 
a declining trend, with the pH dropping to 5.84 
± 0.03 by Day 10, potentially facilitating protein 
denaturation. Additionally, all spoilage-related 
parameters, including TMA, TVBN, PV, FFA, and 
TBA, exhibited substantial degradation (Figure 
3A-F), reflecting key biochemical and microbial 
processes. Specifically, increased TMA signifies 
microbial activity, while higher levels of TVBN, and 
FFA suggest extensive protein and enzymatic lipid 
degradation in refrigerated rohu.

DISCUSSION

 Fresh fish is highly perishable and requires 
proper handling and storage to maintain safety and 
extend its shelf life. Health-conscious consumers 
increasingly prefer minimally processed, nutrient-
rich foods. Concerns about preservatives further 
emphasize the importance of effective fish storage 
methods. Refrigeration is a modern system 
for extending the shelf life of food products. 
It is now widely recognized as the standard 
storage method among both entrepreneurs and 
households. It offers consistency and control 
over low temperatures, ensuring quality by 
slowing microbial growth and enzymatic activity. 
Additionally, refrigeration avoids direct water 
contact, preventing texture loss and flavor dilution. 
However, the growth of psychrotrophs presents 
a significant challenge to refrigeration storage. 
These cold-tolerant microorganisms thrive at 
temperatures between 0 °C and 4 °C. The increase 
in bacterial load during extended storage32 is 
particularly concerning, as psychrotrophs produce 
extracellular enzymes that degrade proteins 
and lipids,33-35 ultimately compromising food 
quality. Research has shown that combining 
low-temperature storage with specific additives 

can significantly extend the shelf life of fish and 
fishery products.4,36,37 To address these challenges, 
identifying the primary spoilage organisms 
(SSB) is crucial for developing effective control 
strategies to mitigate the risks associated with 
psychrotrophic growth in refrigerated foods. Thus, 
the study aims to identify SSB in refrigerated Rohu, 
a widely distributed Indian Major Carp (IMC) and 
a key species in aquaculture in India. This study 
examines the impact of SSB activity on fish quality 
under refrigeration (2-5 °C) over 11 days, providing 
insights into control measures to extend the shelf 
life of fresh fish.
 Following the death of fish, various 
sensory, physicochemical, and microbiological 
changes occur. These changes include muscle 
browning or darkening, often attributed to Maillard 
reactions, enzymatic activity, and the secretion 
of mucus.38 In this study, the sensory rejection 
point was reached by the 11th day of refrigeration 
storage, which clearly suggests that spoilage 
began much earlier during storage. Specifically, 
when fresh fish are stored under refrigeration, 
they undergo a pattern of deterioration in which 
autolytic processes, marked by changes in smell, 
taste, and odor, dominate the initial stages. In the 
later stages, bacterial activity becomes the primary 
factor contributing to spoilage.39 Consistent 
with previous reports, the study observed that 
sensory evaluation showed smell, taste, and 
odor deterioration by day 5, coinciding with a 
spike in bacterial load (Table 1). Furthermore, 
controlled inoculation tests produced the same 
results (Table 2). The spike in microbial growth 
induces the production of amines, organic acids, 
ketones, aldehydes, and alcohols, which impart 
unpleasant odors and tastes.40 Interestingly, 
study results show that Aeromonas hydrophila, 
confirmed by sequence analysis, dominated the 
microbial flora during refrigeration. Additionally, 
controlled inoculation of Aeromonas hydrophila 
in refrigerated rohu supports this observation, as 
the presence of Aeromonas hydrophila inhibits 
the growth of other microorganisms throughout 
the storage period (Table 2). These observations 
are supported by previous reports, which indicate 
that Aeromonas spp. are commonly present 
bacteria that produce ammonia-like and fishy off-
flavors.41-43 Furthermore, A. hydrophila is known to 
exhibit both proteolytic and lipolytic activities,44-46 
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which potentially degrade proteins. For instance, 
Aeromonas rivipollensis, one of the Aeromonas 
species known to degrade myofibrillar proteins 
(MFPs) through its proteolytic and lipolytic 
activities.47 Besides, approximately 36 species of 
Aeromonas have been identified in reports as being 
associated with fish spoilage.48 Likewise, prior 
investigations indicated that approximately 33% 
of raw, processed, and ready-to-eat food samples 
contained Aeromonas colonies.49 Moreover, the 
dominance of Aeromonas hydrophila generate 
metabolic byproducts like ROS.50 ROS production 
may lead to hydrogen peroxide, which may cause 
oxidative damage to fish proteins, lipids, and 
nucleic acids.51,52 These events trigger a cascade 
of reactions that lead to tissue breakdown 
and spoilage. Collectively, these observations 
highlight the role of A. hydrophila in spoilage 
and validate the identification of A. hydrophila as 
SSB in refrigerated rohu. The detection of SSB in 
preserved food products is essential for developing 
effective food storage solutions. The identification 
of SSB facilitates better management of storage 
conditions, including temperature and packaging 
materials. The study observations provided a fair 
understanding of the growth rate of A. hydrophila 
under refrigeration temperatures, which will 
allow us to predict spoilage patterns. Also, further 
investigations should emphasize the importance of 
understanding the environmental adaptability of 
A. hydrophila, which will help us develop targeted 
interventions to extend the shelf life of fresh fish 
under refrigerated conditions. 
 Additionally, post-harvest management 
and transportation of freshly caught fish are 
crucial factors influencing its shelf life and quality. 
If contamination occurs at any point prior to 
refrigeration,  the potential for extending its shelf 
life is significantly compromised.53,54 Efficient 
handling protocols, such as prompt cleaning and 
immediate chilling, are crucial to reduce microbial 
contamination and enzymatic activity. The time 
interval between fish capture and initial chilling 
is a critical factor influencing product quality. 
Delays or inadequate temperature control during 
this period can facilitate the rapid proliferation of 
spoilage microorganisms and activate endogenous 
enzymes, leading to accelerated tissue degradation 
and the development of off-odors.55,56 It is 
well established that rapid cooling effectively 

suppresses microbial metabolism and enzymatic 
activity, thereby preserving both the organoleptic 
qualities and nutritional integrity of the fish. In the 
present study, rohu specimens were sourced from 
a local fish market, where post-harvest handling 
conditions prior to sample acquisition were 
beyond our control. This lack of oversight may 
have introduced external microbial contamination, 
potentially explaining the notable bacterial load 
observed upon arrival at the laboratory (Day 0). 
Thus, ensuring proper hygiene and temperature 
management during post-harvest processing and 
transportation is essential to minimize the risk 
of spoilage, including contamination by specific 
spoilage bacteria (SSB). Notwithstanding this 
methodological limitation, the identification 
of A. hydrophila as the dominant microbial 
species remains a key contribution of the study. 
Interestingly, Nanoencapsulation technology 
allows for the controlled release of antimicrobial 
compounds,57,58 enhancing their stability, solubility, 
and bioavailability. Further, natural antimicrobials, 
such as essential oils, plant extracts, or bacteriocins, 
when encapsulated in nanocarriers such as 
liposomes, nanofibers, or polymeric nanoparticles, 
can retain their efficacy over extended periods 
and respond to environmental triggers such as 
moisture or pH changes.59 These nanoformulations 
can be incorporated to develop biodegradable 
packaging films specifically formulated to target 
A. hydrophila, representing a promising future 
innovation. Incorporating these nanoformulations 
into biodegradable film matrices actively inhibits 
microbial growth while degrading naturally 
without contributing to long-term plastic pollution. 
Moreover, the use of biodegradable active 
packaging aligns with current sustainability 
goals in the food industry by reducing reliance 
on conventional petroleum-based plastics and 
minimizing environmental impact. Like this 
identification of SSB could lead to the development 
of multifaceted solutions to prevent SSB’s growth, 
enhance product safety, extend shelf life, and 
contribute to environmental sustainability.
 Furthermore, identifying A. hydrophila 
as a SSB under refrigerated conditions may 
be considered presumptive, given that the 
conclusion is based on a single fish species. 
Still, the consistent dominance of A. hydrophila 
across multiple sampling points, supported by 
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both phenotypic and molecular identification 
methods, indicates its significant contribution to 
spoilage within the parameters of this study. Thus, 
further research involving diverse fish species and 
storage conditions is necessary to establish the 
broader relevance of these findings. The current 
investigation provides meaningful insight into 
the spoilage potential of A. hydrophila in L. rohita 
during refrigerated storage. As such, it serves as a 
valuable reference study for future investigations 
on species-specific spoilage microbiota.

CONCLUSION

 The study identifies A. hydrophila as the 
SSB primarily responsible for the deterioration 
of refrigerated rohu. A. hydrophila survives and 
proliferates efficiently between 0-5 °C, facilitating 
spoilage. The dominance of A. hydrophila, 
evidenced by its ability to inhibit the growth 
of other microbes, confirms its role as the SSB. 
Further, monitoring and controlling SSB is crucial 
for understanding its growth dynamics, which 
assist in developing targeted strategies and 
effective control measures. Therefore, identifying 
SSB is key to preserving the organoleptic qualities 
of refrigerated products.
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