Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2026.66.010381

Steaming as a Pre-Treatment Strategy to Improve
the Microbiological Safety, Physicochemical Quality,
and Sensory Attributes of Refrigerated Nile Tilapia

(Oreochromis Niloticus) During Cold Storage

Haram Hassan Abbas Bakhiet!'* and Sara Abker?

!Department of Fisheries and Wildlife Science College of Animal Production Science and Technology, Sudan University of Science and Technology

PO.BOX 204, Khartoum North, Sudan

2Department of fisheries, college of natural resources, university of Bahri, Sudan

*Corresponding author: Haram Hassan Abbas Bakhiet, Department of Fisheries and Wildlife Science College of Animal Production Science
and Technology, Sudan University of Science and Technology P.0.BOX 204, Khartoum North, Sudan

ARTICLE INFO

Received: & August 27,2026
Published: ) September 09, 2026

Citation: Haram Hassan Abbas Bakh-
iet and Sara Abker. Steaming as a
Pre-Treatment Strategy to Improve
the Microbiological Safety, Physic-
ochemical Quality, and Sensory At-
tributes of Refrigerated Nile Tilapia
(Oreochromis Niloticus) During Cold
Storage. Biomed ] Sci & Tech Res
66(4)-2026. BJSTR. MS.ID.010381.

ABSTRACT

Fish is highly susceptible to microbial spoilage during refrigerated storage, making the development of simple
and effective preservation strategies essential for maintaining its safety and quality. This study evaluated the
effect of steaming as a pre-treatment on the microbiological quality, proximate composition, and sensory attri-
butes of refrigerated Nile tilapia (Oreochromis niloticus) during 10 days of cold storage. Fifty fish were randomly
assigned to two groups: raw refrigerated fish (control) and steamed refrigerated fish. The treatment group was
steamed at 100°C for 15 min before storage at 4 + 1°C. Microbiological, proximate composition, and sensory
analyses were performed at 2-day intervals throughout storage. Steaming significantly reduced the total viable
count (P < 0.01), with bacterial counts increasing from 5.3 x 102 to 3.4 x 10% CFU/g in steamed fish compared
with 5.0 x 10* to 8.9 x 10* CFU/g in raw fish after 10 days of refrigerated storage. Escherichia coli and Salmonella
spp. were not detected in either treatment throughout storage, whereas low total coliform counts were detect-
ed only in raw fish on days 8 and 10. Steamed fish exhibited lower moisture content (70.1-72.3%) and higher
protein content (25.7-26.4%) than raw fish (78.9-79.9% and 21.2-22.6%, respectively), while fat (1.1-1.5%)
and ash (1.8-2.1%) contents remained relatively stable during storage. Although sensory scores gradually de-
clined in both treatments, steamed fish maintained acceptable texture, odour, and colour throughout the storage
period. These findings demonstrate that steaming prior to refrigeration effectively improves the microbiologi-
cal safety of Nile tilapia while preserving its nutritional quality and acceptable sensory characteristics during
chilled storage. Steaming therefore represents a simple, practical, and cost-effective preservation strategy for
extending the refrigerated shelf-life and enhancing the quality of freshwater fish.
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Introduction

Fish and aquatic foods are important sources of high-quality pro-
tein, long-chain omega-3 fatty acids, vitamins, and essential miner-
als, contributing substantially to food security, human nutrition, and

continues to increase, highlighting the growing importance of aquat-
ic foods in meeting the demand for nutritious and affordable animal
protein [1]. Among freshwater species, Nile tilapia (Oreochromis ni-
loticus) is widely farmed and consumed because of its rapid growth,
high nutritional value, affordability, and broad consumer acceptance

sustainable livelihoods. Global fisheries and aquaculture production
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[1,2]. Despite these advantages, fish is highly perishable owing to its
high moisture content, neutral pH, endogenous enzymatic activity,
and favourable conditions for microbial growth. Spoilage is driven
by microbial proliferation, enzymatic autolysis, and lipid oxidation,
resulting in quality deterioration, off-odours, and a limited shelf-life
during refrigerated storage [3-6]. Although refrigeration effectively
slows microbial and biochemical deterioration, it cannot completely
prevent spoilage or eliminate foodborne pathogens, creating a need
for complementary preservation strategies [6,7].

Steaming is a mild thermal treatment that can reduce microbial
contamination and partially inactivate endogenous enzymes while
preserving nutritional quality more effectively than many conven-
tional cooking methods. It also helps maintain muscle structure and
limits lipid oxidation, thereby reducing the initial microbial load be-
fore refrigerated storage and potentially delaying quality deteriora-
tion [4,6,8,9]. Although several preservation techniques, including
refrigeration, modified-atmosphere packaging, vacuum packaging,
edible coatings, natural preservatives, and thermal treatments, have
been investigated, most studies have evaluated microbiological, phys-
icochemical, or sensory quality separately. In addition, steaming has
mainly been studied as a cooking method rather than as a pre-treat-
ment before refrigerated storage. Consequently, information on the
combined effects of steaming and refrigerated storage on the microbi-
ological quality, proximate composition, and sensory characteristics
of Nile tilapia remains limited, particularly under conditions relevant
to developing countries [6,7]. Therefore, this study evaluated the ef-
fects of steaming as a pre-treatment before refrigerated storage on
the microbiological quality, proximate composition, and sensory attri-
butes of Oreochromis niloticus during 10 days of refrigerated storage.

Materials and Methods
Experimental Site

The study was conducted at the Department of Fisheries and
Wildlife Science, College of Animal Production Science and Technol-
ogy, Sudan University of Science and Technology, Sudan. All micro-
biological and proximate analyses were performed under controlled
laboratory conditions using standard analytical procedures.

Fish Sampling, Experimental Design and Storage

Fifty fresh Nile tilapia (Oreochromis niloticus) of comparable mar-
ket size and quality were obtained from the university fish farm. Fish
were washed, eviscerated, and randomly assigned to two groups (n
= 25 each): raw fish (control) and steamed fish (treatment). Fish as-
signed to the treatment group were steamed using saturated steam
at 100°C for 15 min. Before steaming, fish were split longitudinally
while remaining intact to ensure uniform heat penetration. The inter-
nal muscle temperature reached approximately 70°C, as monitored
using a calibrated digital probe thermometer. After cooling to room
temperature under hygienic laboratory conditions, all samples were

individually packed in sterile polyethylene bags and stored at 4 + 1°C
for 10 days. Sampling was performed on days 0, 2, 4, 6, 8, and 10.
At each sampling time, independent fish were randomly removed
from storage for microbiological, proximate composition, and senso-
ry analyses. Each fish was analysed only once to ensure independent
observations. Unless otherwise stated, all analyses were performed
in triplicate.

Microbiological Analysis

Microbiological quality was evaluated under aseptic conditions
using standard methods. Twenty-five grams of fish muscle were ho-
mogenized with 225 mL of sterile 0.1% peptone water to prepare
the initial (10™") dilution, followed by serial decimal dilutions. To-
tal viable count (TVC) was determined on Plate Count Agar (Oxoid
Ltd., UK) using the pour plate method after incubation at 35 + 1°C
for 48 h [10]. Coliform bacteria were enumerated by the Most Proba-
ble Number (MPN) method using MacConkey broth and confirmed in
Brilliant Green Bile Lactose Broth according to [11]. Faecal coliforms
were detected in E.C. broth at 44.5°C, while Escherichia coli was con-
firmed on Eosin Methylene Blue agar and by conventional biochem-
ical tests [12]. Salmonella spp. were detected using Selenite Cystine
Broth enrichment followed by isolation on Bismuth Sulphite Agar and
biochemical confirmation according to [10]. Microbial results were
expressed as mean * standard deviation.

Sensory Evaluation

Sensory quality was assessed by ten trained panelists on days
0, 2, 4, 6, 8, and 10. Samples were randomly coded and presented
in random order. Colour, odour, and texture were evaluated using a
10-point hedonic scale (1 = extremely poor; 10 = excellent quality).
Mean scores were used for statistical analysis.

Proximate Composition

Moisture, crude protein, crude fat, and ash contents were deter-
mined according to the Official Methods of [13]. Analyses were per-
formed in triplicate and expressed as percentages.

Statistical Analysis

Data were analysed using two-way analysis of variance (ANOVA)
with treatment and storage time as fixed factors. When significant
differences were detected (P < 0.01), means were separated using
Fisher’s Least Significant Difference (LSD) test. Statistical analyses
were performed using IBM SPSS Statistics version 21.0 (IBM Corp.,
Armonk, NY, USA), and results are presented as mean * standard de-
viation (SD).

Results
Microbiological Quality
(Tables 1-3).
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Table 1: Effect of steaming on the microbiological quality of Nile tilapia (Oreochromis niloticus) during refrigerated storage (mean * SD).

Microbiological parameter Treatment Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Significance
Total viable count (CFU g™) Raw 50 ())(.61304 * 7'55.511?4 * 8.7 S.;?} * 8’;70).<81624 8;18())_(41[:,24 8;19&41024 *
Steamed 53x10% 51x10%+ | 47x10%+ | 43x10% | 3.6 x10% | 3.4 x 10 "
0.56° 5.20° 6.10¢ +3.50¢ +4.20° +1.90f
Total coliform (MPN g™%) Raw ND ND ND ND 04+10 | 1.3+15
Steamed ND ND ND ND ND ND NS
Escherichia coli (MPN g™) Raw ND ND ND ND ND ND NS
Steamed ND ND ND ND ND ND NS
Salmonella spp. Raw ND ND ND ND ND ND NS
Steamed ND ND ND ND ND ND NS

Note: Abbreviations: CFU = colony-forming units; MPN = most probable number; ND = not detected; SD = standard deviation. Values within the same

row followed by different superscript letters (a—f) are significantly different (P < 0.01) during refrigerated storage.

Table 2: Effect of steaming on the proximate composition of Nile tilapia (Oreochromis niloticus) during refrigerated storage (mean * SD).

Parameter Treatment Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Significance

Protein (%) Raw 21.2+0.15% 21.9+0.14° 22.1+0.15° | 22.3+0.15¢ | 22.4+0.15° 22.6+0.19f *
Steamed 26.4+0.25% 26.3+0.30° 26.2+0.30° | 26.1+0.60¢ | 25.8+1.00¢ 25.7 £ 0.20f *

Fat (%) Raw 1.5 +0.05? 1.4 +0.14° 1.3+0.17¢ 1.2+0.20¢ | 1.1+0.05° 1.1+0.10° *
Steamed 1.3+0.15? 1.2 +0.20° 1.1+0.20¢ 1.1+0.05¢ 1.1+0.20¢ 1.1+0.05¢ *

Moisture (%) Raw 79.9 +£0.30% 79.8 £ 1.05° 79.7+0.50° | 79.6+0.40¢ | 79.5+1.30¢ 79.4 +0.30f *
Steamed 70.1+0.60% 70.1£0.05% 70.5+0.10° | 71.5+1.50° | 71.8 +1.40° 72.3+1.05¢ *

Ash (%) Raw 2.12+0.17° 2.1+0.192 1.9+ 0.01° 1.8+ 0.05¢ 1.8+0.10¢ 1.8+0.30¢ *
Steamed 2.12+0.17° 2.10+0.192 2.0+0.01° | 2.0£0.10° | 2.0£0.30° 2.0+0.05° *

Note: *Values are presented as mean * standard deviation (SD). Means within the same row followed by different superscript letters (a-f) are significantly

different during refrigerated storage (P < 0.01).

Table 3: Effect of steaming on the sensory attributes of Nile tilapia (Oreochromis niloticus) during refrigerated storage (mean + SD).

Sensory attribute Treatment Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Significance
Texture Raw 9.8+0.4 94+0.5 9.2+0.8 81+0.4 78+04 7.7+0.8 *
Steamed 99+1.9 9.9+£0.5 9.6+0.8 88+19 8.4 +0.54 83+15 *
Odour Raw 10.0+0.0 94+05 9.1+£08 8.6+0.8 83+09 82+13 *
Steamed 9.8 +2.07 97+13 9604 95+04 94+0.0 91+12 *
Colour Raw 96+1.9 9.6+0.8 9.6+0.8 95+0.4 94+04 9.0£0.5 *
Steamed 9.7+£12 9.6+0.8 76+15 76+15 75+0.5 75+15 *

Note: *Values are presented as mean + SD of ten trained panelists (n = 10). Sensory attributes were evaluated using a 10-point hedonic scale (1 = extremely

poor; 10 = excellent quality). *(P < 0.01).

Discussion

Steaming before refrigerated storage markedly improved the mi-
crobiological quality of Nile tilapia by substantially reducing the ini-
tial bacterial load and suppressing microbial proliferation through-
out storage. The lower total viable counts observed in steamed fish
confirm that steam treatment effectively inactivated a considerable
proportion of spoilage microorganisms before refrigeration, thereby

slowing bacterial growth during chilled storage. Similar findings have
been reported for thermally pre-treated fish products, where mild
heat treatment reduced spoilage microbiota and improved microbi-
ological stability during refrigerated storage [6,14]. The absence of
Escherichia coli and Salmonella spp. throughout storage further indi-
cates satisfactory hygienic handling and effective processing condi-
tions.
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Moreover, the detection of low total coliform counts only in raw
fish on days 8 and 10 highlights the additional microbiological protec-
tion provided by steaming [7,9]. Steaming also influenced the proxi-
mate composition of refrigerated tilapia. The lower moisture content
and higher apparent protein concentration observed in steamed fish
were mainly associated with moisture loss during thermal processing
rather than an actual increase in protein content, consistent with pre-
vious reports [8]. Regarding sensory quality, steamed fish maintained
acceptable sensory characteristics throughout refrigerated storage
despite a gradual decline in quality over time. Overall, steaming be-
fore refrigeration improved the microbiological quality of Nile tilapia
while preserving its nutritional and sensory quality during refriger-
ated storage.

Conclusion

Steaming before refrigerated storage significantly improved the
microbiological quality of Nile tilapia by reducing bacterial growth
throughout 10 days of storage. It also maintained a higher appar-
ent protein concentration due to moisture loss during steaming,
with only minor changes in fat and ash contents, although moisture
content decreased following thermal processing. Despite slight re-
ductions in sensory scores, steamed fish remained organoleptically
acceptable. Therefore, steaming combined with refrigeration can be
recommended as a simple, economical, and practical preservation
method for improving the microbiological safety, nutritional quality,
and refrigerated shelf-life of Nile tilapia.

References

1. FAO (2024) The State of World Fisheries and Aquaculture 2024: Blue
Transformation in Action. Rome: Food and Agriculture Organization of the
United Nations.

2. Hicks CC, Cohen PJ, Graham NAJ, Nash KL, Allison EH, et al. (2019) Har-

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2026.66.010381
Haram Hassan Abbas Bakhiet . Biomed ] Sci & Tech Res

©NOI®)

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

nessing global fisheries to tackle micronutrient deficiencies. Nature
574(7776): 95-98.

3. Gram L, Dalgaard P (2002) Fish spoilage bacteria - problems and solu-
tions. Current Opinion in Biotechnology 13(3): 262-266.

4. Nie X, Zhang R, Cheng L, Zhu W, Li §, et al. (2022) Mechanisms underlying
the deterioration of fish quality after harvest and methods of preserva-
tion. Food Control 135: 108805.

5. Cortés-Sanchez ADJ, Diaz-Ramirez M, Torres-Ochoa E, Espinosa-Chaurand
LD, Rayas-Amor AA, et al. (2024) Processing, Quality and Elemental Safety
of Fish. Applied Sciences 14(7): 2903.

6. Siddiqui SA, Singh S, Bahmid NA, Sasidharan A (2024) Applying innova-
tive technological interventions in the preservation and packaging of
fresh seafood products to minimize spoilage: A systematic review and me-
ta-analysis. Heliyon 10(8): e29066.

7. Ndraha N, Lin HY, Hsiao HI, Lin HJ (2024) Managing the microbiological
safety of tilapia from farm to consumer. Comprehensive Reviews in Food
Science and Food Safety 23: e70023.

8. Kumar, Prakash S, Tripathi MK, Verma AK (2022) Influence of different
cooking methods on nutritional and quality characteristics of fish: A re-
view. Journal of Food Science and Technology 59(10): 3725-3737.

9. Zhao F Yang R, Wu Y, Liu Z (2023) Preservation mechanisms and quality
changes in refrigerated fish products: Recent developments. Aquaculture
and Fisheries 8(6): 645-654.

10. Harrigan WF (1998) Laboratory Methods in Food Microbiology. (3" Edn.).,
London: Academic Press.

11. FAO (1992) Manual of Food Quality Control 4: Rev. 1. Microbiological Anal-
ysis. Rome: Food and Agriculture Organization of the United Nations.

12. Cowan ST, Steel K] (1974) Manual for the Identification of Medical Bacte-
ria. (2" Edn.)., Cambridge: Cambridge University Press.

13. AOAC (1995) Official Methods of Analysis of AOAC International. (16%
Edn.)., Arlington, VA: Association of Official Analytical Chemists.

14. Anagnostopoulos DA, Parlapani FF Boziaris IS (2022) The evolution of
knowledge on seafood spoilage microbiota from the 20% to the 21% centu-
ry: Have we finished or just begun?. Trends in Food Science & Technology
120: 236-247.

Assets of Publishing with us
123(0)\%1210) (VNS

RESEARCHES ¢ Global archiving of articles

B A ¢ Immediate, unrestricted online access

*v 0 @ﬁ; .
/) o's
M T E

Rigorous Peer Review Process

e Authors Retain Copyrights

i

v gl ¢ Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ : Haram Hassan Abbas Bakhiet | Biomed ] Sci & Tech Res | BJSTR.MS.ID.010381.

59006


https://dx.doi.org/10.26717/BJSTR.2026.66.010381
https://dx.doi.org/10.26717/BJSTR.2026.66.010381
https://www.fao.org/fishery/publication/315805/en
https://www.fao.org/fishery/publication/315805/en
https://www.fao.org/fishery/publication/315805/en
https://pubmed.ncbi.nlm.nih.gov/31554969/
https://pubmed.ncbi.nlm.nih.gov/31554969/
https://pubmed.ncbi.nlm.nih.gov/31554969/
https://pubmed.ncbi.nlm.nih.gov/12180103/
https://pubmed.ncbi.nlm.nih.gov/12180103/
https://www.sciencedirect.com/science/article/abs/pii/S0956713521009439
https://www.sciencedirect.com/science/article/abs/pii/S0956713521009439
https://www.sciencedirect.com/science/article/abs/pii/S0956713521009439
https://www.mdpi.com/2076-3417/14/7/2903
https://www.mdpi.com/2076-3417/14/7/2903
https://www.mdpi.com/2076-3417/14/7/2903
https://www.sciencedirect.com/science/article/pii/S2405844024050977
https://www.sciencedirect.com/science/article/pii/S2405844024050977
https://www.sciencedirect.com/science/article/pii/S2405844024050977
https://www.sciencedirect.com/science/article/pii/S2405844024050977
https://pubmed.ncbi.nlm.nih.gov/39289805/
https://pubmed.ncbi.nlm.nih.gov/39289805/
https://pubmed.ncbi.nlm.nih.gov/39289805/
https://shop.elsevier.com/books/laboratory-methods-in-food-microbiology/harrigan/978-0-08-057317-5
https://shop.elsevier.com/books/laboratory-methods-in-food-microbiology/harrigan/978-0-08-057317-5
https://pubmed.ncbi.nlm.nih.gov/1426189/
https://pubmed.ncbi.nlm.nih.gov/1426189/
http://scirp.org/reference/referencespapers?referenceid=1679729
http://scirp.org/reference/referencespapers?referenceid=1679729
https://www.sciepub.com/reference/141205
https://www.sciepub.com/reference/141205
https://www.researchgate.net/publication/357635281_The_evolution_of_knowledge_on_seafood_spoilage_microbiota_from_the_20th_to_the_21st_century_Have_we_finished_or_just_begun
https://www.researchgate.net/publication/357635281_The_evolution_of_knowledge_on_seafood_spoilage_microbiota_from_the_20th_to_the_21st_century_Have_we_finished_or_just_begun
https://www.researchgate.net/publication/357635281_The_evolution_of_knowledge_on_seafood_spoilage_microbiota_from_the_20th_to_the_21st_century_Have_we_finished_or_just_begun
https://www.researchgate.net/publication/357635281_The_evolution_of_knowledge_on_seafood_spoilage_microbiota_from_the_20th_to_the_21st_century_Have_we_finished_or_just_begun

