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Abstract

Traditional food processing methods such as salting, drying, and boiling are essential for enhancing food
security, yet improper application of these techniques may pose safety risks. This study assessed food
safety practices in the traditional processing of anchovy (Stolephorus spp.) among small-scale processors
in Bagamoyo District, Tanzania. Data were collected through household surveys (n = 305), direct
observation, and laboratory analysis of 120 samples obtained from fresh, salt-boiled, and sun-dried
anchovies. Results indicated that 62% of processors lacked awareness of proper handling practices, 81%
had not received formal food safety training, and only 60% were familiar with regulatory authorities.
About 30% of respondents reported that delays before processing contributed to the deterioration
of anchovy quality. Microbial analysis across the processing stages detected Escherichia coli in 20%
(mean: 1.43 x 10 CFU/g) of fresh, 55% (mean: 1.73 x 10° CFU/g) of salt-boiled, and 20% (mean: 3.75
x 10* CFU/g) of sun-dried samples, while Staphylococcus aureus was present in 68% (mean: 8.35 x
10° CFU/g) of fresh and all salt-boiled and sun-dried samples (mean: 7.93 x 10° CFU/g and 2.48 x 10°
CFU/g respectively); Salmonella spp. were not detected (<LOD). Although salt-boiling and sun-drying
significantly reduced contamination (E. coli: p = 0.003 and 0.015; S. aureus: p < 0.05), overall microbial
loads indicate that these methods are insufficient to meet the microbiological safety standards set
by TBS (TZS 1807:2016) and Codex Alimentarius. Education level and years of experience significantly
influenced awareness of safe handling. These findings underscore the importance of improved hygienic
practices and strengthened regulatory monitoring to ensure the safety in traditional anchovy processing.
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INTRODUCTION

Anchovies (Stolephorus spp.) in the family
Engraulidae, locally known in Swahili as “Dagaa
mchele”, are among the most important small
pelagic marine fish species. They are predominantly
distributed in warm coastal waters of the Atlantic,
Indian, and Pacific Oceans.'? Together with other
small pelagic fishes, anchovies constitute the
largest segment of global commercial catches,
accounting for about 30% of the total harvest.?
Consequently, they play a vital role in supporting
socioeconomic development and global food
security. Their high nutritional value, including
essential amino acids, omega-3 fatty acids,
vitamins, and minerals, provides significant health
benefits, particularly for cardiovascular function,
cognitive development, and vision.**

Small pelagic fisheries including
anchovies, constitute an important component
of national fish production, with annual landings
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representing significant share of the total catch.®
Despite its significance, the sector is challenged
by inadequate fish processing techniques and high
post-harvest losses, with quality losses reaching
up to 70%.”® Most small-scale processors rely
on traditional methods such as salting and sun-
drying to extend anchovy shelf life.*'° However,
insufficient handling and poor hygiene practices
often contribute to microbial contamination,
resulting in foodborne illnesses and economic
instability.*'? Despite regulations being in place
for processed fish, inconsistencies remain in the
implementation of hygienic practices among small-
scale processors.'® Studies on microbial safety in
Tanzania'*'® and other regions'® have focused
primarily on the processing of Nile perch (Lates
niloticus) and rabbitfish (Siganus sutor), with
limited attention given to anchovies.

The presence of E. coli and Salmonella
spp. in processed fish reinforces concerns regarding
food safety in small-scale processing.'’*® This
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Figure 1. Map of Tanzania showing Bagamoyo district and the Dunda ward study site (Source: QGIS v.3.36)
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underscores the need for a deeper understanding
of handling and processing techniques for
anchovies to enhance both food safety and
sustainability.

Accordingly, this study aims to assess
prevailing food safety practices and to quantify
microbial contamination in traditionally processed
anchovies among small-scale processors in
Bagamoyo District, Tanzania. The present study
is guided by the following research questions:
(i) What food safety and hygiene practices are
applied by small-scale anchovy processors during
traditional processing in Bagamoyo, Tanzania? (ii)
What is the microbiological quality of anchovies at
key processing stages reception, after salt boiling,
and after sun-drying with respect to Escherichia
coli, Staphylococcus aureus, Salmonella spp., and
Total Plate Count? The findings provide insights
into the current handling and safety practices in
traditional anchovy processing and will contribute
to improved food safety standards and protecting
consumer health.

Landing / Reception
(Fresh anchovies)

A

Salt-Boiling
(Dipping in boiling salted water/brine)

¢————(Draining and cooling)

Sun-Drying
(Traditional surfaces)

Salt-Dried Anchovies
(Final product)

MATERIALS AND METHODS

Study Area and Sample Collection

The study was conducted in Dunda
ward along the coastal belt of Bagamoyo district,
located in Pwani region, Tanzania (Figure 1).
Geographically, Bagamoyo District is positioned
at 6°19' 60" S latitude and 38° 30' 0" E longitude,
with an estimated population of 205,478 people.*®
Dunda ward is the major anchovy landing and
processing site, where traditional anchovy
processing techniques, especially salt-boiling
and sun-drying, are commonly practiced. Thus,
provides an opportunity for a context-specific
analysis to evaluate microbial contamination levels
and food safety knowledge and practices among
small-scale anchovy processors across three key
traditional processing stages: reception, salt-
boiling, and drying.

le—— (Sorting and washing — Traditional practices)

¢—— (Turning/manual handling during sun-drying)

Figure 2. A schematic processing flow diagram illustrating the traditional anchovy production stages (reception,

sorting, washing, salt-boiling, sun-drying)
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Data collection

Data were collected between early
January and late March 2025 using a semi-
structured questionnaire and microbial analysis
in anchovies. The sample size was determined
using Fisher’s formula.?®?! In this regard, the
study population consisted of 422 small-scale
anchovy processors in Dunda Ward who were
actively involved in handling, processing, and
preserving anchovies using traditional methods.
The questionnaire captured demographic
and socioeconomic characteristics, as well as
awareness, knowledge, and practices related to
food safety and hygienic handling of anchovies. All
questions were adapted from previous studies and
modified to suit the context of small-scale anchovy
processing.?

Anchovy samples were collected from a
systematically selected subsample of 40 processors
out of 305 eligible and consented respondents.
This sampling approach followed Fowler??
guidance that small samples can provide reliable
estimates in relatively homogeneous populations
when resources are limited. Anchovy samples
were collected at three stages of processing (Figure
2) reception, salt-boiling, and sun-drying. At each
stage, 50 g of anchovies were aseptically collected
in sterile bags, resulting in 120 samples in total. All
samples were stored in a cool box, on ice at 4 °C,
and immediately transported to the laboratory and
stored at -20 °C pending microbiological analysis.

Microbiological determination of anchovy

Microbiological analyses were conducted
to detect and enumerate Salmonella spp., E. coli, S.
aureus, and Total Plate Count (TPC). For each test,
5 g of anchovy sample was homogenized in 45 mL
of Buffered Peptone Water (BPW) and incubated
at 37 °C for 24 hrs. Specific procedures for each
organism are described below.

Detection of Salmonella spp.

Salmonella spp. detection was performed
qualitatively (presence/absence in 25 g) according
to 1ISO 6579:2002/Amd 1:2007. Results below the
Limit of Detection (LOD) were reported as not
detected (<LOD).

Table 1. Demographic characteristics of traditional
anchovy processors based on the household survey
in the study area

Variable Category Response (%)
Gender Female 106 (35)
Male 199 (65)
Age group 18-25 62 (20)
26-35 101 (33)
36-45 99 (32)
46-55 34 (11)
Above 55 Years 9(3)
Marital status Single 121 (40)
Married 160 (52)
Divorced 17 (6)
Widow 3(1)
Widower 4(1)
Experience (Year) <1 34 (11)
1-5 132 (43)
6-10 103 (34)
>10 36 (12)
Educational level  No schooling 36 (12)
Primary 108 (35)
Ordinary 102 (33)
Advanced 16 (5)
Vocational 43 (14)

training (College)

Detection and enumeration of Escherichia coli

Enumeration of Escherichia coli was
performed using direct plating from serial dilutions
of the original homogenate prepared in Buffered
Peptone Water (BPW) following ISO 7251:2005
and I1SO 16649-2:2001. Appropriate dilutions were
plated onto MacConkey agar (HiMedia, India) and
incubated at 37 °C for 24 hrs. Lactose-fermenting
colonies were confirmed using Triple Sugar Iron
agar. Results were expressed as CFU/g.

Detection and enumeration of Staphylococcus
aureus

Enumeration of Staphylococcus aureus
was carried out using direct plating from serial
dilutions of the original homogenate, following
ISO 6888-1:1999. Dilutions were plated onto
appropriate selective media and incubated at 37
°Cfor 24 hrs. Presumptive colonies were confirmed
using catalase and coagulase tests, and results
were expressed as CFU/g.
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Table 2. Awareness of small-scale anchovy processors on handling and processing practices and food safety in

Bagamoyo (N = 305)

Variable Category Response(%)
General handling and Aware 115 (38)
processing practices Unaware 190 (62)
Specific practices Non-portable water for processing 38 (12)
Unwashed hands 11 (4)
Unclean equipment 6(2)
Unclean processing areas 6(2)
Unclean surface for drying 9(3)
Combination of practices Non-portable water + Unwashed hands 7(2)
Non-portable water + Dirty processing areas 18 (6)
Non-portable water + Unclean equipment 5(2)
Non-portable water + Unwashed hands + 15 (5)
Unclean equipment
Formal training in processing No 247 (81)
Yes 58 (19)
Awareness of the food safety No 123 (40)
regulatory authority Yes 182 (60)

Table 3. Food safety knowledge and cause of quality deterioration among anchovy processors (N = 305)

Variables Categories Response (%)

Quality Parameter Category Freshness 32 (10)
Freshness + Size 116 (38)
Size 13 (4)
Size + Texture + Odor 67 (22)
Texture 11 (4)
Texture + Colour + Odor + Size 66 (22)

Causes of Quality Deterioration Environmental conditions 69 (23)
Pre-processing delay 98 (32)
Environmental conditions and pre-processing delay 84 (27)
| don’t know 54 (18)

Total Plate Count (TPC)

Total Plate Count was determined
following 1SO 4833-1:2013 using the pour-plate
technique on Plate Count Agar (HiMedia, India).
One milliliter of appropriate serial dilutions was
plated and incubated at 30 °C for 48 hrs. All
colonies were counted and expressed as CFU/g.

Data analysis

Quantitative data from the questionnaire
were coded and analysed using SPSS Version
28.01. Descriptive statistics, including frequencies,
percentages, and measures of central tendency,
were employed to summarize respondents’
demographic variables and knowledge of food
safety practices. Bivariate analysis using the Chi-

square test was conducted to examine associations
between socio-demographic variables and food
safety behaviours among processors. Microbial
analysis data were compiled in Microsoft Excel
and subsequently analysed in SPSS Version 28.01.
Kruskal-Wallis test, a non-parametric alternative
to ANOVA, was employed to assess differences
in microbial contamination levels across the
processing stages. Adjustments for tied ranks
were applied to ensure accuracy in determining
statistical significance.

Ethical consideration

The ethical clearance was sought
from the Tanzania Fisheries Research Institute
(TAFIRI) Review board with reference number
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Table 4. Microbial analysis of fresh, salt-boiled and sun-dried anchovy samples

Microbial
Indicator

Detection,
n (%)

Mean (range),
CFU/g

TBS Standard
(TZS 1807:2016)

International
Standard (Codex)

Fresh anchovy
Salmonella spp.

Not detected?®

E. coli 24 (20)
S. aureus 82 (68)
TPC 120 (100)

Salt-boiled anchovy

Salmonella spp.

Not detected?®

E. coli 66 (55)
S. aureus 120 (100)
TPC 120 (100)

Sun-dried anchovy

Salmonella spp.

Not detected?®

E. coli 24 (20)
S. aureus 120 (100)
TPC 120 (100)

1.43 x 10° (4.0 x 10%-2.2 x 10°)
8.35 x 10% (3.0 x 10%-9.0 x 103)
1.56 x 10° (1.3 x 10°-2.1 x 10°)

1.73 x 10° (6.0 x 10%-1.8 x 10°)
7.93 x 10% (1.0 x 10%-8.9 x 10%)
1.14 x 10° (7.0 x 10°-1.4 x 10°)

3.75 x 10* (1.0 x 10%-5.0 x 10°)
2.48 x 10° (8.0 x 10%-3.0 x 10°)
5.75 x 10° (3.0 x 10°-9.0 x 10°)

Absentin25g
Absentinlg
<2 x 10° CFU/g
No fixed limit

Absentin25g
Absentinlg
<2 x 10° CFU/g
No fixed limit

Absentin25g
Absentinlg
<2 x 10° CFU/g
No fixed limit

Absentin 25 g
Absentinlg
<2 x 10° CFU/g
No fixed limit

Absentin 25 g
Absentinlg
<2 x 10° CFU/g
No fixed limit

Absentin 25 g
Absentinlg
<2 x 10° CFU/g
No fixed limit

2 Indicates below the limit of detection (<LOD); - Indicates that the mean count in not applicable. The LOD for Salmonella spp.

is 1 CFU per 25 g of sample, for E. coli, S. aureus, and TPC is 1.0 x 10 CFU/g

BA.17/256/01/06. Prior to data collection, the
Bagamoyo District Council granted the necessary
research permit for the targeted area, and
participants were informed about the study’s
objectives and sought for their consent to
participate.

RESULTS

Demographic characteristics of the small-scale
anchovy processors

Table 1 summarizes the demographic
characteristics of 305 respondents involved
in traditional anchovy processing, based on
guestionnaire surveys conducted in the study
area. The majority of respondents were male
(65%), with most belonging to the economically
active age groups of 26-35 years (33%), with only
a small proportion above 55 years (3%). In terms
of marital status, more than 50% of processors
were married, while 40%, 6%, and 1% were single,
divorced, and widowed, respectively. Regarding
working experience, 43% had been involved in
anchovy processing for 1-5 years, 34% for 6-10
years, 12% for more than 10 years, and 11% for
less than a year. Education levels varied, though
the majority had completed primary education
(35%) or ordinary level (33%), with fewer reporting
vocational training or informal education.

Processors’ knowledge and practices related to
food safety

The level of awareness among small-scale
anchovy processors regarding proper handling
practices was assessed, and the results are
presented in Table 2. Findings revealed that the
majority of the processors (62%) were unaware
of appropriate handling practices, while only
38% demonstrated knowledge of such practices.
Awareness of specific practices varied, with the use
of non-portable water cited most frequently (12%).
On the other hand, the study assessed formal
training in anchovy processing and their awareness
of existing food safety regulatory authorities.
Results indicated that most respondents (81%)
had not received any formal training, whereas
19% reported having received some formal
training. Furthermore, considerable variation was
observed in food safety knowledge, particularly
on how processors assessed quality parameters
at reception.

Furthermore, the study examined quality
parameters and causes of quality deterioration
among anchovy processors. Results revealed
that 38% identified freshness and size as the
primary anchovy quality parameters, whereas
22% considered additional attributes such as
texture and odour (Table 3). These findings
highlight inconsistencies in the criteria applied for
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Table 5. Associations between demographic characteristics of anchovy processors and food safety awareness

Variable

Category Chi-square (x?) p-value
Gender Awareness of handling practices 12.45 0.214
Awareness of regulations 4.72 0.317
Formal training on safety practices 9.83 0.022*
Education level Awareness of handling practices 26.54 0.004*
Awareness of regulations 19.33 0.009*
Formal training on safety practices 28.47 0.001%*
Age Awareness of handling practices 15.22 0.118
Awareness of regulations 11.76 0.239
Formal training on safety practices 17.89 0.041*
Years of Experience Awareness of handling practices 23.66 0.649
Awareness of regulations 5.56 0.135
Formal training on safety practices 13.96 0.003*
Quick quality checks 60.46 0.002*
Causative factors for quality deterioration 38.87 <0.001*

Note * Indicates significant result

quality assessment. With respect to the causes of
quality deterioration, 32% of anchovy processors
attributed quality loss to prolonged storage prior
to processing, whereas 23% identified adverse
environmental conditions as the primary cause. In
addition, 27% recognized a combination of both
environmental conditions and pre-processing

delays as contributing causes. These findings
highlight the compounded effects of inadequate
handling, suboptimal storage, and unfavourable
environmental conditions on product integrity.
Notably, 18% of processors were not aware of
the causes of quality deterioration, highlighting
a critical knowledge gap that may impede the

E.coli S. aureus TPC
p = 6.5e-05 p = 8.8e-05 p=1.2e-05
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Figure 3. The differences in microbial distribution (CFU/g) across anchovy processing stages for E. coli, S. aureus

and TPC analyzed by the Kruskal-Wallis test (n = 3)
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Table 6. Relationship between food handling practices and microbial contamination of anchovies

Microbes Food Safety Practice Anchovy Processing Stages
Fresh Salt-boiled Sun-dried
p P-value p P-value p P-value
S. aureus Hand washing -0.31 0.006 -0.28 0.018 -0.22 0.039
Sorting 0.19 0.062 0.24 0.044 0.25 0.042
Cleaning processing equipment -0.12 0.098 -0.14 0.091 -0.21 0.05
Boiling time -0.35 0.002 -0.18 0.027
Drying time -0.2 0.044
E. coli Hand washing -0.03 0.091 -0.27 0.101 0.26 0.01
Sorting 0.21 0.034 0.09 0.091 0.09 0.091
Cleaning processing equipment 0.17 0.066 -0.28 0.028 -0.2 0.053
Boiling time 0.36 0.002 -0.22 0.014
Drying time 0.14 0.076
TPC Hand washing -0.08 0.082 -0.25 0.016 -0.19 0.085
Sorting 0.2 0.078 0.21 0.057 0.22 0.059
Cleaning processing equipment -0.3 0.032 -0.16 0.07 0.31 0.023
Boiling time -0.18 0.033 -0.15 0.041
Drying time -0.28 0.026

adoption of effective quality control measures
(Table 3).

Microbiological analysis of fresh, salt-boiled, and
sun-dried anchovies

Results on the microbial quality of
fresh, salt-boiled, and sun-dried anchovies are
summarized in Table 4. Results indicated that
Salmonella spp. were not detected (<LOD) in any
of the anchovy samples across the processing
stages. Escherichia coli was detected in 20% of
anchovies with a mean count of 1.43 x 10° CFU/g
(range: 4.0 x 10%-2.2 x 10° CFU/g), exceeding the
acceptable limit of absence in 1 g. Staphylococcus
aureus was found in 68% of anchovies with a mean
count of 8.35 x 10% CFU/g (range: 3.0 x 103-9.0 x
103 CFU/g), surpassing the permissible limit of <2 x
103 CFU/g. The total plate count (TPC) was present
in all anchovy samples with a mean of 1.56 x 10°
CFU/g (range: 1.3 x 10°-2.1 x 10° CFU/g), reflecting
a significant microbial load despite the absence of
a defined limit. The presence of E. coli in salt-boiled
anchovies with a mean count of 1.73 x 10° CFU/g
(range: 6.0 x 10*-1.8 x 10° CFU/g), and S. aureus in
all anchovy samples with a mean count of 7.93 x
10% CFU/g (range: 1.0 x 103-8.9 x 10° CFU/g); both
exceeded standard limits set by Tanzania Bureau
of Standards (TBS) and Codex Alimentarius.?>?* The
TPC in salt-boiled anchovies averaged 1.14 x 10°

CFU/g (range: 7.0 x 10°-1.4 x 10° CFU/g), indicating
a high microbial load.

On the other hand, E. coli was detected
in 20% of sun-dried anchovies with a mean count
of 3.75 x 10* CFU/g (range: 1.0 x 10%*-5.0 x 10*
CFU/g). Further, S. aureus was present in all sun-
dried anchovies with a mean of 2.48 x 10° CFU/g
(range: 8.0 x 102?-3.0 x 103 CFU/g), slightly above
the acceptable limit, and TPC averaged 5.75 x 10°
CFU/g (range: 3.0 x 10°-9.0 x 10° CFU/g), signifying
persistently high microbial counts across all
processing stages (Table 4).

Furthermore, differences in microbial
distribution across processing stages were
analysed using Kruskal-Wallis test. Results
indicated that E. coli (p = 0.000065), S. aureus
(p = 0.000088) and TPC (p = 0.000012) varied
significantly between fresh, boiled and sun-dried
stages (Figure 3). Salmonella spp. was excluded
from the analysis as; no variation was observed
across anchovy processing stages.

Relationship between demographic characteristics
and knowledge of food safety awareness

Table 5 reveals associations between
small-scale anchovy processors’ demographic
characteristics and their level of awareness of
food safety practices. Gender was only significantly
associated with participation in formal training
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(x? = 9.83, P = 0.022), but no association with
awareness of handling practices or food safety
regulations. On the other hand, education level
was strongly associated (P < 0.01) with all three
knowledge domains of awareness of proper
handling practices, food safety regulations, and
formal training receipt. In addition, no significant
association was found between age and level of
awareness of handling practices or regulations;
however, it was positively linked to formal training
participation (2 = 17.89, P = 0.041). Further, no
significant association between years of experience
and awareness of handling practices (y? = 23.66,
P = 0.649) or food safety regulations (%2 = 5.56, p
= 0.135), however, significant associations were
observed with formal training on safety practices
(x?=13.96, P =0.003), quality checks (y? = 60.46,
P =0.002), and understanding of causes of quality
factors for deterioration (y? = 38.87, P < 0.001).

Relationship between processors’ handling
practices and microbial contamination in
anchovies

Spearman’s rank correlation analysis
between food safety practices and microbial
contamination across different anchovy processing
stages (Table 6). Significant negative correlations
were observed between handwashing practices
and contamination by S. aureus across all
processing stages (0 = -0.31 to -0.22, P < 0.05),
indicating that poor hand hygiene increased
microbial loads. Proper boiling and drying
times were also negatively associated with
contamination by S. aureus and TPC, suggesting
their effectiveness in reducing microbial presence.
In contrast, sorting of anchovies at reception
showed a positive association with contamination
by S. aureus and E. coli (P < 0.05), implying
that sorting under unhygienic conditions may
contribute to cross-contamination. Cleaning
of processing equipment exhibited a weak to
moderate negative correlation with S. aureus, E.
coli,and TPC contamination, highlighting its role in
maintaining hygienic conditions during processing.
These findings suggest that improved hygiene and
adequate processing times are critical for reducing
microbial contamination in anchovy handling and
processing (Table 6).

DISCUSSION

Knowledge of food safety practices among small-
scale anchovy processors

The findings from the study show that
food safety practices among anchovy processors
are shaped by different factors, including years
of working experience and education level. A
better understanding of how processors perceive
and apply food safety measures is an important
step toward improving the quality of traditionally
processed anchovies and reducing the risk of
disease-causing microbial contamination.'**?
However, the level of influence of these factors
varied and was associated with different
reasons and implications. Despite the majority
of processors having 1-10 years of experience,
unsafe handling practices remained prevalent.
This implies that experience alone does not ensure
adherence food safety practices in the absence
of structured training programs. This finding is
aligns with observations from other parts of East
Africa, where experience has been shown to
influence awareness of food safety practices but
not necessarily adherence to the established food
safety standards.®

Most of the processors appeared to
have closely related levels of education, and
hence, low literacy emerged as a major barrier
to compliance. This may lead to limitations
in understanding and adoption of food safety
guidelines. Literacy levels have been reported to
impede awareness of national food hygiene codes
in other countries, like Namibia and Nigeria.?®%’
Further, predominance of males in processing as
revealed in the current study contrasted sharply
with women'’s central role in post-harvest hygiene,
underscoring the importance of gender-sensitive
interventions. Similar studies have demonstrated
that empowering women enhances compliance
and accountability in small-scale fisheries.?®2°

Despite the centrality of hygiene to
food safety, awareness levels were generally
low, with only 38% of respondents with basic
knowledge of safe food handling, whereas 62%
lacked awareness entirely (Table 2). Even among
the informed group, knowledge remained
fragmented, with only a minority able to recognize
contaminated water, unsanitary environments,
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or inadequate hand hygiene as sources of risk.
This finding is consistent with the present study,
in which unhygienic processing of anchovies
characterized by the use of unclean water and
tools was observed, and may have contributed
to elevated contamination levels.?3? Further
the lack of formal training in processing (81%)
perpetuated dependence on traditional practices
such as manual sorting, washing, salt-boiling, and
sun-drying. These techniques, while deeply rooted
in local livelihoods, are frequently applied without
standardization, which compromises product
safety. Similar patterns have been documented
among artisanal processors in Oman and Mali.?*3

Despite the presence of regulatory
institutions in ensuring food safety, 40% of
processors reported being unaware of their role
in fish safety regulation. Limited engagement
between processors and regulators appears
to contribute to persistent non-compliance, a
pattern consistent with observation in other
informal fishery sectors.®® Overall, the evidence
indicates that socio-demographic barriers,
inadequate training, and weak institutional
linkages collectively contribute to unsafe handling
practices.

Microbial contamination in anchovies

Deficiencies in food safety awareness
associated with measurable microbial risks across
all processing stages. Since Salmonella spp. were
not detected from all anchovy samples, this
indicates that both the harvesting and processing
environment contamination could be well
below the detection limit (LOD), corroborating
with the findings of Pamuk and Siriken,?’
and further suggesting that both water and
equipment associated contamination could not
be reliably established. Nevertheless, significant
contamination with E. coli was detected in 20%
(mean: 1.43 x 10° CFU/g) and S. aureus in 68%
(mean: 8.35 x 10° CFU/g). The elevated total plate
count (1.56 x 10° CFU/g) exceeding the acceptable
range of 1.0 x 10%-1.0 x 10° CFU/g,?? further
reflected deficiencies in handling hygiene and
limited shelf life, consistent with previous studies
that link microbial contamination to the use of
unsafe water, unclean utensils, and unhygienic
processing conditions.3*3842

Although boiling markedly reduced
microbial loads in anchovies, complete
decontamination was not achieved. More than
half of the salt-boiled samples (55%) remained
positive for E. coli, and a proportional retained S.
aureus, a human-associated pathogen frequently
linked to inadequate personal hygiene among
fish processors.’>*! The persistence of S. aureus
likely reflects contamination or recontamination
via skin contact, respiratory droplets, or ungloved
handling, while its survival after boiling may be
attributed to cross-contamination or insufficient
heating, given the absence of temperature
control and inconsistent application of heat.?®
The continual presence of S. aureus, a pathogen
known for producing heat resistant enterotoxins
that are responsible for causing staphylococcal
food poisoning, poses a significant health concerns
to anchovy consumers. Similarly, the continued
detection of E. coli indicates fecal contamination
originating from hands, water, utensils, or
inadequate evisceration of raw fish. Its persistence
post-boiling suggests cross-contamination from
shared utensils or surfaces, consistent with
findings reported in a study from Ethiopia.?
Sun-dried anchovies showed partial microbial
compliance; however, contamination levels
exceeded acceptable limits for E. coli (20% positive,
mean: 3.75 x 10* CFU/g) and S. aqureus (mean:
2.48 x 10° CFU/g), alongside elevated total plate
counts (5.75 x 10° CFU/g) which were below
the maximum hygienically accepted limit of 1.0
x 10° CFU/g.2>%%4044 Nevertheless, these results
should be interpreted with caution since the low
temperature during transportation and freezing
process during storage of samples could have
impacted bacteria viability.

Across processing stages, E. coli levels
declined significantly following boiling and drying
(P =0.003 and P = 0.015, respectively), indicating
that thermal treatments provide partial microbial
control as post-processing recontamination may
still occur. In contrast, S. aureus persisted due
to its salt tolerance and heat stability, consistent
with patterns reported in artisanal fisheries in
Asia and Africa.>**! Although anchovy processing
experience enhanced processors’ practical
knowledge of fish quality assessment, it was not
statistically associated with reduced contamination
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levels (y? = 23.660, P = 0.649), underscoring that
microbial safety is influenced more by processing
parameters than tenure.?%**3 These findings
underscore hygiene practices and process control
as critical determinants of anchovy safety.
Consistent with Asefa and Tsige'* and Birie et al.,*?
proper handwashing and equipment sanitation
substantially reduced microbial loads, emphasizing
hygiene as the primary barrier to contamination.
Furthermore, the observed negative correlations
between prolonged boiling and drying durations
and microbial counts underscore the importance
of time-temperature management in microbial
inactivation.’®?? Conversely, positive associations
between sorting practices and contamination likely
reflect recontamination during post-processing
handling, a recurrent challenge in small-scale
operations.’**® The diffuse contamination patterns
of E. coli further suggest intermittent hygiene
lapses across multiple handling points rather than
a single source, corroborating the observations of
Abebe et al.”

Overall, these results affirm that poor
hygienic practices, inconsistent processing, and
the absence of standardized protocols constitute
major microbial risk factors in artisanal fisheries.®*
Addressing these challenges necessitates
structured sanitation training, handling and
processing procedures, and strict adherence to
the Good Hygiene Practices (GHP). Strengthening
hygiene practices and regulatory monitoring is
therefore essential to safeguard consumer health
and ensure the sustainability of the anchovy
industry.

CONCLUSION

Traditional anchovy processing methods
and not preservation methods to be consistent,
including salt-boiling and sun-drying, reduced
microbial loads but failed to achieve complete
decontamination, hence persistent contamination
risks. Recontamination during sorting and
post-processing highlights the vulnerability of
artisanal processing systems and the absence of
standardized protocols. These findings highlight
the need for strengthened awareness on hygienic
handling and processing of anchovies and
microbial monitoring to safeguard consumer

health, enhance product quality, and sustainability
of anchovy sector within the blue economy.
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