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ABSTRACT

Poor hygiene in meat handling and distribution contributes significantly to contamination
and foodborne disease outbreaks. Although Kenya has established meat safety regulations,
compliance among butcheries remains poorly documented. This study assessed hygiene
practices, storage conditions, and demographic predictors of food safety behaviour in butch-
eries across Embu, Meru, and Tharaka-Nithi counties. Random sampling was applied in a
cross-sectional survey of 26 butcheries in Tharaka-Nithi, 51 in Meru and 32 in Embu coun-
ties bringing the total sample size to 109. A structured questionnaire was developed based
on WHO’s Essential Food Safety Requirements. Data was analysed using R software
(version 4.5.0), employing descriptive and logistic regression analysis. Results showed that
71% of butcheries kept meat on-site for over 48 hours, and 77% refrigerated meat over-
night. Refrigeration varied by county, with Embu recording the highest usage (51.7%). Only
12.8% of butcheries practiced species separation during storage, and sterilization of equip-
ment or premises was inconsistently applied, 43% in Embu, with lower rates elsewhere. Alt-
hough all personnel had food handler certificates, less than half had undergone medical
check-ups within the recommended three-month interval. Only 40% of butcheries used a
separate cashier, indicating widespread concurrent handling of meat and money. Logistic
regression revealed that age and education significantly influenced hygiene practices. Per-
sonnel with secondary education had over ten times higher odds of practicing species sepa-
ration (OR = 10.17, p < 0.001), while those with primary education also showed increased
odds (OR = 5.15, p = 0.005). Individuals aged above 50 were less likely to separate meat
species (OR = 0.14, p = 0.016). Sterilization was more likely among those aged 31-40 (OR
=3.94, p = 0.044) and 41-50 (OR = 6.68, p = 0.007). The study concludes that significant
gaps persist in hygiene compliance, with demographic characteristics influencing key prac-
tices. Targeted training and stricter enforcement of regulations are recommended to enhance

meat safety in butcheries.

Key words: Food safety, Butchery hygiene, Meat handling, Meat contamination, Public
health

J. Env. Sust. Adv. Res. Vol 11 (1) 2025) 131 - 155


mailto:jorwa@chuka.ac.ke
mailto:moses.muraya@chuka.ac.ke

Assessment of hygiene practices and ...

INTRODUCTION

Poor Hygiene handling of foods of animal
origin is the leading contributor to contami-
nation with pathogenic diarrheagenic mi-
crobes with sub Saharan Africa bearing the
largest burden of these diseases (Khan et
al., 2022). In Kenya, 100 deaths are report-
ed daily and Eastern Kenya has been re-
ported to be leading in positive cases in the
country (Ogumbo et al., 2024). The main
route to human contamination is through
ingestion of contaminated food and water
as a result of poor hygiene practices. Food
of animal sources such as meat are the most
contaminated with pathogens which natu-
rally inhabit the animals’ gut. Contamina-
tion occurs mainly through slaughter and
may persist along the value chain under
substandard hygiene practices.

Food-producing animals are the most pre-
ferred sources of proteins due to their high
biological value (Mallhi et al., 2019). The
demand for meat is rising due to increased
population, urbanization and higher pur-
chasing power especially in low and middle
-income countries (LMiCs) (Kunyanga et
al., 2021). In Kenya the meat value chain is
an important economic activity. It provides
nutrition and employment to the agricultur-
al sector by contributing about 40-50% to
the agricultural Gross Domestic Product
(FAOSTAT, 2022).

Unfortunately, foods from animal sources
have been implicated as the leading contrib-
utors to food borne diseases by 70%
(WHO, 2023). Foodborne diseases (FDB)
remain a major global public health chal-
lenge, with significant socio-economic and
health implications, particularly in LMICs.
These include; morbidity, loss of productiv-
ity and strain in health care facilities. Cen-
tre for disease control and prevention
(CDC) has reported that approximately 600
million illnesses occur worldwide due to
food borne diseases with children under the
age of five being the most affected (CDC,
2019). The burden of FDB is made up of
mostly LMICs economies which are dispro-
portionately struggling with poor access to
health facilities, non-structured food value
chains and minimal regulations (Onyeaka et
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al., 2023). The prevalence of food borne
diseases in Africa remains high with gastro-
intestinal diseases especially cholera and
diarrhoea being the most prevalent (WHO,
2023).

In Kenya, the meat retail sector plays a piv-
otal role in the food supply chain. However,
this sector is fraught with hygiene and sani-
tation challenges that heighten the risk of
transmission of FDB agents (CDC, 2019).
Urbanization, changing consumer lifestyles,
and the growing demand for convenient and
affordable protein sources have increased
the consumption of meat, particularly beef
and poultry meat (Bett et al., 2012; Cornel-
son et al., 2016). These dynamics, coupled
with weak enforcement of food safety regu-
lations and limited awareness of proper hy-
giene practices, make butcheries which are
the main urban meat retail outlets, potential
hotspots for foodborne disease outbreaks.
In Kenya meat value chain actors have been
documented to fail to adhere to Good man-
ufacturing practices (GMP) in handling
meat and meat products (Aduah et al.,
2021; Mwove et al., 2021). Majority lack
basic sanitation facilities such as running
water sinks, refrigeration and proper waste
disposal systems (Siluma et al., 2023).

Although there exist meat hygiene and han-
dling requirements for butcheries in Kenya
(GOK, 2023), adherence to this require-
ment by most butcheries is low
(Chepkemoi et al, 2016; Wambui et al,
2017) and food borne diseases are still be-
ing reported in Kenyan counties (Ogumbo
et al., 2024). Despite Eastern Kenya lead-
ing in diarrheal diseases, little is known on
the role the butcheries play as the main re-
tail outlets of meat to the urban population.
This study therefore, aims to identify the
relationship between demographic charac-
teristics of butcheries’ personnel hygiene
handling practices as per the Essential Food
safety Requirement by the WHO which is
categorized into; personnel Hygiene, Food
storage and design of premises with some
modifications such as sanitation water and
environment plus government involvement
and their role in food safety practices in the
region (WHO, 2018).
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MATERIALS AND METHODS

Study Site

This study was conducted in Embu (0°8'—0°
50'S, 37°3'-37°9'E), Meru (0°6'N-0°1'S,
37°-38°E), and Tharaka-Nithi (0°07'—0°26'
S, 37°19'-37°46'E) counties in Eastern
Kenya. Two transit towns per county along
the Meru-Nairobi highway were purposive-
ly selected due to their urban growth and
active involvement in meat handling and

distribution.

Data Collection and Survey Instrument

A structured survey method was used to
collect data through semi-structured ques-
tionnaires adapted from WHO’s Essential
Food Safety Requirements (2018), and con-
textualized using Kenyan (KS EAS
1190:2023), Ugandan (US 736:2019), and
EU (VPN 15) standards. The tool was vali-
dated and tested for reliability. The ques-
tionnaire  captured demographic data
(gender, age, education, experience) and
five thematic areas: meat sourcing (from
certified slaughterhouses), storage practices
(e.g.,
cleaning and sterilization frequency, envi-

refrigeration, species separation),

ronmental hygiene (water source, waste dis-

posal and toilets), personnel hygiene
(protective clothing, handwashing, money
handling),

(inspection frequency, food handler certifi-

and government oversight
cation, medical check-ups). Before com-
mencing data collection, ethical approval
was provided by the National Commission

of Science Technology and Innovation by
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the government of Kenya (NACOSTI Li-
cense Number; NACOSTI/P/24/34614) and
Chuka University Ethical Review Commit-

tee.

Three major counties participated and one
major town was targeted per county. The
counties were Embu, Meru and Tharaka-
Nithi, while the major towns selected were
Embu, Meru and Chuka town, respectively,
with a total of 151 butcheries (Table 1).
The population of butcheries from which
the sample size was collected were obtained
from the county offices ministry of public
health for each county. The sample size de-
termination was done according to Krejcie
and Morgan’s (1970),

X* XN xXP(1—P)

”z[df X (N—1))+ (X* xP X (1—P))

where, n = desired sample size

X? = Chi square value of 3.841 for 95% CI
N = Population size = 151

d = degrees of accuracy set at 0.05 for 95%
CI

P = Population proportion (0.5)

3.841 X 151 X 0.5(0.5)

" T (0052 x (151 — 1)) + (3841 x 0.5 x (0.5)]

(134.435)
11 == ==
(0.3725) + 0.96025)

n =109

109
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A total of 109 establishment were randomly surveyed with distributions as shown in

Table 1.

Table 1: Distribution of registered butcheries and sample samples from major towns in se-
lected

County Major town | Registered butcheries in CBD | Sample size (n)
Tharaka-Nithi Chuka 36 26

Meru Meru 71 51

Embu Embu 44 32

Total ol 109

Where CBD is Central Business District

Data analysis

Data collected from the field were coded
and analysed using R software version
4.5.0. Descriptive statistics were used to
summarize demographic characteristics and
hygiene-related practices. Chi-square tests
were conducted to assess associations be-
tween categorical variables across counties.
To identify key predictors of critical hy-
giene practices, binary logistic regression
was performed using demographic varia-
bles, age, gender, education level and work
experience as independent variables and
species separation during storage and
equipment/premise sterilization as depend-
ent variables. The level of statistical signifi-
cance was set at a = 0.05. “Data were pre-
processed and reshaped using the reshape2
package in R to organize the distribution of
meat types across counties into a matrix
format. A heatmap was then generated to
visualize the relative frequencies of each

meat type using a colour gradient, where
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darker shades represent higher values.

RESULTS

Demographic Characteristics of Butch-
ery Personnel

Key variables of demographic characteris-

tics reported included gender, age, educa-
tion level, and work experience (Table 2).
The majority of respondents were male
(94%), with female respondents accounting
for only 6.4%. Meru had the highest pro-
portion of male participants (98%), while
Embu had the highest proportion of females
(13%). Regarding age, the most represented
group was 3140 years (39%), followed by
those aged 21-30 years (29%). Only 8.3%
of the respondents were over 50 years old,
and none were below 20. In terms of educa-
tion, most participants had attained second-
ary level education (49%), while 37% had
post-secondary education. A small number
reported primary (13%) or non-formal edu-
cation (2%). For experience, the most com-
mon category was 3-5 years (47%), fol-
lowed by 1-3 years (28%) and less than 1
year (25%).
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Table 2: Demographic characteristics of personnel working in butcheries
Tharaka-
Nithi Embu Meru Overall
Characteristic n=26 n=32 n=>51 n=109
Gender Male 24 (92%) 28 (88%) 50 (98%) | 102 (94%)
Female 2 (8%) 4 (13%) 1 (2%) 7 (6%)
Age 21-30 8 (31%) 13 (41%) 11 (22%) | 32 (29%)
31-40 10 (38%) 10 (31%) 22 (43%) | 42 (39%)
41-50 5 (19%) 5 (16%) 16 (31%) | 26 (24%)
Above 50 3 (12%) 4 (13%) 2 (4%) 9 (8%)
Education Non-Formal 0 (0%) 1 (3.1%) 1 (2.0%) | 2(1.8%)
level Primary level 4 (15%) 4 (13%) 6 (12%) | 14 (13%)
Secondary level | 13 (50%) 13 (41%) | 27 (53%) | 53 (49%)
Post-secondary | 9 (35%) 14 (44%) 17 (33%) | 40 (37%)
Experience | Less than 1 year | 5 (19%) 5 (16%) 17 (33%) | 27 (25%)
1 <3 years 7 (27%) 13 (41%) | 11 (22%) | 31 (28%)
3 -5 years 14 (54%) 14 (44%) 23 (45%) | 51 (47%)

Types and Distribution of Meat Sold in

Butcheries

The study primarily focused on beef and
poultry, which are the most commonly
consumed sources of meat in the study
arca. However, there was also an interest

in mapping the distribution of other meat

the study showed that beef was the most
widely retailed, followed closely by poul-
try (Fig. 1). Butcheries that stocked poul-
try often did not sell it as a standalone
product; rather, poultry was used to com-

pliment beef which was the primary meat

types available in butcheries across the offering. In addition to beef and poultry,

urban population centres. The finding of S A E TR S LR B 0 UL

pork were also stocked, though in much
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Figure 1: The distribution of beef, poultry and other meat types sold in Eastern Kenya Butcheries

J. Env. Sust. Adv. Res. Vol 11 (1) 2025) 131 - 155



Assessment of hygiene practices and ...

Figure 2 presents a heatmap showing the
distribution intensity of different meat types
retailed across butcheries in Embu, Meru
and Tharaka-Nithi, counties. The visual in-
tensity reflects relative frequency, with
darker shades indicating higher availability.
Beef was the dominant meat type across all
three counties, with Meru County exhibit-

ing the highest frequency. Poultry was also

136

Goat meat was present in Embu and Meru

counties, while completely absent in
Tharaka-Nithi County. Pork was least com-
mon, recorded only in Meru County. These
patterns suggest a regional variation in meat
preference and supply, with beef maintain-
ing a central role in urban meat consump-
tion, while other meats like pork and goat

are more localized or secondary in distribu-

widely sold, though in combination with  tion.
beef, rather than as a stand-alone offering.
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The colour gradient reflects the relative frequency of each meat type per county, where

darker shades represent higher values

Figure 2: Heatmap showing the distribution of meat types sold across counties

Sources of Beef and Poultry Meat Retailed in Butcheries by Counties

Majority of beef retailers bought their meat from licensed slaughterhouses. In some cases,
particularly in Meru County, retailers procured live animals directly from farmers in Isiolo
town. However, even in such cases, the animals were still taken to official slaughterhouses
for inspection and certification by veterinary officers prior to slaughter and distribution to

butcheries. .
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There were no significant differences ob-
served in the sources of beef across the
three counties, indicating that slaughter-
houses remain the primary source of beef
regardless of location.

In contrast, the sourcing of poultry meat
was notably more diverse. Unlike beef,
poultry marketing and slaughter often by-

pass formal health inspection systems, with
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no mandatory requirement for certification
prior to sale. Statistical analysis revealed a
significant difference (y*> = 24.712, p =
0.0004) in poultry sourcing practices across
the counties (Table 3). The majority of
poultry retailers, especially in Tharaka-
Nithi County, preferred to buy directly
from farmers, while others sourced chicken

from local markets.

Table 3: Sources of beef and poultry for raw meat retailers in Embu, Meru, and Tharaka-

Nithi counties

County Response Frequen- | Percent Total X?, p -value
o)
Embu Directly from farmers | 7 L7 13 22,7124
0.0004

Market 6 15.4 (33.4%)

Meru Directly from farmers | 10 25.6 16
Market 6 15.4 (41%)

Tharaka- Nithi | Directly from farmers | 9 23.5 10
Market 1 2.1 (25.6%)

n=39

Meat Turnover Rates and Associated
Storage Safety Risks in Butcheries

The duration between the reception of meat
into the butchery and its complete sale was
assessed to understand turnover and potential
public health risks. In this study, the time to
complete sale ranged from less than 24 hours
to up to three days. The study revealed that
the majority of meat was sold within 36 to
48 hours of arrival (Fig. 3). Only a small
proportion of butcheries had meat remaining

for sale beyond the third day, suggesting rel-
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atively fast turnover. However, this also rais-
es concerns about storage conditions, partic-
ularly in facilities lacking refrigeration or
proper hygiene practices. Meat is highly per-
ishable commodity due to its rich nutrient
profile and high moisture content, which cre-
ates a favourable environment for microbial
growth, particularly under warm storage con-
ditions. Monitoring the duration of meat
storage is essential for ensuring food safety,
especially in informal retail environments
where cold chain infrastructure may be inad-

equate or absent.
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2 (1.83%)

29
(26.61%)

78 (71.56%)
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TIME BEFORE COMPLETE SALE
®2-3 days

® 1 day or less

@ More than 3 days

Figure 3: Distribution of time taken to completely sell meat in butcheries, showing the pro-
portion sold within 1 day or less, 2—3 days, and more than 3 days after arrival.

Overnight Meat Storage Practices and
Species Separation in Butcheries

To assess food safety practices in butcher-
ies, the study examined overnight storage
methods of meat, with a focus on tempera-
ture control and species separation. The re-
sults showed that a greater proportion of
butcheries stored meat at room temperature
in all counties, typically by hanging it on
hooks,
(Table 4). There were statistically signifi-

rather than wunder refrigeration

cant differences across counties in the use

of refrigeration systems (y*> = 16.175, p =
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0.0003). Butcheries in Embu County were
significantly more likely to employ refrig-
eration for meat storage, whereas those in
Meru and Tharaka-Nithi predominantly
stored meat at ambient temperatures over-
night. In terms of species separation during
storage, only 12.8% of retailers reported
separating different types of meat, while a
striking 87.2% did not. This practice raises
public health concerns, especially regarding
cross-contamination risks and meat quality

degradation.
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Table 4: Overnight storage methods by county and their association with refrigeration use

Counties Frequen- | Per- Total N [ X*, p -value
cy cent (%)
Embu Refrigerate 17 1585 32 16.175,
0.0003

Room temperature | 17 15.5 31%
(Hanging on hook)

Meru Refrigerate 7 6.2 51
Room temperature | 44 40.2 46.4%
(Hanging on hook)

Tharaka- | Refrigerate 1 Sl 26

Nithi
Room temperature | 22 20.6 22.7%
(Hanging on hook)

n=109 In terms of education, personnel with pri-

Predictors of Species Separation Practic-
es in Butcheries
To determine the factors influencing wheth-

er species separation was practiced in
butcheries, a binary logistic regression anal-
ysis was conducted. The dependent variable
was species separation (1 = Yes, 0 = No),
while predictor variables included gender,
age, education level, and work experience.
Age and level of education were statistical-
ly significant (p < 0.05) predictors of spe-
cies separation (e.g., poultry and beef) dur-
ing storage (Table 5). Specifically, individ-
uals aged above 50 were significantly less
likely to practice species separation com-
pared to those aged 20-30 (OR =0.14, p =
0.016), suggesting a potential association
between age and heightened concern for

food hygiene or compliance.
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mary education had 5.15 times higher odds
of practicing species separation compared
to those with non-formal education (p =
0.005). Interestingly, those with secondary
education had even greater odds (OR =
10.17, p < 0.001), indicating a strong and
significant positive relationship between
educational attainment and the adoption of
proper meat handling practices. However,
gender and experience were not statistically
significant (p > 0.05) predictors in this
model. These findings suggest that age and
education play a key role in promoting saf-
er meat handling practices. The overall
model had a Tjur’s R? = (.75, suggesting a
good level of explanatory power. General-
ly, experience and level of education had

positive influence on specie separation.
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Table 5: Logistic regression of factors influencing species separation during meat storage

Characteristics . Odds Rati- 95 % ClI for
Predictors o Std. Error Odds Ratio Z-value| p-value
Constant (Intercept) 24496 | 31976 | O-11-1.25 901 | 0.990
‘Female’ Gender [Male] 0.00 0.00 | 001=191 1 901 | 0.989
Reference Age31- 40 lnk=lcEtounel 10001572 1 Gel 000
‘Age20-30° | Ao 41-50 1.17 085 | 027482 | 022 | 0.829
Age [Above 50] | 0.14 0.11 | 0:03-0.65 | 545 | 0.016
Reference “Less | pyperiencel-3 0.64 0.35 0.22-1.85 1 981 | 0.419
Years
than 1 year’ Experience3-5 1.32 0.85 Op st R0 il lovs61
Years
Reference ‘Non- | £ qcation G 299 L. ASL6 90755 95 5.005
formal educa- [Primary]
tion’
Education 10.17 644 | 3-15-38.68 | 346 | <0.001
[Secondary]
Observations = 109
R” Tour = 0.75

Hygiene Practices in Meat Retail Estab-
lishments on Cleaning and Sterilization
of Equipment, Storage Facilities and
Premises

Cleaning Frequency of Meat Handling
Equipment, Storage Facilities and Butch-
eries Premises

The study assessed hygiene practices in

butcheries by examining the cleaning fre-
quency of three key areas: meat handling
equipment (e.g., knives, cutting boards),
meat storage equipment (e.g., hooks, refrig-
erators) and the butchery premises them-
selves (Table 6). The cleaning frequency of
meat handling equipment was generally

high across all counties, with Embu County
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reporting the highest rate of multiple daily
cleanings (62.5%). However, the differ-
ences across counties were not statistically

significant.

In contrast, the cleaning of meat storage
equipment showed more variation. A sig-
nificantly larger proportion of respondents
in TNC and Meru reported daily cleaning
(70.0% and 67.5% respectively) compared
to Embu (43.5%). This difference was sta-
tistically significant (> = 19.485, p =

0.0006).
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Regarding butchery premise cleaning, both
Meru (58.8%) and TNC (65.4%) had a high
proportion of respondents who cleaned
their premises once daily, while Embu
(46.9%) had more who cleaned twice daily.
Nevertheless, the differences in cleaning

patterns were statistically significant across

141

lighting variability in hygiene routines.
These findings suggest that while basic hy-
giene is practiced across all counties, there
are important differences in rigor and con-
sistency, particularly in storage and premise
cleaning, with potential implications for

meat safety.

counties (> = 16.865, p = 0.0021), high-

Table 6. Cleaning frequency of meat handling equipment, storage facilities and butchery
premises by county

Counties X7, p -value
Hygiene Practice Embu | Meru Tharaka-
Nithi
Meat handling equipment cleaning frequency (%)
Once daily | 37.5 47.06 659 1.598, 0.450
More than 62.5 52.94 46.15
Once
Meat storage equipment cleaning frequency (%)
Daily 43.5 67.5 70.0 19.485, 0.0006
Weekly 47.8 20.0 20.0
Cannot tell | 8.7 12.5 10.0
Butchery/Premise cleaning frequency (%)
Once daily | 18.7 58.8 65.4 16.865, 0.0021
Twice daily | 46.9 21.6 23.1
When dirty | 34.4 19.6 11.5

n=109

Sterilization Frequency of Meat Handling Equipment, Storage Facilities and Butcheries
Premises

Sanitation plays a vital role in maintaining hygiene in meat retail establishments. In this
study, the practice of sterilizing meat handling equipment and butchery premises was as-
sessed both in terms of its prevalence and the influence of key predictor variables. The high-
est proportion sterilization was reported in TNC, where 80.77% of respondents indicated
they sterilize equipment and premises (Figure 4). In contrast Meru County had the lowest
proportion, with only 43.14% reporting sterilization. The study also dissected the predictor
variables to find if there was any which significantly contributed to sanitation practices in
the establishments (Table 7).

J. Env. Sust. Adv. Res. Vol 11 (1) 2025) 131 - 155
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Gender, experience and level of education
had no statistically significant contribution
sterilization as a practice. Individuals who

were aged between 31 -40 and those above

100
20
80
70
60
50
40
30
20
10

0

PERCENTAGE

EMBU

EYES

Where Yes = sterilize and No = do not
sterilize

Figure 4: Proportion of butcheries prac-
ticing equipment and premise steriliza-
tion

To further understand the factors influenc-
ing this practice, a binary logistic regression
analysis was conducted (Table 7). The mod-
el examined the impact of gender, age, expe-
rience, and education level on the likelihood
of sterilization. The analysis revealed that
age was the only statistically significant pre-
dictor of sterilization practices in butcheries.
Specifically, individuals aged 3140 years
had nearly four times higher odds of practic-
ing sterilization compared to those aged 21—
30, with an odds ratio (OR) of 3.94 and a p-
value of 0.044. Moreover, those in the 41—

J. Env. Sust. Adv. Res. Vol 11 (1) 2025) 131 - 155
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50 were more likely to sterilize the equip-
ment and premise compared to other cate-
gories of age. These differences were also

statistically significant at CI 95%.

MERU

COUNTY

ENO

50 years age group were even more likely to
engage in sterilization, with an OR of 6.68
and a p-value of 0.007, indicating a strong
and statistically significant relationship. In
contrast, gender, experience, and level of
education were not significantly associated
with sterilization practices. While individu-
als with 3-5 years of experience demonstrat-
ed relatively high odds of sterilization (OR
=4.05), this finding was not statistically sig-
nificant (p = 0.064), suggesting only a bor-
derline effect. Overall, the logistic regres-
sion model had a Tjur’s R? value of 0.214,
indicating a modest level of explanatory
power in predicting sterilization behaviour
based on the included demographic varia-
bles.
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Table 7: Binary logistic regression analysis of predictors of sterilisation practices in butch-

eries
Use of Sterilizer
Characteristics . Odds Ra-| Std. 95% CI for Odds
Predictors . . Z-value |p-value
tios Error Ratio

Reference B

Female’ (Intercept) 291 4.13 (0.23-83.93) 0.75 | 0.452
Gender 0.42 0.53 (0.02-3.75) 0.69 | 0.492
[Male]

f‘;%e,fence Age 21 [ Age 3140 394 | 269 | (1.07-15.87) 201 | 0.044
Age 41-50 6.68 4.74 (1.73-28.88) 2.68 | 0.007
Age [Above 0.70 0.48 (0.18-2.69) -0.52 | 0.603
50]

Reference Experi- | gypiriencel-3 | 0.74 | 0.39 (0.26-2.11) -0.56 | 0.575

Syt Years

‘Less than 1 year’
Experience 3- 4.05 3.05 (1.02-21.21) 1.85 0.064
5 years
Education 0.45 0.27 (0.13-1.46) 1.31 0.191
[Primary]
Education 0.75 0.46 (0.23-2.47) 0.47 | 0.641
[Secondary]

Observations = 109

R’ Tjur =0.214

Environment, Water and Sanitation Facil-
ities in Meat Retail Outlets
This study assessed the availability and

source of water, sanitation facilities, and
waste disposal systems across butcheries in
the three counties. the source of water varied
significantly across counties (y*> = 17.408, p =
0.00016; Table 8). The majority of butcheries
in all three counties relied on treated munici-
pal water, with the highest proportion report-
ed in Meru County (88.2%). However, river
water use was reported exclusively in Meru
(11.8%) and Tharaka-Nithi (7.7%), while
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water vendors were a more common source
in Embu (18.8%) and TNC (7.7%).

Regarding in-premise facilities, over 50% of
establishments in each county had sinks
within the butchery premises, with Meru
(78%) having the highest proportion. The
differences across counties were not statisti-
cally significant (p = 0.229). The presence of
toilets near the butcheries was highest in Em-
bu (75%), followed closely by Meru (69%)
and TNC (65%) but the differences were not

statistically significant either.
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In terms of waste disposal or drainage sys-
tems, Tharaka-Nithi County (62%) had the
highest reported availability of waste dis-

posal  sites  within  the  vicinity
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(approximately 100 meters) of the butcher-
ies, while Embu had the lowest (53%) but

the differences were not significant.

Table 8: Distribution of water sources, sanitation facilities, and waste disposal systems by county

Environment, water and Embu Meru (% | Tharaka- X, p-
sanitation factors (%(n)) | (n)) Nithi (%(n)) | Value
Water source Municipal | 81.3 88.2(45) 84.6(22) 17.408,
(26)
Vendors 18.8(6) | 0(0) 7.7(2) 0.00016
River 0(0) 11.8(6) 7.7(2)
Sink within Premise Yees 53(17) | 78(40) 69(18) 2.946,
No 47(15) | 22(12) 31(8) 0.229
Toilet in vicinity Yes 75(24) | 69(35) 65(17) 0.683,
No 25(8) 31(17) 35(9) 0.717
Waste disposal/drainage in | Yes 53(17) | 59(30) 62(25) 0.4576,
vicinity 0.7955
No 47(15) | 41(22) 38(1)
n=109 butcheries had valid food handler’s certifi-

Compliance of Butchery Personnel with
Government Food Safety and Hygiene
Regulations

The enforcement of food safety and hygiene
standards in Kenya falls under the mandate
of the Ministry of Public Health, operating
through county governments. Among its key
roles is ensuring that food handlers obtain
mandatory medical check-ups and are issued
food handler’s certificates, as stipulated by
the Public Health Act (Government of Ken-
ya, 2016). This study assessed compliance
with these regulations across the three coun-
ties. The findings of the study showed that

100% of raw meat handler’s in the surveyed
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cates, indicating full compliance with this
requirement (Table 9). However, adherence
to the recommended three-month interval
for medical check-ups was less consistent.
In Embu County, only 50% of personnel had
undergone medical check-up in the last three
months, while in Meru and TNC, the figures
were 40% and 38%, respectively. The rest
had check-ups ranging from three to six
months prior, and a small number reported
having medical assessments more than six
months ago. Although these differences
were not statistically significant, they sug-
gest potential gaps in routine health monitor-

ing.
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In terms of government hygiene inspec-

tions, most respondents indicated that visits

by public health officers occurred once a

month, with 91%

in Embu, 86% in Meru,

and 88% in TNC reporting this frequency.

Weekly inspections were rare across all

counties. Training of butchery personnel

was also explored as part of hygiene en-
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forcement and skill development. The ma-

jority of workers in all counties had re-

ceived some form of training, either formal

or informal/apprenticeship (Figure 5). The

training mainly focused on meat cutting

techniques, sanitation and personal hygiene

practices within the premises.

Table 9: Compliance with medical check-ups, food handler certification and government

hygiene inspection by County

Response Embu % | Meru TNC X, p-
(n) % (n) % (n) value
Food handler’s Yes 100 (32) 100 (52) | 100 (26) | 3.0806,
medical check-up 0.0143
No 0 (0) 0 (0) 0(0)
Last medical Less than 3 months 50 (16) 40 (20) 38 (10) 4.0734,
check-up 0.6667
3-6 Months 41(13) 44 (22) 50 (13)
More than 6 months | 9 (6) 12 (6) 12 (3)
Once only 0 (0) 24) 0(0)
Govt inspection Weekly 9@3) 14 (7) 31(3) 11.1846,
frequency 0.6715
Once a month 91 (29) 86 (45) 88 (23)
n=109
35 33
30
25
= 20
-% 20 18
% 15 15 ENo
A 2 - BYes
10
5
0
Embu Meru Tharaka Nithi
Countries

Where Yes = Trained and No = Not trained
Figure 5: Proportion of personnel trained in food safety handling practices per county
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Personnel Hygiene and Money Handling
Practices Within Butcheries
Personnel hygiene and financial transaction

practices in meat handling environments
play a critical role in maintaining food safe-
ty standards. One potential contamination
route is handling money while simultane-
ously managing raw meat, which increases
the risk of microbial transfer. This study
assessed payment methods, the presence of
separate cashiers, and the use of protective
clothing by meat handlers in Embu, Meru,
and Tharaka-Nithi counties. The majority
of butcheries in all three counties accepted

both cash and mobile money payments,
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97% in Meru, 94% in TNC, and 96% in
Embu (Table 10). Use of only cash or only
mobile money was uncommon. These dif-
ferences in payment methods were not sta-

tistically significant.

In Meru, 56% of butcheries reported having
a designated cashier, compared to 33% in
Embu and 35% in TNC (Table 10). Howev-
er, this difference was also not statistically
significant, although it suggests a potential
area for improvement in hygiene protocol

enforcement.

Table 10: Payment methods and presence of designated cashiers in butcheries by county

Embu Embu Tharaka- Dy g O
% (n) % (n) Nithi % (n) [ value
Payment Method | Cash only 3(1) 4(2) 0 (0) 3.301,
0.5088
Mobile Money 0 (0) 2 (1) 4(1)
only
Both 97 (31) 94 (49) |96 (25)
Separate Cashier | Yes 56 (18) 33(17) 13509 4.759,
0.0926
No 44 (14) 67 (35) | 65(17)

n=109

In terms of personnel protective clothing,
Figure 6 highlights that their use (i.e.
aprons, gloves, water resistant shoes or hair-
nets) was not consistently practiced across

the counties. Meru County had the highest
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proportion of individuals wearing protective
clothing (50%), while TNC had the lowest
at 31%. Wearing protective clothing is cru-
cial not only for the safety of meat handlers
but also for preventing cross-contamination

of meat products from the personnel.
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Percentage (%)

J.

23 (60.5%)
S0

27 (49.1%

5 (39.5%)

b
]

N
]

28 (50.9%)
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20 (69.0%)

Protective Clothing
I ~e
e

(31.0%)

EMBU MERU

countiaes

THARAKA MNITHI

Where Yes = Have protective clothing and No = Does not have protective clothing
Figure 6: Proportion of butchery personnel wearing protective clothing

DISCUSSIONS
This study found that the meat retail indus-

try is highly male-dominated, with 94% of
respondents being men. This aligns with
findings by Koech et al. (2024) and Chep-
kemoi et al. (2016). Similar gender patterns
were reported in Ghana, Ethiopia, South
Africa, and Uganda (Asati et al., 2024; Si-
luma et al, 2023; Nabwire et al., 2023;
Kanko et al., 2023). These results suggest
persistent gender roles and socio-cultural
norms that limit women’s participation in
the sector. Addressing this gap requires tar-
geted interventions to support gender equity
through skills training and inclusive policy
frameworks.

The age group of raw meat sellers was in
this study reported to be between 30 - 40
that is 39%. Other studies in Kenya also
reported that age wise, most raw meat han-
dlers were above 35 years of age and below
2016,
Kunyanga et al., 2021, Koech et al., 2024).

50 years (Chepkemoi et al,
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This means that the industry is energy de-
manding and is therefore attracts men of
middle age compared to a youthful popula-
tion. Education plays a major role in trans-
ferring information. In this study the most
educated individuals were more likely to
carry out better hygiene practices than the
non-educated. These results have also been
replicated in Uganda and Nigeria (Kehinde
et al., 2020, Grace, 2022). Regular trainings
can therefore be used to target food safety
enhancement programs at these establish-
ment.

From the study, the most common red meat
was beef (Figure 1). On the other hand, the
main source of white meat was chicken
which was mainly sold within the butcher-
ies as well. In this study beef sold alone
was highest in all butcheries. This was fol-
lowed by beef together with chicken and
finally beef with meat from other species

such as goats and sheep. However the sale
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of chicken meat alone was very rare (less
than 5%) in all three counties. The chicken
meat value chain was not structured be-
tween the farmer to the butchery. This was
unlike beef where the cattle had to be
slaughtered at slaughterhouses before distri-
bution to butcheries. Chicken meat value
chain is non-structured and could be a
source of contamination to the meat value
chain. There is lack of veterinary inspection
during slaughter unlike in beef where the
cattle are slaughtered in designated slaugh-
terhouses with supervision from veterinary
officers. This was noted as big gap which
should be looked into in the spread and
contamination of chicken meat by sickly
birds which is a rapidly growing industry
(Gulati et al., 2022)

Meat is a highly perishable protein source
and has a very short lifespan, especially
when not refrigerated (Johansson et al,
2020). From the current study it is evident
that meat could actually take more than
three days in a butchery (Figure 3). For
most of the establishment the meat was sold
within 36 to48 hours. In another study in
Uganda, only 10% of meat in butcheries
was sold within 1 day (Nabwiire et al,
2023) According to the Kenyan Standards
(KS EAS 1190: 2023), the regulation states
that slaughterhouse products should be fro-
zen or refrigerated. It is evident that regula-
tions are set by the government but very
little compliance is observed within the

butcheries. There is a need to have strict
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follow ups and possible fines to those who

do not comply with these regulations.

Without refrigeration, microbial multiplica-
tion could rise above the levels set by
KEBS and other standards which is set at
316 CFU/g for coliforms (Commission reg-
ulation 2005; NDVQPH, 2010). With only
25% of butcheries installed with refrigera-
tors, the risk is very high. Some studies
have reported that refrigerators in butcher-
ies available are not more than 11% in Nai-
robi and 39% in Isiolo (Chepkemoi et al.,
2016). In Uganda, refrigeration systems
were recorded in 26% (Nabwiire et al.,
2023) of butcheries while in Nigeria 42%
of butcheries reported to refrigerate meat
(Kehinde et al., 2020). This trend is alarm-
ing and could be a possible hotspot for
foodborne diseases outbreaks. Microorgan-
isms are temperature specific (McMeekin et
al., 2018), and therefore refrigeration is
among the first steps in controlling micro-
bial multiplication and possible outbreak of
foodborne diseases.

Separation of species and different types of
meat play a major role in controlling cross-
contamination. Therefore, having beef and
chicken meat in close proximity with each
other will cause contamination of all types
of meat with a wide range of microorgan-
ism. This is because the different sources of
the animals are also accompanied by differ-
ent types of microbes. Separation of species
is therefore an important step in controlling

possible zoonotic bacteria between species.
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In the current study, separation was only
done in 12.8 % of the butcheries. Separa-
tion of species was explained by age, where
individuals 41 to 50 years were more likely
to separate the species. And also, more edu-
cated personnel were likely to separate spe-
cies compared to those with lesser level of
education. This different was significant (p
=0.001).

At the butchery the equipment used in han-
dling and storing meat such as knives,
sharpening tools, refrigerators, hooks and
cutting boards (Kunyanga et al., 2019) were
considered as those likely to breed microor-
ganisms due to their frequency of contact
with meat. Their cleaning frequency is criti-
cal since sales occur at unprecedented inter-
vals between one customer and another.
The Meat Control Act, Cap 356 under the
meat control regulations of 1973, state that
meat handling equipment should be washed
with soap and water and undergo steriliza-
tion with hot water (Meat Control Act cap
356). One of the methods in controlling mi-
croorganisms is through physical removal
by cleaning. Cleaning removes most micro-
organisms and should be followed by steri-
lization for microbial safety (Urban-Chmiel
et al., 2025). This was not the case in this
study and should be a recommendation dur-
ing cleaning to the local butcheries. This is
because Meat contact surfaces have had
pathogenic microorganisms (E. coli, Staph-
vlococcus aureus and Salmonella) isolated
from them (Hiko et al., 2025, Kenaw et al.,
2024, Kanko et al., 2023).

J. Env. Sust. Adv. Res. Vol 11 (1) 2025) 131 - 155

149

When it comes to premises, the regulations
are that the floor and walls should be
cleaned at least once daily followed by ster-
ilization (US 736: 2019 Section 7.5). Prem-
ise where food is being sold as a major fac-
tor in food safety. Hiko and others (2025)
have isolated pathogenic microorganisms
from the butchery floors. The cleaning fre-
quency was different in all study sites while
daily cleaning was common in TNC while
twice -daily cleaning was common in Embu
County. Overall, it can be concluded that
cleaning practiced was a well-established
practice among butcheries in the study area
with 100% of the respondents doing daily
cleaning and sometimes twice per day. Pre-
vious studies in Kenya generalized cleaning
practice with no differentiation between the
equipment and the premise, (Chepkemoi et
al., 2016, Kunyanga ef al., 2019). In all the
above studies, cleaning was done daily in
100% of the butcheries. Since the results
show that the younger individuals are likely
to carry out sterilization, it is recommended
that this population should be hired or con-
tracted to carry out the hygiene practices
within the butcheries.

The Kenyan Standard (KS EAS 1190:
2023) state that water used for cleaning of
meat and equipment should be portable.
The water provided by the government for
domestic use is always treated and portable.
The certainty of water quality from vendors
could not be determined and river water
carries with it a lot of environmental patho-
gens which is a possible source of contami-

nation
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(Berhanu et al., 2024, Njuguna et al., 2020,
Mbui et al., 2016). A significant number of
butcheries draw water from municipal
sources (Over 80%) per county. This prac-
tice could be among the steps encouraged
towards improvement of hygiene in the es-
tablishments. Potable water will enhance
even personnel hygiene practices like hand
washing and hand washing sinks in the
premise which is already at over 50% ac-

cording to this study.

Waste disposal sites and toilets are useful in
managing environmental and human waste.
In this study, the proximity of toilets to a
point where they could become sources of
contamination was considered. Open waste
disposals within vicinity could act as
sources of cross contamination especially
with flies. We reported that not less than
60% establishments had toilets within the
vicinity while more than 50% had waste
disposal sites/ and draining facilities too
close to the butchery. The toilets could act
as sources of contamination if not well
maintained, the same goes to waste disposal
sites. These need to be well regulated since
none is mentioned in the meat control act
CAP 456 of Kenya.

The government is responsible for ensuring
that the set-out regulations are belong fol-
lowed to the latter by the raw meat han-
dlers. This is usually done by Public health
officers who are mandated by frequent in-

spection of these premises. This study re-
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ported that all butcheries (100%) had at one
point been visited by a public health officer.
It is also a requirement that food handlers
are tested and given food handlers certifi-
cate if they pass the test. In this study all
(100%) the participating butcheries person-
nel had food handlers’ certificate in all
three counties. Medical certificates should
be reviewed after every 3 months and not
later than 6 months (Government of Kenya,
2016). In our study we report that majority
of the certificates were reviewed in the last
3- 6 months in all three counties, however,
some food handlers had not done a medical
check-up for a period exceeding six months
(33%) while others never reviewed after
getting the first food handlers’ certificate
(4% in Meru county only). These results
indicate a disconnect between legal infor-
mation and implementation from the gov-

ernment side.

Training of food safety during handling of
meats is essential to maintain a hygienic
environment and reduce cross contamina-
tion (Government of Kenya, 2016). Train-
ing both formal and informal were consid-
ered crucial in the current study and there
was a positive trend. Training has a positive
impact on personnel practices such as wear-
ing of protective clothing (hair nets, water
proof gumboots, gloves, nose masks and
bright aprons) which scored poorly in the
current study. Money handling could be a
possible source of contamination when per-

sonnel do not wash hands between meat
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handling and money. Although this is not a
recommendation in the Kenyan standard, it
should be included in the legislation. How-
ever, with the increase in mobile money
transfer in Kenya (Ngugi et al., 2010) mon-
ey contact is expected to be low. On the
downside, the personnel might need to
check payment messages in the phone, and
therefore the phone might become the next
source of meat contaminant. Either way this
study, recommends separate cashiers per

establishment.

CONCLUSION AND RECOMMENDA-
TION
Meat is major protein source to the entire

population and its sale is increasing with

urbanization and population rise. The meat

value chain a likely contributor to outbreak

of food borne diseases and therefore it
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