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ABSTRACT

Fresh cow milk is both a source of food nutrients and income to humans. However,
if improperly handled at milking stage, it can be a source of bacterial pathogens
which threaten health of human beings. This study investigated the effect of milking
time and handling techniques on microbial quality and exposure assessment of
consumption, using 52 fresh cow milk and corresponding water samples at the
LUANAR-NRC dairy farm. Total bacterial count (TBC) was used as an indicator of
the microbial quality of the milk, normalized by log-transformation and expressed in
coliform plate counts (CFU/ml) as means + standard deviations. One-way ANOVA
was used to identify and assess the possible predictors of TBC. A cross-sectional
survey of consumers around the farm was conducted to assess exposure effect at raw
consumption. The major bacterial isolates from the milk samples were
Staphylococcus Spp. (38%) and E. coli (34%). Consistent with records of below
standard pH values (6.072 £ .0285), morning milk samples registered higher mean
bacterial counts (6.0867+1.9334 log CFU/ml) than the afternoon (2.2001+2.8732 log
CFU/ml) batch. Furthermore, milking time and handling techniques, combined,
significantly (p < 0.05) contributed to the presence of bacteria. Unlike milk handling
(p > 0.05), milking time alone significantly contributed (p < 0.01) to the high
proportions of bacterial counts. The significant effect of both milking time and
handling on raw cow’s milk microbial quality calls for immediate actions along the
dairy value chain to prevent the spread of foodborne diseases caused by bacterial
hazards.

Keywords: Fresh milk, milking time, handling technique, acidity level, microbial
content.
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1. INTRODUCTION

Globally, milk plays an important role in diets because it is a complex mixture of
macro and micro-nutrients, and a rich source of fats, proteins, carbohydrates,
minerals and vitamins such as calcium, vitamin B-12, and riboflavin (Nyokabia et
al., 2021). Fresh cow milk is particularly favourable because it is rich in proteins (3-
4%), caseins (80%) and whey (20%) which are important for human body functions
(Achchuthan & Kajananthan, 2012; Kon, 1972; Pandey & Voskuil, 2011). In
addition, fresh cow milk contains fat (3-4%) and water (87-88%) and is also a good
source of, Vitamin A, B-Riboflavin, vitamin D, Calcium, Phosphorus and
Magnesium among other trace elements in the diet (Vaclavik & Christian, 2014;
Walstra, 2006). Since proteins contain amino acid responsible for synthesizing
lactose, they are regarded important for child’s growth and development (Walstra,
2006). Proteins help to build and repair body tissues and to produce antibodies
responsible for resisting infection. On the other hand, riboflavin, vitamin D and
vitamin A help to promote healthy skin and eyes (Walstra, 2006). Because it is a low
caloric food, milk is a relatively expensive source of energy (Kon, 1972). It also
helps in body absorption of calcium and phosphorous, which are necessary for bone
formation (Walstra, 2006). The aforementioned bioactive elements are attributed to
the presence of enzymes which act at specific sites of targeted molecules under
optimal conditions of pH and temperature (Vaclavik & Christian, 2014). Milk
enzymes come from several sources including native milk, airborne bacterial
contamination, fermented milk, or somatic cells present in raw milk (Nwankwo et
al., 2015). When put into dairy farming, fresh cow milk becomes a source of poverty
alleviation for most Africans (FAO, 1990; Uddin et al., 2012). Dairy farming is both
a source of income (Nargunde, 2013) and employment (Kale et al., 2013; Uddin et
al., 2012) in many rural parts of Africa. However, raw milk is also an ideal growth
medium for several microorganisms (Ridwana et al., 2017).

Because of the aforementioned advantages, fresh cow milk is largely consumed in
its fluid state or in form of other dairy products such as butter, cheese, ice cream,
and confectionary (Brown, 2015; Kvoger et al., 1989). The dairy products are also a
major source of milk fat. However, milk fat has suddenly become undesirable after
scientific research which reported that saturated milk fat raises blood cholesterol
levels that contribute to heart disease (McGee, 2004). Nonetheless, milk and milk
products remain a good part of daily human diet such that research is now
encouraged on paying much attention to ways of improving dairy production yield
while optimally minimizing side effects (Harding, 1995). Improper way of handling
fresh cow milk remains a leading source to pathogenic microorganisms such as E.
coli, Staphylococcus aureus, Campylobacter Spp., Listeria monocytogene and
Salmonella Spp. (Adugna et al., 2013). These food borne pathogens remain a serious
threat to lives of people in low-and-middle income countries (LMICs) as they are
responsible for approximately 33-90% cases of child deaths in Africa (Flint et al.,
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2005). The conditions under which fresh cow milk is handled at farm level may
affect both its quality and nutritive value (Nell et al., 2014; Shirima et al., 2003).
Yet, such crucial information is less known despite the milk being of significance to
public health.

Although milk production in LMICs such as Malawi is an important livelihood
source for smallholder dairy farmers and a source of good health for the consumers,
challenges of milk quality and safety occur due to unhygienic handling methods,
time, and non-adherence to food safety standards (Garantjang et al., 2020; Mahari &
Yemane, 2016; Nwankwo et al., 2015; Nyokabia et al., 2021; Swai & Schoolman,
2011; Tadesse et al., 2020). Moreover, unlike in the neighboring countries (Bacigale
et al., 2023; Gwandu et al., 2018; Kivaria et al., 2006; Mosalagae et al., 2011;
Nyokabia et al., 2021; Swai & Schoolman, 2011), reviewed dairy literature in
Malawi shows that majority of studies focus on milk production (Baur et al., 2017).
Very little is known about the microbial quality and profiles of fresh cow’s milk at
the milking sites. Therefore, this study aimed to investigate the effect of milking
time and handling techniques on the microbial quality of fresh cow’s milk at
LUANAR-NRC dairy farm that serves part of the population of central Malawi.
Specifically, the current study was set to (a) determine the bacterial composition of
the fresh cow milk, (b) assess the pH of fresh cow milk, and (c) measure consumer’s
perception on fresh cow milk from LUANAR-NRC dairy farm.

2. MATERIALS AND METHODS
2.1. Study Area

This study was conducted at LUANAR-NRC Dairy Farm, located in Likuni in
Traditional Authority (TA) Malili around latitude 13° 55' 11" S and longitude 34° 4'
30" E in Lilongwe District in central Malawi (Figure 1). The LUANAR-NRC Dairy
Farm serves an approximate population of at least 115,931 living in TA Malili
(NSO, 2019) and its surrounding areas of Lilongwe rural. Moreover, TA Malili
borders with Lilongwe City to the east (see Figure 1), meaning that the milk from
the farm also reaches the population of Lilongwe city.
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Figure 7: Map of Lilongwe in Malawi showing Tradtional Authorities (TAs) Source
(Bell et al., 2017)

2.2. Milking time, process, and handling techniques at LUANAR-NRC Dairy
Farm

At the LUANAR-NRC Dairy Farm, the milking time occurs at two intervals: 3:00
am in the morning and 3:00 pm in the afternoon. The milking process from the dairy
cows at the farm is done manually and the workers neither use the teat machines nor
the robots. Procedurally, first, a dairy cow stands in the milking position with the
help of the milking parlour attendant who then washes his/her hands with look warm
water (38 °C) and dries them with a sterile paper towel. Secondly, the cows’ ulder is
washed with warm water (38 °C) and gets dried with a sterile paper towel as well.
Afterwards, the parlour attendant sanitizes his/her hands with an 80% alcohol-based
liquid in readiness for the milking process. The 2L jugs are often used as milking
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collection tools from the ulder. From the jugs, the fresh milk is then filtered into the
10L chambers through a muslin Manton cloth for storage or transport by decanting
method (Wang et al., 2009) to avoid contact with the milk. The fresh milk is then
sold to individuals living within LUANAR-NRC dairy farm, including the NRC
staff and students.

After the morning milking process, the chambers are washed at 9:30 am for an hour,
leaving them open dry for a period of four and half hours before the afternoon
milking time. However, cleaning of the milking jugs and chambers after the
afternoon milking process occurs at 4:30 pm such that the period of open chamber
drying lasts for about eleven hours. However, when such jars are not all ready for
milk collection, other alternative plastic containers are used during the milking
process.

2.3. Study design and Sampling

This was a mixed-methods research study (Walliman, 2021). Firstly, an
experimental study was carried out to identify bacteria isolates from the milk
samples. A total of 52 fresh cow milk samples were randomly collected from the
LUANAR-NRC dairy farm for a period of six weeks at two different times: 4 am
(morning) and 3 pm (afternoon) of each day from June to August 2019. The milk
samples were obtained in two categories: firstly, the researcher collected milk
samples directly from the cow teats; and secondly, samples were collected from the
milk chambers. The former samples were labelled “un-sieved samples” whilst the
latter were labelled “sieved samples”. These two sample collection times were
chosen to match with the milking times at the farm. Immediately after acquisition,
the samples were kept in a cooler box aided with ice blocks to keep temperatures
below 10 °C during 45 min drive from the dairy farm to Central Veterinary
Laboratory (CVL) for analysis. This was done to minimize exposure to light and
heat, thereby eliminating cases of fermentation and souring of the milk (Walstra,
2006).

2.4. pH and microbial analysis

Before taking the samples to CVL for bacterial analysis, all the collected milk
samples were first tested for acidity through measures of pH on each harvesting day
using a procedure described by Black and Barach (2015). This was done to ascertain
any microbial activity which could reduce freshness of the milk through lactose
fermentation. To ensure quality tests, the pH meter was first calibrated by dipping
both the electrode and the temperature probe in buffer solutions of known pH (4, 7
and 10) and then rinsed with de-ionised water. However, to ensure that no milk
sample was physically removed from the batch to eliminate possible chances of
contamination, every sample in the cooler box was lifted a little and opened to allow
the electrodes touch the milk and determine the acidic levels. After the taking the
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reading on the meter screen, each sample bottle was instantly covered and left in the
cooler box. In addition, the electrodes for the pH-meter were sterilized with an 80%
alcohol liquid. All the milk pH tests were evaluated and interpreted using pH
parameter ranges described in Table 1 (Walstra, 2006).

Table 4: Fresh milk pH specification, (Walstra, 2006)

Milk quality description Standard pH
Poor quality milk 5.4-5.8
Mildly poor quality 5.9-6.3
Standard milk 6.4-6.8
Neutral milk 6.9-7.3

At CVL, sample sub-culturing was done using MacConkey Agar HIMEDIA REF
MO081-500G and Blood Agar (Oxoid brand CM271) tests (Lagier et al., 2015).
Plating was done in triplicate using sterilized streaked petri dishes, incubated in an
inverted position at 37+1°C for 18-24 hours. Subsequently, samples were prepared
using Peptone water (9 mls each) as diluent and each rubber cocked cuvette was
sterilised at 121°C for 15minutes in an autoclave (Figure 2(a)). Then, an aliquot of
Iml was pipetted into 9ml sterile diluents to produce 107!, 102, 103, 10*, to 107'°
dilutions. Upon running triplicates of 107!, 10, 10, 10”7 dilutions, an optimal
dilution factor of 107 was determined for colony counting throughout the study.
UHT milk taken from the first-choice full cream milk long life brand (procured from
nearby supermarket) was a source of study control samples. The UHT milk was
chosen because lab tests proved that the milk was completely sterilized before the
batches were released for sale.

On the basis of the 10 optimal dilution factor, Nutrient Agar and the diluted milk
samples were thoroughly mixed in independent plates and incubated in an inverted
position at 37°C for 24 hours in readiness for colony counting. Microbial colony
counting (N) per sample was guided by the categories [<10 colonies-too few to
count, 30-299 colonies-countable and > 300 colonies-innumerable], expressed in
CFU/ml, using the formula (Markey et al., 2013)

N (CFU/ml) =22 x T (1)

where DF is the dilution factor, V is the volume plated and T is the average of the
triplicate. Then the specific bacteria identification was done through biochemical
characterization and microscopic examination procedures (Ogodo et al., 2022) on
selective media. Following the procedures described by (Markey et al., 2013),
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biochemical tests were conducted to confirm bacteria species. These tests included
Gram staining test (Figure 2(b)), Catalase test, Oxidase test, Motility test,
Oxidative/Fermentative (O/F) test, Citrate utilization test and Coagulase test.

A

Figure 8: (a) Autoclaving process of diluent and media after Aga preparation and
(b) Gram statining process

During the aforementioned tests, the following standard reagents and chemicals
were used; crystal violet stain, Lugol’s iodine and acetone; Mannitol salt Agar (HG
000C26.500); hydrogen peroxide (H202); Tetra methyl-p-phenalainine Diamine
dihydrochloride; Sodium Chloride, Di-potassium Phosphate, Peptone, Bromothynol
blue, Pure Agar, Glucose; Simon Citrate Agar (Oxoid CM155); Olive oil and sheep
plasma, all taken from the CVL.

Oxidase positivity outcome was determined by an instant purple colour change of a
colony using a Tetra methyl-p-phenalainine Diamine dihydrochloride oxidase
reagent. Bacterial motility was identified by the rolling and translational motions of
bacteria. On other hand, catalase positivity was determined by the production of
bulbs. Further, O/F results were achieved when the bacteria under test only bleached
the O/F media in aerobic set up. Positive citrate utilisation was observed when
colour changed from green to blue. The presence of coagulase enzymes was
determined by a clumping or agglutination of the plasma. All the bacterial
morphology observations (gram-positive/gram-negative) by Gram staining test were
done under a light microscope (Olympus CH30, Germany) with 100X objective
lens.

Limited by lack of laboratory equipment to carry out individual bacterial plating and
isolation for specific bacterial specie counting in each sample, the prevalence of
bacterial species was instead obtained through the formulae:
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Proportion of bacterial specie 4 in all samples (%) = ﬂT’l x 100 (2)

where ny, is the number of milk samples registered with bacteria of specie type A
and N is the total number of milk samples under tests.

2.5. Cross-sectional survey

Secondly, a total of 63 purposively sampled individuals living within LUANAR-
NRC dairy farm were recruited for a quality control satisfaction survey on the milk,
farm surroundings, and milking utensils. To ensure representative results, the sample
composition involved 20 agriculture study students, 20 animal health and
reproduction study students, 20 households that consume NRC farm’s fresh cow
milk, and 3 NRC farm staff. The participants were subjected to a structured
questionnaire which included general questions on dairy farm management
practices, milk handling techniques, and consumers’ perceptions towards the milk
sourced from such farm.

2.6. Data analysis

Finally, to investigate the effect of milking handling time and techniques on
microbial quality and pH levels, a generalized linear model (GLM) (McCullagh,
1989) was employed in accordance with the linear regression model (Kleinbaum et
al., 2007)

Y =u+ p1M; + B,H: + psMH, + ¢ (3)

where M; is the milking time, H; is the milk handling technique, §;’s are regression
model coefficients, and g and £ are overall sample mean and model error,
respectively. The regression model was run using SPSS software version 20 IBM for
windows. Additionally, the survey data was descriptively analysed in Microsoft
Excel 2013 to assess the perception of consumers on milk quality from the
LUANAR-NRC dairy farm. All the analyses were considered at a 5% significance
level. Results are presented using tables and graphs.

3. RESULTS AND DISCUSSIONS
3.1. Microbial profile analysis of fresh cow milk

Results of the total bacterial counts from both the morning (un-sieved vs. sieved)
and afternoon (un-sieved vs. sieved) milk samples, as obtained by using equation
(1), are shown in Figure 3 and Figure 4, respectively.
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Figure 10: Total bacteria counts from the afternoon milk samples
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Compared with the afternoon samples (see Figure 4), overall, the graphs show that
the more bacteria colonies were found in the morning milk samples (see Figure 3)
and the mean difference was very significant (t« /, = 2.06,p < 0.01). Moreover,

despite that the outlier bacteria colony counts were found in the un-sieved milk from
both sample collection times (sample 6 in the morning and sample 9 in the
afternoon), overall, the colony forming counts are higher in the sieved than in the
un-sieved milk samples. Thus, both results suggest that the improper way of
handling milking jags and chambers is the possible source of contamination.

Further analytical results, using equation (2), showed that fresh cow milk collected
at both times was contaminated with different bacterial species (Figure 5). Out of the
six identified bacterial isolates from the milk samples, Staphylococcus Spp. (38%),
E. coli (34%), and Streptococcus Spp. (20%) were major, consistent with (Ansary,
2014) and others (Brown, 2015; Hussain, 2010; Kivaria et al., 2006; Nwankwo et
al., 2015; Nyokabia et al., 2021; Shirima et al., 2003; Singh & Prakash, 2008;
Tamine & Robinson, 2007). The microscopic picture of gram-positive bunches of
cocci (Staphylococcus. Spp.) inside the milk sample is shown in Figure 4.
Staphylococcus Spp. are common in dust, respiratory system, water, human skin and
even in clothing, leading cause of neonatal deaths and mastitis (Flint et al., 2005).
Hussain (2010) indicated that the prevalence of Corynebacterium in milk is low as
compared to its isolation in other foods such as beef (Hussein, 2007) and goat
(Tanganyika et al., 2017) carcasses.

x40% 38% 34%
c
©30%
= 20%
c20%
) 0,
£10% 6% 4% 6%
'g 0% [ ] || [ ]
5 RS & =2 & & N
& & & ) g &
\oo &Oc, P° & (33
S Q QA
3 & S,
EC Bact®rial spp

Figure 11: Proportion of the bacterial profiles detected in the samples
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Similarly, only six percent of Corynebacterium Spp were identified from the current
study. This is an indication, that Corynebacterium Spp is more prevalent in the milk
after several multiple contaminations. On the other hand, the highest proportion (38
%) of Staphylococcus Spp. amongst the 52 milk samples is an indication that the
milk is externally contaminated. The result is consistent with other studies that also
showed that the use of unclean attire or protective equipment by milking men
contributes to high incidences of Staphylococcus strains in foods (Munthali, 2000;
Nyokabia et al., 2021; Tanganyika et al., 2017). Furthermore, the gram negative
small rod shaped enteric bacteria E.coli, which is most prevalent in the fecal matter,
cause both human and animal diarrhoea because they produce exotoxins which
increases secretion of water and electrolyte within the gut. For example, more than
62 cases of food borne outbreaks believed to have been associated with consumption
of E.coli contaminated raw milk, were reported in East Africa between 2003 and
2007 (Yilmaz et al., 2009). In the present study, Figure 3 also shows that the
proportion of E.coli bacteria among all the 52 milk samples was also high (34 %).
The presence of E.coli bacteria in the milk is attributed to the unhygienic condition
of the cows’ resting area where the physical contact between cows ulder and cow
dung facilitates the easy transfer of E.coli from the fecal matter to the teats.

Streptococcus Spp. are gram positive chains of cocci of varied lengths in
morphology that are able to ferment glucose and cause beta hemolysis in blood,
thereby leading causes of urinary infections, sore throat, fever as well as Chronic
and Bovine Mastitis (Markey et al., 2013). Hence an increase in the carry over effect
of Staphylococcus Spp. present in the milk (Figure 5) suggests that there was little
sanitisation process of the utensils during the early morning milking process at the
farm. Although they were reported in low proportion (6 %), Bacillus Spp. are gram
positive short rods, widely common in the soil, water and air but resistant to heat
change. Because of the latter scenario, Bacillus Spp. mostly infect the respiratory
system causing nasal lesions and inflammations which are then characterised by
shock, low blood pressure and sudden deaths (Clarence et al., 2009). Moreover,
other studies (Parekh & Subhash, 2008) have indicated that most of the pathogens
that we identified in the milk samples (Figure 3) contribute to almost 90 percent of
all dairy related diseases (Flint et al., 2005; Kivaria et al., 2006; Schmidt et al., 2003;
Sivapalasingams et al., 2004; Yilmaz et al., 2009). The high proportions of
Staphylococcus Spp. and E. coli (Figure 5) in the raw milk samples, consistent with
Gume et al. (2023), are indicators of poor hygiene and sanitation, thereby attesting
to the increased CFU counts in the sieved milk.
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3.2. Effect of milking time and handling techniques on microbial levels in fresh
milk

According to Adugna et al. (2013), milk becomes contaminated with bacteria during
or after milking process. In other instances, milk gets contaminated through
adulteration or udders infected with mastitis (Kivaria et al., 2006; Sindani, 2012;
Walstra, 2006). In a few instances, exposure to drug or chemical residuals coming
from the treatment of animals may also put milk at risk of contamination (Swai &
Schoolman, 2011). Figure 3 results suggest that fresh cow milk of LUANAR-NRC
dairy farm gets contaminated both during and after the milking process, as more
evidenced by the results (Table 2) of the regression model. Milking time M;,
significantly (p < 0.05) contributes to the higher proportions of bacterial counts.

Table 5: Results of ANOVA and Multivariate tests on Mean Log CFU/ml of milking
time and milk handling technique

Variable(s)  Treatments Mean+SD P-Value
LogCFU/ml
M, Morning milk yield  6.0867+1.9334
Afternoon milk yield 2.2001+2.8732 0.0001
H, Non-sieved milk 3.6769+3.2735
Sieved milk 4.6100+2.9463 0.285
6.027+1.8330
M. = H, * 0.044

2.011+2.8431

Table 2 also shows that on average, the morning milk samples had a higher log
count (6.0867+1.9334 log CFU/ml) than afternoon milk samples (2.2001+2.8732 log
CFU/ml), higher than the acceptable ranges of unsatisfactory level among
consumable samples at retailers (Gume et al., 2023b; MBS, 2022). This could be
attributed to the carry over effect from the previous batch in the milking containers
(Adugna et al., 2013; Nyokabia et al., 2021; Sindani, 2012), since a short period of
time of cleaning that is done between the end of morning batch and beginning of the
afternoon yield signifies less carry over effect as compared to the long open dry
exposure time between the afternoon cleaning of jugs time and the morning milking
time. Thus, milking utensils interact less with the environment between the end of
morning batch and when the afternoon milking is done. The long open drying time
of milking jugs exposes the jugs to any possible contamination.
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Conversely, non-sieved (3.6769+£3.2735 log CFU/ml) and sieved milk
(4.6100£2.9463 log CFU/ml) yields both showed mean log CFU counts that are
within standards of specification. Although the milking handling process H; did not
significantly (p = 0.05) contribute to the presence of bacteria in the milk, the sieved
milk had a higher CFU count than non-sieved milk. This result suggests that there
was some possible cross contamination at the sieving unit operation which could be
linked to the less frequent dry washing of the Manton cloth. On the other hand, use
of alternative utensils to collect milk after sieving might have contributed to the
possible contamination process (Igumbor et al., 2000). Besides milking time M;, the
results also show that the interaction effect M; = H; significantly (p < 0.05)
contributes to an increase in proportion of microbes inside the milk samples (Table
2). The findings suggest that a combination of the two effects significantly affects
the quality of the milk at the farm, consistent with Swai and Schoolman (2011).

Figure 12: A microscopic picture of bunches of gram positive bacterial
(Staphylococcus. Spp.)
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3.3. Physiochemical analysis of fresh cow’s acidity level

Walstra (2006) reported that good fresh milk pH should be between 6.4 and 6.8
(Table 1). On the contrary, this study found that (Table 3) mean pH for the morning
samples (6.072 + .0285) were outside the recommended range, suggesting that
morning milk samples had fallen in the rage of mildly poor quality (see Table 1).
The results suggest a reduced freshness of the milk and an indication of the
microbial activity inside the milk. Moreover, milk coming from morning batch also
had a high proportion of bacterial counts than its counterpart, evidenced by the
below standard pH values.

Table 6: Mean pH values of milk samples in relation to harvesting time

Milk harvesting time N pH mean £SD

Morning 26 6.072+.0285

Afternoon 26 6.436+.358

On the other hand, a mean pH value of 6.4364.040 for the afternoon milk was within
the acceptable limits of good quality fresh milk (see Table 1). The observed decrease
of pH for the morning sampled milk is in good agreement with the significant
presence of bacteria as reported (Table 2) earlier on. In addition, the presence of E.
coli in the samples (Figure 5) could be the likely cause of the decrease in pH
(Chekabab et al., 2013), attributed to natural fermentation process due to the
presence of lactose fermenters (Vaclavik & Christian, 2014; Walstra, 2006).

3.4. Raw milk consumption and exposure assessment

A socio-demographic analysis of 63 raw milk consumers and handlers revealed that
36 were females (56.7 %) and 45 (71.6 %) were people of age category 21-25 years
(Figure 7). The results of the survey are summarised in Figure 8. On raw milk
consumption preference, a majority of the respondents (38.3 %) preferred taking hot
boiled milk directly. Generally, such approach reduces probability of infection at
consumption because, except for the Bacillus Spp., most of the identified pathogens
do not survive in high temperatures. However, for those (36.7 %) who preferred
boiling and waiting for the milk to cool down before consuming had probably
created some room for the infestation of the milk with Staphylococcus or Bacillus
and other dust and air borne pathogens, hence increasing the chances of infection at
consumption dose.
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Figure 13: Demographic characteristics of survey respondents by (a) gender and
(b) age in categories

Furthermore, the use of personal clothing (51.67 %) other than the designated farm
clothing exposes the raw milk to pathogen contamination e.g., E. coli, consistent
with other studies (Nwankwo et al., 2015; Nyokabia et al., 2021). Just as the
challenge of lack of dairy farm resources is reported elsewhere (Kale et al., 2013;
Marichamy et al., 2014; Patil et al., 2009; Uddin et al., 2012), similar observations
were made at the LUANAR-NRC dairy farm. This can be associated with
opportunity for creating foodborne diseases (Schmidt et al., 2003; Taylor et al.,
2001).

Despite majority of the respondents (73.3 %) not reporting their experience of
disease symptoms due to consumption of fresh cow milk from LUANAR-NRC
dairy farm, lack of serious sanitation at the farm still poses a threat to the lives of the
consumers. Should the milking utensils still be reported clean at times (63.3 %), a
high percentage of pathogens inside the milk (Figure 5) will continuously be
reported. Sindani (2012) reported that a dumpy resting place for the cows heavily
exposes them to a number of infectious agents from the environment and other
secondary opportunistic microorganism. In addition, Bowen et al. (2005) reported
that reduction in the contamination of fresh cow milk can be achieved by provision
of infrastructure that facilitates hygiene. In this study, however, the survey results
revealed cases of unsanitary kraals and poor unhygienic conditions at the dairy farm.
These conditions point to a few cases where some survey participants felt clumpy
stomachs (10 %), nausea and headaches (16.7 %) after consuming the milk (Figure
6). This could associated to either one or combination of intoxifications and
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intoxications of E. coli, Staphylococcal, Bacillus, Shigella and other bacterial toxins
identified (Figure 5) in the milk samples, consistent with other studies (Gume et al.,
2023b; Marcotty et al., 2009; Pandey & Voskuil, 2011). Consistent with other
studies (Mosalagae et al., 2011; Nyokabia et al., 2021; Shirima et al., 2003), in
general, the current study survey outcomes reflected that the microbiological quality
of fresh cow milk at LUANAR-NRC dairy farm was considerably unsatisfactory
with respect to the identified pathogens.
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4.0 CONCLUSION

Milk production in several LMICs including Malawi remains an important source of
livelihood for both smallholder dairy farmers and the consumers. However, lack of
regular monitoring and implementing hazard identification and critical control point
principles along the dairy value chain poses several health risks to consumers. This
study investigated the effect of milking time and handling technique on microbial
quality and exposure assessment of fresh cow’s milk consumption in Lilongwe,
Malawi. In general, the study found that fresh cow milk at LUANAR-NRC dairy
farm in Lilongwe, Malawi is contaminated with almost all types of bacterial hazards.
The relative frequency of bacterial contaminants and the deterioration of raw milk at
the farm were also demonstrated. Cumulatively, at least half of the total milk
samples had some presence of Staphylococcus Spp., E.coli, Streptococcus Spp.,
Bacillus Spp., Corynebacterium and Shigella bacterial pathogens, an indication that
fresh cow milk is sold to consumers whilst contaminated. In particular, the study has
revealed that a combined effect of milking time and handling techniques
significantly contributes to the presence of these bacterial pathogens. Therefore, our
findings suggest the need for immediate actions along the dairy value chain to
prevent the spread of foodborne diseases caused by bacterial hazards in fresh cow
milk.
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