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Abstract

Donkey milk (DM) has attracted a lot of attention in the recent past probably due to its functional properties. It has been
viewed as a suitable replacement to cow milk especially for children with cow milk allergies because it has properties similar
to human breast milk. While its properties have been studied in most parts of the world, there seem to be no available data
on the quality of donkey milk in Kenya. This is despite the fact that the milk has gained popularity amongst the locals as a
therapeutic food capable of curing various ailments as per the locals’ claims. The presence of disease-causing organisms
is a concern when considering the safety of drinking raw and fermented donkey milk. Hence, the aim of this study was to
analyze the microbiological quality specifically focusing on pathogens of raw and fermented donkey milk sampled in Kenya
using culture dependent methods and 16S rDNA sequencing. Pooled donkey milk samples were sampled from Nakuru and
Naivasha towns in Kenya and transported in cooler box in dry ice to Kiel, Germany for analysis. The presence of pathogenic
microorganisms was investigated by laboratory procedures according to the relevant routine protocols (MBT). The samples
were analyzed for Total viable counts (TVC) and pathogens. The presence of Salmonella and Shigela spp was tested using
Xylose Lysine Deoxycholate (XLD) and Salmonella-Shigela (SS) Agar. Pathogenic non-0157 ShigaToxin-producing E.coli (STEC)
presence was tested using CHROMagarTM -STEC. Other Escherichia coli were tested using Tryptone Bile X-Glucuronic (TBX)
Agar while Campylobacter spp presence was tested using modified cefoperazone charcoal deoxycholate agar (mCCDA) and
Karmali agar. The presence of Listeria spp was tested using ALOA® Oxoid-Chromogenic Listeria agar. Salmonella shigella
deoxycholate calcium (SSDC) and Oxoid Yersinia Selective Agar (Schiemann'’s CIN Agar) agar was used to detect the presence
of pathogenic Yersinia enterolitica. All these spp tested negative in both fresh and fermented DM samples. Our results indicate
that donkey milk could be safe microbiologically for consumption and more research is needed to verify the health benefits
claims. There is also need to do whole genome analysis to capture the microorganisms that cannot be cultured.
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Introduction

Kenya is home to some 600,000 donkeys that are found
virtually in all ecological zones where they provide transport
and draught power. Donkey milk (DM) has attracted a lot of
attention in the recent past probably due to its functional
properties. It has been viewed as a suitable replacement
to cow milk especially for children with cow milk allergies
because it has properties similar to human breast milk
[1,2]. The rich combination of medium and short-chain fatty
acids and w-3 fatty acids in donkey milk makes it a strong
candidate therapeutic/functional food for lowering blood
cholesterol, prevention of cardiovascular diseases, and
chronic inflammatory processes [3-5].

The use of donkey milk varies with communities; while
to others itis an abomination to milk a donkey, others believe
that donkey milk has therapeutic value. The latter is the
case in Naivasha and Nakuru in Kenya. Several researches
have been done on the microbiology, chemical composition,
nutritive value and safety of DM [6,7]. Research has also
shown that donkey milk is similar to human breast milk
in terms of composition [1,3], and also possesses some
anti-allergens and anti-inflammatory characteristics [8-
10], and has antimicrobial properties [11-14]. While all
this information has been studied out there, there seem
to be no information on the quality of DM from Kenya and
most African countries. DM consumption in Kenya has
risen in the recent past due to perceived health benefits
claimed by those who consume. This has been propelled
by media attention (https://www.standardmedia.co.ke/
business/article/2001323155/would-you-drink-donkey-
milk,, https://www.tuko.co.ke/213382-yummy-nutritious-
meet-naivasha-man-selling-donkey-milk-kenyans-video.
html#213382.) and the war between the public health
offices and the donkey farmers. The former insist that
donkey milk is not fit for human consumption but without
any data to support, while the latter claims that it is a source
of their livelihood and that their clients are people suffering
from various ailments and that DM is a key component in
management of these diseases. It is against this background
that we designed this study to look at the microbiological
quality and hygiene of DM from Kenya, specifically from the
areas where it is popularly consumed.

Materials and Methods
Milk Sampling

Pooled samples were collected from healthy donkey
from two sites both within Nakuru County, Site 1 was Soin
Village in Nakuru and Site 2 was Kamere Village in Naivasha
sub-County. A pre-site visit was done where the farmers
were explained about the project and their willingness to
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participate sought. Farmers were then asked to ferment the
milk 4 days before the sampling date. On the sampling date,
the fermented milk was sampled from the traditional guard
into the sampling bottles (50mL per bottle) and stored in
cooler box. raw milk was also sampled immediately after
milking, 50mL per sample bottle and also stored in cooler box
with dry ice. Samples were then transported to Max Rubner
Institute laboratory in Kiel, Germany for further analysis.

Microbiological Analysis of the Samples: 10 ml of
raw donkey milk sample was taken from samples, and
homogenized with 90 ml double distilled and autoclaved
water in stomacher for 5 minutes (IUL, Spain). After
homogenization period, double distilled water diluent
9mL was pipetted into test tubes and 1mL sample added
into first tube to make 10 dilution. Serial dilutions were
done to 10 From these serially diluted samples 100uL
was plated on selective media. The presence of pathogenic
microorganisms was investigated by laboratory procedures
according to the relevant routine protocols (MBT). The
Samples were analyzed for Total Viable Counts (TVC)
and pathogens. The presence of Salmonella and Shigela
spp was tested using Xylose Lysine Deoxycholate (XLD)
and Salmonella-Shigela (SS) Agar. Pathogenic non-0157
ShigaToxin-producing E.coli (STEC) presence was tested
using CHROMagar™ -STEC. Other Escherichia coli were
tested using Tryptone Bile X-Glucuronic (TBX) Agar while
Campylobacter spp presence was tested using modified
cefoperazone charcoal deoxycholate agar (mCCDA) and
Karmali agar. The presence of Listeria spp was tested
using ALOA® Oxoid-Chromogenic Listeria agar. Salmonella
shigella deoxycholate calcium (SSDC) and Oxoid Yersinia
Selective Agar (Schiemann‘s CIN Agar) agar was used to
detect the presence of pathogenic Yersinia enterolitica.

Total Viable Counts: Total viable counts was performed
using the ISO 4833: 2013 standard method and following the
established routine methods in MRB. After homogenization
period, double distilled water diluent 9mL was pipetted
into test tubes and 1mL sample added into first tube to
make 107 dilution. Serial dilutions were done to 10°.
From these serially diluted samples 100puL was plated on
Plate Count Agar (PCA) incubated at 32°C aerobically for
24hours. Plates with 30-300 colony forming units (CFU)
were considered and data recorded.

Somatic Cell Count: The number of somatic cells (SSC)

and the total bacteria cells were determined by Bactoscan
FC150

DNA Isolation, PCR & 16S rDNA Sequencing

Colonies were purified from respective selective
media for isolation of pathogenic for further identification.
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Randomly selected colonies were sub-cultured through
streaking method onto respective media three times until
pure colonies were achieved.

DNA was extracted using the method described by
Pitcher, et al. [15] and purified using PCR cleanup kit
according to manufacturer’s instructions.

Statistical Analysis: Data were analyzed using SPSS
version 22.0 software (SPSS, Inc.,, Chicago, IL, USA) using
independent samples t tests to compare within groups. P<
0.05 was considered statistically significant. Sequence data
was analyzed using BLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi#), Evolutionary history was determined using
UPGMA method and drawn using MEGA-X [16].

Evolutionary Relationships of Taxa

The evolutionary history of 12 nucleotide sequences
derived from sequencing the 16s rRNA regions of the
isolates from selective media was inferred using the UPGMA
method. The evolutionary distances were computed using
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the Maximum Composite Likelihood method [16] and are
in the units of the number of base substitutions per site.
Codon positions included were 15+2"+3"+Noncoding [16].
All ambiguous positions were removed for each sequence
pair (pairwise deletion option). There were a total of 1472
positions in the final dataset. Evolutionary analyses were
conducted in MEGA X [16].

Results

The average of Total Viable Count was 1.7 x 10 CFU/mL
while The SCC was 9x10*as showed in Table 1 and Figures
1. BLAST results identified the isolates with over 99.9%
(although there were a few isolated that could not match
relatedness above 96% with any sequence in the data bank)
as Atlantibacter hermannii (Escherichia), Klebsiella oxytoca,
Klebsiella pneumoniae, E. coli, Pediococcus pentosaceus,
Enterobacter sp. (roggenkampii), Bacillus sp. (thuringiensis),
Pseudomonas sp. and Acinetobacter junii as shown in Table 2.
A phylogenetic tree also confirmed the isolates relatedness
(Figure 2).

Meant SEM

TVC (log CFU/mL)

2.03 +0.04

Somatic cell (cell/mL)

9x104

Enterobacteriaceae(log CFU/mL)

<101

Table 1: Microbiological analysis and somatic cell count results in

raw donkey milk samples.

No. Sample Name Sample Code 16s rRNA BLAST results
1 EMA 2 Blut Iso 2 77BE60_24878203 Enterobacter sp. (roggenkampii)
2 EMA 2 Karmali grof3 77BE57_24878029 E. coli
3 EMA 2 mCCDA 77BE58 E. coli
4 EMA 2 VRBD Iso 3 77BE59 Klebsiella pneumoniae
5 EMA 2 Brila blau 77BE54_24877954 Atlantibacter hermannii (Escherichia)
6 Fresh 9 Bolton grau 77BE67 Acinetobacter junii
7 Fresh 9 Bolton Bac 77BE71 Pseudomonas sp.
8 EMA 2 Brila dunkelblau 77BE68_24878555 Klebsiella oxytoca
9 EMA 2 Blut Iso 3 77BE63_24878340 Klebsiella pneumoniae
10 EMA 1 Brila 77BE64 E. coli
11 EMA 2 Karmali klein 77BE62 Pediococcus pentosaceus
12 EMA 2 Brila 77BE61 E. coli
13 EMA 2 Blut Iso 1 77BE65 Bacillus sp. (thuringiensis)

Table 2: 16s rRNA Sequencing confirmatory tests.

Njeru PN, et al. Molecular Screening of Kenyan Raw Donkey Milk for the Presen

ce of Pathogenic Copyright© Njeru PN, etal.

Microorganisms-Preliminary Risk Analysis. Food Sci & Nutri Tech 2024, 9(1): 000329.


https://medwinpublishers.com/FSNT/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi

Food Science & Nutrition Technology

Figure 1: Bactoscan Analysis.

o

Figure 2: Phylogenetic Tree of Isolates from selective media.

J

Discussion & Conclusion

Drinking of donkey milk is a new phenomenon in Kenya,
hence there is little or no scientific information for reference
in Kenya. Being a new practice, there is conflict between the
farmers, consumers and the public health department which
is tasked with ensuring safe foods to the people. There is also
no correct source of information regarding the safety of the
milk. The farmers milk their donkeys and sell milk to clients
without processing. With no data and no control, donkey
milk pose a serious health as observed in other parts oft he
world [17].

The proponents argue that the milk is not only safe
but possess therapeutic properties, claims which could be
true since the healthy benefits of DM has extensively been
studied before [2,9,12,14,18-20]. On global scale, DM is seen
as an alternative to cow milk and other milks in alleviation of
allergies in infants hence its importance cannot be ignored
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[2,20]. With claimed alleviation of allergies in infants and
various health benefits, it is thus expected that the first
targets are infants and people hailing from various illnesses
which exposes them to danger. This therefore calls from
strict monitoring of the safety of DM to avoid exposing these
vulnerable target groups to microbiological hazards.

In this study, we sought to test if donkey milk has any
pathogens that are of public health concerns in it. The
samples were analyzed for Total viable counts, SCC and
major pathogens. Isolates from pathogens selective media
were analyzed further genotypically by sequencing their
16s rRNA. In this study, DM had low values of TVC (<2.03 x
103 CFU/ml) and SCC (<30,000 cells/ml) (Table 1) and no
major pathogens except for E. coli and some enterobacteria
which were identified through the sequencing of the 16s
rRNA (Tables 2-3). These results are consistent with earlier
studies [21,22]. In their study, Pilla, et al. [21] did not find
any life threatening pathogens in DM and also TVC and SCC

Copyright© Njeru PN, etal.

Microorganisms-Preliminary Risk Analysis. Food Sci & Nutri Tech 2024, 9(1): 000329.


https://medwinpublishers.com/FSNT/

were relatively low. Similar results were also reported by
Ivankovic and co-workers indicating that donkey milk could
be safe for human consumption.

Media Morphology Results/Notes
XLD Yellow colonies Negative (16s)
SSA Pink colonies Negative (16s)
STEC Blue colonies Confirmation with 16s
CIN Pink colonies Confirmatory test-Yersinia
PCR
SSDC Pink, yellow and | Confirmatory test-Yersinia
black colonies PCR
mCCDA | Large grey colonies Negative (16s)
Karmali Grey colonies Negative (16s)
ALOA Blue colonies Negative (16s)
TBX white colonies Negative

Table 3: Microbiological analysis of food-borne pathogens
using selective media.

In Kenya there are no standards for donkey milk since
it is not considered human food. However on a global scale,
TVC as an indicator of quality has extensively been studied
in the dairy industry [10,23]. This study showed that DM is
comparable to other milk [1]. The TVC was within acceptable
range for fresh milk with 1.7 x 10® CFU/ml. Bactoscan
results gave SCC at 9x10* which was also within the range
and comparable to earlier studies [1,21]. One would expect
pathogens from human interaction or animals [24] since
the sampling was done in rural homes where hygiene is low,
however the samples did not contain any pathogens of public
health concern.

Various studies have been done on the microbiological
quality of raw donkey milk and achieved varying results. The
TVC and SCC have ranged between 1.5 - 5 log CFU/mL and
3,000 - 50,000 cells/mL [1,7, 10,21,23,25-28]. Our results
are hence comparable and consistent with these earlier
studies in regard to the SCC and TVC.

Microbial safety of milk has been a public concern
globally. Hence determination of pathogens in milk is the
first step towards assuring the public on the safety of milk
and other food products [28-30]. In this study we focused
on key pathogens of public health concerns. Studies like
these have been done before although not in Kenya. Some
found pathogens in donkey milk [31] while others found
minor prevalence [21] and others did not find any pathogens
in donkey milk [19,28]. In this study no pathogens were
isolated.
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The absence of pathogens could have been due to their
fastidious nature of the pathogens since the sample was
transported in cooler boxes to Germany within 24 hours.
Antibacterial effect of lysozyme and lactoferrin in donkey
milk [8,32,33]. The other suggested explanation could
be due to the presence of antimicrobials in donkey milk
[11,13,14,19,33-35]. Absence of pathogens could indicate
healthy animals or good food handling by the farmers [24].
Hence the absence of pathogens in our sample could be
attributed to this activity or that they were absence from
the source. This means that the samples transportation may
not have had significant change in microbial population
since transporting samples in cooler boxes in a generally
accepted method of sample transportation, furthermore the
analysis was done before 24hour after sampling which has
been shown not to have significant difference in microbial
populations [30]. The absence of pathogens was consistent
with earlier studies [36]. This study was hence consistent
with others done before and confirms that raw donkey
milk might possess strong antimicrobial activities against
pathogens.

This not withstanding, various microbes isolated from
donkey milk were also consistent with our study. The review
by Conte, et al. [36] gives a list of various bacterial microflora
isolated in donkey milk. This study confirmed various isolates
using sequencing on the 16s rRNA as Atlantibacter hermannii
(Escherichia), Klebsiella oxytoca, Klebsiella pneumoniae,
E. coli, Pediococcus pentosaceus, Bacillus thuringiensis,
Pseudomonas spp. and Acinetobacter junii. However, Klebsiella
oxytoca, Klebsiella pneumoniae, Enterobacter roggenkampii
are reported first in Donkey milk in this study. Unlike other
studies that have reported staphylococcus spp, especially
coagulase positive strains, donkey milk samples from Kenya
did not contain life threatening pathogens. Spoilage microbes
such as Pseudonomas spp have been isolated before in
donkey milk [30] which were also found in our samples.

In conclusion, this is the first study in Kenya to document
the microbiological quality of donkey milk. The samples had
low counts of both BCC and SCC which are the first indicators
of quality. Analysis for food-borne pathogens indicated that
donkey milk samples from both Naivasha and Nakuru did not
have pathogens of public health concern. The results suggest
that donkey milk could be safe for human consumption.
We however recommend further study using a microbiome
approach to confirm if the pathogens are truely absent or
have been suppressed by the antimicrobials in donkey milk.

The fact that the samples had low BCC and SCC indicates

that the rearing conditions in additions to hygienic milking
eniviroments may have contributed to the low BCC and SCC.
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