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Abstract

Pastoral communities in Kenya have used smoke from specific herbs as a technique of disinfecting milk-handling
containers, preserving milk and to impart a characteristic desired flavour to raw camel milk. The smoking is
expected to extend the shelf life of the camel milk, despite the high environmental temperatures (>28 °C). The aim
of this study was to determine the antimicrobial effect of smoke on plastic milk-handling container surfaces and
determine the efficacy of smoking as a preservation method. Smoked plastic milk-handling containers (n = 25) were
conveniently collected from pastoral community households in Isiolo County, Kenya. Two containers were prepared
by either washing and rinsing using hot water to be the negative control or rinsing and disinfecting using a
chlorine-based agent to be the positive control. The inner surfaces of the containers were aseptically swabbed and
analysed for total viable count (TVC), total coliform count (TCC), and lactic acid bacteria (LAB). The TVC from the
smoked containers was 4.64 ± 0.43 log10 cfu/cm

2 while the TCC was 4.00 ± 0.66 log10 cfu/cm
2 and the LAB were 3.

75 ± 0.59 log10 cfu/cm
2, and those of the negative control (plain-water-washed non-smoked plastic container) were

5.99 ± 1.03, 5.07 ± 0.91, and 4.81 ± 0.81 log10 cfu/cm
2 for TVC, TCC, and LAB, respectively. The mean microbial load

of milk bulked in smoked containers was 5.10 ± 0.96, 3.61 ± 2.13, and 3.84 ± 2.22 log10 cfu/ml for TVC, TCC, and LAB,
respectively, while the mean microbial load of milk bulked in chlorine-disinfected containers was 5.23 ± 1.11, 2.46 ±
2.18, and 2.04 ± 1.35 log10 cfu/ml for TVC, TCC, and LAB, respectively. The common types of microbes were Gram-
negative rods (57.3 %), Gram-positive rods (25.5 %), and Gram-positive cocci (17.2 %). The most prevalent coliforms
from all types of the containers and milk were Escherichia coli spp. and Enterobacter spp. while the LAB were
Lactobacillus spp. and Lactococcus spp. Therefore, smoking of milk-handling containers can be recommended as an
effective method for disinfection of milk-handling containers and as a method of preservation of camel milk in the
arid and semi-arid areas of Kenya, where the cold chain or processing infrastructure is poor.
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Background
Camel milk production in Kenya is estimated at 937,000
tonnes in 2013, valued at about 11 billion Kenyan shil-
lings (108 million US Dollars) (FAO 2016). This quantity
of milk represents about 19 % of the national Kenyan
milk production (FAO 2016). Therefore, camel milk con-
tributes to food security and economic livelihoods of
communities in the arid and semi-arid lands (ASAL) in

Kenya (Wayua et al. 2012). It is estimated that 55 % of
the total camel milk produced in Kenya is marketed,
35 % is for household use, and 10 % is consumed by the
calf (Muriuki 2011). Analysis of current camel milk value
chain indicates that only 12 % of the milk is marketed,
the bulk of which is sold in raw form to rural consumers
(10 %), and only 2 % reaches urban consumers. Of the
remaining milk (88 %) that does not reach the market,
38 % is directly used by camel-keeping households and
their herders as part of their food requirements and the
remaining 50 % goes to waste (Musinga et al. 2008).
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Milk post-harvest loss is the measured qualitative and
quantitative losses along the dairy value chain (Hodges
et al. 2011). Quantitative milk loss is measured as the re-
duction in its weight or volume due to spillage and forced
consumption. Forced milk consumption occurs mostly in
areas with surplus, and the family uses the milk or it is
given to the calves or neighbours. On the other hand,
qualitative milk losses occur due to physical and microbial
spoilage as a result of contamination (Muriuki 2003;
Buzby and Hyman 2012). Most often, milk is contami-
nated during milking, handling, and transportation. Milk
is a good growth medium for many micro-organisms be-
cause of its high water content, nearly neutral pH, and
variety of available essential nutrients. This is more pro-
nounced since Kenya lies in the tropics where tempera-
tures are ideal for quick deterioration of milk quality and
safety (Godefay and Molla 2000).
Milk from healthy animals is sterile, however; post-

harvest handling practices are the major sources of mi-
crobial contamination of raw milk (Coorevits et al.
2008). Contamination of milk at farm level to collection
centres could be attributed to handling of milk with un-
clean equipment, use of poor-quality water for cleaning,
and the use of ineffective and inappropriate sanitation
agents (Muriuki 2011; Yilma 2012). All milk-handling
equipment/utensils must be effectively cleaned and dis-
infected so as to reduce the levels of microbial contam-
ination. Cleaning is the most important part of the
sanitation process, and if milking equipment/utensils are
not kept physically clean, chemicals and other disinfec-
tants are likely to be ineffective (Saran 1995).
Pastoralists in Kenya use plastic containers, ‘jerry cans’,

for handling camel milk. Most often, the containers are
fumigated by smoke as a means of disinfection after
cleaning (Wayua et al. 2012). This traditional practice is
done to increase the shelf life of milk and to add a char-
acteristic desired smoky flavour to the milk (Melesse
2013). Studies have indicated that smoke treatment
lowers the microbial load on the inner surface of milk-
handling containers (Mogessie and Fekadu 1993), hence
resulting in the preservation of camel milk (Tezera and
Bruckner 2000). This traditional technology is known lo-
cally by the Isiolo County pastoral communities in
Kenya as qorasum. The fumigation of the milk-handling
containers is accomplished by smoke from smouldering
wood of specific tree species, which includes Olea afri-
cana, Acacia nilotica, Balanites aegyptiaca, and the
Combretum spp. (Wayua et al. 2012). During smoking,
the containers are inverted over hot smouldering chips
until the smoke stops coming out of the container. Then
the residual charcoal pieces are brushed in the containers
with special twigs. Wood smoke is known to contain over
400 antimicrobial compounds. These compounds include
acids, alcohols, carbonyls, esters, furans, lactones, and

phenols. The compounds in wood smoke originate from
the polymers in the wood and the heat-induced chemical
reaction between the heated polymers, gasified intermedi-
ates, and moisture (Toledo 2008). Most of the compounds
in smoke are natural antimicrobials and are responsible
for the preservative effect on milk and milk products and
for the improved organoleptic properties of smoke-treated
products (Omar and Ahmed 2012).
The practice of smoking of milk-handling plastic con-

tainers in the camel milk value chain is strongly believed
to extend the shelf life of the raw camel milk. However,
there is no information on the efficacy of the smoking
process on the reduction of the microbial load on the
inner surface of the plastic milk-handling containers.
The objective of this study was to determine the micro-
bial load on smoke-treated milk-handling plastic con-
tainers and the effectiveness of the smoking technique
as a preservation method of camel milk.

Material and methods

a. Study area

The study was carried out in Isiolo County, located in
eastern Kenya, about 285 km north of Nairobi. The
County is located at coordinates 0° 21′ 0″ north and 37°
35′ 0″ east and an altitude ranging from 200 to 300 m
above sea level (ASL) although there are some areas in
the County that go up to 1,000 ASL. Its annual average
temperature ranges between 12 and 28 °C and receives
low rainfall ranging between 300 and 500 mm per year.

b. Sample collection

A total of 25 freshly smoked plastic milk-handling
containers were conveniently collected from different
camel pastoralists (n = 13) in Isiolo County, Kenya, dur-
ing milk-harvesting time. The containers were trans-
ported to the laboratory under aseptic conditions until
analysed for microbial load. Control containers were
prepared in the laboratory as follows: the positive con-
trol containers (3) were the non-smoked plastic milk
containers prepared by rinsing and disinfecting with
Duet®, a chlorine-based disinfectant, at a recommended
concentration of 300 ppm, and the second control con-
tainers (3) were the non-smoked plastic milk containers
prepared by rinsing and not treated by chlorine or
smoked. Sterile swabs were pre-wetted by peptone water
and used to swab 25 cm2 of inner surfaces (of the
smoked, non-smoked and chlorine-treated, and non-
smoked and non-chlorine-treated plastic milk-handling
containers in triplicates). Sampling of the surfaces was
done by rotating the cotton swab end on the designated
container surfaces. The cotton swabs were then transferred
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into 9 ml of 0.1 % (w/v) buffered peptone water and shaken
using a vortex for 2 min to dislodge micro-organisms.
In addition, a total of 18 milk samples were collected

aseptically from camel herds before (9 samples) and after
(9 samples) bulking of the harvested milk in smoked,
non-smoked and chlorine-treated, and non-smoked and
non-chlorine-treated containers. During camel milk
sample collection, approximately 300 ml of raw milk
samples were aseptically collected and placed into sterile
bottles. Subsequently, the samples were put into icebox-
containing ice packs and then transported to the Depart-
ment of Dairy and Food Science and Technology labora-
tories, Egerton University, and Isiolo referral hospital
microbiology laboratory for microbial analysis.

c. Microbial analysis

The swabs from surfaces of milk-handling containers
and milk samples were analysed for total viable count
(TVC), total coliform count (TCC), and lactic acid bac-
teria (LAB) count using appropriate sterilized media.
The samples were appropriately serially diluted in buff-
ered peptone water before analysis.

Total viable count
Milk-handling container surface swabs and milk samples
were pour-plated on plate count agar (PCA) (Oxoid,
UK) and incubated at 37 °C for 48 h. Finally, the colony-
counting was done using Dr. N. Gerber digital colony
counter (Schneider and Co., Zurich) and the counts
recorded.

Total coliform count (TCC)
Appropriate triplicate serial dilution of milk-handling
container surface swabs and milk samples were pour-
plated on Violet Red Bile Agar (Oxoid, UK) and incu-
bated at 37 °C for 24 h, and typical dark red colonies on
the plates were considered as coliforms and counted.

Lactic acid bacteria
Samples of milk-handling container surface swabs and
milk were serially diluted following similar methods as
for total viable count, but appropriate dilutions were
pour-plated on MRS agar (Oxoid, UK) then incubated at
37 °C for 48 h and typical LAB counted. The LAB iso-
lates were further examined by their ability to grow at
15, 35, and 45 °C for 5 days and in 2, 4, and 6.5 %
strength sodium chloride (NaCl) in MRS broth. The
growth of LAB isolates at different temperatures and salt
concentrations was visually confirmed by turbidity
changes in the MRS broth after 24, 48, and 72 h
(Azadnia and Khan 2009).

Identification of typical isolates
The typical colonies were further isolated and identi-
fied according to their morphological, physiological,
and biochemical characteristics. The tests carried out
were Gram reaction test, catalase test, oxidase test,
and methyl-red (MR) test, Voges-Proskauer (VP) test,
indole test, and sugar fermentations. The sugars used
for testing of the fermentation of the isolates were
sucrose, galactose, glucose, lactose, and mannitol
(Grainger et al. 2001).

d. Statistical analysis

Data on microbial counts (TVC, TCC, and LAB) were
first transformed to logarithmic values (log10) of colony-
forming units per cm2/ml (cfu/cm2 or ml) before statistical
analysis. The means of the transformed microbiological
values for smoked, non-smoked and chlorine-treated, and
non-smoked and not-treated containers and milk samples
were analysed for analysis of variance (ANOVA) using
General Linear Model (GLM) procedure of SAS version
9.1 (SAS Institute Inc. 2006). Mean separations were done
using Least Significant Difference (LSD) at P ≤ 0.05.

Results and discussion
Microbial load of smoked and non-smoked milk container
surfaces
The mean microbial loads for smoked and chlorine-
disinfected milk container surfaces were significantly
lower than those on plain-water-washed non-treated plas-
tic containers (Table 1). However, chlorine-disinfected
milk container surfaces had low mean total viable bacterial
count (TVC), TCC, and LAB than smoked container sur-
faces. There were significant differences (P < 0.05) in the
microbial load between smoked surfaces and the chlorine-
disinfected surfaces for TVC, TCC, and LAB (Table 1), in-
dicating that smoking had an effect of reducing the micro-
bial load on the surfaces just like chlorine disinfection.
Milk-handling containers are a major source of microbial
contamination in milk if not adequately cleaned and disin-
fected (Lore et al. 2006).
The mean microbial load (TVC, TCC, and LAB) in har-

vested milk before bulking were lower than the microbial
load in milk after bulking in the smoked, chlorine-
disinfected, and plain-water-washed containers (Table 2).
Milk bulked in smoked containers had significantly lower
microbial loads compared to the milk bulked in plain-
water-washed containers, a demonstration of the anti-
microbial effect of smoking. Therefore, the microbial load
on milk-handling containers during milk-bulking has a
consequence on the microbial load of bulked milk as a re-
sult of contamination from the container inner surfaces.
The increase in the microbial load in milk after bulking in
comparison to microbial load before bulking could also be
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attributed to the contamination from the milk handlers
(Odongo et al. 2016).
The microbial loads in the bulked milk were nearly

similar to the microbial load on the container surface
and higher than in milk before bulking, indicating con-
tamination of milk from the container inner surfaces.
Therefore, the act of bulking and re-bulking of milk into
several containers from the bulking at the herd level
through several stages/points along the chain to the
market creates or increases risks of microbial contamin-
ation from the inner surface of containers. Studies have
shown that there are increases of microbial load in
camel milk from the herd level to the primary collection
centres and final market due to the practice of transfer-
ring milk between several containers (Kaindi et al. 2011).

Characteristics of the predominant microbial isolates
Prevalence of predominant isolates based on physiological
and Gram-staining test
Gram-negative rods (GNR) were the predominant
micro-organisms (51.6 %) in bulked milk and on the sur-
faces of milk-handling containers (both smoked and
non-smoked) rather than Gram-positive rods (GPR)
(32.8 %) in bulked milk and on the surfaces of milk-
handling containers and Gram-positive cocci (Table 3).
The percentage prevalence of GNR from chlorine-
disinfected milk container surfaces (72.2 %) was higher
than the prevalence of GNR from surfaces of the
smoked milk-handling container (57.3 %) and bulked
milk (51.6 %). It was also found out that smoked milk-
handling container surfaces had higher prevalence of
Gram-positive cocci (GPC) (17.2 %) and GPR (25.5 %)
than chlorine-disinfected surfaces (10.4 and 15.6 %, re-
spectively) (Table 3).
Studies have shown that innate resistance especially

in Gram-negative bacteria, due to the complexity of
their cell wall, which is a double-membrane structure,

offers a higher level of resistance to antibacterial
agents than that in Gram-positive bacteria (Russell
and Chopra 1996). The outer membrane of Gram-
negative bacteria acts as a barrier that limits the entry
of antibacterial compounds, which is a chromosomally
controlled property of the bacterial cell (McDonnell
and Russell 1999). This could be one of the reasons
why there were more GNR than GPC and GPR com-
bined from the isolates from milk bulked in smoked
containers, chlorine-disinfected container surfaces,
and smoked container surfaces (Table 3). It can there-
fore be deduced that GNR may be resistant to the
antimicrobial components in the smoke more than
GPC and GPR. The higher prevalence of GNR in the
chlorine-disinfected milk container surface as com-
pared to the smoked container surface could also be
due to their higher resistance to chlorine-based disin-
fectants than smoke antibacterial compounds. Hence,
this indicated that smoke is a better disinfectant
against GNR than chlorine-based sanitizers. Resistance
has also been reported to be acquired as a result of
genetic changes resulting from acquisition of plasmids
and transposon-encoding resistance proteins. Plasmid-
mediated resistance is unlikely to occur in Gram-
negative bacteria (McDonnell and Russell 1999). This
could be the cause of the Gram-positive bacteria’s
recalcitrance to smoke and chlorine treatments on
the surface of milk-handling containers. Smoked con-
tainers had higher Gram-positive bacteria load com-
pared to chlorine-disinfected container surfaces. This
could be Gram-positive bacteria on these surfaces
acquiring resistance to compounds in the smoke.
When comparing, chlorine disinfection had superior
effects on the reduction of Gram-positive bacteria
than smoke treatment, possibly due to the high
oxidizing activity of chlorine that destroys cells
(Bloomfield 1996).

Table 1 Microbial loads of surface of smoked, chlorine-disinfected, and plain-water-washed non-treated milk-handling plastic
containers

Microbial load/sample Smoked containers
(log10 cfu/cm

2)
Chlorine-disinfected container
(log10 cfu/cm

2)
Plain-water-washed non-treated plastic container
(log10 cfu/cm

2)

TVC 4.64 ± 0.43a 3.47 ± 0.06b 5.99 ± 1.03c

TCC 4.00 ± 0.66a 2.55 ± 0.02b 5.07 ± 0.91c

LAB 3.75 ± 0.59a 0.89 ± 0.24b 4.81 ± 0.81c

The values are means ± standard deviations of three replicates from each container. Means with the same letter (for each row) are not statistically different

Table 2 The microbial load of milk before bulking and from the different containers of bulking

Microbial type/
sample type

Milk before bulking
(log10 cfu/ml)

Milk bulked in smoked
containers (log10 cfu/ml)

Milk bulked in chlorine-disinfected
containers (log10 cfu/ml)

Milk bulked in plain-water-washed
containers (log10 cfu/ml)

TVC 4.73 ± 0.71a 5.10 ± 0.96b 5.23 ± 1.11b 6.22 ± 2.47c

TCC 0.75 ± 1.33a 3.61 ± 2.13b 2.46 ± 2.18c 4.41 ± 2.01d

LAB 1.36 ± 1.89a 3.84 ± 2.22b 2.04 ± 1.35c 3.93 ± 1.14b

The values are means ± standard deviations of three replicates from each container. Means with the same letter (for each row) are not statistically different
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Prevalence of Gram-negative rods isolates from bulked milk
and smoked containers
Coliforms are GNR, oxidase negative, and ferment lac-
tose. The predominant coliform genera were Escherichia
coli (E. coli) and Enterobacter spp., which accounted for
45.1 and 30 % of the TCC in bulked milk, respectively,
and 38.2 and 25.1 % on the smoked milk-handling con-
tainer surface, respectively (Table 4). The proportion of
E. coli and Enterobacter spp. in bulked milk was higher
than that on the inner surfaces of milk containers. How-
ever, Klebsiella spp. and Salmonella spp. prevalence
were higher on smoked milk-handling containers than in
bulked milk (Table 4). Studies have shown that the high
lysozyme activity in camel milk is effective against Sal-
monella spp. (el Agamy et al. 1992), thus a probable rea-
son for the low proportion of Salmonella spp. in bulked
milk than on smoked milk container surfaces.
The detection of coliforms and E. coli in milk indicates

a possible contamination from milk-handling containers
(Bonfoh et al. 2003). Coliforms are indicator micro-
organisms, and the presence of E. coli implies a risk of
presence of enteric pathogens in milk (Chye et al. 2004).
Therefore, the coliforms in bulked milk could be origin-
ating from other sources of contamination, such as milk
handlers, besides the milk-handling containers. Studies
have shown that handling small quantities of milk is
subject to a high rate of contamination due to the small
ratio of milk volume to container volume (Bonfoh et al.
2003). However, the coliforms in pooled milk being
lower than on container surfaces can be explained by
the growth of LAB, which produce inhibitory metabolic
substances such as lactic and acetic acids, hydrogen per-
oxide, and bacteriocins (Koutsoumanis et al. 2006). Earl-
ier studies have shown that milk from the camel udder
have low microbial load compared to pooled/bulked
milk in plastic containers (Matofari et al. 2007; Kaindi
et al. 2011). This suggests that milk-handling containers
account for the majority of GNR in milk.

The prevalence of LAB isolates from bulked milk and
smoked container surfaces
In this study, the predominant LAB in bulked milk were
the Lactobacillus spp. (39.9 %) and Lactococcus spp.
(32.7 %), while the predominant LAB on smoked milk-
handling containers were Lactobacillus spp. (36.5 %) and
Lactococcus spp. (29.4 %) (Table 5). Smoked milk-
handling container surfaces were predominated by the
Lactobacillus spp. and Lactococcus spp. compared to
chlorine-disinfected surfaces, which were predominated
by Streptococcus spp. and Lactobacillus spp. The smoked
milk containers were found to have higher levels of Leu-
conostoc spp. (25 %) and Streptococcus spp. (17 %) than
in bulked milk.
The LAB in milk produce lactic acid and other anti-

bacterial substances like bacteriocins that have detrimen-
tal effect on other micro-flora in the milk (Tezera and
Bruckner 2000). The lactic acid produced lowers the pH
of the milk, inducing the acids to be lipid-soluble and
diffuse into the cytoplasm of bacteria through the cell
membrane which either inhibit the physiological pro-
cesses or destroy the bacteria (Gottschalk 1988). There-
fore, this can be the cause for the lower TCC in bulked
milk than from the smoked containers, and the Klebsi-
ella spp. and Salmonella spp. were the most affected.
LAB are also known to produce bacteriocins and en-
zymes that can control bio-film formation and growth of
spoilage and pathogens (Millette et al. 2006), hence pres-
ervation of the milk.
Several studies have reported that the preservation of

camel milk is by three different mechanisms. First is the
presence of higher levels of the natural antimicrobial
compound ‘lysozyme’ in camel milk than cows’ milk (el
Agamy et al. 1992). Secondly, the use of wood smoke
provides a component of a hurdle system for milk pres-
ervation. This is because, among the functional compo-
nents of smoke, phenols and acids have been shown to
have the most antimicrobial activity, while carbonyls and

Table 3 Comparison of prevalence of isolates based on the physiological characteristics and Gram-staining

Incidence of isolates Chlorine-disinfected container (isolates n = 17) Smoked containers (isolates n = 58) Bulked milk (isolates = 36)

Gram-positive cocci (%) 10.4 17.2 15.6

Gram-positive rods (%) 15.6 25.5 32.8

Gram-negative rods (%) 72.2 57.3 51.6

Table 4 Prevalence of GNR isolates from milk bulked in the smoked containers, smoked container surfaces, and chlorine-disinfected
surfaces

Genus Milk bulked in smoked containers Smoked container surfaces Chlorine-disinfected container surfaces

E. coli spp. (%) 45.1 38.2 47.9

Enterobacter spp. (%) 30.0 25.1 30.0

Klebsiella spp. (%) 6.6 15.9 19.2

Salmonella ssp. (%) 18.3 20.8 2.9
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acids have a wide spectrum of antibacterial activity even
at low levels of phenols (Toledo 2008). The phenolic
acid, acetic acid, and carbonyls individually have anti-
microbial activity, but their combined effect is synergis-
tic (Toledo 2007). Thus, a mixture of smoke compounds
is an effective antimicrobial agent at a lower level of the
components than any of the individual components.
Lastly, the LAB have been reported to acquire resistance
due to genetic changes resulting from acquisition of
plasmids and/or transposon-encoding resistance proteins
against the components of smoke in the smoked milk
containers, and the LAB also secrete antimicrobial com-
pounds particularly the production of bacteriocins
(McDonnell and Russell 1999). These bacteriocins are
antimicrobial peptides which produce pores in the cyto-
plasmic membrane of other spoilage micro-organisms in
milk, which inhibits their energy production and biosyn-
thesis activities, thus resulting in the preservation of
milk (McIntyre et al. 2007).

Conclusion
This study has demonstrated that smoking of milk-
handling containers is effective in hindering microbial
growth and can be used as a technique in the sanitation
and preservation of raw camel milk in arid and semi-
arid areas where cold chains for the preservation of milk
are unavailable.
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