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Abstract

Improvement of traditional and
nomadic milk production through dairy
development program in Nigeria requires
routine quality and safety monitoring of
milk both at herd level and milk collection
centers. A total of 411 bulk raw milk sam-
ples aseptically obtained from Ibarapa, Oyo
and Oke-Ogun industrial milk collection
centers were subjected to California
Mastitis Test (CMT), Bulk Somatic Cell
Count (BSCC) and bacteriological analysis
for assessment of quality and safety of milk
from the herds. One hundred and seven
(26.0%) of the samples were CMT positive,
while 74.0% were negative to CMT. The
overall mean BSCC, TAC and TCC were
1.27x103 £ cells/mL, 1.12x10%+ 34 cfu/mL,
97.849.8 cfu/mL in the CMT negative milk
samples while for the strong positive sam-
ples the mean BSCC, TAC and TCC were
4.33x10° £ cells/mL, 2.35x10¢ = 453
cfu/mL, 189.3+41.1 cfu/mL respectively;
these were higher than the Pasteurized Milk
Ordinance acceptable limits. Positive corre-
lation was found between CMT scores and
bacterial contamination and between CMT
scores and SCC was recorded. About 26.0%
of the samples with positive CMT could be
considered unsafe due to strong correlation
with microbial contamination that could
result in milk borne zoonoses and public
health hazards. However, a greater propor-
tion (76.9%) of the milk with negative CMT
scores could be safe for human consump-
tion after post-harvest pasteurization.
Consequently, there is need to improve han-
dling, environmental and milking hygiene;
as well as proper herd and udder health
management to improve quality and safety
of Nigeria dairy products.
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Introduction

There is rising demand for milk and
other dairy products in developing countries
including Nigeria. Milk is an excellent
source of high quality protein diet and also
containing a lot of essential vitamins and
minerals which can be easily digested and
absorbed by all mammals especially the
infants. Milk and milk products are major
global diets providing about 5-10% of the
total calories of the daily human diet in sev-
eral countries and are the best natural
sources of essential amino acids, calcium
and phosphorus. These nutrients are essen-
tial role in body building, especially the
bones and teeth development (Pandey and
Voskuil, 2011). These nutritional attributes
have made milk an acceptable and staple
global diet of both infants, and adults.

The largest proportion of milk produced
for human consumption is obtained from
cattle. Dairy cows efficiently convert
human-inedible food and by-products into
nutrient-rich milk (van Hooijdonk and
Hettinga, 2015). Annual milk production
per cow in developed countries varies
between 2539 kg/cow in China to 9682
kg/cow in the United States (IDF, 2012)
against the average yield of about 295 to
2585 kg by the indigenous breeds of cattle
that predominate the dairy sector in Nigeria
(Shittu et al., 2012; Olorunnisomo, 2013).

Sokoto Gudali, White Fulani; Rahaji,
Buzuwa, Red Sokoto and Jalli breeds are
the indigenous breeds of dairy cattle com-
monly reared in several part of Nigeria.
However, few farmers have tried to rear
both the Holstein and Friesian breeds but
with environmental, husbandry and disease
challenges (Olorunnisomo, 2013). Sokoto
Gudali constitutes about 70% of dairy cattle
in Nigeria due to its relatively better adapt-
ability to different agroecological zones of
the country (Shittu ez al., 2012). Majority of
the cattle are reared by agropastoralists in
extensive and semi-extensive system with
low inputs from field grazing (lyayi et al.,
2003). The animals are kept in the open
yards in clusters according to herdsmen
ownership. The cows are milk early in the
morning before taken out whole herds to the
range for grazing and also, led to the
streams or rivers from the late hours of the
morning to return in early evening (Shittu,
2012).

Commercial dairy production in Nigeria
has not been viable as a result of the tradi-
tional agropastoralism and nomadic sys-
tems of cattle husbandry coupled with the
milk yield of the indigenous breeds of dairy
cattle with little or no supplement inputs.
Higher milk yields are usually obtained dur-
ing the raining season than the dry season
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due to abundance of forage and water
(Shittu et al., 2012). The traditional milking
and milk processing by herdsmen and milk-
maids are done in the village near the open
yards, with the milk separated to portions to
be consumed or sold raw and portions for
processing into local dairy products such as
Wara, Nono Manshanu and Kindirmo. The
products are marketed by women and
female children hawking along major roads
and in rural markets (Ndambi ez al., 2008).

The recent dairy farming improvement
efforts in Nigeria through public-private-
partnership scheme comprising collection
of milk from different cattle herds owned by
nomadic and sedentary pastoralists. This
Nigerian Dairy Development Program
(NDDP) is geared towards improving the
livelihoods of smallholder dairy farmers
and improving cattle productivity by inte-
graton traditional milk source into the for-
mal dairy value chain in Nigeria. The
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herders are encouraged to supply bulk milk
in tanks subsided by government to differ-
ent private industrial milk collection centers
for hygiene and safety value addition.
NNDP established three milk collection
centers in Oyo, Iseyin (Oke-Ogun), Maya
(Ibarapa) town within the derived savanna
of Oyo State where cattle are reared in the
bush and villages around the milk collection
centers. Pooled (bulk tank) raw milk are
supplied to different collection centers
transported in modern tanks via motor bikes
or foot transport. The centers are equipped
with milk holding facilities for screening
and pasteurization after which it is subject-
ed to industrial refrigeration and processing.

The husbandry and milking practice by
the local dairy producers could result in
poor milk quality, since milk is an excellent
growth medium for both endogenous and
environmental pathogenic and non-patho-
genic bacteria (Olatunji et al., 2012).
Microbial growth and multiplication in milk
result from pre-harvest intramammary
infections as well as milking and post milk-
ing environmental (Ruegg and Pantoja,
2013) contamination with deleterious
effects on quality, wholesomeness and safe-
ty of milk and milk products.

Safe and high quality milk can only be
obtained from mastitis free and healthy ani-
mals. Also, herd hygiene, management and
milking processes influence the microbial
quality of cow manure milk (Coorevits et
al., 2008) while cows suffering from a dis-
ease could excrete the pathogenic bacteria
in the udder with the milk, thereby predis-
posing consumers to food/milk borne dis-
ease. Milk borne outbreaks represent 2-6%
of bacterial food-borne outbreaks reported
by surveillance systems from several coun-
tries (Brisabois and De Buyser, 2007).

Mastitis is an important disease of pub-
lic health importance due to the consump-
tion of raw or improperly pasteurized milk.
Mastitis is an important disease of great
economic importance in diary industry due
to intramammary infection (IMI) which
results into reduced secretory capacity of
the mammary gland (Barbano et al., 2006).
In general, mastitis is caused by bacteria
pathogens such as Staphylococcus aureus,
Streptococcus agalactiae, environmental
streptococci and coliforms leading to direct
milk contamination. Cows suffering from
systemic disease could also secrete patho-
genic bacteria such as Mycobacterium sp.,
Brucella sp. and Bacillus sp. Majority of the
cattle herds are not under veterinary super-
vision without adequate disease and health
programs especially without mastistis
screening. Both clinical and subclinical
mastistis in dairy cows in Nigeria have been
reported by several authors (Amosun et al.,
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2010; Junaidu et al., 2011; Shittu et al.,
2012) Also, unregulated administration of
antibiotics to cattle by the herdsmen could
result in their residues that is also detrimen-
tal to milk quality and dairy technology
(Ruegg and Tabone, 2000; Gonzalo et al.,
2010).

Somatic cell count (SCC), total aerobic
count (TAC) and total coliform count
(TCC) used to assess fresh milk quality and
safety. These parameters can be influenced
by environment, milking practices and
udder hygiene. Quality milk only originates
from mastitis free and healthy animals. The
hygienic standard of milk at farm-level,
stage of lactation, feeding and housing sys-
tems of lactating cow influence the micro-
bial quality of milk (Coorevits et al., 2008).
Rinsing water for milking machine and
milking equipment washing may also con-
stitute a reason for the presence of a higher
number of micro-organisms including
pathogens in raw milk (Bramley, 1990).

Somatic cell count (SCC) means the
number of body cells (primarily, the leuko-
cytes, secretory cells and squamous cells)
per millimeter of raw milk (NMC, 2013).
SCC is also an indicator of cow/udder
health and for screnning of mastitis. The
standard SCC and BSCC of good quality
fresh milk from a healthy cow is between
<100,000 cells per mL and not greater than
500,000 cells per mL(PMO, 2009). Milk
with high SCC has reduced shelf life, with
the quality and yield of some milk products
negatively affected (Barbano et al., 2000).
SCC of milk is generally considered to be
an important parameter for mastitis detec-
tion because inflammation of the mammary
gland results in an influx of somatic cells,
predominantly polymorph nuclear neu-
trophils (PMN), from the blood into the
mammary gland (Burvenich ez al., 1994). It
has become the gold standard measure of
milk quality (PMO, 2009). Clinical and
subclinical mastitis are indicated in raw
milk samples with a high somatic cell count
and results in less nutritious milk or poor
milk quality associated with low dairy man-
agement. California Mastitis Test (CMT) is
a rapid, indirect qualitative measurement of
milk somatic cell count for mastitis screen-
ing test routinely used for dairy udder
health and milk quality (NMC, 2015). CMT
is a rapid, and accurate cow-side test to help
determine somatic cell counts (SCC) has
been validated to be effective in detecting
both clinical and subclinical mastitis
(Kathiriya and Shah, 2009)

The test was developed to sample indi-
vidual quarters for the presence of subclini-
cal mastitis and can also be conducted on
bucket and bulk tank milk samples to help
determine somatic cell counts (SCC) of the
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entire herd.

Total aerobic count (TAC) is also used
to estimates the total numbers of aerobic
bacteria present in raw milk. This factor is
used to determine how consistently clean
milking practices are applied; udder
hygiene, good mastitis prevention and con-
trol are practiced by dairy farmers. The
limit according to the PMO (2009), for raw
milk of good quality is set at <10,000
cfu/mL. While total coliform count (TCC)
estimates the number of bacteria (enter-
obacteriacea) that originate from a contam-
inated environment or manure. Coliform
count reflects hygiene and sanitation prac-
tices followed on farm. The high coliform
count above 100 cfu/mL suggests poor
milking practices, dirty equipments and
facilities, contaminated water and/or cows
with coliform mastitis. The somatic cell
count (SCC) is the gold standard measure of
milk quality as the herd SCC level is
dependent on the number and duration of
infections present plus rate of new infec-
tions (Reneau, 2011). The acceptable SCC
value for high quality fresh milk is <500
(PMO, 2009).

The unhygienic hand milking in the
open filed with the milk pooled from
unscreened cows collected and stored in
local calabash guards commonly practiced
by herdsmen in Nigeria portent food safety
risks from such products. Private-Public-
Partnership efforts of Nigeria government
on dairy development aim at improvement
of yield, safety and quality milk produced
by indigenous cows. Improvement of tradi-
tional and nomadic milk production through
dairy development programs in Nigeria will
therefore require routine quality and safety
monitoring of milk parmeters such as CMT,
SCC, total aerobic plate count and coliform
counts both at herd level and milk collec-
tion centers.

This study was aimed at determining
the quality of raw milk produced from dairy
herds in Oyo Sate supplied bulk to commer-
cial milk collection centers in Oke-Ogun,
Ibarapa and Oyo zones of the state in order
to evaluate microbial and safety quality
parameters of bulk tank milk supplied to the
centers.

Materials and Methods

Sample collection

Milk Collection Center located Oke-
Ogun, Ibarapa and Oyo zones of the state
where the savannah agroecological vegeta-
tion support rearing of cattle. The fresh raw
milk from each herd was pooled together in
milking vessel with the portions to be sold
to the milk collection centers poured into
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milk tank supplied by the centers. Each tank
with milk from each herd is a member of the
population from which samples were
obtained. Sample size was calculated based
on prevalence of mastitis reported by Shittu
et al., (2012). A total of 411 samples (com-
prising: 113, 183 and 115 from Oke Ogun,
Ibarapa and Oyo collection centers respec-
tively) were obtained each into a 10 mL
sterile sample bottle was aseptically and
randomly collected. The samples were
transported in ice-cooled box to the labora-
tory for analysis.

California mastitis test

The CMT-Test kit (BOVIVET™
Kruuse, Langeskov, Denmark) comprising
of a clean paddle and California Mastitis
Test reagent was used according to the man-
ufacturer’s instruction. Briefly, 2 mL of
milk sample and 3 mL of CMT test liquid
were added aseptically to the CMT paddle
and mixed gently moving in a circular
motion and change in consistency for
increase in the cell content of the milk was
observed. The CMT was scored on a scale
from 0 to 3 (CMT-Test, Kruuse, Langeskov,
Denmark).

Somatic cell count

Somatic Cell Count was carried out by
direct microscopic method (DMSCC)

according to Nagy et al. (2013). Briefly,
duplicate smears of 10 pL milk were pre-
pared on somatic cell slides (5638-01930,
Bellco Glass Inc., Vineland, NJ), air-dried
overnight, and fixed in Carnoy’s fixative for
10 min. Thereafter, the slides were left
again in air for 20 to 24 h followed by stain-
ing with 2 drops of PMG (HT70116,
Sigma-Aldrich, St. Louis, MO) for 2 min.
The PMG stain was removed with
absorbent paper and the somatic cells were
counted on 20 fields of one smear using a
light microscope at 200x magnification.
The final values (cells/mL) were calculated
using the following equation: SCC/ mL=
(220 fields) x 526.4.

Bacteriological analysis

Pre-enrichment of the milk samples

The protocol according to EN ISO 8261
(E) 2001 was employed. This involved pre-
enrichment in peptone water and 7-fold
serial dilution of 1 mL of milk sample in 9
mL of buffered peptone water in sterile test
tubes.

Total plate count and total coliform count

The protocol according EN ISO 4833
2003 was employed. Plate count agar was
prepared according to manufacturer’s rec-
ommendation. Then 0.1 mL of 10-° and 10”7

sample dilutions were inoculated onto
plates using the surface plate method.
Replicate plates were labeled, cultured and
incubated at 37°C for 18-24 hrs. TPC was
obtained by counting the visible discrete
colonies using the colony counter and cal-
culated as colony forming unit per mL
(cfu/mL) of milk. Also, for total coliform
count, the EN ISO 4833 2003 was
employed on MacConkey agar by surface
plate method. Plates were labeled, cultured
and incubated at 37°C for 24 hrs. Visible
discrete coliform colonies were counted
using the colony counter and calculated as
colony forming unit per mL (cfu/mL) of
milk.

Statistical analysis

The mean SCC in samples from differ-
ent locations results were compared using
ANOVA, while correlations between the
bacterial load and SCC were also deter-
mined.

Results

Out of the 411 bulk milk samples
screened, negative CMT score was obtained
in 304 (74.0%) samples presumably of good
quality, while 107 (26.3%) samples scored
weak to strong positive CMT values. The
screening results of the samples from differ-

Table 1. Distribution of california mastitis test (CMT) scores of screened bulk-tank milk from Oyo State dairy herds.

Oke Ogun 87 (78.0) 9(7.0) 13 (11.5) 4(3.5)
Ibarapa 119 (65.0) 40 (21.9) 15 (8.2) 949
Oyo 98 (85.2) 12 (10.4) 3(2.6) 2(17
Total 304 (74.0) 61 (14.8) 31 (75) 15 (3.7
Table 2. Mean somatic cell count in bulk-tank milk from dairy herds in Oyo State.
Oke Ogun Negative to trace 1.5x10°+234 11x10°+134 83+34
CMT Class 1 8.6x10¢ £423 18x10°+324 1023212
CMT Class 2 3.1x10°:£452 123x10°+1434 1624323
CMT Class 3 241001468 239x10°+453 36307.8=16
Ibarapa Negative to trace 1.2x10° £579 10x10°+34 102+34
CMT Class 1 6.2x104+427 22x10°£324 92362
CMT Class 2 8.3x10°+724 112x10°+1403 1324+323
CMT Class 3 6.3x10°+3624 203x10°+£453 24107.8+16
Oyo Negative to trace LIx103£215 12x10°+34 10°+13
CMT Class 1 2.5x10"+142 25x10°+324 10* 6.4+62
CMT Class 2 5.3x10°+ 807 123x10°+1434 2124+323
CMT Class 3 4.3x10°£1207 249x10°+453 26107.8+816
Total Negative to trace 1.27x10°+224 1.12x10°+34 98+34
CMT Class 1 5.77x10" £1630 2.25x10°+321 1223275
CMT Class 2 5.5Tx10°£735 1.20x 1051434 1424+313
CMT Class 3 4.33x10°+ 1325 2.35x10°£453 24307.8+176
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ent collection centers are shown in Table 1.
Milk samples from Ibarapa presented the
lowest negative CMT scores and highest
positive CMT scores. However, there were
no significance differences (P>0.05) in the
CMT scores in the samples from the three
collection centers.

Somatic cell count in bulk raw milk

The overall mean somatic cell count of
1.27x10% £ 224 and 4.33x10° = 1325
cells/mL were obtained in CMT negative
and CMT positive milk samples from the
study area with distribution across the milk
collection centers for the different cate-
gories of milk quality based on CMT scores
are presented in Table 1. The total mean
SCC was significantly different from the
values from the different locations
(P<0.0001) and also showed a significant
difference in samples from Ibarapa center
against Oyo and Oke-Ogun centers
(P<0.001 and P<0.01 respectively) but no
significant difference between Oke Ogun
and Oyo.

Total bacteria count and coliform
count results

The overall mean TBC and CC of the
milk samples were Log 8.03+0.20 and
5.56+0.04 respectively. Table 2 shows the
contamination levels of the milk from the
various centers in this study, there was no
significant difference in bacterial loads
across the 3 locations. The total bacteria
count were significantly higher than
100,000 cfu/mL and results for coliform
counts were significantly higher than
acceptable limit of less than 100 cfu/mL
(PMO, 2009).

Correlation of somatic cell counts,
total bacteria counts and coliform
counts in bulk tank milk from Oyo
State

A positive correlation was obtained
between the overall SCC scores and micro-
bial load (corell = 0.977694; 0.526564
respectively). Table 3 show the correlations
at different milk collection centers with
samples from Ibarapa and Oyo having pos-
itive correlations between SCC and TBC
while samples from other centers were

weak positive and negatively. The differ-
ences among the median log SCC of milk
from different locations and bacteriological
counts were not significant (P=0.24).

Discussion

Quality assessment of the raw milk pro-
duced from traditional dairy herds in
Nigeria is critical to improvement and inte-
gration into the value chain of Nigeria dairy
development. In this study the California
mastitis test negative samples accounted for
74.0% and positives 26.0%. At zonal level,
85.2%, 78.0%, 65.0% of the samples were
CMT negative in Oyo, Oke Ogun and
Ibarapa respectively. This result indicated
that milk from about 23.1% had cows with
certain degree of clinical, subclinical or
chronic mastitis. The positive CMT results
from the bulk milk imply that several cows
with subclinical mastitis were milked across
the herds in the state. Amosun et al., 2010
reported high prevalence of bovine mastitis
among dairy herds in Oyo State, while
Aminu et al., (2012) also reported overall
herd-level prevalence of 85.33%. Mean
SCC values of 2.4x10° 4.3x10° and
6.3x10° cells/mL were obtained from milk
in Oke-Ogun, Oyo and Ibarapa respectively,
which are higher than the acceptable value
of SCC in bulk tank milk of <500,000 in
USA, and <400x10%ells/mL in EU,
Australia, New Zealand and Canada (PMO,
2009; USDA, 2014). The herds with elevat-
ed SCC in study area could also be at differ-
ent lactating periods of the cows and also
resulted from indiscriminate antibiotics use
by the farmers to treat or control intra-mam-
mary bacterial infection (NMC, 2015). This
can be due to mastitis at herd level.
Seasonal changes and climate also play a
role in producing milk with high SCC and
maintaining mastitis in cows (Ruegg and
Pantoja, 2013). Indiscriminate administra-
tion of antibiotics to cattle commonly prac-
ticed by the herdsmen with resultant
residues in their milk can also be a cause of
high SCC in milk from different herds.
Which agree with the results of Ruegg and
Tabone (2000) that presence of antibiotic

Table 3. Correlation between somatic cell count (SCC), total bacteria count (TBC) and
coliform count (CC) in bulk-tank milk from dairy herds in Oyo State.

Oke Ogun 0.098 -0.202 -0.079
Ibarapa 0.846 0.069 0.079
Oyo 0.949 -0.088 -0.216
Total 0.731 -0.023 0.079
[page 98] [Italian Journal of Food Safety 2018; 7:7130]
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residues in milk positively correlated to
increased BTSCC.

Also, the highest mean total bacteria
count (TBC) of 2.35x10¢ £ 453 cfu/mL
obtained in the proportion of the milk sam-
ples with highest SCC and CMT positives
and is significantly higher than the accept-
able limit of 1x10° cfu/mL in raw milk. This
could be as a result of pooling together of
milk from cows at different lactation, mas-
titis, environmental contamination antibiot-
ic resistance and post-partum immunosu-
pression reduces the animal’s ability to
respond to exposure to pathogens (Ruegg
and Pantoja, 2013). There was positive cor-
relation between the values of milk quality
factors (CMT, SCC and TBC) indicated that
combinations of milking factors accounted
for the results of the bulk milk quality in the
study areas. The results of the coliform
counts in the CMT positives were higher
than acceptable limit of <100 cfu/mL in raw
milk (Reinemann et al., 1999). The highest
mean coliform count obtained in milk from
study area was 4.56 log,, cfu/mL and is
higher than that reported by Fekadu (1994)
at 3.8, 4.0 and 3.8 log,, cfu/mL of cows’
milk from produced in Aneno, Gulgula and
Dongora districts of southern region of
Ethiopia respectively. This is indicative of
the presence of fecal contaminants on the
cow/udder, handlers, milking containers
and in the milk. Multiple risk factors such
as milking procedures at herds level, han-
dling a transportation of bulk tank milk,
personal hygiene and environmental con-
taminants could simultaneously affect the
milk quality. Hillerton and Berry (2003)
reported that the prevalence of contagious
pathogens causing mastitis is decreasing
and environmental causative agents are
becoming dominant pathogens for mamma-
ry gland.

Traditional dairy practices of open field
hand milking and unrefrigerated transporta-
tion of bulk tank milk in tropical condition
could also account for the poor hygienic
quality of milk screened in the study area.
Amosun et al. (2010), isolated streptococci
species of public health importance from
dairy herds across the southern and northern
states of Nigeria. Previous surveys indicates
that dairy farmers and their families that
consume raw (unpasteurized) milk pro-
duced on their farms and are among the
demographic groups in the United States at
greatest risk to food borne diseases (Oliver
et al., 2005). This practice is also common
among dairy cattle producers in dairy farms
in Oyo State where they even go further to
selling raw milk to consumers, hence wider
public health consequences.

Unhygienic milking with fecal contam-
ination could be associated with altered
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bacterial composition of the milk with col-
iform bacteria including E. coli and
Salmonella that could be pathogenic.
According to Martins et al. (2006), the con-
ditions during storage and transport of raw
milk in tanks cause the micro-biota to
change from predominantly Gram-positive
to predominantly Gram-negative organisms
as they grow. Milk borne and milk-product
borne outbreaks represent 2-6% of bacterial
food-borne outbreaks reported by surveil-
lance systems from several countries (De
Buyser et al., 2001). Since the milk sampled
in this study is from herds mostly reared on
extensive management system, the hygiene
and feeding levels could account for the
milk quality obtained. Coorevits et al.
(2008) reported that herd hygiene, manage-
ment including feeding and housing strate-
gies of dairy cows can greatly influence the
microbial quality of milk.

Conclusions

This study obtained high incidence of
CMT positive milk that correlated with high
SCC as well as higher aerobic plate count
and coliform count than acceptable limits.
Dairy herd health and sound mastitis con-
trol program are require to address the hus-
bandry, environmental, milking and other
risk factors to reduce incidence of mastitis
and improve milk quality. Also, there is
need to improve milk handling, and trans-
portation as well as farmers education on
udder health management to improve quali-
ty and safety of Nigeria dairy products.
There is need for organization and infra-
structure that could integrate the traditional
dairy producers with the Nigeria Dairy
Development Program. The development of
Nigerian dairy industry should be geared
towards milk quality assurance encompass-
ing the production, collection and market-
ing of high quality and safe milk. Herders
and milkmaids should be trained on ade-
quate pasteurization while consumption of
raw milk should be discouraged.
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