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Abstract

An investigation was conducted to determine thébargram of bacterial species isolated from localtgcessed
cow milk products sold in Keffi metropolis, Nasamwstate, Nigeria. Samples of the cow milk produRisw
milk, Nono, Kindrimo, and Manshanu, were each a#id in triplicates from ten different sales looas in
Keffi, and analyzed using standard bacteriologiwathods. Pour plate technique was employed foistiiation

of bacteria from these cow milk products. The itdawere identified using cultural, morphologicaida
biochemical methods, and thereafter the antibistisceptibility of each isolate was determined bydified
Kirby Bauer diffusion method. Bacterial counts f&aw milk, Nono, Kindrimo and Manshanu were
respectively in the range of 3.2:#£06.9x1¢, 8.1x 1§- 2.70x16, 7.3x1F - 9.8.x18 and 5.8x18 5.2x10.
The bacterial species isolated w&aphylococcus aureus, Salmonella spp  Sreptococcus spp. ance. coli with
overall occurrence frequencies of 50%, 20%, 17.5%b B2.5%, respectivelje. coli was highly resistant to
Septrin (80.2%), Sarfloxacin (75.3%) and Erythromy®0.2%).Salmonella species was also highly resistant to
Septrin (71.4%), Chloramphenicol (71.4%), Sparftima(85.7%) and Erythromycin (71.4%). Similarly,
Saphylococcus aureus was highly resistant to Septrin (75%), Chlorampt@n(75.4%), Sparfloxacin (87.5%),
Amoxacillin (75.4%) and Augmentin (87.5%), whiBireptococcus spp was highly resistant to Chloramphenicol
(80.1%), Sparfloxacin (80.1%) and Augmentin (80%)hese isolates may have developed resistanceodue t
indiscriminate and frequent use of antibiotics vahias now put the consumers of these milk prodatctisk of
being infected with antibiotic resistant straingpathogenic bacteria.
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1. Introduction

Nono, Kindrimo, Manshanu and Raw milk are locahyaroducts that are widely consumed as food imyna
African countries including Nigeria, and these haeen reported to contain high nutritional valugse pH of
normal cow milk range from 6.4 - 6.6 and this farothe growth of pathogenic microorganisms (Akieyet
al., 1999).

In Nigeria, locally processed cow milk product® grepared mainly by the Fulanis, where Raw milk is
processed into Nono, Kindrimo and Manshanu thetetyng four products (Eka and Ohaba, 1977). Rallk mi
is obtained from cows at homes in the Fulani hasxded villages where shelf-life and safety of thedpicts are
not considered. The raw milk is however procesatmlits constituent products and sold to both raral urban
dwellers as food. Nono is produced from non-pagtedrcow milk collected in a container called calsito and
allowed to ferment naturally for 24 hours (Eka addaba, 1977; Olusupcet al., 1996), while Kindrimo is
produced from locally pasteurized cow milk whicle @repared by heating to boiling point and theavedid to
cool to 37C, and then milk butter from the previous day puitun is added to it at the rate of 0.5-1% of the
amount of milk to be processed, and then left dgétnto become sour until it coagulate (Odunfa, 898
Manshanu is produced by a process of boiling ofRher milk and then extracting the solidified milat is in
form of cream (which is the milk butter). This cnea substance is extracted from the milk in a preaasled
churning. Manshanu consist of buttery flavor, araamd appear yellowish in color (Olasugal., 1996). Raw
milk on the other hand is produced by collectionmofk directly from cows, and the milk is not alled to
ferment or pasteurized. In other words, Raw millamsunfermented cow milk that contain varying typesl
proportions of microorganism more than the locptgteurized milk (Alan and Heather, 1990; Adesivi895).
Milking is carried out in highly aseptic conditignelds milk that is practically free from bacteriddra. The
udder of healthy cow is often sterile, and micrbloiantamination does not occur in the udder, buthasraw
milk leaves the udder, contamination may begin fBey and McKinnon, 1990). Fresh milk may contain
varying numbers of microorganisms depending onctire employed during milking, cleaning and handlifig
utensils (Alan and Heather, 199@ncillus cereus, Listeria monocytogenes, Yersinia, enterocolitica, Salmonella
spp, E. coli 0157:H7 Campylobacter jejuni, and Staphylococcus aureus have been implicated to be associated
with milk borne diseases, and these are oftentsl&iom fresh cow milk (Vasanvade, 1988). Gilmetal.
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(1990) reported that the bacteria associated vdttally processed cow milk products include Lacttida
bacteriaEscherichia coli 0157:H7, coliformsSalmonella spp, Campylobacter spp.,Listeria spp, spoilage and
other pathogenic species. Foekal. (2004) reported that the presence of organisnes Bécillus cereus,
Saphylococcus aureus, E. coli, and Streptococcus spp., and may render milk and milk products unbigtdor
human consumption. Olasugbal. (1996) asserts that it is possible that contanonaliy these bacteria could
have occurred due to poor hygiene practice durmoggssing, handling, preservation and storage &y-thani
women that prepare and hawk these products.

Lactic acid bacteria are known to ferment lactaséacttic acid (Gilmouret al., 1990), and they are normally
present in milk as starter culture organisms ingredluction of locally processed milk produdtsctobacillus
acidophilus, Lactobacillus lactis, Lactobacillus cremoris, Lactobacillus fermentum, Lactobacillus leichmani,
Lactococcus lactis and Streptococcus thermophilus are the most prominent lactic acid bacteria inallyc
processed cow milk fermentation (Urbach, 1995; Ebdal, 2008).

In Nigeria, the traditional method of processingl @elling cow milk and its products exposes theselycts to
the danger of microbial contamination from spoilagel pathogenic microorganisms. All the milk praduc
except raw milk processed by the local cattle hensdare often boiled before sales to the publid, this is
considered as a form of pasteurization. However,ntliik may be re-contaminated from the handlertensils
and other external sources (Adesiyun, 1994). Ralk ari processed milk is a well-known good mediuratth
supports the growth of several microorganisms wibkultant spoilage of the product or infections and
intoxications in consumers (Olivet al., 2005). Microorganisms found in Nono, Kindrimoahshanu and Raw
milk mostly come from the water used in preparihg milk or handling, storage and processing aasyit
Hayeset al. (2001) reported that bacteria in milk can occuotigh colonization of the teat canal or an infected
udder (clinical or subclinical mastitis) or get taminated at various stages whether from the animgker
(manual as well as automated), extraneous dirtnmtean water. Shehu and Adesiyuh (1990) had earlie
reported that in order to increase the volume amgrave colour of Nono, Kindrimo, Mashanu and Ravkmi
the female Fulani hawkers prior to sales often dgage in fraudulent act of adding stream water raiikly
white supernant of water obtained from soaked haottae seeds. This act could further lead to the
contamination and spoilage of the cow milk products

The presence of contaminant microorganisms, eaibhe@athogenic bacteria in milk and milk productsof
serious public concern. Poor hygiene practices agdlers of these products do lead to introductibn o
pathogenic microorganisms into the products, andesthese products do not undergo further procgdsifore
consumption, they may pose health risk to the cmess of these products (Adeyemi and Umar, 1994).
Pathogenic bacteria that have become resistaanitibiotic drug therapy have increased the problefyublic
health all over the world, and it is an ever-insiag global health threat (Levy, 2001). Generdlhe presence
of antibiotic resistant bacteria in human foodshsas milk and its products has been implicatedintributing

to the increasing drug resistance which often léadailures in chemotherapy.

This investigation is therefore aimed at deterngnihe antibiotic resistance pattern of bacteridaisa from
locally processed cow milk products being sold affkmetropolis, Nasarawa state, Nigeria.

2. Materialsand methods

2.1. Study area

This investigation was carried out in Keffi metrdippNasarawa State, Nigeria. Keffi is in the mildilelt of
Nigeria. It is located on latitud€’ 82’N and longitude 82’E, and on an altitude of 850 meter above seel.lev
Keffi is 56km away from Abuja, the capital city Nfgeria (Wikipedia, 2013).

2.2. Sample collection

Ten different locations where cow milk and its prots are sold in Keffi metropolis were randomlyesgééd for

the purposes of sample collection. The locatiomscsed were Angwan Lambu, Angwan Kare, Angwan Jaba,
Angwan Tivi, Angwan Waje, Angwan Nepa, Old Barrgchksea Commander, Old Market and Main Market.
Samples of Raw milk, Nono, Kindirmo and Manshanuenaseptically collected into sterile MacCarthnytles

in triplicates from each of the ten (10) locatioasd these were immediately transported to theréabry in an
ice-packed container (cooler) maintained at a teatpee of 4C.

2.3. Determination of Total Aerobic Microbial Countsin Milk and Milk products

Standard plate count method was used to determeddtal Aerobic Colony Counts of microorganismgha
samples of the four different cow milk productsvRimilk, Nono, Kindirmo and Manshanu (Sanders, 20122)
seven-fold serial dilution of the samples from eathhe different locations was performed and platet on
Aerobic Plate Agar using pour plate technique. Petes were incubated at °€7 for 24 h. The average
microbial loads of each of the four cow milk protudrom the ten different locations were obtainedi a
expressed as Colony Forming Units per milliliteF[@ml] (Harrigan and McCance, 1976).
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2.4. |solation and identification of bacterial isolates

Standard bacteriological methods were employedherisolation of bacteria as recommended by Cheaghr
(2006). Serially diluted samples were also ino@dalby pour plate technique in MacConkey Agar, Chateo
Agar, Eosin Methylene Blue (EMB) Agar, Mannitol 8Algar (MSA) and Salmonella-Shigella Agar (SSA) in
order to commence the preliminary process of ifieation of the isolates. McConkey Agar was useiktdate
lactose fermenting gram negative bacteria, Choeotdar was used to isolate fastidious bacteriajnEos
Methylene Blue was used for the selective isolatibenteric coliforms, Manitol Salt agar was foe thelective
isolation of salt-tolerant bactria and Salmonellag8lla agar was used for the isolation of entéacilli. All
plates were incubated at’87for 24 h, and identification was based on culfurerphological and biochemical
characteristics as recommended by Holt (1994).

2.5. Antibiotic Susceptibility Test

The isolates were screened for antimicrobial sugaéty using the Kirby-Bauer agar disk diffusiomethod
(CLSI, 2009). A suspension of each isolate was gmep in peptone water to match 0.5 McFarland titsbid
standards in order to standardize the inoculum. §tkaedardized inoculum of each isolate was inoedléah
triplicates onto the surfaces of plain Mueller-tdimtagar plates and Septrin (30ug), Chloramphe(Bfbiug),
Sparfloxacin (5 pg), Amoxycillin (30 ug), Ciproflagin (5 pug) Augmentin (301g), Gentamicin (10 p@fldXacin
(10 pg), Erythromycin (15ug) and Streptomycin (3 discs were placed and incubated at 37°C for. Zhé zones
of inhibition were measured and compared with thigical and Laboratory Standards Institute (CLSljdglines
(CLSI, 2009).

2.6. Statistical Analyses

The data obtained were analysed using Statistiaakdgje for Social Sciences (SPSS) version 20.0vat
(SPSS, 2012). The analyses involved computati@verages, proportions (percentages), Two-wayyaisabf
variance as well as the test for Least Signifidifference to separate means.

3. Results

Table 1 shows the bacterial countS (cfu/ml) of ther milk products sold in Keffi metropolis. Theghiest
bacterial count of 6.9 x 2@fu/ml for Raw milk was recorded in Angwan Karehile the lowest count of 3.3 x
10® cfu/mlwas recorded at Angwan Jaba and Area Command@eatagely. The highest count for Nono was
recorded at Angwan Nepa (2.70 X BBu/ml)while the lowest count was recorded at the Mainkda(8.1 x 18
cfu/ml). The highest count for Kindirmo was recatdat Angwan Tiv (9.8 x T0cfu/ml)while the lowest count
was recorded at Angwan Lambu (7.3 X tfu/ml). The highest counts for Manshanu were méeo at Angwan
Tiv (5.2 x 10 cfu/ml) and Main Market(5.2 x £&fu/ml) respectivelywhile the lowest count was recorded at
Angwan Lambu (5.6 x Focfu/ml). Table 2 shows the percentage occurrdremiencies of bacterial isolates
from the four different cow milk product&. coli was the most predominant bacterial isolate wittcgrage
frequencies of 60%, 80%, 30% and 30% for Raw mlgno, Kindirmo and Manshanu respectively, followed
by Saphylococcus aureus which had percentage frequencies of 30%, 20%, 80&60%, respectively, and then
Salmonella spp which had 20%, 30%, 10% and 10% for Raw nNlko, Kindirmo and Manshanu respectively.
Sreptococcus spp. had the least percentage frequencies of ¥%%,, 10% and 10% , respectively.The overall
occurrence frequencies far coli, Saphylococcus aureus, Salmonella spp. andstreptococcus spp. were 50.0%,
20.0%, 17.5% and 12.5%, respectively. Table 3wshihe antibiogram of the six different bacteripesies
isolated with respect to the ten antibiotics testdue results showed thgt coli was highly resistant to Septrin
(80.2%), Sarfloxacin (75.3%) and Erythromycin (98)2 Salmonella spp. was also highly resistant to Septrin
(71.4%), Chloramphenicol (71.4%), Sparfloxacin {8%) and Erythromycin (71.4%). Similarl$aphylococcus
aureus was highly resistant to Septrin (75%), Chlorampt@n(75.4%), Sparfloxacin (87.5%), Amoxacillin
(75.4%) and Augmentin (87.5%), whifgreptococcus spp. was highly resistant to Chloramphenicol (8t),1
Sparfloxacin (80.1%) and Augmentin (80%).
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Table 1: Bacterial counts (cfu/ml) in the four difént milk products sold in different locations
Location Raw Milk Nono Kirimo Manshanu
Angwan Lambu 3.8x 10 9.5x1( 7.3x 10 5.6x 10
Angwan Kare 6.9 x 14 2.4x19 1.5x 10 9.4x 10
Angwan Jaba 3.3x 1§ 1.8x 10 1.1x 10 5.8x 10
Angwan Tivi 3.9x 16 1.8x 10 9.8x 10 5.2x 10
Angwan Waje 4.7x 16 9.2x 10 1.5x 10 1.0x 0
Angwan Nepa 5.1x 16 2.7x 10 1.8x 10 1.1x 10
Old Barrack 6.6x 1¢ 2.2x 10 2.0x 19 9.3x 10
Area Commander 3.3x 16 1.4x 10 1.1x 19 9.4x fo0
Old Market 4.7x 10° 1.9x 10 9.2x 10 6.9x 10
Main Market 3.2x 16 8.1x 18 7.9x 19 5.2x 10
Table 2: Occurrence frequencies of bacterial isolates frioenfour different milk products sold
Percentage occurence of isolates in milldpets Overall
occurrence
Bacterial isolates Raw milk Nono Kindirmo Manshanu frequency(%)
Escherichia coli 60 80 30 30 50.0
Staphylococcus aureus 30 20 30 0 20.0
Salmonella spp 20 30 10 10 175
Streptococcus spp 10 20 10 10 125
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Table 3: Antibiotic resistance pattern of bactesiadcies isolated from the four different milk puots sold

Per centage of resistance of isolates

Antibiotics Concentration (ug) E. coli Salmonella spp Saphylococcus spp  Streptococcus spp
Septrin 30 80.2 71.4 75.0 40.2
Chloramphenical 30 10.2 71.4 75.4 80.1
Sparfloxaciin 5 75.3 85.7 87.5 80.1
Ciprfloxacin 5 5.2 28.6 25.3 20.4
Amoxacillin 30 15.3 14.2 75.4 60.2
Augmentin 30 10.2 14.4 87.5 80.0
Gentamycin 10 10.1 14.1 12.5 20.3
Pefloxacin 10 20.2 14.3 25.3 20.4
Erythromycin 15 90.2 71.4 125 20.2
Streptomycin 10 10.3 14.2 37.5 20.1
4. Discussion

The bacterial loads of four different cow milk prmtis sold in Keffi were relatively high. Milk andilin
products are nutrient rich foods that can serveeag good media for the growth of all kinds of ngiorganisms.
This corroborate the earlier report by Ruegg anthéteann (2002) that milk is a highly nutritious ébthat
serves as an excellent growth medium for wide rarigeicroorganisms.

Four genera of bacteria were isolated from the fmilk products, and these weréscherichia coli,
Saphylococcus aureus, Salmonella spp. and Streptococcus spp. Escherichia coli was the most predominant
bacteria isolated with 50% occurrence frequendjovied by Staphylococcus aureus which had 20% oeoae
frequency.E. coli which is an indicator of pollution from faecal so& was found present in all the four milk
products sold in Keffi metropolis. This potent skrio the health of the public, especially the comsrs of these
milk products.Staphylococcus aureusis a normal flora of the human skin, and may caerthe nasopharyngeal
region. The presence of this species of bacterthrige of the milk products may have come fromhbenan
handlers. However, the absenceStphylococcus aureus on Manshanu may suggest that this species probably
did not survive on the Manshanu due it fatty natlitee Manshanu is the fatty component of cow milkoh is
extracted after heating raw milk for some time. &al/ strains ofSalmonella and Sreptococcus species are
known to be pathogenic to humans, and their presehe four milk products, though at relatively simal
percentages, further revealed the health riskscaded with the consumption of the cow milk produsobld in
Keffi metropolis.

Antibiogram of the bacterial isolates revealed uagylevels of resistance to the antibiotic testédcoli was
highly resistant to Septrin (80.2%), Sparfloxaci.%) and Erythromycin (90.2%), whif&almonella species
was highly resistant to Septrin (71.4%), Chlorammpb@ (71.4%), Sparfloxacin (85.7%) and Erythrormyci
(71.4%). Saphylococcus aureus was also highly resistant to Septrin (75.0%), Clhaphenicol (75.4%),
Sparfloxacin (87.5%), Amoxacillin (75.4%) and Agumtie (87.5%); whereas Streptococcus species wdgyhig
resistant to Chloramphenicol (80.1%), Sparfloxad&0.1%) and Agumentin (80.0%). The sensitivity gattof
the bacterial species isolated to the antibiostei# is comparable with to the reports of earlierkars (Inyang,
2009; Udoet al., 2001; Tagoet al., 2011, Makutt al., 2013).
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The prevalence of resistant strainsEofcoli, Salmonella species,Staphylococcus aureus and Streptococcus
species in the four cow milk products is a refl@ctof the use and misuse of antibiotics in theetgcilhis is not
surprising because there is indiscriminate usentbimtics by the Nigerian public of which Keffi & part. The
public health implication of this investigationtisat antimicrobial resistant strains of pathogdracteria may
colonize the human population through consumptibnomtaminated cow milk products sold locally inffe
metropolis, and this would lead to failures of clog¢imerapy among the human consumers of any of these
products.

5. Conclusion

The presence of resistant strains Bf coli, Salmonella species, Saphylococcus aureus and
Streptococcus species in Raw milk, Nono, Kindirmo and Manshaald sn Keffi suggests that consumption of
any of these products has potential health riskécconsumers in Keffi, Nasarawa state, Nigeri@ @dnsumers
of these cow milk products are therefore placedhestlth risk which may culminate into chemotherajoeut
failures of commonly used clinical antibiotics.
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