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ABSTRACT

The antibiotic suscept1b111ty pattern of aerobic mesophilic bacteria 1solated from kunu
'samples sold in Tle- Ife, Osun State, Nigeria was studied following standard m1cr0b1010g1ca1
methods. Seven ready-to-drink kunu samples were purchased from different hawkers at Ile-
Ife. The samples were transported immediately in ice bucket to the laboratory for analysis.
‘The aerobic mesophilic bacteria associated with kunu samples were isolated, labeled and
identified by phenotypic and biochemical tests. The antibiotic susqeptlbﬂlty pattern of the
: ‘.lisoiafes“ against ceftazine, ceftazidine, cefuroxime, gentamicin, ceftriaxone, erythromycin,
cloxegbﬂl'in, lofll'oxacin and amoxicillin., cefixime, augumentin and nitrofurantion was
: d-etér:mined using the kirby—bauer disc diffusion method. The isolates identified include:
Staphylococcus saprophyticus, Enterobacter intermidis, E. aerogenes, Bacillus sphaericus,
Corynebacterium spp., Staﬁhyfococcus aureus, B. brevis, Citrobacter spp., Shigella spp. and
:‘Eschet‘iéhia'coli. The percentage occurence pattern of E. intermidis was 85.71%, présent in
six out of the seven samples except Sample C while Staphylbcoccus saprophyticus and
Shigella spp were 71.43%, present in five oﬁt of the seven samples, studied. E. coli has the
least occurrence Iﬁattern with 14.29%. The Gram positivé Organismshwere resistant to
| céftazidir_ne, cefuroxime, ceftriaxone and cloxacillin but susceptible to gentai’nicin,
grythrdmycin, oﬂoxacih and amoxycillin. The Gram negative organisms were resistant to
caﬁkimq, 6efu_ro_xime and augumentin but sﬁsceptible to gentamicin, nitrofurantion, ofloxacin
and ciprofloxacin. The rssults obtained from this--sstudy indicated that kunu was contaminated
-by béox handling and lack of good rhahufacturing procedures. The microorganisms isolated
(from'-‘this study -are of public health significance and their resistance to commonly used
: ahtib-iqtics suohA as ceftazidime, éefuroxhhe, cefiriaxone, augumentin and cloxacillin could

*constitute an alarming development with significant public health consequences.




CHAPTER ONE
INTRODUCTION ;

| 1.1 Background of the Study

Cereals are the most significant source of the Worid% food and have major impact in human
diet throughoi‘lt_.. the world _(AdebaYo et al., 2010). A majority of traditional fermented
_l:prdducts éo_nsuined in Africa are 'pfocessed by natural fennentaﬁon of cereals and are
prarti.éﬁldﬂy imp.drtént as _weaning foods for infants and dietary staples for aduits (Viéra-
| Daléaé et al., 2007; Tou et c_zl_., 2006); A wide range of cereal based fermented fbodé exist,
and these include ogi and mawé in Benin, kenkey in Ghana, injera in Ethiopia, pbto-péto in
_Congo, :ogi and funy in Nigeria, ui and fogwa in Tanzania, kisra in Sudan (Soro Ya§ et al.,

2013).

Kunu is an Aftican traditional non-alcoholic beverage that is produced by conveﬁtional
‘ fermentation éf cereal grains by bcneﬁcial micfobes, and has been wideiy known for its high
accéi;tab'ility, ‘rp-élatabiﬁty- and en‘er.gy replenié_h’in’g potentials, which is claimeci to be
. lasslc')'(ji_al,tiad‘to its rich content of Varioué fanctional components. Kunu, a product of lactic acid
fmnéhtaﬁoﬂ [Aléofna et al., 2006], is commonly prepared locally by women, and’ taken
” mai%ﬂj by low and middle income earners for its thirst quenching and en’efg}ﬁving :
proﬁertiés. Its chéap_nes_s 1s OWed to the ready availability of cereals and additiﬁres locally
asourééds'a:sﬁ ﬂiey grow throughdut the savannqh belt of West Africa (Elmahood and Ddughari,
- 2007). It is also used Ibcally for entertainmerit at homes and during festivities such as Sallah

&

" and Christmas ceremonies (Ayo et al., 2014).



Mbachu et al. (2014) repofted that kunun zaki contains 0.3% protein, 1.0% fat, 1,52% ash,
12.2% carbohydrate and 8.9 mg of vitamin C per 100 ml. More so, the health benefits of
kunu include but not ﬁ_mited to reduction of risk associated with diabetes, lowering of blood

cholesterol, pre\}erftion of formation of blood clot and help to fight againsi cancer (Ofudje et

al., 2016).

Traditionally, ﬂ?e prodlibtion procedﬁre of kunu varies depending oﬁ the taste and ‘cultu:ral
. ._habits Q‘f the consumers, thus leading to variation in quality and stabrility. Aboh and Oladosu
: (20-.1'4') répofted that production methods of lcunu—zaki_afe crude, ingredient concentrations are
neithéf quantified nor:standa;diZed and the preparation is largely traditional W‘ith-.th.e art

passed down from family. )

Depending on the major cereal used in kunu production, the common types of the beverage
include ‘kunu zaki, kunu gyada, kunu akamu, kunu tsamiya and kunu baule. Soghum
(Sorghum bicolor) and millét (Pennisetum americanum) grains are the most commonly used

raw materials (Ayo- et al., 2014). However, maize (Zea mays), rice, .acha (Digitaria exilis),

guinéa' corn and-other gféins,_may also be used [Akoma et al., 2006},

" The variéty bf the drink H_mde from sorghum is a milky fight brown colour, while .that made
frorzr-l‘.rmillet and maize is Wh_itish in oc;'_)lour. Spices such as ginger, black pepper, 'gai‘lic, red
\pepp"er 'an.d cloves are cohﬁhoﬁly added as flavor and taste enhancers. Sugar is also added to -
:act as -aj-sw_e.etener, honey togéther with small ciuantity of sweet potat?oes, malted rice, lmalte.d
* sorghum and cadaba farinose crude extract can also‘be used. Th.e grains arc used Singly or

‘combined; sorghum/millet has been reported as the most common combination in the ratio

1:2 (w/w) (Ahmed ef al., 2003).



Considering the mcthodlof _pre'paration of kunu which normally does not conform to standard
:prepsration protecol‘and its uuuﬁtional constituents, kunu provides an ideat environment for
the -grcu/th 'of r'food-b.otne pathogens such. as Escherichia coli, Staphylococcus aureus,
.Baci‘llus cereus and Sclmonélla_ spp. atncng others (Bibek, 2001). wKunun can also undergo
. spotlage by fermentation processes carried out by indigenous microorganisms. S.tudies have
shown that kunu contains lactic acid bacteria (LAB) such as Lactobacillus Spp.

Strepr'at.’o'ccusspp. and Leuconostoc spp. that could cause spoilage (Osuntogun and Aboaba,

2006). Sraphylococcus spp., Candida spp. and Trichoderma spp could cause spoilage of the -

' '.drink‘]twhen‘-present in large amount (Osuntogun and Aboaba, 2006). Poor hygiene and
~' pfep_aratton practices also introduce microbial pathogens in foods and have been implicated in
caus{ng “food-borne illnesses. ‘This constitutes an alarming development with significant

-public health consequences (UFDA, 2009). -

1.2 Statément of Problem , : | . ‘ n
Kunu zaki has high moisture ‘content; its method of production is crude and is packaged

under unhyg1emc condition. It is also h1gh1y consumed because is cheap compared to other

non alcohohc drlnks The drink is hawked in the motor parks, school prermses and in market

‘places Where 1t is exposed fo contamination. The consumptmn of locally made kunu drinks -

: _‘_ by both old and young people 1nc1ud1ng market women and children at home pose serious
: health threats because these products are subJected to microbial contammatlon as producers
.do not adhere to standard methods of preparation. They also lack mformatlcn on the

=71n10r0b1010g1ca1 safety of ready-to -eat beverages and their health implications (Oranusi et al.,

2005) .Thls rescarch was conducted to evaluate the m1cr0b1010g1ca1 quahtles of kunu—zak1

‘and antibiotics su’sceptibility patterns of ifs associated mesophilic bacteria in Ile-Ife, Osun

- State.



" 1.3 Aim and Objectives
-This study was designed 'to-dét_ermine the bacteriological quality and antibiotic suscepﬁbility
‘pattern of aerobic mesophilic bacteria isolated from kunu sold in [le-Ife, Osun state, Nigeria.

This was with a view to ascertain whether the product contain pathogenic bacteria and to

L3
4

determine their susceptibility to antibiotics.

‘The, specific objectives of this research include:

i. ~ -The isolation and identiﬁcatibn of aerobic mesophilic bacteria from kunu
ii. Study the occurrence pattern of the bacteria isolated
riiir. “Detérmine the antibiotic susceptibility pattern of the identified isolates.



CHAPTER TWO
LITERATURE REVIEW

:_Cereals Whmh 1nclude rna1ze (Zecz mays), Sorghum (Sorghum bicolor), millet (Penms.elum-
amer_ica_mm) are used in the production of gruels which are used as complementary food_ for
babies and sérvc;s as 1t‘.jreakfast for aduits. Maize, millet, rice and s,orghum‘ cereals provide
mainly carbohydra.tes and low quality protein. The generation and fermentatioﬁ of cereals
“enhance the availability of eiementa.l iron, tﬁe deficiency of which is responsible for the high
'iﬁcic_icﬁée .Qf-'a_na_emia in tropical countries. It is estimated that about 50% of perishable food
commodities iﬁcluding ﬁuits, vegetables, roots and tubers and about 30% of food -
' "comm(;dities including maize, sorghum millet; ﬁce and .cowpeas are lost after harvest in
B Nigc;tia (FDA, 2013),

Apart from their poof 'nutri:ti'dnal qualitiés, traditional Nigerian cereal based gruels used as
__complenienta;ry foods have high paste viscosity and. require considerable dilution before
foedmg, a factor that further reduces energy and nutrient denSIty Although nutritious and
‘_ safe complementary foods produced by food multinationals are available in N1ger1a they are
- far, too expensive for most families (Ayo et al., 2014). The e§01101nic situation in Nigeria
necéséita;ce the adoptioﬁ of simple, inexpréssi\fe processing techniques that résulf in quality
'lmprovement and that. can be camed out at household and ‘commumty levels - for the
"prodl..lcu.on of nﬁtntmus safe and affordable complcmentary foods WhICh is the leadmg caus.e
: of pr@tein—energy malnufrition in infapts and preschool children in ngerla (Musa and

 Haroza, 2013).

2:1 Nu;trientl Comiposition of Cereals
The major cereal crops in Nigeria are rice, maize, sorghum, wheat, pear]l and millet with rice

' rankiiig as the sixth major crop in terms of the land area while sotghum account for 50% of

L]




 the total cereal production and occupies about 45% of the total land area devoted to cereal

produotion in Nigeria (Ismaila ef al., 2010).

Cereal grains and-; their divers.e-produots, form the moet important source of dietary nutrients
for many people', espe_._cielly those in the developing countries of the world. However, it has
‘been. reported that the nutritional quali‘ry- of cereal grains and their prodﬁots- are substandard
: dueto lower protein content, deficiency of eertain essential amino acids, presence of certain
. anti;notr_ients and the coarse nature of the grains (Kahlon, 20@9). In view of the above report,
"kunu-'zaki ‘has been noted to have 'a gross ehemioal eompositioo of 87.85 — 89% muoisture,

9.84 — 12% carbohydrate 1.56 — 3% protem 0 10 — 0.30% fat and 0.61 — 0.75% ash,

" '111d10at1r1g that the drink is low in protem (Ayo et al., 20006). Anti-nutrients found in cereals,

st such‘ ‘as phytate, can decrease the absorption of minerals such as Zn, Ca, Fe and Mn, and high
intake of these arllti-ndtrientsi ‘lr_nigh‘.c_ lead to mineral deficiency. Zinc and iron are essential
trace elerhedts in human nutrition, whose deficiencies are among the common nutritional
problé_ms affecting the world. Their deficiencies are of major concern because of the serious
‘_health eonseduenc’es they harre, as well as the Iargelnumber of peopfe afﬂicted; e__specially in
deve_l_oping _countries- of the v&rdrld. These __deﬁoiencies rnay. be cadsed by the presehce of
oertairr anti-nutrients, ‘especially the ability of phyt.ate to reduce dietary Zn and Fe
-bloavallabﬂlty by formation of msoluble mineral chelates at physrologlcal pH. The formatron
"and stab111ty of these chelates depend on the rela’ove concentrations of Zn, Fe a:nd phytate as
: -‘welrl as. __on_.-_the leVels of dietary Ca present (Afify et al., 2011, Igwe et al., 2013). However,
" certain traditional food prooessin'g teehniques, either rndividually orin combinatidn, such as
germmatlon, steepmg, boﬂmg and fermentation of grains for a 11m1ted period have ‘been

"reported to cause 1noreased activities of hydrolytrc enzymes, certaun essential amino acids,



 total sugars, B-group vitamins, and a decrease in dry matter, starch and.anti-nutrients

" (Akinhanmi ef al., 2008).

Cereals are the majpr dietarj'.energy suppliers and provide significant amount of pfbtein, :
‘minerals (pbtassium aﬂd cal‘crium) and vitamins A and C (Idem and Showemimo,.2004_).
Cereéls are c_onéumed"in a variety of forms, -including pastes, noodles, cakes, breads, drinks
‘ete. . depending 01‘i'th¢ ethnic or religious affiliation. The bran, husjk, plant parts and other
. residues (after processing) are useful as animal feeds and in the culture of micro-org"anism.

Waﬁ syrup and gum are extracted from cereals for industrial purposes. Different Nigeria

ethnic groups use cercal. crops residues for different purposes (Ismaila et al., 2010).

ZV.Z,F(‘)od; Fermehtation

Ferfﬁéhtation is the biochemical process of using microorganisms, such as bacteria or j;/east,
to convert carboh’ydyates_ to alcohol or organic acids under anaerobic conditions. Thls isa
Lprocess:usec-l' to produce the finest wine; many of our basic staples, such as bread and éheese;
and pleasurablerd_elighf‘cs, including beer, chocolate, boffee and yoghurt. Fermentation ié an
'easy: .process, enjo-j'/ed' and done jt)y anyone and anywhere with the most basic tools. Cultures
afound_j'the world have been fermenting longer than we’ve been culltivat-ing soil-or writing
_book$,'beneﬁfiﬁg from the countless delicacies as a result (Willey et al., 2008).

Feﬁnentation -isr."not onl§ a'way to prc»;serve certain foods, in some cases it actually adtgls to the
,nut;ri.enf‘t' 'vzilue of the food. Fermented vegetables contain more vitamin C and fermented milk
prodﬁétS have 'aﬁple amounts of B vitamins. The bioavailability of these vitamins also
incfééées with fermentation. _‘Prébiotics,. or "good bacteria" are also formed tﬁroﬁgil the
“ pfocéss of fermelﬂltat_ion_.;Férmented SOy produclts contain mofe vitamin B12 (Chung et al.,

2010).



2.3 Benef_its of Food Fernﬁe’ntatioﬁ
_' The pﬁﬁﬂary. be.:nleﬁt of fermentation is the convérsion of sugars and other calh‘boh'ydrates to
: u'sdbic end products. According to Steinkraus (1995), the traditional fermentation Q_-f foods
serves several ﬂlnctiﬁn.s, Whi_ch includes: enhancement of dict through development of
Mavour, aroma, aﬁd texture 1n food substrates, preservation and shelf-life extension through
lactic acid, ﬁlcohol, aqeﬁc acid and alkaline fermentation, enhancement of food quality with
protein, esseﬁtia_l amino acids, essentiai fatt.y‘acids and vitamins, impro_vir;g .di-gestibility and
-nutrient availability, detoxiﬁcaﬁbn of anti-nutrient through fooci fermentation précesses, and
.a dé.gréas-e in cooking time and fuel requirelﬁent.
1. Nﬁtr’itional value: Fermentation makes foqu more edible' by changing chemical
'..compoult.-.lds and can Isroduce important nutrients or climinate anti- nutrients. There are
f jextre'mé examples of poisonous planté like cassava that are conve1:ted to edible
' ‘prc‘)‘ducts- by fennéﬁfation. Some coffee beans are dehulled by a wet fermenting
p'rocess, as oppésed :td '.a dry process (Battcock and Aza-Ali, 1998). Feﬁnentatioh also
-he'llp'sj in the. fedﬁction of anti-nutritional and toxic components in plant foods. E.g
" Cereals, .legumes; and tubers that are used for the production of ferm@nted foods mﬁy
contain signiﬂcant axﬁou’nts of aritinutritional or toxic c_ompf)nents such as phytates,
_ t@ins, cyandgenic glyc;)sidés, oxal\,ates, saponins, lectins, and inhibitors of enzymes
such asélpha—azr-r_lylase, trypsin, and chymotrypsin. The felrmentation process reduces
' the aﬁti-_iiutritional value of foods by interfering with the.miﬁeral bioavailabilify and
pdigestibﬂity 6f proteins and “carbohydrates. In natural or pure }ﬁixed-culture
lférment.ations of plant foods by yeasts, molds, and bacteria, anti-nutritional
- éomponents (e.g. pﬁytate in whole ‘Wheét breads) can be reduced by up to. 50%;"t0xic
components, sﬁch as ie_ct_ins in tempeh and other fermented foods made from Beans, _

can be reduced up to 95% (Larsson émd Sandberg, 1991). Fermentation increases




" putritional values ef foods, and allows a.healthier life, e.g the sptouting of grains,
_seeds, and nuts, rnultiplies the aminol acid, vitamin, and mineral content and
antioxidant qualities of the starting product (Wigmore, 1986).

2. Preservation of Food: Fermentation uses up food energy and create_ conditions
unsuitable_ for spoilagemicroorganisms.. For instance, in pickling, the acid produced
by the dominant erganism inhibits the growth of alt other microorganisms.

3. ]jigestibtlity: Fermented beans are easier to digest, like the protei_ns found in soy
beans that"are lnearly indigestible until fennented (Katz, v2003)t: Fermented dairy

| products, like, cheese, ye ghurt, and kefir, can be consumed by those not able to'digest
the_, raw'tnilk, and aid the digestion and well-being for those with lactese intolerance
and autism. Porridge made from grains allowed to ferment increases the nutritional
;values. se mueh that it reduces the risk of disease in children (Battcock and Aza-Ali,
1998) ‘Pi'obiotic supplements (beneficial bacte’rial cultures for microbial balance in
'. _the body) are capable of fighting cancer and other diseases. Vinegar is used to leach
out certaln ﬂavours and compounds from plant materials to make healthy and tasty

additions to the meals.

2.4 ngerla fermented foods : | o Coe
' S(nentlst speculates that our ancestors poss1b1y d1scovcred fermentation by acmdent and
contlnued to use the process out of preference or nece331ty. Preserving by fennentatlon did
not only make foods avaﬂable for future use and nutnhous but more dlgestlble and ﬂavorful
| | “Fermented foods, whether from plant ot animal origin, in combinanon with fungi or bacteria
- are an 1ntr1cate part of the diet of people in all parts of the world. Fermented food plays a very
1mportant role in the soc10econom1cs of developmg countries. N1ger1a has its own types of

fermented food, * representing. the staple diet and -the raw ingredients available, The



preparation of inahy indigenous or “traditibnai” fermented foods and beverages remains a
household arttqday. | ”

‘Fermeﬂ’ted foods enjoyed across tlre globe, conveys health benefits through lactic acid
| fermentatlon The fermentation process can transform the flavour of food from the plam and
mundane to a mouth-puckering sourness enlivened by colonies of beneficial bacterra and

enhanced micronutrients (Témang et al., 2016).

25 Nutrltwnal Composmon of Kuna

_ The nutr1t10na1 comp031t10n of kunu has been reported to consist of 231 - 3.63% (protem)
3.55 - 3.63% (fat), 1.16 — 1.21% (ash), 82.92 — 83.55% (carbohydrate) (Amusa and
-Odunbaku, 2009).7 The most abundarn amino acid in kunu is giutamic acid (4.49-
‘11.V6§g/100g) with the ’least being cysteine (0.34-1.45g/100g) (FAO, 1997).. The lowest
- amounr Qf amiho acid except for tryptophan was reported to occur when ricé was used as
| : sub‘sfrate to prodr;cé kunu beverage (0.44-1.40 g/100g) [Gaffa et al., 2002b]. Also, among the
“amino acids, cysteme Valme isoleucine and methlonme are present in trace amounts When

lcompared w1th FAO/WHO reference protem values (FAO, 1997).

2.6 Preparation of anﬁ

“The production of lunu is strll art village technology lével where procedures and materials or

| ingrr:rd‘iér'lts. used are .always nr)nt stra,ndardized. The traditional produ'ction process ini/olves
steeping of the chosen‘cereal or mixture of the cereals in water for 24 — 72 hours and wet
mlllmg w1th the aid of a local grrndmg machme The steeped and washed grams are “usually

" t'ground wrth splces such as ginger (Zingiber oﬁ” icimals) and alhgator pepper (Afromomum |
: .meleguem) or red pepper (C‘apswum annuum) or black pepper (Piper guineense) depending
 on the taste of the local producer The slurry obtamed is sieved and divided 1nt0 two unequal

portions. A potion (two-third volume) of the slurry is gelatinized with boiling hot water,
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while to the remaining portion (one-third \;olume),_about an equal volume of sweet potato
(quméﬁed batatas) tubér paste, malted rice .paste or extract of Cadaba farinose stem is added
and mixed. Thé latter mikture is mixed vigorously and thoroughly Witﬁ the former (the
'-'gelati.ni-z‘ed port.io_n_while still hot) and allowed to ferment for 24 hours at room temperature,
: a'nd‘t‘hc_an fﬂtered using a local sieve. Thé ﬁltrate (kunu-zaki) is consumed as a -beverage with
or without the additioﬁ of a_sWeetener, usually sugar. The beverage can be consumed fresh or
bottled and Stored at'refrigeratioh temperature (Ayo et al., 2014, Akoma 20.06, Oluwajoba et

al., 201 3). The ﬂowcharf for kunu-zaki is shown in Figure 1.
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Millet grains
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' Mixing

i
Fermentation -
Sieving using cheese cloth
Swee ening T
_ Pé.Luck.aging

| - Kunu-..z;lki
_ "‘.Figlur'é jl ;’ Flbwf_;h-art for kunu-zaki productipn
* Souce: Agarry et al. 2010) |
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| 2.7 Micrograniéni in ready-to-drink Kunu
Micfoorganisms have been used to produce fOOd for thousands of years. Fermented foods are
ot only Iiercei\(ed las pleasant-tastin_g but the acids produced as a by-product of microbial
_meﬁabolism inhibit the érdw-th of many spoilage 6rganisms as well as food- borne pathogen
.(Nestef"e.r'al., 2004).
- The ‘ﬁlic'robial iséla;tes found in Kupu Zaki sold include Enterobacter, Shigella, Escherichia
coli, Klebsilla, Microéoccus Proteus, Leuconostoc, Bacillus, Citrobacter and Srapkylococcus
(Ayo et al., 2004) Amusa and Odunbaku (2009) reported Lactobacillus plantarum, Bacillus
sutilis, B. cereus, Srreprococus feaceaum, Streptococus lactis, Staphylococcus aureus,
Mchococ;cus aczdmphzhs, Escherishia coli, Pseudomonas aureginosa, Saccharomysces
‘.cere:i;i;viae, Candia"a ‘mycodermiu, Aspergillus niger, Penicillium oxalicum and Fusarium
oxyslpbru-m as microbial diversity found in freshly processed and hawked kutiun drinks sold
m southwéstern (Oyo, O gun, Lagos and Osun State) Nigeria. Mbachu ef al., (2014) r,,epo'rted
.miqrobiél | -isol'afes found. in Kunun  drink sold in Calabar, Nigeria as Sraphylbcoccus,
- "Streﬁ'(&boécus, Bacillus, Pseudomonas species e;nd Escherichia coli (bacteria), and Fusarium,
; Aspg;’gﬂlﬁ&, Pénicillium and veast (fungi)v. Edward and Ohaegbu (2012) reported microbial
dive;sity of kunu drink as Ld:‘c‘robacillus,. Bacillus, Staphylococcus, Aspergillus, Penicillum,
‘_Fusariuﬁ-i and Saccharomycés species. Musa and Halhza (2013) reported Escherichia coli,
Sfapi;zyl:.c:)c;ccus aureus, S‘treptococcus pyogenes, Rhizopus nigiréans and Penicilium Speciés
in Kunun aya sold in Kaduna State Uﬁiversity, main cami:aus.-, R . |
Ther presence of some of these microbes in the kunu drinks could be from contaminated water
used in pfocessmg, feedstock (whole cereal uséd in productmn of the kunu) and empty plastic
‘bottles used in packagmg of the kunu. The plastic bottles used by the processor to package

the kunu drink are mostly plcked from ceremony_enwromnent wheré they are found in large

| .r -rquanﬁt'y.‘ Occasionally, it can be gotten from individual who drink bottled water.
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_2.8 Spoﬂageof.Kl;nu. - . _ | ‘ h
: Kunu has relatively short shelf-life storage. Adeyemi and Umar (1994) reported that the
pro&uet has a shelf life of 24 hours at ambient temperature. The shelf life could be extended
't.o deiye bS/ 'pasteurization at 600C. for 1 hours and storage uneler refrigeration conditions
V(Agarry et al,’ 2010) Kunu can undergo spoﬂage as a result of some factors sueh as -
.- _'mlcroorgamsms involved in the fermentation process such as Lacrobaczllus Sp.,
-' Srre;;toceecus sp. andr L_euconosfoc sp. and these organisms have been reported to cause the
spoilage of the V:beverage.’ Other. or-ganisms.sueh as Staphylococcus sp, Bacillus sp,
,Pseudomcjnae sp, Péniéillium Sl-v,'Aspergillus' sp, Trichoderma sp, and Candida sp eould
‘eause the spoilage of _kenu beverage if found in large quantitj/ (Osuntogun and Aboabe,

2006). DR | S

Other factors such as temperature, light, time and the activities of insects, rodents or pests in
the environment during the preparation could contribute to the spoilage of kunu and also, its
high mojsture content may encourage growth of strains to hazardous levels during storage at

~ ambient temperature (Olasupo et al., 2002).

: 2.9‘-}“Iealtl.1 Beeefits of Kuhu

‘Kunu has been reporteel to 11a§e the following benefits;
i) Kunu clevates lymphocyte counts which arc indicative of its medicinal attribuf;es, a
E 'concept widely. believed by its numerous consumers (Akoma et al., 2006)
2) It helps to stlmulate the flow of breast milk in nur sing mother (Adebayo et al 2010).
3) “The kunu drink is .rieh in fiber, thus_ helping to promote bowel emptying and
.‘ ”'preventmn of eonst1pat10n (Ess1en etal, ,2009). |
4) 'The presence of gmger in kunu helps to stunulate bile and sallva produetlon relieve

gastromtestmal irritation and suppress gastrle contractions (Essien et al, 2009)
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5) Kunu drinks help in the prevention of chronic inflammatory diseases such as
rheumatoid arthritis (Gaffa and Ayo, 2002). ' ' ,

~ 6) It is good for women that have reached the stage of menopause as it helps in

relnxation of muscle {(Adebayo et al., 201 0).

2.9;0 Importance of Nigerian Cereal Fermented Beverages

,Socio_—c}.ﬁltural and economic aspect |
-' 'Nigerran cereal 1b:e\r/erages are empirically derived from the spontaneous fermentation ef wort
from germinated cereals (sorghum, maize, millet). They are produced and consumed in_’most
perts of Africa where sorglrun'r, maize and rnillet grow. The preparation of many traditional
..fennented feods and be'verages remains as a household art. They are produced in homes,
villages and ‘srnall scele industries. Their production is deeply rooted in the tradition of
.peopie in Afric.an. countries like Nigeria rvhere they play Et s'igniﬁeantasocio—cultural and
economic role.  The importance of tradittonal fermented beverages has been rer/iewed
'(Chel.ule et at'.,72010). Indeed, they are often attached to the traditiens of hospita}ity and
'Vfriendlines's and are part of the etiquetie of mest farnilies. They serve to seal harmonious
' relat10nsh1ps between individuals.
: Tradrtronal Nrgerla beverages are generally consumed during fieldwork, popular festlvmes
(marriage, narnmg, and 1n1t1at10n) and funerals The fermented beverages serve as. food
‘:Vsupplement sueh as’ weanlng food to supplement breastfeeding. Beverages are sometlrnee
consnn_led in an environment and a specific social setting. This consumption is most popular
in cabaret end‘ uSed ‘together . in ,é ."eornrnunity' of con_surners':goxfe:amed by rules of
‘ conViviality, sociability and sociality that induce a perception of prodnct quatity and its
conenrnption patterns. They are usually conén:med when they are fermenting and near the

‘place of production. All social strata consume fermented beverages.
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Today, fraditional Af‘riqan beverages prodﬁction has became a Very. important economic
activity carried c‘n;t by women. The sale of thése products allows them to generate income for
their families, Deépitg the technblogy thét differs from one éountry ;:0 andther and from one
._ région to, another, tradit_ional African geverages have almost the same characteristics: a short
_s-helf—lffé, a nbn or low alcohol, an sour aspect, solids éu&d microorganisms in suspension, as

well as taste and color characteristics with the low cost and the widespread availability in

= ‘son"le populations (FAQO, 1995).

2.9.1,{\ntibiotics
The imiﬁortance r:and value of antibiotics: cannot be overestimated; huﬁans are totally
dependent on them for the treatment of infectious diseases (Aminov and Mackie, 2007). In
.addifclion_to their ‘U:se i.'n the treatment of infectious disea'ses, antibioticsuare critical to the
- success of advanced surgical procedures, including organ and-prosthetic transﬁlants -(Bush
and 'J aéoby, 2010). There is a close associatilon between the quantities _of :antimicrobials being
used ‘and fhe rate of development of resistance to these substan.ces and thus the misuse of
“-antibiotlics;in hli:'man mediéine is believed to be the pfincipal cause of the aﬁtibiotic résistance
- 'probléﬁl.(Sihge'r et al., 2003). Resistance againsf a certain antimicrobial agent c-an be inherent
in é.bacteﬁal species, this Béing referred tb as intrinsic resistance, or “natural resistance™. In
this case, the resigtancé: is typi,cal for all of the strains of that particular species. In contrast,
.I:the resistanée is considered a8 .aéquired, when a strain of a normally susceptible 'sp‘ecies

_ beccﬁhes_ .resistaht to an antimicrobial drug (European Commission, 2008).

3
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Sample Collection’ - | ' o
. Seven ready-to-drink kunu samples were purchased from different hawkers at Ile-Ife, Osun

' State, Nigeria. The samples were transported irnmediately in ice bucket to the laboratory for

‘analysis.

32 Preparation of Reagents/Media
* All_chemicals used in this study were of analytical grade. The reagents and culture-media
used were prepared following standard methods as shown in the appendix.
3.3 S'teri'lization of Media and Apparatus

3.3.1 Autoclaving
The culture media‘used for the isolation, cultivation and identification of the bacterial isolates

“were:sterilized by autoclaving at 121°C for 15 minutes under pressure.

3.3.2 Flammg

'The mouth of the corncal flasks, test tubes, McCartney bottles and Bijou bottles were

L _ster111zed by ﬂammg with a Bunsen burner before and after taking/pouring media into them.

N Inoculatmg 1oops and needles were sterilized using the Bunsen burner flame before and after
moculatmn Streaking, inoculation and pourlng of molten agar into Petri drshes were done

, close to the Bunsen burner ﬂame n order to avord contamination and maintain sterility.

3.3, 3 Dlsmfectlon
,The work tops Were swabbed with 70% ethanol before any actrvﬁtres to provrde a sterile

" condition and also after analysis in order to prevent contamination.
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334 ﬁot Air Oven
__Glassware’s ‘used-‘ in -this study were thoroughly washed with detergent, rinsed with running
tap water and set to drain out before sterilization in the hot air oven at a temperature of 160°C
for tWo hours. Pipetteewere always wfapped with foil paper.before,sterilizing in the hot air

[

_oven.
3.4 Isolation and Identification of Bacterial Isolates "

3.4;1 Serial dilu:tion

,Exectlj/" 5 rmL of kunu sample was aeeptieally transferred into 45 mL of distiled water in a
100ml capacity ﬂask It was then mixed with a vortex mixer to ensure un1form1ty of the
sample ‘The resulting suspens1on was further diluted in sterile distilled water up to 107

dilutions.

3.4.2 Plating and Isolation of Bacterie_
Exactly 1.0 -rnL of appropriately diluted sample was plated in ﬂutriem ragar and Bosin
' methylene blue agar usmg the pour plate techmque The moculated plates were allowed to
set, 1nverted and incubated at 35°C for 24-48 hours. -After the mcubatlon perlod the colonies

were stud1ed and representatwe of the respeetlve types were 1solated and purlﬁed by

"'streakmg repeatedly on fresh nutrient agar. Pure cultures were then stored on nutrlent agar

_ slant in the refr_1 gerator until required for further use. -

3.5 Identification of Bacterial Isolates
The baeterial isolates W_ere identified accordi_ng to the scheme of Harrigan and McCance

(199”8) and Bergey’s Manual of Determinative Bacteriology (Buchanan and Gibbons, 1976).
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" 3.6.'C—ultufal Characteristies of Bacteriai Isolates

Each of the bacterial isﬁolate Was grown on nutrient agar plate and examined for their growth
-:pattero such: es elevaﬁon, shape, opacity, edge, surface and size. The isolates were also grown
in nutrieot broth and examined for their grthh pattern such as furbidity, amount of growth,

¢

surface growth, sedimentation and deposit. .
3.7 Morphological Characteristics of Bacterial Isolates

' 3.7,i "Glr'a;n Staining

A thm ﬁln_i of edch isolates (18-24 hour old) was made on a grease free microscope slide, The

' _' smear svas heat fixed by passing it lightly througlw; a Bunsen flame. The fixed sinear was then
3 ﬂooded w.ith bdsic crystal violet dye and ieﬁ for a minute before rinsing off with tap water.
The'smear was ﬂooded Wi‘th"_Gramr’s iodine solution for a minute and rinsed off with tap
.,watef.'- Th’e smear was d'ecolorized with 70% ethanol and rinsed immediately with tap water.
7 The smear was then counter stained with saffanin for 30 seconds, rinsed with tap Water,
.allowed to dry and exainined under oil immersion objecti\}e of a mibrosoope. -Gram positive
' cells stained purple while Gramn negative cells stained pink. The shape and the arrangement

of the'eells were also observed.

3.7.2 Spore Staining

l_.Spore stamlng was performed for- Graln positive and catalase positive rods using

Bartholomew and Mittwers method (Harrigan and McCance, 1998). A heat ﬂxed smear of 5

| days old culture of the 1solate was prepared on a grease free microscopic slide. The smear

was stained with ‘:malachite green solution and steamed for 5-10 mmutes ensuring that the
‘;stam does not dry out. The stam was carefully rinsed off with clean water and counter stamed

' w1th safranm solutlon for 15 seconds washed with water, blotted dry and examined u:oder oil

immersion obJeotlve of a microsgope. Spores stained green while vegetatlve cells stamed red.
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3.7.3‘.1\/;Iotili.ty test

'; S.teril‘e- motility test medimu was allowed to eolidiﬁed, stab inoculated with 24 hours old
broth culture of the test orgeuism an(l incubated at 35°C for 48 hours. A diffuse zone of
,‘growth -‘spreodlng from .the ,line of inoculation indicated a positive reaction to the test
medium.',This wes carried out followlng_ the scheme of Harrigan and McCance (1998).

¥
&

3.8 Biochemical C'haracteristi_q of Bacterial Isolates

The biochemical test was carried out follow_ing the scheme of Harrigan and McCance (1998).

3.8. 1’Ca’tala'se test
A loop full of 18 24 hours old broth. culture of each isolate was emulsified with one or two
_ 'drops of 3% hydrogen peroxide on a clean sl1de Effervescence caused by the liberation of

'. free- oxygen as gas bubbles indicated catalase productlon.

3.8.2 Citrate utilization test '

Sterile Koser’s citrate medium in Bijou bottles were stab inoculated with 18-24 hours old
broth culture of each isolate and incubated at 35°C for 5 days. A change in colour from green
“to blue indicated the utilization of citrate as the sole carbon source.

3.8.3 Gelatm quuefactlon

Sterﬂe nutnent gelatin in test tubes were kept in ice bath to sohd1ﬁed stab inoculated with

. 24 hours old broth culture of each isolate and 1ncubated at 30°C for 14 days Liquefactlon of -

- gelatln mdleated pos1t1ve results, while sohdlﬁcanon of gelatm indicated negatwe result This

- was ‘ca.rried out following the scheme of Harrigan and McCance (1998).

3.8.4 Indole/Ammonla Productlon Test
»:'Sterﬂe peptone water in test tubes was 1noculated with 0.1 mL of 24 hours old broth culture

of eaoh 1solate and mcubated at 37°C for 7 days 1 mL of Nessler’s reagent was added to the

¥
a
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_pepton@ Watet .It;ulturle for ammonia production, dévelopment of orange to brown colour
: indit:_até& a poslitive result Whilc—: pale yellow or no colour change indicated a negative result
~ when coinpared to the the control. 0.5 mL of Kévac’s reagent was added to thelpep'tone water
culture and shaken, developﬁent of a deep red colour indicated the presence of indole-. This

“was carried out following the scheme of Harrigan and McCance (1998).

¥

3.8.5_Methyl retil-;md ;.Voges-Pr_oskauer _Test
.Ster'i.l.e MRVP 1Itediu1n in test tubes were intaculated with 0.1mL of 24 ltou;s old broth culture
of e’aph isolates and ineubated at 35°C for 5 days. The MRVP broth culttlre was aseptically
diVidec'i. t11to two portions labeled MR and VP. 5 drops of methyl red reagent was added to the
MR test tubes and examined for colour change, a'red colouration denoting épH of 4.5 or less
'indic..at;d a postti_ve result while yellow colouration denoted a negative result. 0.5mL of 6%
. oc-ri_eq;hthol sohttion and 0:5mL of 16% of -potassium hydroxide solution was added to the VP
hte.st tubes, shaken Viéorou__sly-' and left for 5-10 1nt11utes. Development of red c_:olouratictn
indicated a positi;/e ”reaction,whﬂe a negative reaction was indicated by rto colour change.
This tzvas cart'ied_: out following the scheme of Harrigan and McCance (1998).

¥

‘3.8. 6 Nltrate reductlon test
| Sterlle peptone water in | test tubes was inoculated with O. 1mL of 24 hours old broth culture of
_each 1solates and incubated at 37°C for 5 days. Reductlon of nitrate was detected by
develt)pment of red colouration within 5 minutes- of adding 0. SmL of. Grless Illosvay S
,.reaggnt-'to'the i‘rtoculated and control test tubes. The test tubes that remained unchanged i.e
- show ntsllgattve‘ result were further confirmed by the addition of a pinch of zinc dust,
dev:e-iil(;i;rlﬁfent.of pink colouration indicated a negative result while a positive result temains
colourless indicating the reduction of nitrate béyondthe nitrite stage..This was carried out

._-follow_i'hg thé scheme of Harrigan and McCance (1998).



3.78.7 O}cidative/Fermentatlon test

Hugb and'Leifsorl’s medium was used to differentiate between bacterial isolates which have
the ability to~ ferrnent carbohydrates either - oerobically (oxidative) or anaerbbically
a(fermentatrve) Dupl1cate tubes of Hugh and Leifson’s medium were stab inoculated with 24
__3 hours old ‘broth culture of each isolates and incubated at 35°C for 5 days. A set of the
duphcate tubes were left uncovered while the other set were covered with 2.0 mL of sterile
liquid parafﬁn oil. The tubes were observed,_fennentative organisms were indicated by colour
‘ change from blue to yellow in both tubes while oxidative organrsrns were indicated by colour
change from blue- to yellow in the open tubes only. This was carr1ed qut followrng the scheme

‘ ofHamgan and McCance (1998)

3.8.8 S‘tarch Hydrolysis

Test organisrn's jWere streaked once across the surface of starch egar plate and incubated at
35°C for:5 days. Tbe plates were flooded Wlth Gra.m’s iodine solution a_n(l examined.
: ..Hy.drwolysis of starch was indicated by a clear zone of the medium seen around or under the
' colony.isolates while. non-hydrolysis of the starch was indicated by blue back colouration
around the isolates. This Was '_cerried out following the scheme of Harrigan and McCance

(C8 |

3.8.9 Sugar fermentatlon test

L4
o

Sugar fennentauon medium (composed of peptone water, 1% fermentable substrate (glucose
D-manmtol sucrose, lactose) and Bromocresol purple indicator (with 1nverted Durham tubes)
in test tubes were 1noculated with: 0.1mL of 24 hours old broth culture of each 1solates and

.incubated at 35°C for 5 days. A change it the'colour of indicator from purple to yellow

o 1ndrcated a01d productron while gas productron was 1nd1cated by downward drsplacement of .

: medlum in inverted Durham tubes This was carried out followrng the scheme of Harrrgan

and McCance (1998)
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3.8. 10 Trlple sugar iron reaction test

TSI agar slope were prepared with a deep butt The butt was stab inoculated and the slope
was streaked with 24 hours old broth culture of each isolates and incubated at 35°C for 5
daye. A rJink colouration indicated alkaline production; blackening of the medium indicated

hydrogen sulphide prodﬁotion while displacement of the butt indicated gas production. This

was carried out following the scheme of Harrigan and McCance {1998).

: ’-3.9_ Ahril)ietics_ sensitivity test
The'ljaeteria isolated were seb cultured from stock culture into sterile nutrient‘br:oth and
incubated at 37°C folr 24 hours. The broth culture of the isolated organism was s-j)read‘
inoculated on Mueller Hinton agar (MHA) plates with the aid of a sterile cotton swab stick.
: IThe antibiotic sensmwty test disc (Gram posmve dlsc was used for Gram posmve bacteria
‘and Gram negative‘ disc was used for Gram negative bacteria) was 1;1cked and placed on the
surface of the MHA plates using a pair of sterile forceps on the inoculated MHA plates. The
VMHA plates were then incubated. at 37°C for 24 hours and observed for clear zone of
| inhibition (sen51t1V1ty) or resistance to the ant1b10t1cs The entlbrotlcs used were
_ :ceftaz1d1me(30ug), erythromycin(5ug), cloxacﬂlm(S ng), cefuroxune(BOug) ofloxacin(5ug},
' ‘ ceﬂrraxone(BO pg), gentamwm(lOpg) and amoxrcrllm(30ug) for Gram pos1t1ve 1solates while
the Gram negative disc consrsted of ceftaz1d1me(30ug) cefuroxrme(30ug), ceﬁxune(S ng),

augumentin(?a()ug), ) Oﬂoxacrn(S ng), gentanncm(lOug), nitrofurantion(3 OOLLg) and

lcipre'ﬂo'xacin(S 1g). This-was carried out following the scheme of CLST (2018).
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CHAPTER FOUR .

RESULTS
..Tabl'e 4;1. Shows fhe-morpﬁological and culturai characteristics (on nutrient agar) of aefobic
mesophilic Bacteria isolated from kunu samples on nutrient agar (NA) and Eosin methyirene
blue agaf (EMB)._Ele\-fen organisms-w.ere isblated;‘ six were Gram positive while five were

_Gram negative. Both Gram posmve and Gram negative rods and cocci were isolated; seven

were rods while four were cocci. The three Gram positive rods produced endospores.

Table 4.2 ‘s'hov'vé the cultural characteristics (in nutrient broth) of aerobic mesophilic bacteria
- ,‘isolafec:l from kunu samples. Each isolates showed distinct characteristics that differentiate it

- from o_ther‘ isolates.

Table 4. 3a shows the biochemical characteristics of aerobic mesophilic bacteria isolated from
.kunu samplc—:s It is 51gn1ﬂcant to note that all the isolates were catalase posmve nine isolates
lproduce ammonia and three were able to reduced nitrate. Five of the 1solates were
- ferrriénfaﬁve and six were oxidafive. Motility test and triple iron sugar test was carried out for

the five Gram negative organisms.

Table 4.3b shéWs the probable identities of aerobic mesophilic bacteria isolated from kunu
; _ Samples The isolates were identified as Staphylococcus saprophyticus, Enterobacter
" intermidis, E. aerogenes, Bacillus sphaericus, Coryne‘bacrerium Spp., Staphylococcus aureus,

B. brevis, Citrobacter spp., Shigella spp. and Escherichia coli.
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: .' "Table 44 depicts the occurrence pattern of aelobio mesophilic bacteria isolaled from kunu

: sé;lﬁp_les. It is signiﬁcant lornote that, Enlerobacter intermidis was present in six.out of the
seven samples except .Sample'.C while Staphylococcus saprophyticus and Shigella spp were
present :in ﬁve of the seven samples studied. Bacillus spkaericus Citrobacter spp., and
'Corynebactermm spp. v&lere present in three samples while S. aureus, E. aerogenes and B
,brevzs were present in two out of the seven sa_mples stuched Escl"zemck:a coli were only

present in Sample B.

l.Table 45 a sllow"s the antibiotic sus.ce'ptibility pattern of Gram posifive Bacteria isolat‘ecl from
kunu. All the Gram positive organisms 'Were resistant to Ce'ftazidime,m Cefuroxime,
: .Cel__"tri_ilaxmw and Cloxacillin, Bacillus Sghaericus, Corynebacterium spp., Staphylococcus
- al,lréils and B. brevis Were all susceptible to Gentamicin, Erythronlycin and O.ﬂoxacin'.e'xcept
B sphaeyicus that is inlennecllate to Erythromycin. Staphylococcus aureus is also susceptible _

to Amoxycillin.
‘Table 4.5b shows the antibiotic susceptibility pattern of Gram negative bacteria isolated from

kunu. All the Gram negative organisms. were resistant to Cefixime, Cefuroxime and

Augumentin but susceptible to Ofloxacin, ciprofloxacin and nitrofurantoin.

29



0t

JUIsaLd =+, WBSAY = - SAIN

103 DIYOIYIST

6T b1 - - - - - + -
mﬁm | + .+ | o - + .; A - dds v}j231yS"
98¢y + + - - - | + - dds s.mﬁaea.ﬁ.u
cH1L + + + - + .+ - ..mkuﬁ%&@ﬁ&% mzuueu&%ﬂmmﬁh
LSBT o R - PRI | +o " w:m_‘ie w:uuau&%ﬁ@&%
_\lm.wm : IS - - - +. _ - | . S124q mﬁm_uum_
98°Cy - - + o + - - N% witig12300qoudio)
1S']T " - - - _ + + ° - | - hmzwua.&m@km“uaﬂ&&:@
‘ ow.mw + - + . _ | I | - __waumkmaﬁmmm:___._\muamﬂ
:L._ww_ . . + _ + + , + - - | + | o+ . &Eﬁ%wm.n ‘_&QEEE:W
. .mw.‘F, + + ‘ __+_ ) - + R H..,wzuwaw_@.a@m wﬁuw%&%&&&%
_ nhoﬁnm. o | I A a - 3 d : < _ o
mun.eazwuo o, ofdureg m_mawm. u—.@ﬁmm .o-nﬁmm. ._ﬁmﬁsm uﬁiwm“ .mm&w_«m DA .wﬁn_ﬂowa E&E«m&@ _

“NUIS] W1y PIIB[OST BLIOPOBY uﬁaaomug. QOIIY JO WISHEY ew.ﬁmt:uuo ¥ 2198 L



1t

"QIRIPIULIDNT = | “20UBISISOY = Y cﬁﬂﬂt@oo%m =8
(8ripg) unmRAXowry =nny - (8rg) uwexogo = T40  {(8riS) unpwexo) = DX (Brig) wodwonpAig — AgH

(81l0g) suoxerye)) = YLD (Brip)) upiwEiey = Ngp  (Bripglowrxomye) = XD Griog) sunprzeys) = 7V [SATA

snaanp sn20020]lydmg

d S d S m d ‘
b i bk b pl pi Ne R . snonpdydosdos w&umau&%&&ﬁ%
i s ¥ S b S A A | S1a2.4q SAIIng
q - S d S | S 1 | dds wnpispovgaudior)
i s 4 o M C g ¥ q hwau.n_._muﬁ% snjpong
A M - .3 . ¥ A : M b | e snopdydo.idos m:@eu&%ﬁ«&% :
DNV TI0. DXO PMm ALD NHD Nmo AR ‘ - _
| ,, Zm”mrﬁhdﬂ %HHﬁEHMHOme\wUHHOHmHHZJw 3 _ . - mHHd:HOmH

:ﬁ:vH Eo.ﬂ @330& uﬂﬁumm E:ﬁmcm EEU mo wisneg bin_nmuugw uﬂoﬁsnﬂ BS § mﬁm L |



43

.Bm%oémwﬁ = 1 ‘eour)sisay = Y ‘Anpiqudadsng = §

(8ripg) tnueumSny = pny  (Bris) uwexogo =TI0  “@rS) wpexopordi) = ¥dD  (8riog) wromeIngonIN = 1IN

~{(8ig) swmxyaD = XD (Brio1) worweiuan = NgD  (Briog)emixomya) =X 40 - (B1i0¢) OUPIEYRD = ZVD ‘SATH

" 3]0 DIYILIDYISH

S s k:| S S S i I

k| h:! R q o hil Rl S dds vpjasms

S S ¥ S B .S ¥ I dds 12300904810

I S € S g g R | " sousSoiop A2PODGO LU
e S RS - 8 p: S. S A SIPIMLIZIUL ADPIDGOLITUT
W0 TN DAV 0 WXO  NdD. R X¥0 ZV0 .,‘

Zﬁmﬁ,ﬁrﬁﬂm \waﬂmﬁhmﬁommm \ wOHHOmmFHZﬂ mﬁhﬂﬂOwH

mm_nﬁwm num| wo. m_maﬂoﬂ aﬂﬁuam oiﬁ%u Z EfU yo wienEd bﬁnﬂ&uumﬁm uﬂoﬁsnﬂ qs- v oﬁ_w 1



CHAPTER FIVE

DISCUSSION AND CONCLUSION

5.1 DISCUSSION

L4
o

| The .ku_nu samplés "obtained from different retailers in Ile-Ife, Osun staté, Nigeria conta_ined a
variety of bacteria which were Gram positive and Gram negative. Most of the bacteria were
“ resistant to wid.e.range of antibiotics whﬂe others were either sensitive or intermediate. .
Th@lpre‘sence of aerobic 'mesophi'lic bacteria feﬁorﬁe‘d in this study méy be attributed to
- -sever:alj"factors which include lack of effective précautions on good manufacturing practice in
_ h-aridi:ing procedﬁres during processing of the beverage, the practice of addition Qf some
'quanti‘_ty_ of water to dilute Kunu after fermentation may also be_ a source of microbial
_C(I)ntﬁmi_ﬁant_s théh may halwel come from the vxlrater itself or from the utensils used for such
pUTPOSES. The spices used as Vadditives to add flavour to kunu may be an additional sou:l:cn_e of

contaminants (Essien ef al., 2009). o : _ ;

Thé'i)fes'énce of coliforms sﬁch as Enzerpbacrér.aerogenes, E. intermidis, Citrobacter spp, in
‘hawk.e(.fl- Kﬁnu was as a ;ﬁesult of contaminated water, containers, as well as dirty environment
where the Ku'nilmzaki Wéré being processé_d and ﬁawked. The percentdge occurrence of
. ‘Shige_l_l}a Spp, Staphylococcus saprophyticus, S éureu; and Enferobacter intérmidis_in the

. sémiéles 'ah.alyz‘e-d is a poiﬁtér to the faet tﬂ_at the Kunu s’amp'les studied are contaminated with
ppteﬁtially'pé_thogenic :bact_er‘ia and this may have come from the water used for domestic
,_pﬁrpose.s,‘or, human handlers dufing. processing and sales of the product. This is in agreement
| ~with Ainusa and Asha_ye: (2009) and Akoma et al. (2013), .who had reported that water used
for prodﬁction coupled with the crude method of produc'tibn and pa*ckagipg uﬁd_er improper
sanilté:& c.onditions p'redispolses' Kunu drink to microbial‘contaﬁlination by an array of both
Gra;n'-nlegative and Gram positive bacteria. There is .ihe‘refor'e_need for sﬁrveiliancé by Public
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Healthr_ofﬁcialsfto ensure safety of the Kunun-zaki being sold for public consumption in Tle-

Ife. -

Stapkylococcus aureus is a Gram positive bacteria found in smaller amounts in the nose and
‘on the skin of clinicéﬂy healthy people. Higher amounts can be found in lesions of skin such
- as infected eczema, ps'oriasis. or any other pﬁs dr.ai'ni'ng lesion. The presence of S. aureus in
‘the samples could: therefore be from human handiing. The "pr_es.enée of *Staphylococcus in
| food has been reported to cauée food poisoning reéulting from heat resistant staphylbtoxin

(Wonang et al., 2001), The symptoms of staphylococeal poison include diarrhea, vomiting,

* cramps and fever which starts suddenly but usually disappears within 24 hours.

: Shig@lla.spﬁ are Gram negative rods found in humans and primate. Its main mode of
tran.sll.nission is person to person contact' due to its low infectious dose; i.t can éléo be
'tr‘ansmit’ged through ‘infe.ctéd food and Water.Thé clinical manifestation of shigellosis are
:feve.r:, Watery diarrhea and can also manifest as a dysenteric syndrome which includéé fever,

abdominal cramps and bloody stools containing mucous (Umaru et al., 2014). .

7
b

‘Bdcillus brevis 1s a Gram positive, aerobic, r'no't.ile spore forming bacillus commonly found in
Watq_lg,?"s_oil, ”air-,.and decaying matter. .I.t 18 irhplicéted in peritonitis on individual having
helﬁtéceilﬁlar ‘c.arcino‘mlé due probably from -.in'ge'_stion of fermg:nted foods coiltaining |
_ Bre:vibcfzcilfu; b_)ﬁew's spores yet it’s rarely associated with infectious disease (Van der Woude

) “and Bamnler, 2004).

Citrobacter spp is a genus of Gram negative coliform bacteria in the Enterobacteriaceae

family, They are occasional inhabitants of the gastrointestinal tract and are re_sponsibie for
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" disease in debilitated or immunocompromised patients. Citrobacter infections can be fatal,
‘with :33-48%0@1'511 death rates and 30% for neonates, They are found in soil, water,
waétewater etf; (_'Murray".et al., 2010).:

Foédrp'atﬁo,gel_is such as Escherichia coli could cause food poisoning resulting from
:j‘consﬁ.lnption of ‘rc(d)ntaminated product or food (Mbachu et al., 2014). The preseﬁce of
Escﬁgfichia coli and Enferoba_crer aerogeﬁes 18 iﬁdication of contaminants from fé?:al ror-igins.
The presence of E.coli, .Sfdpﬁylo'coccus aurez_zt&, Streptococcus sp. and Shigellarsp. in the
beverla.gle is of public health .‘signiﬁcance as they are considered the leading cause o.f food-
borne toxicosis outbréak worldwide (I(ar_agozlu et al, 2007). The presence of E. coli
| (14.?9%) in kunun‘.is an indication of faecalﬂ and environmental Contaminatlons (Umarq et al,
2014; -Aboh and Oladosu, .2014), probabl-:y through the use of water or directly during

-handling. E. coli is capable of causing gastroenteritis, diarrhea, and urinary tract Infection

“(UTI) if _ingesteél by humans.

_ Mo"st_ of the antimicrobial resistance in the treatment of infectious diseases is due to the

extensive use and misuse of antimicrobial drugs which have favoured the emergence and

'survival,of resistant strains_o.f microorganisms (Singer et al, 2003). The prevalence of

resistant strains of E. coli, Enterobacter aerogenes, Sireptococcus spp and Staphylococcus
aureus in Kunun-zaki is a reflection of the use and misuse of the antibiotics in the society.
This 18 not surprising because dutside the hospital environment, the general populace have

access to various kinds of antibiotics at dny drug store even without prescription from a

medical practitioner.

 'The ‘P1'=.1blic‘- Health implication of this sfudy is that antimicrobial resistant strains of -

- pathogenic bacteria majf colonize - the human population through consumption of
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contaminated Kunu and this would lead to chemotherapeutic failures among the human

consumers of this popular beverage in the environment under study.

“ 52 C_(_)NCLUSION

The preaence of antibiotic resistant strains of Escherichia coli, Enterobacter aerogenes,
Sra;vhylococcas.-: aure_us- and Sz‘reptococcus spp in Kunun-zaki studied sugge;ts that
_ .corrsumptit)n o_f this beverage has patential health hazard to the consumers in Ile-Ife, Osun

-" - Statt_a_‘,‘-Nigeria. 'Tile- consumers of this popular drink may therefore be placed at health risk
whit:}r 1Iray culminate into failures of commonly used clinical antibiotics for the trt:atmant of
ihfectl;:ans'.

.Fror_n the reéult obtained, it t:t;uld be seen that organisms associated with kunun~zal{i"were

Escherichia colt‘,. Staphylococcus species, Corynebacterium -Sp@Ci@;S‘, Enterobacter species

and Citrobacter species and the. activity of these organisms in kunun —zaki may rendered it

unfit for human consumption.

53 kECOMMENDArIONs
~To protect the. healthy consumers, government and regulatory authorities such as National
7‘: Agency for Food Drog Administration Control (NAFDAC) should screen food handlers and
inspect the production environment in order to reduce health hazards and mortality rate,
‘_irrtervené .by -settirrg standards th'acciuisition of raw material, production techniques as,‘_well as
health status rof personnel invt)lved in the production process.

The hig.hr counts of Spc;ilage and,pathogenicﬂ microorganisms in Kﬁlmn—zaki could be reduced

if starter cultures are employed ‘in its fermentation process as done in the developed world.

'Food ‘handlers should be encouraged to strictly adhere to Good Manufacturing Practices
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_; (GM:PS) to miriiiﬁiie the spread of infections from thé drink and adequate a:moqnt of heat
shouldl be used during béverag'e processing to kill pathogenic organisms.

'_Tlrea_ted. water or clean water should be used during processing and in dilution of the
proce_ssea drinks to avoid céntamination with pathogenic microorganisms. The packaging
mate.rialsl should also Be sterilized. ” _ | '- . .,

. Health education training should be organized regularly for those involved in the producrion

- of kunu zaki by the health workers on the irriportance of cleanness of their environment.
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APPENDIXI
PREPARATION AND COMPOSITION OF MEDIA USED FOR MICROBIAL
- 'ISOLATION AND IDENTIFICATION.
Nutrient Agar (NA) | |
-Compos‘itioﬁ g/l |

K Lab.: Lemco powder 1.0g

.Yegst ex‘tracts 2.0g ' : | R .
'Pepténe. 5.0g

Agar - 1.5_.0g

‘ Sodil;m chlolll‘idé 5.0g
| Dis'tille‘d'vvater-  1000mL

pH 74

 Powdered NA (22.4g) was dissolved in 800ml of distilled water by heating on a hot piate for
‘homogenization, -and theréafter dispensed into McCartney bottles and - sterilized in the

autoclave at 121°C for 15 minutes.

‘Nutrient Broth '(N'B)
"Composition g/L

Lab. Lemco powder 1.0g

Yeésf extracts‘_ .2‘-.‘0g _
_.Pebtonﬁe' o 5.0g
" Sodiam ?hloﬁdﬂ  s0g
| Dis’:ci}l_é_d_ water 11000 mL
Ho 74
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.- Powdered NB (5.2g) was dissolved in 400ml of distilled water by heating in a micrewave,
and thereafter the rehydrated broth was dispensed into test tubes and sterilized in the
autoclave at 1'21::°C for 15 minutes under pressure. -

Mueller Hinton agar

' ‘Com‘prosi.tioﬁ gl

| Beef exteact . - ' | . 2.0g

Acid hydrolysate of easei'n o | _— 17.0g

;Starch | - : ' 1.5g°

- Agar o *' , : 17.0g |

Disti_lled' water _ _ 1000 mL | a
prl-I‘.,_ f 73201

38g of the powered medium was dissolved in 1000mL of d1st1lled Water mixed thoroughly
'and heated in a 1n1crowave to dlssolve completely, and thereafter dlspensed into MeCartney
, ,bottle.s 3and sterilized in the autoclave at 121°C for 15 minutes under pressure.

N Stareh Agar

Compesition g/L
‘Nutrient agat o 400 mL
Starch =~ | 4g

1.0g of soluble starch"was added in 400ml of molten nutrient a_gag, mixed thoroughly and
heated in a microwave to dissolve completely, and thereafter dispensed into 'MCC_ertney
'bottlés'ra@ld sterilized in the autoclave at 121°C for 15 minutes under pressure. -

Eosin Methylene Blue Agar (EMBA)

Composition g/L
- -‘Peptene I 10.0g
Lactose = 10.0g
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Agar : 1.50g

Dipotassium hydrogen phosphate 2.0

..Methylene blue . 5.0g
"Eosine ' : 0.4g
'Disltil_led Water _ | © 1000 mL
pH | 6.@:0.2

- Powdered EMBA (7.5g) was dissolved in 1000m] of distilled water by heating on a hot plate
for'ﬁompgenizétion, and thereafter dispensed into McCartney bottles and sterilized in the

autoclave at 121°C for 15 minutes under pressure. .

Peptone Wa’ter |

Compositioﬁ g/l

\Peptone_l - 7 ' lb.Og | __ c
: Sodigm chioride ‘ " 5.0g

Distilled water 1000 mL -

Sl | L ‘_ 7.4

'7.5g' of _p‘e.ptolne powder was added -in 500ml distilled water, mixed and dispensed into
" L "MCC__a_ﬁney bottles and sterilized in the autoclave at 121°C for 15 minutes under pressure.

‘ Nutrient Gelatin

Composition g/L _.

k.Nutl‘i:ent.brotih " . 2.6g

* Gelatin - . | 20.05

_Dist_inedwatér L : .1000mL_ o !

" The mixture was dissolved by fnicrowavingﬂand dispensed in test tubes for sterilization in the

autoélave at 121°C for 15 minutes under pressure.
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' Koser’s Citrate Medium

Composition g/L
‘Sodium émmoniu;:m hydro geﬁ phosphate - l.5g

Potassium dihyd_ro gen _phosphate 1.0g

Magnesium sﬁlph'a_te | . | _ 02g o
Sodium citrate ' o 3.0g

o Brofnéthymol blue _ R 0.016g
Dist_i_!l_ed v;rat‘er ) : | 1000 mL
pH. | ‘ o ' . 6.8

 The !hixturé was, dissolved completely and dispensed in bijou bottles for sterilization in the

autoclav_e at 121°C for 15 minutes under pressure.

Sugar Fermentation Basal Medium

. Corhposition g/L.

“Peptone 100 | o
Sodiug@chloride | _ - 5.0g |
Bromoi;re@l pufple | 0.()-25g'
-Disti:l:led water - | ‘10001111.

'The.’iﬁi_‘z'(‘ture was dissolved completely and divided into four portions of 2001n1‘each; 2g of
each.;éﬁgér (Laf;tose, Sucrose, Mannitol and Glucose) was weighed into each of the flasks and
" labeled accordingly. Each of theflasks was heated in the microwave to dissolve the‘i.éugars,

dispensed into test tubes and aﬁtoclaved at 121°C for 15 minutes under pressure.
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Motifi_ty Agar

| Composition g/Iu;
; Bacl_:tc_a‘ri-ol'o_gi'calitryptone 0.5g
| S‘odiﬁm chloride : | 0.5g
Agar , 0.25g
.:Distilled, Watér | - 50ml

The mixture was completely dissolved by microwaﬁng and dispensing in 8 test tubes for

b
L

‘sterilization in the autoclave at 121°C for 15 minutes under pressure.
| Methy! Red and Voges-Prosk.auer Medium (MRVP)

| Com‘pdsition g/ 100 mL

Peptﬁne _ o - 0.5g

- Diﬁotagsiﬂlm hydrogen phosphate  0.5g

' Dextrose = - ) 0.5g
Dist'illlléd- water o 100 mT.
pH - 74

The compoﬁent was mixed well and dissolved completely before dispensing in 40 test tubes

for sterilization in the autoclave at 121°C for 15 minutes under pressure.

L

Nitrate Peptone Water

C.ompolsition g/L

Peptone water o - 1001111
Poféssium nitfaté _ e | 0.2g

- 01 g' of ‘pdtassi‘um nitrate was added to 100ml ‘of peptone water, the mixture was dissolved
completely by steaming and dispensed into test tubes for sterilization in the autoclave at

121°C for 15 minutes under pr.essur.e,
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‘Triple Sugar Iron Agar | : _ '

- Composition g/L.

Peptotie from casein - | | 1 5.0g
‘Pepton.é from meat extrgicts " _ | 5.0g
‘Meat extracts . o 3.0g
' Yeaét.'_e;('tracts - 3.O‘g=
: sodi{_lm chloride . 50
Lactose B . 10.0g
D(H) Glﬁcos_é . ' ‘. _- | [.0g
Sucrose _ 10.0g
.Amménium Ifon (iif) citrate : | _ Q.S g _ ‘ u
Sodium thiosulphate o 0.5g
| _Phehpi;éd o 0,024
Agar R N | 12g
Disti-‘ll'é_(_i Water :“ | . 1006_“mL

: ~ The colnponents._were dissolved completely by steaming and dispensed intontest tubes for
sterilization in the autoqlai/e at 121°C 'for- .15 minutes under pressure. They were then placed

in slant ﬁositions to Set: : |

Hughand L:éifson’st M'e:dium

~ Composition g/L

:Pept(;)ne o o ' .1.6g : —
' Sodium .chloride | h - 4.0g

Potassm;m hydrogen pho sphate 2 0.-24g

Broﬁothmndl b}'ue - I - 0.064g

. cAgar . - - 24g
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Glucose | . ‘ . 8.0g
Distilled water 800ml
The components were mixed together and dissolved completely before dispensing into test ¢

tubes for sterilizaﬁon in the autoclave at 121°C for 15 minutes under pressyre.
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PREPARATION OF REAGENTS

‘. Greiss Ilosvay’s Reagents
C-omposition
LRea.g.ent' A Sulphaniiic ét_cid :
- Aceﬁc acid (5N)
‘Reagent B: Naphthyamine
| A-ce_tic‘ a(':,id (5N)
Yogés.:-Prbskauer Test Reagents .
(Barrit’s Modiﬁ.cation)
- '_Reaggﬁt_ A o-Naphthol
" Bthanol 95%
| Rea:;g;ﬁt B: Potassium hydrox_i_de |
Distilled water |
GRAM’S STAINING REAGENTS
Gram__’_s_‘ iodine éolutit')'n
| Com‘lgaolsition
Potassipm iodide
“Todine |
‘Dis.tilllled_ water )
: -Cr&sfai vibl_et solution
7}- Con:li)(_)s_iti'()n N
' Crystai violet

_Distill_ed water

APPENDIX 11

0.8g
100m]

0.5g

+100ml

| 6.0g"

100ml
16.0g

1 001111

,"’2.‘0g

1.0g

300m‘1 -

0.5g

100ml
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Safranin selution

-Composition

SaffaninIOpowder _ o : | 4.0g~'
: .Ethaﬁoi (Absolﬁte) 200ml
Distii:lled water N . © 800ml

' Bartholomew and Mittwer’s spore stain reagents

Malachite green

Composition
Malachite green - ) o " S.Og
"Distilled water ’ 100ml

Counterstain - safranin

Conﬁpdéitibn .
Saftanin 025
: | "Distilll_.égll.water- o 1061ﬁ1
 ' Methleed Réagent .
Comio(;).si’.[io.n -
Methyl Red R o olg
“Ethanol ) | _ _ | 300ml
Distilled Vw_gt_g-;r o : | -500ml
‘ Nes‘sile.r-’:s ﬁeagents '
Coﬁﬁpésiﬁon :
*Potas;.’s:iﬁm:iodide __ o T0g
Mercuric i‘_c-)di_d'e': - C o 100g
' ; ‘Potas.s.iﬁm hydroxide | _ 10.l0g'
Diéfilled v&ater | 7 B 100ml.
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: KOV_E_I,C.’S indole Reagents
Cornposition

_ A_mj-rl aleohol
p-dilne’thylaminobenzaldehy&e

“Concentrated hydrochloric acid

150ml

.. I0.0g

50mL
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