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ABSTRACT

Bacteriol ogical safety of "kunun zaki", a non-alcoholic
beverage prepared with three different packaging nethods was
carried out. Aliquot, of diluted and concentrated sanples were
spread on Nutrient agar for total aerobir. plate count, Baird parker
agar for staphylococcal count., Eosin nethylene blue agar for
coliform count, Dextrose tryptone agar for Bacillus count,
Sal nonel la - shigella agar for isolation of Salnmonella and shigella
and |actose broth for coliform count. Bul k packaged sanples in
bowl s had the highest contam nation with mean total aerobic plate
count of 2.5 x 10* cfu/m, mean Baci 1lus count of 1.0 x 10* cfu/mi
and mean st aphyl ococcal count of 7.3 x 10% cfu/m . Bottled sanples
were |east contam nated with nmean total aerobic plate count of 9.7
x 10° cfu/m, nean Bacillus count of 1.0 x 10° cfu/m and nean
st aphyl ococcal count of 6.8 x 10' cfu/m . However cel | ophane
packaged sanples had the highest nean coliformcount of 3.6 x 103
cfum while bottled and bul k packaged sanples had nean coliform
counts of 1.8 x 10’ cfu/m and 1.5x10*> cfu/m respectively. Only
one Sal nonella isolate was recorded and ot her pathogens of concern

such as B cereus, E. col i and S. aureus were found to be present .

Shigella spp was not isolated. Bul k packaging and cell ophane
packagi ng of "kunun zaki" should be discouraged due to its high

rate of contam nati on.

Studies on sources of contam nation and hazard analysis of
"kunun zaki" preparation was carried out on three producers around

Zaria. It revealed sone sanitary deficiencies to include
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i nadequate sorting and washing of raw materials, possible faecal
contam nation fromanimals in or around food preparation area, use
of unprotected well water and potential sources of spores from raw
materials and sweetening agents and dust at point of display for
sale. Inadequate boiling. M xing and seiving of product with hare
hand were al so observed as possi bl e mean of contam nation. Educati on

of producers on the inportance of hygienic environnent, is

I nperative.

Laboratory products were prepared containing preservatives
such as acetic acid, benzoic acid, sodiumbenzoate, sodiumcitrate
and citric acid at concentrations permtted by national and
I nternational regul ati ons. The control products had no
preservative. At 28+2*C of storage, sensory analysis by a panel of
six judges reveal ed that, sodium benzoate al one extended the shelf
life for up to 24 weeks, sodium benzoate/sodiumcitrate and sodi um
benzoate/citrie acid/sodiumcitrate extended the shelf life for 16
weeks, acetic acid, benzoic acid and sodiumcitrate lost the effect
after 4 weeks. Citric acid had no preservative effect on "kunun
zaki". The control sanples deteriorated after two weeks while the
commerci al sanples had a shelf life of one day. The preservation
of "kunun zaki" for 24 weeks at anbient tenperature is a pointer
that this work could be the basis for a pilot production of bottled
"kunun zaki". Tt is therefore recommended that a starter culture

he devel oped and controlled industrial production of "kunun zaki"

be encour aged.
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Ten R* cereus isolates were tested for enterotoxin production

using the ligated rabbit, ileal |oop test.. Five (50% were

enterotoxigenic! wth mld, noderate and severe enterotoxin

reacti ons. The severe enterotoxigenic strain was from the bul k
packaged sanpl es. Ten S. aureus isolates were tested for
haenol ysis on human and sheep bl ood agar. Six (60% were alpha

haenol ytic while 4 (40% were heta haenolytio. This raises serious
public health concern since 6-haenolytic strains are likely to be
human bi ot ypes and nore enterotoxigenic than animal biotypes which
are often beta haenol ytic.

A study of the resistance patterns of the 37 isolates of B.

cereus, R coli and S aureus to 16 commonly used anti m crobi al

agents showed no significant, difference (P>0.05) in resistance of
i sol ates fromvarious packagi ng net hods. Overall resistance of 15
strains of E coli to antimcrobial agents tested were Cephal exin
86. 6% Cefuroxine 79.9% Streptonycin 53.3% The resistance of 10

strains of S. aureus to tested antimcrobial agents were Penicillin

and Streptonycin 70%each, Sul phafurazole 60% while the resistance

of 11 strains of B. cereus isolates tested were erythronycin 9.7.3%

penicillin and ol oxacillin 18.2% each.

The predomi nant multiple resistance patterns for E. coli were
streptonyoi n-anpi 0i 11in 40% streptonyoi n-anpicillin-sul phafurazol e
40% and anplici 11i n-sul phafurazole 33.3% The common patterns for
S. aureus were sul phafurazole-streptonycin 60% penicillin-
sul phafurazole 50% penioi 1lin-anpicillin 30% and anpioillin-

cloxacillin 20% while the patterns for B. aureus were penicillin-
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anpioillin 18 2% and penici llin-anplicillin-cloxaoillin 18.2%
These hi gh percentage resistance to antibiotics may be a refl ection
of msuse of these antimcrobial agents in medical and veterinary
practices. The indiscrimnate use of antibiotics should be
di scouraged to reduce the incidence of drug resistance isol ates.

Apart from lead (Pb) content, there were no significant
differences in proximte conposition of comrercial and |aboratory
produced "kunun zaki" but there were nutritional |osses in sorghum
and mllet due to processing into "kunu". There may therefore, be
the need for enriching "kunun zaki" wth nutrients from other

sources during processing or before consunption
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CHAPTER 1
TNTRODUCTTON

The currant aconomic hardship in Nigeria and the devaluation
of tha Naira has led to an increased cost of imported raw mataerials
ganarally used for the production of various baverages, including
tha non-alcoholia ones (Oghaonna and Obi, 18991; Oranusi et al,
16G4). This has l1ed to the increase in cost of soft drinks,
theraby encouraging the use of local and unconvantional raw
materials for the production of local bavarages with impravaed
production practice and enhanced quality and shelf-1ife (Ogbonna
and Obi, 1991).

Kunun zaki is ona of tha many indigeanous non-aleoholic
havarages produced in Nigaria. Tt is widely consumed by the people
in tha savannah ragion of Nigaria. "Kunu zaki" is consumed any
time of the day by both adults and childran. A large numhar of
people consuma "kunun zaki" a8 rafreshing drink, appetizar, food
and to quench thirst. Tt is also used as substitutes for or to
complament soft drinks and wines at social gatharings. Tha
praoduction aof "kunun zaki" from unmalted graing and the short
period of fermentation neaded to produce the desired taste makas it

adaquate for consumption by people of a1l works of life.

"Kunun zaki" is a non-alcoholic beaveraga preparaed from aithar

giuinea corn, Sorghum bicolar, millat, Panisatum typhoides, maiza,

7ea mAys, rice, Oriza sativa or wheat, Triticum aestivum.

Traditionally, "kunun zaki" production involves steaping of whole

grains for 6-24 hours, wat milling with spices and =sweat potato,
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pitching af ahout 3 part of tha mixture gellad in hot water with
ahout 1 part fresh (ungellad) part of the mixture and allewing for
ovarnight farmentatian. Tha suparnatant is raady for consumptian
aftar sieving.

The short ghalf-lifa of onea day for "kunun =zaki" dua to
unhygienic conditions of local production and pitching with mixed
cunlture fram tha fresh wat milled mixtura, and the rasultant
inconsistant taste and flavaur from differant producars arae
limitatiang to massiva prodiuction of thig praduct.

The microbiological profile aof "kunun zaki"™ and othar similar
non-alcohalic drinks of grain and non-grain origin hava haean

raported to incloude bacteria such am Racillus spp; lLactobacillus

spp; Padioccoccus spp: Aerobacter app:; Staphvlacoccus &pp;

Corynebactarium spp; Micrococcus spp. Yaeasts and moulds isolatad

wara Candida app; Saccharomyceg spp: Aspargillug gpp: Panicillium

s&pp; Rhizopusg spp; Fusarium spp and Cephalosporium spp. {(Akinrala,

1970; Okafor and Anicha, 1980; Odunfa and Adeyela, 1985; Oyeayiola,

1881; 0Oso’kanya and Whong, 1991; Oranusgil at al, 1964). The

posgihility of contamination hy §. aureus, Salmonallas, Shigealla, B,

caraus, pathogenic strains of E. coli and other pathoganiec or
opportinistic pathaganic miacroonrganismg associatad with ponr:
gsanitary candition and unhygienic and dusty anviraonmant cannot ha
avarlocked.

Consumption of "wunun 7aki", should ha encouragad among
Nigerians becausa it is Being-a product prepared from grains rich

in graup R vitamins, carbohydrate and raazonahla amount of pratain
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ionatd 1831; Jerrald, 16891) and it contains spices rich in
essantial aoils Secondly it 15 more natural than most industrially
prodiuced non-alcoholic saft drinks.  The materials raquired for
preparation dre avaiiablie Jocally, making it chaaper than othaer
non-alcoholic drinks in the markat.

There is scanty information available on the chemical
composition aof Ykunin 2a3ki" {Fdward et al, 18988), though the
chemical caomposition of most Nigerian sorghunm, millet and maize
prodiicts are well documented (Oka, 19867; Akinrelae, 1870; Mertz,
1570, Ranigo and Muller, 1572, Adeniji and Potter, 1978; Umoh and
Field, 1881). To our knowledge, no infarmation is availabhle on tha
total microbiological safety and nutvitional quality of kunu zaki
and only a scanty information is available an attempts to produce
"kunu zaki" commercially (Sopade and Kassum, 1892).

The affact of spices, PH and temperature on survival and
miltiplication of 5. aureus and F. coli in "kiunun zaki" have haan
documented (Oniorah &t a1, 1937).

For reasaons of utilizing "kunun zaki" nation wide lika othar
industrially prodiuced non-alcoholic beverages, this study aimed at
deteimining:

i the bacterial safety of "kunun zaki"

ii. to study possible sources of contamination of the traditional
product using hazard eritical control analyses (HAAC)

iii. the physiachenical characteristics aof bhoth local  and

laborataory product

iv. Fnumeration, Tdentification and the antibiotic resistancea and
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toxicity of poasihla pathoganic bacterial isolates from "kunun

zaki"

to develop a formulation and study the effects of tha

following chemical presarvatives, citric acid, acetic acid,

benzaic acid, sodium banzoate, sodium ecitrate and their

combinations on shelf-1life of "kunun zaki".
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CHAPTER 2
REVTEW OF LITERATURR

7.1 TIntroduction

Tha gquest {or foods that are mora natural and mora rafrashing
coupled with the poor quality of water supplied to the publie has
raxultad in massive consumption of locally producad non-alacholie
bevarages including "kunun zaki" (Adesiyun at al 1983, Alahi and
Adesiyun, 1986). Howavar, paopla =somatimas complain aof stomach

Acha, dtarrhasa, vomiting, headache and high tamparatue after

consuming some of these praducts (parkonal communication).

2.2 Socio-aconomic Tmportance of Sorghum, Millat and Maiza

Sorghum, millet and maiza hava haan important gtaples in the
semi-arid tropics for many centurief. Thaey hava haan cultivatad in
g0 many countries mainly by smali-holder cultivaters. Tt is thus
nat surprising that tha common and vernacular namas by which they
ara known ara many and variad. Tn soma records no diatinction is
mada hatwaan sorghum and millet. Production statistics quoted aven
by intarnatinnal authoritiaz, aftan graup the two ceraala tagathar
{Hulse at al, 1380).

Sorghum, millat and maize ara of much greatar importance in
human diet, particularly thosa of the poorast people of tha semi-
arid tropicea than the attantion they have raceaivad would suggest.
Thay cansfituta a majar gource of diatary energy and protein for
milliona of peopls in Aaia and Africa. According to the statistics

of the Food and Agriculture Organigation {FAO) of tha United
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Nations (FAO), tha avarage annual global production of sorghum
amounts to ovar A8.7 millian tonnes. Ovar 52 million hectaras are
planted yearly with numerons varieties and hyhrids of sorghum. Tha
armual milYlat production was estimatad to be over 34.3 million
tonnes from an area of 53.8 million hectares. Thus sorghum and
millat contribute annually ovar 100 million tonnas to the global
food supply (Hulse et Al, 1680). Maize ranks third among cereals
in terms of hectaras under cultivation after sorghum and millat.
Tn Nigeria, the total production aof thasa caereal grains amount to
sevaeral million metriac tonnes grown over millions of hectares of
land (0latunji and Rdward, 1980). Sorghum is the main cereal crop
in Nigaria, ocoupying 46% of the area applied to careal cultivation
and 44% of tha total cereal production. Millat covars over 40% of
the annual land sown with ceraals, while maize covars an area of
13-14% of the land sown with ceraals annually (0latunji and FRdward,

1680; Fussal and Werdar, 1988; Joseph, 1992).

2.3 Processing of Sorghum, Millet and Maize for Human Consumption

Careal processing in Nigeria afR in many othar African
countries ig stil1 largely by the traditiaonal method of pounding in
a mortar followad by winnowing. Tt is usually performad by women
and ig the major occupation for many of them {Olatunji and Edward,
1680). Parfan {1976) showad that by this traditional processing
lass than 2kg of flour can ba produced peéer hour per woman at an
axtraction rate of about A0% of the grain. Water is usually added

tao facilitate milling but this leads to an increase in the moisture
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contant of tha (lour to about 25-40%. The keaaping quality of such
flour s readucad and the indigestible fibre is high and tharafore
hindars tha digestion af othar constituents of the diet (0latunji
and Rdward, 1830). Howavar, Mullar (1970) reportad tha
availability of small scala processing using mator operated mills
and lacated in cornars af local markats.

Flour from these cereals are hoiled in water over fire to
produce "tuwo" which is normally eaten with goup. Whola grain of
sorghum, wmaize and millet ara farmentad for diffarent food
products. Umoh and Fiald {(1681) farmented corn far the production
of "Agidi", a Nigerian starchy meal fad as a post-weaning foad for
infants and is eatan by adults with vegatabla soup or with hean-
hall (akara) as breakfast food. Banigo and Mullar (1972} produced
"ogi" from fermented maize. "0Ogi" i’ a traditional stapla food
saten by many Nigerians as breakfast meal. Tt is tha first foaod
generally introduced to bahiss at weaning. Oyayiola (1981)
producad "kamu", "gasara" or "kulli", from farmented millet wat

milled with small quantities of pepper (Capsicum frutescens),

gingar [Zingiber officinale) and cloves (FRugenia calophylloides)

added as spices. "Burahisko" and "fura" are food products from
powderad unfermented millet prapared after ramoval of the coat
(pericarps) (Oyayinla, 1991) Ranigo and Mullar (1972), Au and
Fiald (1981), 0dunfa and Adeyele (1985), fermanted sorghum for the
production of "ogi" and "ogibhaba". "Kunun zaki", "kunun tgamiya"
and "kunun kanwa" are all products of willet, maize and sorghum

congumad mainly in the northarn part of Nigeria.
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Farmantad caraal foods ara produced for daily consumption in
most  African counfries. Similarities have haen found in
traditional faod praparatians aver acalagical zonas. For axamplae
Mawe i8 a fermented maize dough prepared and consumed in Renin
Rapublic. Tt is used in tha preparation of conkad dishes including
gels (ogi-lika products), steam-cooked hread (abla), ar porridge
{kokao, aklui, akhuyornu) (Hounmonigan at al , 1993). "Galetta-masa-
wayna" is an unieavenad fermentead hread consumed in Niger Republic.
Tt is a thick pancake, made from rice, millet, corn or sorghum
flour or a comhination of these flour (Jeanstte et al, 1887).
"Galatta-Gwomi" is a fermantad, fried bread eaten plain or with a
goup in Mali. "Tana" 18 a porridge maize eaten with a soup or
plain in Camaroon.

Unfarmented whole millat grain contain about 84% carbohydrate
and 9% protain {(Oyenuga, 1968). Cereals are deficiant in Lysine,
tryptophana and mathionina. Therefora, thay area deficient in
protain quality (some esgantial amino acids) (Tnglatt, 1670; Martz,
1970; Tsan et al, 1976; Adeniji and Portar, 1978; Umoh and Fiald,
1981). The proceassing mathods usad for these careals raduce the
nutrient value of the various fond product derived from them (Oke,
1967; Akinrele, 1970; Ranigo and Muller, 1972; 0latunji and Fdward,
1880). Aowaver, adequate fermentation procedure has helped to
incraasa  the nutritive wvalue of cereal products over the

nunfarmented onas {Wamad and Fialds, 1979; Umoh and Fields, 1GR81).
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Microhiological Prafila of RKunun Zaki _and Similar
othar Products

Atudiaz on micrabioloagy of kunun zaki" include that of
Ormiorah, {1984 and Orvorah et al, (1%387), who reported a high
pravalancae of Coliform and Staphylococail and anterotoxin production
in 20(8.1%) of the 246 staphylacoccal isolates from kunun zaki and

utensils used in its preparation. Orvivorah (1887), reportad a

o L]
2.4x10"'g™" ataphyvlocaccal count for mixtura of spices usad in kunun

7zaki preparation. Tt was ohgerved that gingar Zingibar afficinala

was most contaminated and rad pepper Capsicum annum was tha least
with total aerobic plate caounts of Q.Sxm“‘:g" and 7.3!105{:

respactively. Ososanya and Whong (1991) igalated Staphylococcus

spp; R. cereus, Salmonella s&pp, and Coliform, except R. coli,

Panicillium spp; Aspergillus and Fusarium spp from kunun zaki.

Yeast was also reported to be of high preavalence.
A rapart hy Akinrale (1970) showed that "ogi" a traditional
African starch cake was contaminated with moulds guch as

Cephalosporium spp; Fusarium spp; Aspargillus spp, and Panicillium

Spp . 0f the aerohic hactaria, only Corynebactarium spp and

Aarohbacter spp were isolated. Tn a similar study by Oyayinla
{1991) on fermentation of wmillet to produce kamu, a Nigarian
atarch-cake bailed into aithar a thin porridge called "koko", or
into dumplings such as "eka" or "agidi" which are eaten with
vagatahle soup or with bean-balls (akara). Organisms involvad in

kamii production include moulds such as Aspergillus varsicolaor,

Penicillium nigricans and Phizopus stolonifar. Padiococcus

pentosaceus and Lactobacillus plantarum wera tha hacteria isnlated.
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Yeastz included Saccharomycas caravisiaa and Candida krusei.

Odunfa and Adeymle (1985) raportad on the miarobiological changas
that occur during the traditional production of "ogi-baha", a Wast-
African farmented sorghum grual. Thay found the contaminating

microhial flora to include Aspergillus spp; Penicillium &pp;

Rhiizopus app; Candida spp; Pediococcus spp and Aerobactar spp whila

Saccharomyces &pp and Tactobacillus spp wera implicated in

farmantation.

Tn the production of "mawa, a farmanted maiza dough of Ranin
Rapublic, Hounnouigan at al (1993), showad that tha dominating
microhas ara lactic acid bacteria and yeasts, with

Enterohactariaceaa counts of lass than 400 and 3600 cfu/g in

commarcial and home produced "mawad", raespactivaly. Farmantead
careal foods have bean found to be similarly praparad traditionally
in most African countrias. Tt could equally bha axpacted that the
microhiological profila of thesa foods will bhe similar to those
atated above.

Commarcially produced soft drinks could bhe similar to kunun
zaki in that thay are non-alcoholic haverages highly prone to
microbial contamination. Odunfa (1987) carried out analyses of
carhonatad soft drinks produced in Nigeria. He rveported the
microbial contaminants to includa Bacillus spp; Tactobacillis spp;

Pedoicassisg app; Saccharomyces spp and Aspergillius spp. Oranusi at

al (1894) alzo carriad out a satudy on bottlad nan-alcoholic drinks
produced in Nigaria, and found the wmicroflora to inelude bacteria

such  as  Racillus sphaericus, R. egaterium, R. asubtilis,
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Lactobacillus fructivorans, L. bravis, .. delbrueckii, I.. kafir, §.

epidermidis and Micrococcus cycas and fungi including S8accharamyces

caravigiaa and Aspergillus nigar. Frazier and Westhaff (1978) and

Odunfa (1987) attributed contaminants of commercial saft drinks to
anviranmant/or tha raw matarials and factory personnel, and thair
gurvival in the products was attributed to the Osma and
tharmotolarant nature of the Racillus spp and acid, €0, and salft
talarance af the Lactabacillus {Odunfa, 1387; Prazier and Westhaff,

1978).

The microbinlogy of cartain local aleohalic bavaragas of
careal origin are well documented. Ekundayo, (1969); Paparusi at

al, 1973, Oghonna at

al, 1883, raported the presance of Candida

mycaoderma, C. tropicalis, Ransanula anomala, Klackaera apiculata and

Saccharomyces pastorianus and Padiacoccus ceravisiae in "Rurukutu”

an alcoholic haverage prapared from guinea corn Sarghum hicolor or

8. vulgara and widaly consumad amongst the population group within
the Savannah region of Nigeria.

Akinyemi (18806), in a similar raport on Rurukutu, identifiad
the bacteria flora to include many spp of Racillus : B. cerens, R.

subtilis, BR. mycoidas, Micrococcus leteus and Micrococcis roseiis,

Enterobacter agglumerous and Serratia aspp. A single spp of the
genus Acatobacter was said to he rasponsible for the vinagary taste
of Burvkutu, while the other bacteria were likely to cause

gpnilage. Tha predominant moulds ohserved were Aspergillus spp,

Mycelia starilia, Rhizopus spp and Fussariiim spp. Tha presenca of

Aspergillus was said to ba associated with the prasanca of
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aflatoxin in the bear. Nina yeast belonging to four genara wara

ohtainad, which included threa Saccharomyces spp, twa Candida spp,

a Pichia spp and Rhadotorula spp.

The micrabiolagy of "Russa", a Xenya opaqiue maize heer as
raportad by Nout (1680) showsd that the microorganisms presant
during storage of uncooked grits wera mainly yeasts such as Candida

kruzei and Saccharomvcoes ceravisiae. The bactaria include

Lactobacillus spp, [.. helviticus, . salivarius, T.. brevis, T

viridensces, L. plantarium and Padiococcus spp, P. damnosum and P

paralug. The organisms identified in tha malt werae Corynabacterium

spp, BRacillus spp, Listeria spp, Rubacterium spp, lactobacillus

cagai (Var pediocossus damnosus) Enterobacter ¢loecea, Klehgialla

prnaumonia, Propiaonibactarium spp, Rhizopus spp, Mucor spp, Candida

Kruzei. The alcoholic farmentation of Russa was dominated hy

fRaccharomycas caravisaa, whila tha lactic fermentation was

initiated by hatero- and homo- fermentatativa Lactobacilli such as
I.. brevia, I.. buchari, I.. plantarum, .. salivarius (Var saicinius),
I.. viridences and I.. casei (Var salicinius).

Vandaer Walt (1856) reported that the souring process of kaffir
heer is donea mainly by typical lactic acid flora such as

Lactobacillus delbrickii, T.. plantarum, T.. brevis, 1. farmenti,

Padiocaoccus damnaosiis, Leaticonostoc mesenteroidas and Lauconostac

dextranicum and the alcoholic farmantation phasa involvad tha

activities of such yeaasts Aas, Saccharomyces cerevigiae, Candida

aruzei and Xloekera apiculata. The spoilage of the baer was

attvihuted to axcasaiva acetic acid formation which was found to he
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causad by the devealopment of the common malt and hear Acetobactar

3pp.

2.5 Chemical Characteriatics of Xunun 7aki and othar

Similar Prodiucts

Thera is evidance in the literatura indicating that
hiachamical analyses of kunun zaki and similar other products have
heen conductad. The biochemical analyses carried out oan "kunun
zaki" and "kunun tsamiya" by Bdward et al {1988) showad that bhoth
typas of kinu had lowar lavals of nutriant contant whan compared
with those of the raw materials (the sorghum and wmillet graina)
reportad hy othar workers (Oyenuga, 1968; Olatunji et al, 1680;
Josaph et al, 1980; Thekoroye and Ngoddy, 1985). Twenty-faur hour
aged samples of kunun zaki wara reported to contain 9.5% dry
mattar, 80.5% moisture, 3.0% crude protein, 1.5% ether axtract,
37.3% nitrogen freaa axtract, 1.46% ash, 0.06% Ca, 24.0 ppm Na and
23.0 ppm K. The figures for kunun tsamiya wera given as 13.3% dry
mattar, 86.7% moistura, 9.4% cruda protein, 1.2% athar axtract,
8.1% nitrogen frae extract, 1.62% ash, 0.06% Ca, 14.4ppm Na and
23.0ppw K. Sopada and Kassum (1962) veported the proximate
composition of kunun zaki as 0.3% protein, 1.0% fat, 1.5% ash and
12.2% carbohydrate. The comparative atudies hy Umoh and Fialds
(1981) on farmented and non-fermented agidi, revealad that
farmentad agidi was more acidic than non-fermentad agidi and
containg 8.68% protain, 3.37mg/gN tryptophan, 30.17mg/Gn lysine.
Akinrela {1970) in his farmentation studies on maize for the

prapavatiaon of ogi, showed that parcentage tatal N, amino N, non
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protain N, thiamin, Ribaflavin, Niacin, folie acid and pantathanic
acid wara highar in farmantad than in non-fermentad ogi.

The hiachemical analysas carried out on burukuta hy Ogbonna et
al {1683}, showed that tha beveraga had such values as §7% sugar,
G.46% ash, 0.52% protein, 7.0pg/100m) vitamin o and 3% alaohol. Tn
A similar work in Southern WNigearia, Faparusi {1970) reported tha
presence of many Sugarg such as fructose 0.2%, maltose 0.05%,
glucogse 0.6%, galactosa 0.36%, galaturonic acid 0.48%, sucronsa
0.2%, isomaltose 0.38%,. atarchyrose 0.43% and maltotetrose 0.168% in
Rurukutrn.

Hounhouigan af al {1993) assessad the chamical composition of
"mawa" and raported that home-mada mawd contained 46.8% moisgtura,
9.2% crude protain, 2.3% fat, 0.7% fibhre, 1.1% ash and R&.7%
snluhla carbohydrate. Thase figures ware slightly highar than the
commarcially produced mawd. They attributad the differencas to tha
fact that more hull and garm is retainad during home production.

Autcamp at al (1961) aAssesszed the nutritional value of some
kaffir carn haer from maltad and nnmalted corn and indicatad that
kaffir ig rich in protein, fat, ash, fibre, thiamine, rihoflavin
and nicorinic acid and is a rich gource of vitaming & and R,

Nout {1980) in his studies on Russa showad that Russa acontains
0.5-1.0% lactic acid and 2.4% volume of esthannl. He& noted that the
haer hacomag unacceptahle aftar further fermentation and souring to

ahout 2% lactic acid.
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2.6 Traditional Xunun Zaki Production

Onuarah (1984), Sopade and Kassum {1992) raportad on the
methods of proceassing of kunun zaki bassd on tha information

aallacted from thair lacality. The basic methad of preparation

invalved the usa of Sorghum bicolor {(Guinea corn) or Panisatum
fyphnides {millat). During the course of this atudy, invastigation

and interviaw of producers in Zaria area revealed that maize 28a

may, rica Oriza sativa or whaat Triticum aestivum could he usaed.

The graing are steepad for 12-24 hours, wet-milled with spices,
ahout 4 quantity of tha wet-milled mixture is ramovad and mixed
with wet-millad aweat potato. Tha Jarger portion is galled
complataly with hot watar, allowead ta coal and pitchad with the
aliquot mixed with aweat potatn. Rouring procasa ig usually
allowed avernight bhafare sieving, following which tha suparnatant
i’ than sugared to ftasta. Cocoa yam can ha uged in place of sweat
potato and siaving aan bha dona hafore division into unsagqualled

portion.

Tha spices: ginger 2ingiher officinalae, nloves Rugenia

calophylloides, hlack peppar Piper nigrum and Xylopia aethiopica

impart tha desired flavour ta kunun zaki while the sweet potrato ar
cocna yam sarve to lighten up the gatled portion, making it #asy to
filtar and also serve ag 4 swaeetener, Fig. 1 givesg a4 flow chart of

traditional kunun zaki praduction in Aaria.
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2.7 Chemicals in Pooad Praservatian

Tha purpoge of food prasarvation is to prevant ar at least
dalay enzymatic and/ar microbial changes in food so that tha food
isa mada available at some futura time. That time may range fram a
few hours to several months, Pregsarvation involvas tha basic
principles of praventing anzymes and microhial activities in the
food o as  to  reftain as  far as  paskgible, thea ariginal
charactarigtic of tha food and impair ita nutritiva valua as littla
ag pogsgibla (Rrian and Allan, 1980). Tha principles are employed
in aavaral bagic tachnigues of food prasarvation, inaiuding use of
high temperature, use of low teamperaturas, removal of watar, tha
addition of inhibhitory chamical suhstances and irradiation.

Tha Faderal Food, Drug and Cosmetic Act (1975) designatas any
chamical which, when addad tn a food tends to pravant or ratard its
detariorabtion as a chemical preassrvativa. Every chemical added to
a food during the procass of its fabrication is not nacessarily
considarad to be a preservativa. Por example, in canning, if the
air in the head space is displayed with nitrogen, tha gas is not.
considerad a chemical preservativa added ta the food (Desrosier and
Dagrosiar, 1877}. Tha ganaral ragulation also exalude natural
praservatives or candiments from the classification af chemical
praservat ives. Thase include common table salt, sugars, vinagars,
apives and their nils, and those substances incoarporated into food
hy diract axpasure af tha praduct to woond amake. Tha praganca of
thega materials in foods nead not bha discionsed as praskarvatives

although natural preservativas may hava the same genaral action as
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chemical praservativas. Tn as much as the natural praservativasg do
not Aappear to meet the same prejudice as artificial prasarvativas

ancountar, the natural ingredianta ar  eaexcluded from this

considaration (TFT, 1975).

2.8 Effacts of Sodium (Na), Potassium (X) and lLead (Ph)
in Buman Kealth

Of the 52 natural chamical alementg, mora than 80 ara found in
hiiman hody tissue and fluids. Na and K halong tao the firat group
which are the assential macro ealemants regilirad in amnunts of
100mg/day or morea. Calcium, phosphorus, chlorina, magnesium and
giilphur baing thae athar essential macro alamants.

Lead helaongs to the 4bh group ocourring aAs trace contaminants
in man with no known function. Marcury, Rarium, Strontium, Roron,
Aluminium, Tithium, Reryllium, Rubidium, Gold and Silvar bhaing
othar mambers of this group. Tha 2nd and 3rd groups constitute the
aszantial micro or ftrace elanernts reguired in amounts’ af no mara
than a faw mg/day and sometimes only a few Mg a.g. Tron, Coppar,
Todine, flunrine among others and those naoessary for animals hut
not proved for man include fin, nickal, vanadium and most raecantly,
Arsanie and possibly Cadmium {(Donald, 1881).

The major sources af thass elamantg to the bhody include air,
food, water, heverages and aothar drinks and Ph traatment of cancar
patianta {(Doylea et Aal, 19%3). The nead for aloge and constant
monitoring af the level of lead in human dist is asseantial
considaring the health implication of this heavy matal and the easée

with which this metal can contaminate human fand and watar through
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the use of petral and petraleaum products {lubricants) in grinding
machina. Theses petrol and its products more oftan than nat contain
Ph in tha form of 1ead retrasthy) used as antiknock agants.

The functional rale of Sodium-potassium (Na-K) pump in the
maintenance of water equilibrium, ionic gradients and particularly
in the regilation of non-electrolyta transport, tha maintenanca of
acid-based eguilibrium and osmotic pressure and the role of K in
mataholism, «xcitability of narva tissua, tranamnissiaon of impulsaes,
contractility of misale couplied with tha adversa health implication
of deficiancies and excess of thase elemant calls far the nead for
regilar chack on these alements in human diet (Goldsmith, 1953).

Na and X requiraments are similar, Na is mare in the
extracellular fliuid while X ig largely found in the intracellular
fluid. Tha possible 1ink betwaan Na intake and hypertansion are at
prasgent inconcliusive, though Jerrold (18391 ) siuggestad that it may
contribute ta high blood pressure in sensitive individuals whan
consumed in excess anounts. Giround {(1973) noted that an axcass of
Sodium {Na) is dangerous for the mothar and foatus and facilitatas
toxemia, in which the alteration of tha spiral arteries of the
ayometrine and of the placental arteries rveduce the placental
circulation inducing growth retardatian. On the other hand,
hyperpofassamia causea mental confusion, numbness and tingling of
the extremities, weakness, pallor, ¢old skin, disturbances in
cardiac rhytha and paripheral collapse (Goldsmith, 1953).

Na and ¥ deficiencies caused impaired fluid balance, impaired

callular function and death. Diatary sources for Na are table
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galt, processed foods, meat, figh, poultry, milk and eggs. Thea
diatary sourcas for patassium include fresh fruits and vegetahlas,
oranges, bananas, peanut, butter, driad peas and heans, potatoass,
yoghiurt and wmeat {(Jerrod, 1591).

Twad is a cumilative rather fthan an acute poison. Tr is
ahsarbed from the gastrointestinal tract and from the respiratory
tract and stored in tissues eapecially bone (Touis, 1970). Lead is
a poison of enzymes, probably denaturing their protein moiaty. Tt
intarferas with porphyrin and hewe synthesis, and thus with
haemoglobin formation resulting in  anaemia that is usually
hypochromice but may be normachromic (John, 1970). Childran ahsorh
B wore than adults ({Rarltrop and Strehlow, 1977). Tt isa
aspacially dangerous to the infant brain and a number of raparts
have documantad an association hatwaan low lavel of P! and various
advarse neurophysiological effects and raproductive toxicology as
ragard varions health and developmental paramefars of the foetus

Aand new bharn (Nonald, 1881; Rrnhart, 189972a&h).

2.9 BRactarial Food Poisoning

Food infaction and food intoxication associated with bactaria

have heen attrihiited to organisma siuch as Staphyvlococcus, R.

— —t—

cereius, Salmonella, FE. ocoli, S8higella, Clostridium, Yersinia,
Vibrio, Aeraomonas, Canpylobacter and Tlisteria. Others includa

lLagionalla, Rrucella, Straeptococcus, Klebsiella, Cyvanobactaria,

Rorrelia and Citrobacter among others (Doyle at al

Over the year, Salmonella, F. coli, 3. aureus and B, cereus
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hava heen in thea fore-front of organisms asdociated with food
infection and toxXicity probably dua to tha ubiquitous nature of

thesa arganisms and thair close assaociation to man and animal.

2.9.1 Salmonalla Fond Rorne Tnfection: A number of Salmonalla
sarorypes hava haen implicated in human and animal disease tha most
prominent in human haing &. tvphi which is tha causative agant of
antaric fever. A lagk savara form of enteric feavar is also caused
by S. paratyphi B & C. The symptoms of typhoid and paratyphoid
favar include annraxia, headacha, malaise, non-raproductive cough,
ahdominal pain, favar, conatipation is more comman than diarrhaea,
rash and splanomegally (lLitcehfiald, 1980; Cheashrough, 1991,
Gragory et al, 1991). Othar Salmonella reratypes implicatad in

faod bhorna outhreaks include 3. typhviiriumg, 8. antaritidis, B\.

blockley, §. muanden and &. saint paul amang othars. Theas ara
aagaciated with Salmonalla enteritis and axtra intastinal
infections.

Ralmonalla toxing  include endotoxin, A-cytatoxin and
antaratoxin. Virmenca is madiated by chromosomal and plasinid
ancodad Factars. Tn contrast to food horne intoxication rasulting
from the ingeation of food containing toxins, in 8alaonalla "food
paisoning™, the intaat Salmoneila cells are the causative agents
and must ba conguned with the food ar water to calse 17 1nass.

2.4.2 Racharichia coli Pond Tnfaction: The pathogenic straing of

F. coli produces a numbhar of enterataxin ineluding heat stahle {(R7)
. CONY P g !

and heat labhile {(1.T) taxina, veracytotoxins {ahiga-like toxinsg),
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hasmolysing, aytotoxic necrotizing factors and cytolethal

distending toxin (Doyle &t a1, 1983).

The Enterotoxigenic F. coli (RTRC) stiaina cainae severe and

nftan fatal padiatric diarrhaea and oftan wmajor cause of travallars
diarrhosa and residents of daveloping countrias. The LT producing
atrain causes chalaraic diarrhaea, sudden explagive watery staal
without blood, offten accompaniad by abdowinal pain, vomiting,
tamparature may be siub-normal and dehydration being the causea of
death. The 8T strain produces watery diarrhoea without blood or
miciug, somet imes accompanied hy naisea, general walaise, faver,
abdominal cramp and vomiting (Cheesbrough, 1991; Takeda at al,
15393).

Enterchaanorrhagic B. ¢nli (RRRC) atrainz, otharwise Known as

shiga-like toxin prodicing strains of F. coli (8LTRC) cause

hemorrhagic colitiz dus to colonic mucosa oedama, erosion and
hamorrhaga. Diseasa is manifested by suddan savers abdominal pain,
watery diarrhoea followed by hloody diarrhoea, nausea and vomiting.
Haenolytic iremic  ayndrome {HUI) hegins  with diarrhaea,
thromboecytapenia, acute renal failure, lang tarm kidney damage and
drath (Karmali, 1%39; Lother at al, 189%85).

Entaropathogenic B. coli (RPRC) strains cause a specific type
of attaching and affacing lesion. Tha organism adhere intimately
and remave tha nictavilli {effacenent ) an miucosal ahsorptive calls,
FPRC may be causing diarrhasa by laoss of absorptiva power of
miicosal cells. TH causes travallars diarrhoea {Cheasbrough, 1991).

Fnternoinvasive . oo

N1 (RIRC) strain invade colonic mucnsa as
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in Shigella. The invasion of aepithelial cells aof colon causes
dysentry-1ike illness {Cheeshrough, 1891).

Fntaraadherant aggregative R. coli (RAggR(C) strains have haen
implicated as etinlogic agents of gastroentaritis in infants in
daveloping countries, most predominantly among prolonged cases of
infaction lasting up to 14 days {(Azizul at al, 1984). Many

childraen infacted with Fagg Fo experiance bloody diarrhoea. Raggeco

Are non-invasiva and do not cause any aobvious histological lesians
(Azizul et al, 19%4).
2.9.3 Staphylococcus Food Toxicity: Tn most food poigoning
incidents due fto §. aursaus, some form of taemparatire abuse has
acciirrad during preparation or storage of tha foond, to enable tha
pathogens to prolifarate to high numbers and produce entarotoxins
(Robert, 1988; Tranter, 1991). Staphylococci produces a number of
entarotoxing, exfoliativa toxing and a variety of protains
including coagulase (pradominantly by §. aureusd), protein A, alpha,
hata and delta taxin and Leucocidin, all of which could contribute
to the virulance of the organiam (Adaesiyiin, 1984h; Adesiyun af al,
1991; Michelle at al, 1994). S[ix of tha entarotoxins have hean
identified, purified and charactarized (SFRA, 8RB, B8R, 8RC,, SFD
and 8FF) (Rergdoll, 1830).

Recently, enterotoxin H & G has bean identified in 5. Alireis
(84 and Wong, 1995). Entearotoxin A is tha type most commonly

implicated in food poisoning outhraaks with SED next in order of

fragiancy (Rargdoll, 1880). The amount of antarotoxin necessary to
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catiae i11lness in human 18 not known, but evidence from food
poigoning outhreaks indicate that as littla as 0.1mg or less might
be siufficient for some individuals {(Rergdonll, 1980). AQymptoms of
staphylococcal food poisoning include abdominal pain, nausea,
vomiting, diarrhoea, faver, chills and prastration. Thase symptoms
are concluded to he due to direct action of tha enterotoxin in the

abdominal viscera (Rargdoll, 1930).

2.6.4 Racillis Ceraus Food Poisaning: R. ceraus has beaen
implicatad in isolated cases and outhraaks of food poisoning (Tithys
at al, 19983; Ahmad et al, 1995). R. cereus produces a variaty of
exoproducts that contribute to its pathogenicity in varying degree
and have haan characterized hasad on production of antearotoxin,
permeability and lethal factor, haemolysin, cytotoxin and
lecithinase {(Doyle et al, 1993). Tt causes twa distinet food
poisaning syndromes: Tha amatic syndrone appears 1-5 hra following
the ingestion of the contaminated food and isa due to a tharmo
atahble toxin (Shinagawa, 1990). The diarrhosa ayndrome (8
characterized by abdominal pain with diarrhora and appears after 8-
1A hirs {Shinagawa, 1990).

Tn most food poisoning incidents, sowe form of temparature
abiize has accurred during praparation or storage of food to enabla
the pathogens to proliferata to high numbar and produce antarotoxin

{Roberts, 1883).
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2.11 Antibhiantic Suscaeptibility aof FPoad Borne BRacteria

Misiisa and sub-therapeutic  lavels of application  of
antimicrobial agents in food production and diseasa control in
livestook and wan has 1ed to increase in the incidence of resistant
hacteria and drig resistance transfer (Kwaga and Ades yun, 1984;
Hmoh et al, 1880). Although diseasa contral and aconomic benefit
have been derived from the tuse of antimicrobial agents in man and
animals, the prevalance of antibiotic resiztance among wmicrobial
isolates fram food is a cause for concern. Adekeya, (1881);
Adesiyun, (1984a); XKwaga and Adesiyun, (1984); Umoh at a1, {(1990);
reported  the resistance of sataphylococci to commonly used
antibiatics and the widespread intarchange of animal and human
hiotype of 3taphylococci betwean man, aniwal and food. Multipla
antimicrohial resistance of B. cereus have hean documantad {Gill et
al, 1384; Hin-Chumg et a1, 1883). The antibiotie registance of RE.
colil wera recordad by 0jo and Moomow (1872) whila Pacurull at al,
571} and Hatha and Lakshman, (1995) rveported multiple drug

resiatance of 2almonallia. Walton {1971), suggested the aconomic

and coat benefits of the use of antibacterial agents in food
prodiiction and disease control must always bhe matchad against the
piiblic  health dmplications of the Jdevelopment of wmultipla

antibiotic resiatant atrains of pathogenic bacteria.

2.21 REntarotoxin Test

The Tigatad Rahbhit Tlaal-T.oop Test: Variaous enteropathagenic

hacteria of wan have heen stiudied using the Tigated loop of rabhit
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amall intestine (Moon at al, 1970; Kuboto and Tiu, 1971). S8pira
and Goepfart (1972) studied B. careus toxin using rabhit ileal loop
fast . The ileum of the rabbhit weie axtarnalized aftar
acalimatizing the rabbhit ta the laboratory and fasted for 40 houra.
The ileum was ligatad into six Yoops each weasuring approximately
10cm Yong, and separated by Som blank. Toop response meaaured by
fluid accomilation using the leum of oldar bhig rabhits was
aporadic and varely reproducibla, but loop rvesponse in  youny
tabhits was repradiucible {(Spiva and Goepfeirt, 1377}, FEnterotoxin
alone caiised fluid accumulation in the loap as neithar the nuwbhar
af cella nor the davelopwment of spores in the test loop played

significant role in aliciting fluid.

2.31 Hazard Analysas Critical Control Paint (RACCP)

The ahility to pradict microhial growth as a function of the
faod envirvonment enormously redices the extent of experimentation
and monitoring requirad to ansiure safety. To check the numerous
factars contributing to unsafea food, monitoring must start during
the design of a4 product. To ensuire an adegiate assessment of
safety, it is necessary to fully understand the processes, know the
type and sources of ingredients and a1l other components that make
up the product. This must he done to predict the types of cantrols
that will be necessary, 20 that whatevar goes oulb of the plant daoas
is Rafa.

Rilvia et a1, {1884) TOMAF, {1833) Sperhier, {15%1) 3chothorst

and .Tt’ll‘lgﬁhwu‘l . {‘iQQ?) notead that the HACCPE appraa.‘h canaist of the
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following elements: identification of hazard (a chance for, ar the
rigk of an unacceptable biolagical, chewical, physical and/or
aconomic property in a food product which may cause consimer
digtress or illness) and assesswent of theit severity and risk
(hazard analyses).
* Determination of caritical control points (cops) reguired to
control identifiad hazards.
* fpacification of acriteria that indicate whaethar an operation

ia under control at a particular cop.

* Eatablishment and implementation of monitaring systems.

* Exacution of corrective actions when criteria are not met.

% Varification of tha systam.

* Fatabhlishment of documentation concerning the ahove points and

their application.

The hazard analyses portion of HACCP is the identification of
sangitive ingredients, sansitive areas in the processing of the
food or ingredient, control of handling process, atce. from which wa
can identify the eritical points that must be monitored to ensiure
gafaty of the product.

The critical control points are those areas in the chain of
foad prodiici ion from raw materials tao finished prodiucts where the
lags of contral can result in an lnacceptalile food safety rvisk.
The systeam hase contial aver the process, the 1aw materials, the
anvironmant and Tha people, thus the finished product neaaded no
testing other than for monitoring purposes. The system can he used

ta contral any area or point in the faoldl production systam that
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could  contributa to  hazardous situation, whathar it he
contaminants, pathogenic microorganismsg, raw materiala, a process,
congumer  use directions, the distyvibution systen or storage
conditions. With adequate recording of each control/monitar the
final product i8 sura to ha safa.

RACCP differ from other planta in that the various quality
control procedures at various points of the process ware all put
togathar as a syatem, thus the syatem cannat go out of control
without the information being picked up throungh the monitoring
aystams ([perber, 1991; Tisler, 1691; McMeskin et al, 1597).

BACCP can ha applied in homes, food processing and service
antah1iﬁﬁmnnrﬂ. Unlike the traditional mathod, HACOP approach is
basad on an underatanding of the factors that contribure to
oiithreaks of food barne dissases and an applied research on the
acology, multiplication and inactivation of food horna pathogens.
Tha KACCP provides a greatar assurance of food safety than any
other approach and monitoring critical points is less costly and
more effeactive than analysis of samples and  inspection  of

processing plants.
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CHAPTER 3

MATERTALS AND METHOD

3.1  SAMPLTNG METHOD

Sample Collection

Two hindred and forty samples caomprising of 130 cellophana
packaged, 90 bottles packaged and 20 bulk packaged kiniun zaki wera
piurchased from differant producers/vendors araund Zaria namely ARU
Main Camnptis Samaru, Sabon-Gari, NDanmagaji/Wusasa and Zaria City.
The samples were transported to tha laboratory within 2 hours for
analysis in well 1ahallad sterile universal hottles, excepr for the
callaphane packaged <amplegs which were transported in  the
cellophane pack in which they were sald.

Threa of thae producers, one each from ABU Campus, Samari,
Sabon-Garit and Nanmagaji/Wusasa were identified and used as case

gtudy for Hazard Analysis Critical Contral Point (WACOP).

Fnumeration of Microorganisms

The cellophane packs were cleanad externally with 70% #thanol
to diginfact it Cellophane was pinchiured ising a4 aterile needlea
and 100m1 aliquot evacuated into sterile centrifige tubes and
sampled along with the bottled and biilk packaged samples using two

distinct sampling methods.

Method T: Concentration by centrifiigation:

NDiuplicate aliguot of sanples (10001 wach) were placed in

sterile centrifiuge tuhes, centrifuge=d at 5,000 rpm for 5 wmin and
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suparnatant decanted, lesaving about 2.0ml in each tuba. After
vigorous agitation, 0.2m) aliguot of these residues were used to
inoculate Nutrient agar (NA) for total aerobiec plate count, Raird

pavkar agar (RPA) for Ataphylocoaccal count, Rosine methylens Lhlue

{(RMR) agar for coliform count, DNaxtrose tryptone agar (DTA) for

Racillus count, Salmonella, Shigella agar (38A) for isolation of

Salmonellia and Shigalla hy spreading on agar plates and into each

of TLactose hroth for coliform teast and peptonea water for pre-
anvichment . Tncubation of plates and tubes was done at 37°c excapt

for a tuha of Tactoge hroth which was incuhated at 44°c for 24

hours.

Mathod TT7: Serial dilution:

Rach sanple was serially diluted in steérile normal saline and
0.2m1 aliguot of 107" dilution wara gpread on or into WA, RPA, ®MR,
DTA, &88A, lactose broth and Paptona water as in method T and

incubated accordingly.

Total aarobic plate count:

The spread-plate mathod was usged. About 0.2m0 aliquob of
concentrated/ditutad samples wera placed on nitrient agar plate and
apraead with a4 sterile glass spreader. Following plating, the
surfacea of medium was allowed to dry after which the plates were
invarted and incubated at 37'c far 24 hours. Frnumaration of

nmicroarganisms was done after 24 hours.
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Coliform Count and Confirmation:

The counts for coliforms were parfarmed as for total aerohic
plate count except that FMR agay was used in place of Wutrviant
agar. Confirwation of coliforin ware carriad out as follows: Tha
Lactose broth inociulated with samples was incibated at 37 and 44°c
for 24 hrs and axamined for eavidence of gas production {(indicated
by Dinhama tube in the broth), and reincubated for another 24 hrs
in the ahsence of gas production. The presance of gas constitute
A positive prasumptive test and the hroth streaked aiit on RMR agar
and incubated at 37%c for 24 hria. Typical colonias on REMR platas
appearing bluish hlack with greenish matallic sheen charactarisatics
of R. coli or brownish colonias oftean convex and micaoid
characteristics of Entarobacter aerogenes ware counted. Typical
colonies prodiicing gas in hroth and grown on FMR plates ware Gram
stained and stored an niitrient agar slants at 4°c. Gas production
in Lactoss bhroth svidenced by Diurhams tube and Gram negative non-
sporing bacilli revaaled by wmicroscopical examination confirma the

presance of coliform organisms.

Racillus and Staphylococcal Count:

Counts wete performned as for total asrobic plate count 1sing
Nextrose tryptone agar and Raird Parkaer agar raspectively. Targe,
flat iil-—.ju‘l-—i! whinikled or :-"-'.hu'n:”'r‘ "ljft}iilld-tj‘{diﬁ" 1".!‘11:'!{:%9’."{, 4-6inim

in dianeter were cointed as Racillus. Rlack, shiny, convex

S T " 1
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. Ritiin in diamatan an RPA wele cotint ad AS
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Taolation of Microorganiams

The paptone watar pre-anrichad samples ware sub-cultured anto
Selanite F hrath for seleactive anrichment, incubated at 37°%¢ for 24
hoursa and subsequently straaked out on 8S8A for Salmonella and

Shigella isalation. RPA and NTA wara inoculated with the pra-

anriched sample for Staphyvlococecius Aand  Racillus isolation
respactivaly. Typical colonies wera Gram stained and storad on
nutrient agar slant at 4°c. Pure cultures wara ohtainad from mixad
colonies following rapeated subhcultura. Prior to biochamical

characterization, the isnlates were chacked for wviabhility and

purity

3.2 HAZARD ANALYSRS CRITTCAT. CONTROI. POTNT (HACCP)

Hazard analyses and aritical contral pointg ware of threa
products (cellophane, packagaed, bottlad and bulk packaged) from
thraa differant producers around Zaria. Prodiucars wara not givan
gpecial instructiong, but ware ohsarvad ag thay carry out tha kunun
zaki praparation as usual.

The hazard analyses consisted of obhserving tha raw mataerials
nged, environment , kunun zaki preparation and packaging practicas
to identify soiurces and modes of actual or potential contamination,
Samples were taken at saquential atages of preparation and
sithgaqiiently testad for total aarohic plate count and for certain
pathogens.

The eritical control point consisted of measuring temperaturas

immediately after gelling, during holding and whan ready for
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sarving (consumption). Time and temparatire axposura/variation
ware also racorded. The thermomatar was washed, aleanad with 70%
alcobhol and allowed to dry bafore inserting into the product and
samplas were collectad in starile univarsal containers and taken to
lahoratory for analy’is A8 appropriate.

Obgarvations made during tha analysis were indicated in the
achamatic diagram of kunun zaki during preparation and holding.
Potantial sources of contamination from raw materials, aquipment,
utansils and parsons praparing tha kuniun zaki ag wall as likalihood
of microbhial survival or dastruction and likalihood of miarobial
miltiplication wara notad on tha diagram. Critical contral points

that nead to he monitared were indicated at appropriate staps of

tha oparations.

Nascription of production sites and producer:

Producer A livad in a two-bhadraom flat located closa to A.R.1U.
Main Campus, North Gata. Watar for kunun zaki praparation was
obtained in metal and plastic huckets from tap and atored in drums
and big plastic containers which ware all wall covarad. Tha
producer Xeesps poilltry, a cobbler workshop i3 cited faw yards fraom
the house. Prodiucer has a family of § which at the tima of atudy
apprarad all healthy. Two of the childran occasionally halpad in
the processing under the gupervision of their mothar (producer).
The finishad product is measured with a plastic cup into whita
cellophane packs, tied and sold ta members of tha campug community.,

Teft-aver kunin zaki were refrigarated and so0ld the next day.
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Producar B livas in a two-room apartment in a large compound
with aight othar families. Thea house is located amidst other
housas and closa to a motor park and a husy markat (Rahan-Gari
market). Water is abtained fraom a tap in huckets and stored in a
drum and clay pots, soma wera covered and soma wara laff opan.
Chicken, goats and dogs are usually seen moving fraealy Arnnnd the
compaund. Finished prodiuct is measurad into bottlas and vandad in
Sahon gari markat, Zaria and motor park hy the children. No laft-
avar wara ohsarved on tha two days the producer was vigited for the
purpoge of analysis.

Producer € lives in A well-fanced compound with tha normal
Talamia satting. Thara is a common kitchen far the two wives and
& children af tha family. Wataer for kunun zaki preparation was
ohtainad directly fram a well at tha centre of the compound.
Goatsa, shaap and chickans wara saan roaming around tha compound.
Finishad products ware sent in bulk to a cantean (Cafetaria)
located in the market at a suburb of Zaria (Danmagaji markat and
tha remaindar ware vendad in hulk by the childran. Taftavar kunun

7aki ware consumad by the mamhars of the family.

3.3 TLARORATORY PREPARATTON OF KUNUN ZAKT

Matarials - Millat (Peannisatum typhoides) and Guinea corn

{Sarghum bhicolor) wera used. These grains and ginger {(Zingiber

officinala), sweat potato (Tpomnea hatatas), red pepper (Capsicum

annun), clove’s (Rugenia calophyllioides), bhlack papper (Pipper

nigrum) and a fruit of Xylopia aethiopica weara obtainad from thae
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market , Samaru, Zaria.

Praparatiaon: The kunun zaki was praepared as illuatratad in the

flow chart in Fig. 2. The grains and spices wara picked avar hy
hand to remove all nnwantad particles. About 3.2kg of sarghum ware
debranned in a decorticator. This was then mixaed with 3kg of
miller, 1kg sweat potato, g clovas, 5g hlack pepper, 1g red papper
and Hg fruit aof Xylopia aethiopica and 120g ginger. Tha
ingradients were washad in warm watar and steapad for 4 hours at
room tamparature in twica itg volume containing 1% Ranzoic acid to
rediica thea yeast and mould flora. Tha 1% Banzoic acid was drainad
off and tha grains, sweat potato and spices staaped in 5% sodium
matahiaulphite for 8 hr to pravant microbhial contamination
(Akinrala, 1970). Tha grains, sweat potata and spicas ware drainad,
washad with distillad watar and wet millad, sievad through a fina
wira mesh screen (pora size 0.5mm by 0.8mm) to ramove tha pomace,
which was discarded. Tha filtrate was gellad by boiling for 20
minutaes, coverad and laft on tha labharatary hanch to sat ovarnight.

Railad water was used for dilution ta a moistura contant of ahout

95%.
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Raw Materials

cep Dragaing a&d washing in warm water
Tamparatura

Cer Stemp in 1% RBenzoir acid for 4 hours
chamical (to raduca tha yaast and mould flora)

preservativa

Cep Nirain and staeap in 2% godium
chemical matahisulphite for 8 hours {to
presarvativa pravant microhial caontamination.

Drain an! wash in diatilled watar
and wat miltad

Siava and discard pomaca

cep Roil fillarad liquor to gal (93°C)
Tamparatura

CCP Covar and leava on the hanch to
Tima sat ovarnight

Nilute with bnilnd.watar and add
RUGAr syrup to taste

| |
. !

chemicalpregervativas

Without Prasarvative {contrnl) Kix with Prasarvatives
ienﬁc Lna.‘u‘! ﬁﬂ&dﬂﬂ Rﬂ:‘in‘ nitriﬂ Ci#rir. Cil?.ria {‘.i*frir. amid Aardiim hnn:nnf_ﬂ‘
Aead acid Ranzs citrata acid Acid Acid (L] S {(0.1% +

f.1x  a i1x  4a.t2 01k .25 0.2% ¢ N.72% + Sadium ez 0.1t Badium Citrata 0 1t
Aadiim  Badium  + And Citrata
hanre Citeate 0. %

" 1% (P13

Zarn homdr Analymis

“*“::::égggaééhﬁgmonacn TRRTS

FLOW CHART FOR TLARORATORY PREPARATTOR OF KUNUM ZAKT
Fig.2 AND STINY OF SHRELF LTPR

oep = Critical Control Paint.
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3.4 STORAGR TRATS

Ratchas of the kunun zaki were prepared aa untreated without
presarvative {(contral) and treatad with presarvative - acetic acid
(0.1% w/v), Ranzoic acid (0.1%), sodium benzoata {(0.1%), =sodium
citrate (0.1%), citric acid (0.2%) and sodium henzoate/citric acid
{(0.1% and 0.2%), citric acid/sodium citrata (0.2% and 0.1%), citric
acid/sodium banzoate/sodium citrate (0.2%, 0.1% and 1.0%) and
sodium benzoate/sodium citrata (0.1% and 0.1%) raspactivaly. Rach
batech of 12 bottlas ware corked without pressura (C0O) in 35e]
hottles. All were storad at room temperatura (2842°%¢).
Pariondically, at daily intarvals for 1 wk, waakly intarvals for 1
month, monthly intarvals far 2 months and at intervals of 2 months
for & months, hottlas ware ramovad and the PH, titrable acidity,
Ph, Na,K, total organic matter, total solid, ash, moistura,
carbohydratae, lipid, nitrogan, crude protain and sansaory qualitias

ware measured over a period of 724 weeks.

3.5 SRENSORY ANALYSTS

The commercial and laboratory produced samples wara avaluatad
for colour, odoir, textiure, sweetnass, sourness and flavour on a 4-
point scale (four for V.good and one for V.poor) and for
acceptability by a panel of 6 judges (a1l men agad 28-31) gRaelactad
from within A.R.YW., 7Zaria. Thair selection was basad on
availability, intarast and familiarity with kunun zaki.

Acceptability rating during storage was monitorad on daily

hasig for 1 weak, weekly intarvals for onea month, monthly intervals
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for 2 months and at intarvals of 2 months for & months. Panalists
wara aach sarved with the kunun zaki samples and a master sheat
(Appandix 1) and ware reqiuired to taste the sample and to rate
thaiv overall impression on a 4-point descriptive scala from
V.good, good, poor to V.paor, which for analysis, ware gcoraed 4-1.
Assessors were provided with watar (28+42°c) with which to

ringe their wouths after tasting each sample ta avoid

mathodological bhias.

3.6 RBIOCHEMICAT AND PRYSTOLOGICAR CRARACTRRIZATION AND
CONFTRMATTON OF THR TSOLATRS

The biochemical and physiological idantification of isolatas
ware carriad out as describad by BRuchanan and Gibbhons, (1974);
Colling and Patricia, (1976); Cheashrough, (1991). Rriafly, tha

tegts ware carried out as follows:

A Catalasa Tasat:

Prasumptiva Staphylococcus and Racillug isolates on nutriant
agar slant ware tastad for catalase production. Tsolates waera
stispandad in a drop of 3% HLO. solution on claan glass slides.

Tha avolution of gas bubbles indicated catalase praduction.

R. Cnaqiilasa Test:

The tube coagulase test was adopted in testing for production

of coagulase from presumptive Staphylococcug isolates 1sing
freshly praparad human and sheep plasma. 1/10 dilution of

plasma wara made using physiolngical saline and inoculated
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with tesat arganiam, incuhated at 37°c far & hr. Tha tubhag wara
chackad avary 30 minutas for & hours far avidenca of tha
praduction of clot, gelling ar formation of a lanse webh of

fibrin all of which wara racordad as coagulase positive.

Haemnlysis of Human and Shaeep red hlond calls:

Prasumptive Staphylococcus and  BRacillug  tsolatas  wera

inoculatad an biood agar hase {oxnid) containing 10% human and
ahaap blond raspectively. The platas wera incubated ar 37°¢
for 24 hra and zona of haemolysis araound colonies wara
obaarved and racorded as aither alpha (0) whara thara is
incompleta haamolysig with graanish or hazy outlina raund tha
organiam, bata (R) where thera ig cowmplete haamolygis with
claar zona of haamalyais surrounding the organiam ar gamma (p)

whara thara 14 no haamolysia.

Phaogphataga Tagth:

Pragumptiva staphylococcus isnlatas wera inoculated onto
phanolthalein phaasphata agar and incubated for 24 hra. at 37°%e
aftar which it was axposad to ammonia vapour. Colonias that

turnad pink warae racorded ag phosphatase pogitiva.

Thdale Praduction:

A11 the Gram nagative ({prasumptiva E. aoli, Salmonella and

Shigalla} isnlatas weras inoculatad into Bacto tryptons bhroth

and "incubatad for 48 hours at 37%c and five drops of xylena
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was added to tha broth culture and were shakan gently. Five

dropa of Rhrlich'’ raagent was added and the tuhas ohgervad

for a roge-pink colour of indale production.

Methyl Red Test:

Prasumptiva Gram positiva and Gram nagative rods were testad
for acid production. About 0.5m1 aof MRVP braoth (dextrosa
phosphata madium) (Difco) wera inoculatad with presumptive
irnlates and incubated over-night at 37°c. A drop of methy)
rad solution was added and a bright rad colour was racorded as

mathyl red positiva.

Vngas-Praoskauar (V.P) Tast:

2ml of MRVP hroth (NDifca) wera inoculated with presimptive
isnlatas and incubated for 2, 5 and 7 days at 37°c and testad
for acetyl methyl carbinol (acetoin) production. A trace
amount of creatinina and 1ml of 40% XKOK were added, shaken and

obasarved for salow developmant of pink-rad colour after 1 hour.

Citrata Utilization:

Slants of Simmon's Citrate agar {Oxoid) wera inoculated with
test arganiams, incubated at 37°c and ohservad daily for 4
days. Colour change of meadium from grean fo blie was recordead

A" paritiva.
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Hraase and Motility Taat:

Tuba of motility indota uraa (MTU) medium {Racton) wara stah\-
inoculatad with tast organiams and incubated at 37°n for 24
haurs. Colour changa from yellow to pink in the madium was
racaorded as posgitive tast for lrease. Aftar 24 hours
fncubation, turbidity of the antira madium wara recorded as
pogitive for motility whila growth anly alang and the 1ina of

inocutation wara notead as nagative far motility.

Hz-q Praoduction:

Tast organiama were atabhad into and straakad on tha surface
of Tripla Sugar Tron {(T&T)] agar slant’ (axaid). Tha fuhas
wara aclosad langaly and incubatad for 24 hoursg at 37°C. A
blackening of tha mediam was recardad positiva for HS
production. Pink-raed glop and yellow hutf warae noted AS
positive for glucosa farmantation yallow slop and burt
indicated farmentation of a1l tha sugars {glucose, lactose and
aucroga) whila aracking of tha madia ware notad as pOﬁifiVﬁh

faor gas Production from glucose farmantation.
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Nitrate Raduction:

Tubas containing nitrate broth {oxoid) was inoculated with
test organisms, incubated at 37%¢ far 24 hours, following
which bhroth was teasted far the rediiction of nitrata to nitiite
hy adding sulphanilic acid reagent and alpha - naphthylamina.
A pink-red colour davelopwent was recorded as positive for
nitratase activity, whan thare was no coloir devalapment,
amall  amount of zinc dust was added and pink  colour
davalopment indicated negative nitratase activity and no

colour indicate complata reduction of nitratas.

Starch Rydrolysis:

Starch agar platas (NDifca) were spot inoculated with tast
organisms and incuhated for 24 hours. The plates were flooded
with dilute iodina golution. Farmation of cleaar zone around
colonies comparad to the background colour changa to bhlie-

black was taken a’s hydrolysis.

lacithinaga Tast:

Fgg yolk agar was inoculated with test organisms and platas
incubated for 48 haurs at 37°%c. nanes of apacity around
colonies ware racordad as positive for lecithinase activity

and ahsenca of apaque zone has negative resultis.

Reaction to Litmus Milk:

Tast organisms was inoculatad into tube of litmus milk and
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incubated for 3 days (72 hours) at 37°c. Formation of storay
clota and colour changa of indicator from mauve to pale yellow

wag racorded as positive.

P. Carbohydrate Utilization:

Prasumptive isolatas waere inoculatad in  phenolphthalain
peptona water containing 0.5% glucose, 1% wmannital, 1%
lactosa, 1% maltose and 0.5% xylose #ach and incubated at 37°%c
for 1-5 days. Acid production was indicatad by calour change
from pink-rad to colourlags while gas production wara
indicataed hy air bubbles in Durham's tubes. Pogitive and

nagativa rasults ware racorded accordingly.

1.7 R. caraus TOXTN PRODUCTTON AND EXTRACTION

Tha mathods of Kramar et al (1982) and Trunbull and Kramar
(1983) wara ugad for entarotoxin production in Brain heart infusion
broth (oxoid) with 0.1% (w/v) glucose supplemant (BHTG). The
medium was inoculataed with 0.5m1 B HTG culture grown far 18 hnurs.
at 37%¢ and incubatad for &3 hours at 37%¢ in a shaker at 200rpm.
At intarvals of 3% and 4% hours of commencement of incubation, 1m)
of 0.1N NaO® was added to aach toxin production wadium. This was
to alkalinize it to countaract the fall in PK in the farmentation.
This is bacause acidic conditians do not favour toxin production.
At the end of the A% hr incubation the cultires wara cantrifuged at
500 rpw. The supernatant was carefully decantad and atared frozan

in starila bottles at 20%c until required.
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3.8 RARRBRIT TLRAL-TLOOP TEST FOR THRE SCRRENTNG OF
ENTRROTOXTGENTC R. cereus

The test was conducted following the procedura of Duncan at al
(1968) and A&Apira and Goapfert (1872). Four rabbits weighing
hatwaan 1 .5-2.85kg were acclimatized in tha lahoratory for 1 week
beforae the test. The rabbits were axamined at tha Small Animal
Clinie of Veterinary Teaching Hospital, A.R.U., 7Zaria and wara
treatad for coccidingis. Tha rabhits were fasted for 48 hours
priar ta the operation {(extarnalizing tha ileum).

The surgery and loop tesat wara carriad out at the Departmant
of Veterinary Surgery and Madicine, A.R.U., Zaria. Tha vantral
side of the rabhits was shaven clean, about 1ml FKatamina
hydrochloride (100 mg/ml) was injectad intramuscularly into tha
rabbits as general anaesthasia and lidocaine a’ local anaasthesia.
The mid-ventral sida of tha rabhits wara incised, tha ileum
externalisad, ligated to form tast loops, aach approximataly 10cm
long and separated from each othar by a Sem blank loops.

Two wmillilitre of aach of tha antarotoxin extract wara
injectad intraluminally into aach of the loops using 25 gauge %
inch needle. One loop at the distal and of the ileum was injectad
Wwith sterile RHTG broth to sarve as the control. Tha ligatad ilaum
was then retmrned ta the abdominal cavity and the incision
stitched. Following racovary from anassthasia, the animals wara
provided with water, but no food and were allowsd to liva for 6
hoiirs, after which thay were authanized and opeanad up immadiataly
for examination. Tha langth and fluid valume af each loop warae

measured. Tha index of fluid aceumulation was derivad from the
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ratia of loop-fluid volume (m1) ta loop length {(em). Tf aithar the
control loop or any of the bhlank loops containad fluid, all thae
tests in the rabbit ware congidarad invalid. Ratio of fluid valuwe
to loop langth ranging from 0.2 to 0.4 ware considarad to ha mild,
0.5 ta 0.7 as moderate and 0.8 to 1.5 as gevara enteratoxin

activity (8Spira and Goepfart, 1972; Yusuf at al, 1992).

3.9 SKUSCRPTTRILITY OF TSOLATES TO ANTTIMTCRORTAT. AGENTS

Tha dige diffugion method of Rauer at al (1966) was used for
antibiotic suacaptibility taesting with glight modification using
Miiller Hinton agar (oxoid), Rradiskg and oxoid antibhiaotic multo-
dise  containing the following antimicrobial agents  and
concantrationsg: Rrodisks: Ampicillin (25pg); Caphalexin {25ug);
Cafuroxime {3pg)' Co-Trimoxazola ({50pg); Floxacin {10ug);
Gentamicin (10pg), Nitrofurantoin (200pg) and Tafrécyc]ina {50ug).
Oxoid multodisks: Ampicillin (2upg); Chloramphenicol (10pg);
Cloxacillin (5pg), Frythromycin (10pg); Panicillin G (1.5iu);
Sulphafurazola (100pg), Streptomycin (10ug) and Tatracycline (10ng)

Rrain heart infusion hroths {(axoid) were inoculated with tast
organiamg, incubated for 16 hours at 37'c¢ and used for the tast.
Onea  percant barium sulphate standard solution was 1sed to
gtandardize tha turbidity of tha cultura medium by viaual
comparigon aided by the bhlack line on the tubhe.

Whara tha guapension aof the organiam was lightar than
standard, the tuhe was centrifuged to concentrate the cells, and

whara turbidity exceedad that of the standard, starile saline was
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added until tha two suspeansions wara of the same concaentration as
judged by the vigibility of the bhlack linas. A starile awab was
immarsad into the broth culture and usad to streak tha surface of
a Muller-Hinton agar (oxoid), and allowed to dry before placing
antibiotic dises using starila forcaps. Tha platas wara invarted
and incubated at 37°c¢ for 18 hours. Tha standard positive and
negative control organisams used for this test wara oxford §. auraus
and sangitive R. coli (K.12 185Nx), lactose positiva and nalidixic
acid rasistance.

A tast aorganiam was considared susceptible to an agent whan
the diffarance in tha zone of inhihition in tha tast wara not more
than 3mm As comparad to tha zona of inhibition of the control

atraing (Stokes, 1975; Raughnath at al, 1981).

3.10 CHREMTICAT. ANALYATS

{i) PH and Titrahle Acidity:

The pH of diffarant samples ware measurad hy using Philips
digital PH matar model PwG409.
Titrahle acidity ware determinad on 10ml samplas against 0.1N

NaOH using phenolphthalein as indicator. A parcentage tirtrable

acidity was calaulated a’s follows:

ValVy 100
5~ = %y



47

where

N, = % Normality of the acid/ml (sample usaed)

Vi = Voluma of the acid (sample usad 10ml)
Na z Normality of tha base (NaOH 0.1N)
Va = Volume of the base or tirtre valua

{ii) Nitrogen and Crude Proteins

The official micro-Xjaldahl mathod (AOAC 16880) was usad to
datarmina tha nitrogen contant. Crude protein ware calculatad by
miltiplying tha % N hy a factor &.25.

Tha principle of this method is tha convarsion of tha nitrogan
of the nitroganots sihstance into ammonia by boiling (oxidized)
with concantrated H,804 which is fikﬂd by the axcess of acid as
ammonium snliphate. Suitahla catalysat baing essantial to increase
tha spead of tha reaction. Tha ammonia liharated i) treatad
directly with standard Hel using a mixad indicator and tha rasult
calenlated as %N, Staps involved include:

Nigeation:

Procadure: 10ml samples ware meagurad into a samall Kjedahl
digestion flask. A small amount of CUSO, and powderad K80, mixturae
ware added as catalyst, and 2ml of concentrated KRG added. Flask
wAasg placed in inclined position and heated gently on the digestion
atand until frothing ceases. Then heated more strongly to bhoil
gantly until solution claars and thea digest hacomes apple grean in
colour, the digeastion was continued for about 30 minutes longer and

stopped. Particlas of undigestad carbon were avaidad from sticking
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to the aida of tha tube. Rltank of the reagents alona were run at
tha gama time as hlank daterniinations of reaagent.

The digestad <amples were paured into tha distillation
apparatus which haa heen steamad thoroughly ta render it frae of
nitrogenous auhstances. Tha flask wasa ringad with 2m1 distilled
watar. Tha round glass atopper wara vaplaced and 10ml (40&) NaOH
poured inta tha digest for NB libaration. Tha NH; libarated were
collactad into Hml (2%} boric acid in 50wl conical flask. Tha
flask was rotatad to mix contanta thoroughly untitl approximately
25m1 of diatillate har been obtained. A hlank detearmination
axactly A’ abova hut with water in place of gample was carried out.
Nigtillad water was usad to diluta the disgtillate to AOmT mark in
100m1 heakar. Two drops of methyl red/Rromocrasol graen mixtura
ware added as indicator and ware than titrated with 0.2K8
hydrochloric acid to a faint pink colour.

Calculatiaon:

% Nitrogen = (fV, - Vo) x N, ¥ 14.007) x 100
W

1
whare
Vs, = Voluma in ml of standard Hel used in tha titration
V. = Volume in m! of gstandard Hel usad in the blank titration

N, = Narmaltity of Hol {0.02)
w = Waight of tha sample in Mg
14.007 ralative atomic mass of Nitrogan in NH

Thus % protein = & Witrogen x 6.25.
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(11i) Datarminatian af Lipid:

The Lipid contant of the diffarant gamplas wag datarminad
using Soxhiat ather extraction procadure of AODC (1880).

10wt of each sanmple was maasurad info a Soxhletr axtractor to
which 25wl dimathyi-ether was addad. The axtractor was rotated to
mix content thovoughly and ware allowad to axtract for 1 hour. The
athar/1ipid mixfture were extractad and athar avaporated to drynass

leaving only rhe 1ipid whnsa waight was taken.

% lipid = weight of lipid x 100
waight of sampla 1

(iv) Netarmination of maoistura contant and total golid:

Thasa wara detarminaed using tha hot air aven procadure of ADAMN

(1880},

10ml aof samplag warea waightad in a crucibhla of known waight

and oven dried at 120%c ta constant weight.

Moistura content = waight of ganple - waight of total solid

% moisture = loss in weight {(moigtura contentl x 100
waight beafore drying 1

Tatal anlid were determinad by =ubtracting the valus of moisture

from 160,
% total galid = 100 - R moisture or

waight of tatal salid ¢ 100
wright of aample 1

{v) Datarmination of Agsh contant:

The determination of ash was by tha use of muffla furnace AQAN

(18807}.
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10ml sample was measurad inta a4 crucible of known waight,
placad in a muffla furnace at BAOQ°c for ahout an hour until sample

hacoma agh.

% Ash = waight of ash X 100
waight of sample 1

(vi) Datrermination of Carbohydrate:

This was assayed by diffarence asauming tha waight of the
minaral alemants ro he negligibla and without taking othar products
guch as organice acids and othar products of micrnohial degradation

into conaidaration,

Carhohydrata = Total anlid - {Agh+lipid+Crude protein) or
: 100 - (Ash+Lipid+CP+maiature).

% Carhohydrata = % Total solid - (% Ash+%Lipid+%CP) or
100 - (% Ach+%Tipid+¥P+maistura).

(vii) Detarmination of organic matfer:

Thisa was daterminad hy diffarenca

Organic mattar = Total golid - % Agh or
CP + lipid + carhahvdrate

% Organic mattar = % Total salid - % Azh or
2 CP + % lipid + % carbohydrate.

(viii} DNetermination of Mineral alaments Na, K, Ph:

Thaga ware guantifiad with the use of flame photomater and

atomic absarption spectrophotomater {AAS).
Tha principle of thiz mathed is that Wa, K and Ph in tha
qample 18 aspirated and tha air {axidant gas) comprassor spraads it
as aarosol (droplats). Tn the prasance of tha flame, the alamants

are convartad to fres atows and they ahanrb anergy At A wavalangth
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apecific to the alaments and becoma thus axcitad. On conling they
fall back to tha ground stata libarating anergy related to tha
concantration of tha freea atomg in tha flama {and hence in tha
ganlution). Tha haat energy on falling ta a photo-sensitive
datactar, 1/ convertad to currant. This is now detected by the
dtal aof the ingtrumant ax aptical density {(ON) of the analyte
alamant [white side and Milner, msq““')- This OD is than comparad
with givan standarda to ascertain tha laevel of tha minaral
(alemant} as containad in tha sampla.

Procediira: 10m1 of tha aamplas ware measurad into a flask and
digastad with &0% parchlaric acid mixed with concantrated HNO, and
concantratad WSO, (A1l of analytical grada) Contents were mixad
vary wall and haated gantly until white fumes appear and than
haatad strongly for 30 saconds. Tha mixtura is then caaled and,
diatillad watar, added and furthar boilad for 30 aaconds. Aftar
which it was roalad and than filtarad. Na, X and Ph rontant of the

digast ware rhan detarminad.

STATTSTTCAL ANALYSTIS

Analyaig of varianca and correlation aoefficiant ware used in

analyzing the results {Spisgel, 1987
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CHAPTER 4
RESULTS

Out  of 240 =samples of "kunun zaki" eollected, 130 wera
callophana packaged with a total asrobic count range of 3.4x%10'-
4.2x1¢F cfu/ml, 90 werea hottled with count ranging from 4.5x10 -
3. 2x108 cfu/ml and 20 ware bulk packaged with count ranging from
1.5x10%6.2x10° cfu/ml {Tabla 1). Though method 1 {concentration)
gave higher microbial counts, analysis of variance showad no
gignificant diffaranca in ratas of microbial isnlation betwaeen the
two methads (P »0.08). Whila thae bulk packaged samplas had a
significantly highar mean total BRacillus count (1.04!10' afu/ml)
comparad to callophana packaged and bottled samples, the cellophane
packaged sampies and bottled samplas had a significantly higher
mean coliform counts of 3.60x10° cfu/ml and 1.8x10° cfu/ml comparad
to bulk packaged samplas which was 1.5x1§nf/m1. Tabla 1 also
reavealad thar bulk packaged and ceallophana packaged samplas had
gignificantly highar Staphylococcal count comparad to bottled
packaged samplasg (P < 0.08). Tt alsa raevealed that there was a
gignificant diffarance in tha maan total aerohic plate count, mean
total staphylococcal count and mean total colifarm count of
commercial and  labovatory produced samples. Thare was no
significant diffarenca in mean total BRacillus count of commarcial
and laharatory samples aexcapt for bulk packaged samples with a
count af 1.0x10' afu/ml.

Table ? shows that thare wers significant differences in

wmicrohial contamination of tha products from the producars comparvad
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to the laboratory product. Tt Also raveal temparatura drap with
prograsaiva incraasa in microhial 1oad during hold up. Temparatura
of 70-74°C used for gelling and tima intarvals during holding up
bafora pitching and tha PH drop during avernight halding up hafore
praduct is raady for conaumption appear to ba tha major critical
control points for all thraa producars.

The flow chart shawing hazards and critical control points
during preparation of "kunun zaki" for the three diffarant
praducarg are pragented in Figr. 3, 4 and §. PFig. 3 ravealaed that
producar A aiavad product bhafora gelling whila Fige. 4 asnd §
ravaalad that producars R and ¢ siavad product after galling with
hot watar. Producars A and B addad webt millad sweaet patato ab the
point of pitehing whila proaducar € stesped potato along with graing
and spicas. Tn all threaa proaducars, a small partian of tha wat
millad mixture of graing and spicas was usad fnf pitching. The
graph in Fig. & illustrate the tamperatura time aypogura of "kunun
zaki" for tha diffarent producars. There ware appraciahla
temparatnre drops within 1 hr for producars R and C as compared Tﬂ
prodilcer A and Tabaratory proceasging, probably beacausa hoth
praducers laft product uncovered after galling.

Table 3 showa tha paisgibla sourcas of contamination cominon to
tha thraa producers to include prasance of animals in or nsear
hatise, water vessels subject Yo contamination and contaminatrion
from raw materials and anvironmant.

Neither Salmaonalla nor Shigella was igolated from products of

tha 3 producears immadiately aftar galling, daring holding and whan
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packaged and ready far serving. BR. cereus was isolatad from all
tha thraa prodiucers, 5. aureus from producers R and ¢ and R. coli
from only producar R.

There was a significant diffarence in tha prasaerving abilitias
or prasarvative affact of tha diffarant presarvativas usad. Thesa
are illustrated in Fig. 7. From the figure, it is avident that
godium banzoata, sodium citrate/sodium henzoate, citric acid/sodium
benzoate and sodium bhanzoata/citric acid had battar prasarvative
affect. Fig. 7 also revealed that citric acid had no preservative
affact on "kunun zaki" and that citric acid and sodium citrate may
have hindaring effect on tha prasarvative ahility of sodium
henzoata, congidering tha fact that godium hanzoate alone had
bettar preasarvative affact than ita combinations with sodium
citrate and citric acid. An initial sharp rise in microbial 10ad
was ohsarved during tha 18t day (0.14 wk) followad hy a pariod of
almost no increase in microbial load for 1 wk axcaeapt in tha
control. A sharp drop in micrabhial load till tha 4th week was
observad excapt in contral and citric acid traatad samples in which
the drop was not sharp. Thig was followad by a sharp increase in
microbial load till 16th weak axcept for the sodium henzoatae,
sodium henzoate/sodium citrate, citric acid/sodium bhanzoate and
citric acid/sodium citrata/zodium henzoate traated samples.
Haowever, contral and citric acid treated samples maintainad highar
microbial count than other treated samples.

Tabla 4 shows the result of a four point hedoniec rating test

scorad by six panelists to deatermine the extant of the diffarances
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in the sansory aftributes of the commercial, control and treatad
samples. At zera hour, labaoratory prodiced samples without
presarvativaes {(control) was givan vary similar mean ratings ta that
af commercial samplas betwean 3-3.83 (good- V.good) except for
soirness which rated as poor (2.35-2.5). Texture rated as V. good
{3.50-3.83) while odour and flavour rated as good [3-3.48). At 24
hr, treated samples did not differ significantly from control and
commarcial Ramples excapt for citric acid, citric acid/sodium
banzoatea, and citric acid/sodium citrate treaated samples which
diffar significantly in sweatnass, gourness, flavour and ovarall
Accapranca whan compared to control, commercial and othar treated
samples. Acceptability of the control fell significantly to poor
{2.2) at 2 weaks declining rapidly thareafter (Appendix TY).
Fxcapt for citric acid/sodium banzoate treated samples, the ovarall
accaptability of sodium banzoata treated samples and samplas
treatad with mixad presarvativa containing sodium banzoate remainad
ralativaly hatter throughout thae atorage period when compared to
othar treated samples.

Table & presentgs  the biochamical, physiological and
antphological data for charactarization of microhial isalataes
ohtainad from "kunun zaki". The pathogenic bacterial organisms
isolatead inciude alpha and bata haemolytic 5. aureus, B. ceraus, F.
coli and Salmonella app. Out of the 10 R, ceraus ignlatas screansd
for antarotoxin produaction uging the rabhit i1aal loop tast § (50%)
produced toxin. Riilk packaged and bottled samplas had 2 (20%)

toxic gtrains each, whila cellophane packaged samples had 1 {(10%).
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0Of tha 5, B. careus ianlatas with poaitiva entarotoxin rasponse, 2
had mild and madarata reactions reaspactively with fluid/langth
ratio hatwean 0.2 to 0.4 {(mild) and 0.5 ta 0.7 (moderate) whila 1
gava davara reaction with fluid/langth ratio hatwean 0.8 to 1.5,
Rxcapt for one isolate that produced bloody fluid, all othara ware
atraw colourad (Tabla #)}. Plata 1 ia A photograph showing tha
rasnlts of the rabhit ligated iteal 1oop tast.

Riw (60%) of the 180 . auraus isoltates ware of alpha (00
haamolytic pattern and anagulated human and shaap plasma, whila 4
(40%) gave bhata haamolysis.

Tahla 7 pregants  tha rasultt of tha antimicrobial
fuscaptibility tast. GfF thae 37 isolates tastad, many ware
ragiqtant to the commonly usad antibioticg. Out of the 15 B. coli
teated, 13 (86.6%) werea rasiatant to cephalexin, 12 (79.9%) far
cafuraoxime, and 8 (53.3%} rasistant to ampicillin and satraptomycin
aach. All thea isnlates wara sangitiva to floxacin. Of tha 10 8.
auraus iRnlates (70%) were rasistant to panicillin and
atraptomycin, {(A0%) to sulphafuravole, nane was rasistant to-
chlaramphenicol  and gantamycin. One §. aAureils ifolata was
ganaitive to all tha broad speactrum antimicraobial agents used for
hath Gram positiva and Gram nagative organisms. Gf the 11 R.
careug igolatas 3 (27.3%) were resistant to each of arythramycin
and penicillin and 2 {18.2%) to ecloxacillin, ampicillin and
atraptomycin respectivaly. All were sansitiva to tatracyalina.
Tha anly Salmonalla strain isnlated was raesistant to 3 of tha

antibiotica and rensitive ta & of tha antimicrabhial agents.
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Tabla 8 shows the % raesiatance of the hactarial isnlates to
the diffarant antimicrobial agents as classifiad by Gram staining
raaction to dapict the normal practice use of antibhioties in
hogpitals for chemotharapy (Rryan 1987). While tha Gram negative
atrains showad high sengitivity to nitrafurantoin and floxacilin,
tha Gram positive straing showad high resistance to tetracycline
and chloramphanicol. Rath groups showed high rasistance to
ampicillin, streptomycin and sulphafurazole. Thase ara the normal
drugs of choice in the treatmant of common infections. Rxcapt for
tatracyclina and chloramphenicol, theare was no significant
diffaranca in regigtance of Gram positive and Gram negative
igsnlatas to the broad spectrum antibiotics usad for both groups.
The preadominant multiple antimicrobial resistance pattarn is
givan in Tahle 9. One isolate was registant to the antimicrobial
agents that are usually employed in the tharapy of both Gram
positiva and Gram negative organisamg. Tha most comman pattarns for
R. coli wara straptomycin - ampicillin (40%), streptomycin -
ampicillin - sulphafurazole (40%), sulphafurazola - ampicillin
{33.3%), siilphafuraznle - straptomycin (20%). The common patterns
for 8. aureus wara sulphafurazola - straptomycin (A0%), penicillin
- atilphafurazole (50%), penicillin - ampicillin {(30%), ampicillin -
cloxacillin (20%). And the most common pattarns for RBR. careus
ware penicillin - ampiciilin {18.2%) and penicillin - ampicillin -
cloxXacillin (18.2%).
Proximate analysis revealed thar there were no significant

diffarance (P > 0.05) hetwean the composition of the commarcial and
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lahoratory products except for 1lead (Pb) content which was
significantly highar (P < 0.058) in the commarcial product. Tha
laboratory product had lightly higher % caruda protein,
carbohydrate and lowaer lipid and moisture content {(Table 10).

Corralation analysis uging rank correlation method ravealad
that carude protain, carhohydratae and microbhial load during the
atorage period wara positively correlated while pH, lipid and
titrabla acidity wera invarsaly corralated to microhial load.
Thara ware no corralations batwaan microbhial load and 1ead contant
(Appandix TTT).

At a tamparatura of 28+42°C which is the normal aconomical
atata of atoraga, tha praoximate composition of "kunin zaki" showad
no appraciabla changas during tha antire storage period of 24
waaks, axcept for parcantage crude protein which differ in tha
control, citric acid treated, acatic acid traeated, benzoic acid
traated and citrie acid/sodium citrate treated samples whan
comparad to othar samples (Appandix TV). Thera wag a prograssivae
decraasa in moigtura content, pH and lipid content of "kunun zaki"
throughout the starvagea pariad. The crude praotein and total solid
increased dQuring tha storage periad. Appendix TV alsa raveal
fluctuation in carbohydrate contant during the storage pariod. The
godium (Na), potassium (K) and 1ead (Ph) contents remained almost
congtant. Thara ware variations in Wa, ¥, Ph contents and pR and

titrabla acidity of treatad, untreated and commwarcial samplas.
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TABLS 2
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lococcal
count

lCTurmi

Losid
9.6x10

1LUxiF

7.2x10
1.3x1F

1.3x1¢F

«10
8.0x10

8.0x10F

Baciiiys
wunt
cfu/ml)

ARG
i |
1.0x 10k
Land,
8. 1% 10y
2.5x1G
2.2x10
2.3x10
4.9x104
101G
4.0010%,
4.0x1P0
3.0x10y ;
7.3x10y

7.8x104
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TARLE 3

Patantial Sources of Contamination Obsarvad During

Bazard Analyaes of Producers

Analysis of Prodiucers

Prodicer
Sirca 1 2 3 Lahoratory
FARLER
Chickens in or naar hoisa X X X o
Nogr/Goata/Bheap in ar nkar holise ° X X o
RRTRRTC MTCROORGANTSMS FROM WATRR (INPROTRCTRD)
Wall watar e ° X o
Watar vadasals aubject to contamination X - X X b4
SPORRR FROM RAW MATRRTALS/FRVTRONMENT
Caraala {Sorghim, Millat) X X 4 X
Spicaa LR X X % X
tansila/aquipnants usad X X X X
Rweataning agent (&) used X X X X
Rafuaa duinp/waata papar baskal nearhy X X X X
Hearby workshop(g)/markat ' X o 0
Nearhy wajor husy road X X X %
Hotor parks/Ris stop naarhy X X o o

X = SOrcas present .,



Fiatraatad Srastad ot ¢ Tl " Luowe Taki’

L s

IABLE 4

181§ Roul

Sablié SENSArY ALLILDUTES 4G MBan Scares

“weeingss Odour Teaturs Sourness Flavour Colowr  Owerall

accaptance
Untieates (control}® 35 L3 LS 2.3 e 297 2.4
connercial®® .67 350 2.830 3.8 e 2.3 e
24 Hours

" o s call y o v a b r galh o - s7b
vatreated (control) 3.5G A 3.50 Z.9d .40 2,61 2,67
Acesic Acid (AA) 3.6 332 S0  2.MP P 287 2.47°
geazoic Acid (8A) 50% 3.0 80 2% e e b
Sodiue benzoate {58) 3.9% 3. 00 L¢P LaY a1 2
Sadiue citrase (5¢) J568 2 e LUE O LKY 24 2.8
Meeic dcid (58 2.56% 3.3 .50 1LR® 1.82% 260 .00
A i 28 WP L LS Lt 8% 265 1.80%
283788 D540 LN G5 L Lt 2. .Mt
Chi 585 oL 250 3. S50 2. LnP 2 ub
85 1 52 1558 3 e .UM LAWY &) 2.41°
: sean of scoras at zerc hous

5 e

.a

ek
s nhe

| Ay s smelaa
tighl <asnie8

jifferent superscripis are sigoificantly gifferent,
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BVESE ]
KORF 3Ual0uI0ak, FAYSIOLOUICAL, BICCHINIS

CHARACTARTLTICS AlD IDSNTITY (F

3a0ToF Tag O KULHUN ZaxY :
Gram Reaction tve rod -va rod -rod +ve cocci
Spore ohape oD - - - -- --
Catalase - N - -
Coagulase 0 ¢ 0 -
rhosznatase C C v T
Indole - - - +
llethyl zed + - + 0
Vi.?P. + - - -
Citrate - - + -
Urease - - - +
Votility s + + -
‘dtrate + + + +
51
Slant 4] Y R 0
Butt 0 Y Y 0
Lac tose 0 + - ¢
sucrose o t - 0
Gluccse 0 . . 0
Gas 0 + - C
HES - - + o)
Starch Hib v ¢] 0 T
Gelatinell + = = e
Lithmus ilk K 0 0 0
Lecithinase + 0 0 -
Haemolysis +B 0 0 +&3
garbohydrate
Utilization
Glucose +A +aAG + +A
lianni tol - - + *A
Lactose O v Ay + rA
kaltcse + T+ + TA
Xy lose - + + -
Identity Bacillus Cereus Ischerechia Salmonella Staphvlecoccu

Coli Specises _ aur eus

+ - Positive response
~ = legative resvonse
¢ = Lot ap;zlicable
R - Red (Alkalinc reaction)
Y - Yellow (acidic reaction)
A - acid Production
G - Gas rroduction
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TARLE 6

Entarotoxigenic Straing, Amonunt of Flaid Accumilation

and Colour diuring Tieal Loop Tasat

Tealateas Voluma of Fluid Volume/T.ength Charactarigtic
(cm) Ratio Fluid colour
76y RU 5.0 0.50 Straw Coloured
269, RU 6.1 0.6 Straw Colonred
314 CR 3.0 0.30 Straw Colouread
13y RO R.& 0.86 Rloody Coloured
345 RO 2.9 0.39 Straw  Coloured
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TABLE 7
Antibiogram of 3. aureus, €. coli and B, cereus isolated from Kunun Zaki

[ W) R S

AnLABLCTOUIal Freeiid. E. wii S. dureus B. Lervuy

(Corcernrabkion) nuiber (%) nunber (%) faitwr (%)
resistart Lo resistant WO resistant W

Chauramotrenicol (o) 5 (33.3) Q (0.0) 1 (9.1%

=i whbucemyc in v Gweg s i (46.8) 3 (30.0) 3 (zi. 5

sulehafuracole (10w 6 (40.0) 6 (80,0) L (%.1)

Clusaciilan [y - £ (20.0) < (8.2,

Peniciliin (1.5u) - 7 (20.0) 3 (272.3)

AaniLilion (Zeed) a (53.3) 3 {(30.0) 2 (16.2)

strevbomyein (10wa) 8 (33.3) 7 (70.0) 2 (18.2)

Tetracvilioee  (10wq) S (55.3) 1 (10.0) Q (0.G)

Ceohalexin {(25u) 13 (35.8)

Car furos 1 me (30w 12 (73.9)

Gerntamicin (10w 3 (20.0) 0(0.0) i (9.1)

Floracin (10w Q (0.0) Q(0.0Y G (Q.0)

Nitrofurantoin (200i) z (13.3)

Co-Trimxaiole (50wl 4 (26.8)

moicillin (25 6 (40.0)

Tetracveiiom (50w 4 (z6.8)

f Wwtal of 15 E. coli. 10 S. aureus amd 11 B, cwreus were tesied dﬁ-im 16 commonly  used
artimicrobial awents.
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TARLE R
PATANTAGA Haf ) RTANCS Nt _Gram PoaiTiva and Nagariva (saiatas

N & Harcanrage (b)
At Grame nagative
AnFamicranI Al AgAnTR I1AN IATAR Fag)RTANT

N A Harcantage (k)
nf Grama pasitive
TRAIATAR ramATANT

TATAL & Parcantaga ()
Af TAN|ATAR raR)aTANT
T o(n = 1)

{(CARCANT FAY 1AM ) A (h oz YR} ra (n =z 1)

[ApnA AR (25) 14 (A1 -nj'. xr at
Catirarin (g 14 (R A ax *r
Panieilim (1 Apg) s 10 (47 &P ar
cinracryiian (Spg) e 4 (19 ny xt
srrapramycin (toggy 9 e o 9 (a7 A" 1R (4K &)
Ampicrlian R D B G q (2% R)° 14 (17 R)
Frytaramyein  (1opg) K (a0 00 A (2R A)F 14 (17 A)
Ampiealian (25pg) 7 (4t Ay” 2 *t
Suipnaruraraila (10magy ko (si 5" 7 (3 Ay” 10018 1)
rarracyciina  (tigg) Ro(31 8" 1 (4.1 7 (1A 9)
Cnlaramphamient  (10pgy 5 (1 1)° 1 (4.1t AO(1R )
ca-Frimararala (Sihpgy 4 (76 " L1 *
Tarracyciina  (Ahpg) & (75 )7 % %

ANt AN 1R (topg) 1 (1R RO neo Ny (A 1)
Wirrafurantain (Z0oopg)y 7 (12 )7 wx ar
Fiavarn Liogg) 0 (o 0)® oLn o 0o ny

LR = Nat appi rcania

n = Pimhar Af 12N ATAR

ARCAA T pArcant Usiuse i roue uarp drffarant auparacraipe Ava wigrifrcant iy dyffarant
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TARILKE 9
Pradominant Parrarne of Miltipla Antimaernhial

hmmimranca nf B enly, 8 aursus and B caratf ([antarad from Kimem Zaks

F_ rFaly minhar (k) 8 aurans numnar (k) K rarsis mimnar (t)
HAg AT ANCA TN RAR1ATANCA TA Ramiaranca ro

HARIRTANCA VATTAIN n = 14 n = 10 n =z 11

B, AMP ho(4D) 1 (10 Q) 1 (9 1)

M, AME, RF ho(40) 1 (10 1) 1 (9 1)

A, AMP ALY %) 2 470 Q) n(n oy

B, Amp, % 30 0y 7 41R 7)Y

B, AME, 0On T 2 (M Ny 2 (1R 7))

P, R¢, A1 A (50 0) 1 (9 1)

Rt, & A L20 0y A (RO 1) O (6 iy

Ta ¥ f (33.3) 1 (10 ) 0 {00

P, AMP, R+ 4 (7R 1) 1 (10 Ny 0 (0 0y

Ham arant ra Ail 1 (k1) (N o) 0O (0 n)

Ranaifiva tn ALl 0o ny o0 0y 0 (n ny

] = Parierllan, BF = Suiphafurarnia, Amp z Ampiciiian, 8 z Aftrapromycin

Ta = tarracycina, (n = Clavacmvllin, B = Fryraromycoan
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TARLE 10

Proximata Crepasition of Commarcial and laharatory
Praduced Kunim 7ak)

Sampin L Narragan t Cruda t Lapia Carpahydratra t Norarira L Asn t Paral & Organmc  Na k Ma L} (1} en LS Firra- b
Pratain Salae Harrar (ppw™) LpP-) Lppey nie
' 1ol 24
iapnrarnry o (08K O | n il LY 91 hH 0 oA h A5 & J91 A R 0 O TRAA YR E S O DYATSD 0 YA et o 24 & nn
Commarcial 0O D80 n 1?2 0.9 N Gh KA 14 4 4R 4 W12 TR SR 0 UAYSA 107 95 0O 011295 Je mOB D MR 0 S 4 in
* = Valuaa nhrainad fram sara Bour Analya e

R Valiiaa AanTAIRAd frAm MmAAn A+ TUAIVA pAN AR RAWD AR

an = WaAAME U1TRIR YAUR UITH ditfATART RUPArRFTIPTR ATA ArgiitirANT iy drfrarant
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initial contamination
contamination from equipment /utensil surfaces likely
comtamination by parsong handling kunu likely
CCP coritical control point
0 survival of vagerativa form of bacteria likely
X inact ivation of vegatativae form of bactaria likely
+ propagat ion of hacteria likaly
S KPOTER
v vagat at ive calls.
F

ig. 3: Praparation of XKunun Zaki by Producer A
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INITAAL eraAmInatian 1ikaly
EONTASINAT ian Fral S PWART JIERNAT | giirfacas Tikaly
cantaminaTinn by parrane handling lorw Tikaly
oep Critiaal AaRreal poink
n AMTrival af vagatativa farm nf Bactaria likaly
) 4 inactivation of veagarariva farm nf hacraria likaly
* propagatson af hartaria livaty
f APATRA
v UagaTATIVA ralls

Fig. 4: Praeparation of Ximun Zaki by Producar R
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TEMPERATURE (centgrade)
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%
2
[# ]
§ 34
5 KEY
$ ONT Control untreated
§' CA———Citric add.
24 A—— Acetic acid.
S C—————Sodum citrate.
FBA—— Benzok acid
CASC———CA4sSC.
CASCSB—CA+SC+SB.
CASB CA+SB
SCSB SC+SB.
14 S B ————Sodium benzonate
0 3 § 9 12 5 18 2 % TME
(weeks

FI1G.7  Gruph of microbial load vs time during 24 weeks storage at 28 +2%
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CHAPTER h

NTSCUSSTION

A1 the 240 {(160%) "kumin zaki"sanples ware contaminated with

Bacillus s=2p whilta 221 (92.19) wara with coliforms, 216 {90.0%)

with Staphylocaccis ssp And only 1 {0.4%) was contaminated with

S8almonella.

The highast mean aarahic piate cnmint was 7. 5yl of cfu/ml,
Racilliig coitnt was 1.ﬂx1ﬂl(1fu/m1, Coliform count was 3.ﬁx1natﬁfu/m1
and Staphylacoacal caount was 7.3x107 cfu/ml.  Rased on standards
gaf up by Standard Organigation of Wigaria (80N, 1985) and the
TCMRF {1974}, it cniild he deduced that tha "kunun zaki™ kamples
wara highly cantaminatad. Tha high valua for aarahic plata count

and contamination ratea with Racilligg, Caltiform and 8taphylococcus

mAy be attrihuted fta tha wuhignitous digatributian of thasa
arganisiia, the method of processing, handling, (machine) milling,
raw matarialg, watar and tha anviranment. Tha matarials used for
packaying ¢oitlid algo play a role. The Staphylacoccu’ and Caliform
colints obtainad for tha produats at tha point of preparation and
#aleg aiittelt Aare similar to the valiies praviaiigly reported in this

ehvironmant {(Dnvorah ab Al, 19385).

The Stamdard Organisation of Nigaria {SON) siuggested that
Colifarm hactaria and pathoageanic micro-organisws should ba Absent
from aoft drinks (S0N, 1988). Tt has also been raeported rhat very

-
Ilil_]h e ity of L careig Txi Y i?ﬂ]?ﬂ;’g food {TlﬁHg ; 1{;?4} Aatrd

a population of at laast 10 cfu/g Faod of enterotoxigenic atrains



18
of Staphylocacci (Bargdoll, (1878} are raquired to pregsant any risk
of intaxication. A count of 10¢ cfu/g has bhaen suggastad as the
acceptahla liwmit for total bacterial in food, with 10L4{ﬁ!g Asd

marginal and Aabova 108 calls par g a] unaccaptable limit {TCMSF,

1674). HRowavar, a single call of Salmonella in fond calls for a

garious concarn (Litchfiald, 1980).

The highar pravalancs of Staphylococeud and Racillus in bulk

and celiophana packagad samplas comparad tao hottled kunun zaki
coilld ha attributed to the mode of handling of tha product during
packaging in callophana and constant axposura of hulk packaged
producta during falas. Thia constant exposure of hulk kunun zaki
couplad with the fact that huyars somatimas handlad the product
during Relf-sarvica could agqually hava accountad for the ignlation
af Kalmanella in only the hulk packaged product.

Tt ia of public haalth intarast to obhgerva that’apeciaﬂ of K.
coli, 8. aureus, R, caraus and Salmonalla wara datactad in kunun

zaki evan thoiugh in low catints. Tha isolation of B. coli from

kunun zaki ig not surprising finca thia arganiam hasa haan shown to .

sitrvive high temperature (Rraccatt at al, 1994), and acidic

conditions {Arocha ebf al,1992; Cutter and Sirogusa, 1984; Nonalad

and John, 19%5h). FE. coli and Staphylococcus aureus have aquatlly

baan ghown to thriva in kunun 2aki {(Onuorah af al, 1987). Tha high
watar activity (&} of kunin zaki has been found to equally prova
adequata for 3. auraus survival {(Ronia et al, 1993). The ability
aof Racillug app to faorm endaspares and it& known Qamo and

tharmorolarant nature {Fraziar and Wasrhaff, 1678; Ddinfa, 1987;
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Oranusi et al, 1994) are pointR] that could account for ita aurvival

in kunin zaki after gelling at taeamparature of 70-93°C and storage

with preaservatives.

Tha isnlation of Ralmonella from ona gampla of bulk packagad
kunun zaki is in agreement with the raport of 0Og”aoganya and Whang

{1991), wha raported taow pravaltance of 1dgolation of Salmanella app

from this product which could be attrihbuted to post-procassaing
contamination dua to poor sanitary condition.

Tha low counts of B. coli and §. aureusg in kunun zaki recorded
in this study may ba attributad to the inhibitory affact of clavaa
and tha low PH (4.76-4.80)of kunun zaki (Onuorah at al, 1987).
Thara 18 1ikaly to ba an inhibitory affact of tha axtracts aof thase

apicas on R. careus, Salmonalla, fhigella and othar pathogena

{(Rardman, 1972). The tharmal affact of galling Kunun 2aki may havea
atgn contributad tao tha low count of tha pathagans ignlatad sinca
organiamg axposaad to rtharmal procagsing or anthar advarse canditions
lika low PH as experianced in kunun zaki often raquire some
rasuscitation prior to plating on gelactiva madia. Tha Rhafp
increase in microbhial load during atoraga from 0 - 0.14 wk (Fig. 7
coild ha attributed ta activation of sporas by haat shock during
gelling ({Sinha and 8rivastava, 1988). Tha relative pariod of
significant incraase in microbial load during storaga from 0.14 -
1-0 wk (Fig 7) caiild ha attributad to axtanded Tag phasa poaibly hy
tha prasarvative e«ffact and anaarabic anvironmant careated by
hattling (Neskrosfer and Dagrosiar, 1977).

Tha diauxic kind of growth curva obtainad during the atoraga
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parind could ba attribitad to tha intarralatiaonghip that uaually
occliv hatweaan microorgatisma in guch mixad cultura as gaen in kunun
zaki (Oyayiola 1991) and alan to tha availabhility of diffarant
utilizahla nutrianta maetabholizad at diffearant parioda by tha
microorganiams dua to tha cataholita rapragaion of indoced anzyme
ayntheaia {Rinha and Srivaatava 1983).

Tha qignificant diffarenca in teaxture hetwaan laharatory and
~commarcial  gamplas could be associated to the usa of largar
diamatar aiava paorea hy commarcial producara, which would allow for
mora hiitk in tha product., Commarcial producta ratad battar for
swastness than tlaharatory produced drinkg praohably  beacause
commarcial producars may use mora affactive awaetanara auch aa
gaccharina. Commarcial samplaa ratad hattaer for sournass comparad
to lahoratory samplea, it could bha posgsihla that thare was littla
ar na farmantation in tha laboratary product comparad to commarcial
products ar tha yaaats which area the major farmantara prasent in
the commarcial product may hava haan desatroyad during tha morae
controlled labaratnry processing. Tha gignificant diffarence in
flavour and avarall acceptanca of andium bensnata traatad samplas
comparaid to the citrie acid treated samplias could ba bacause aitric
arid prasaentad no prakarvativa affect and as siich detarioratad
fagtar and also to tha natural sour taste of citric acid.

Tha fact that microhial 1oad ramained within acceptablia limit
throughout the starage pariod, suggests that detarioration in saona
gamplas ravaalad hy adansory analysis could ha attributed to

chamical and binchamical changar in the product aich as rancidity,
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pR changes and changes cainsad by products of microbial matabolism.

At the and of 24 waeks of starage, no datactabla detaerioration
wasn obsetved For sodium benzoate, citric acid/sodium bhanzoata,
citrice acid/godium henzoata/sodium citratea and g0dium
banzoate/sodinm citrate treated ramples. Howavar, only sodium
banzoata and sodium banzoate/sodium citrata traatad samplaes
maintained their acceptability at tha and of the atorage period.
Tha presance of aitric acid in tha othar presarvative mixturas may
hava contributed to thea defect in the others. Thig is bacaisge it
was tha only diffaranca ohgarved that could ha rasponsibla far tha
diffarance in accaptability of tha products.

Haat traatmant of food {(a.g cooking) not only improves thae
taste, samall, appearance and digeatibility, it alao render food
lass toxic, improva tha keaping qualitiag by killing moulds, yeasts
and bacteria that promota &poilage and infaction. Thus heat
traatment i8 a practicea aimed at improving tha ovarall safaty of
food and tharafora, which makes it a aritical control point (CCP).

Kunun zaki praparad by tha threa prodiicars and from thae
Tahoratary attained an immediately aftar gelling temperatiura of 70
- 93% (Tahla 2) that ghoild ha sufficiantly high to kill larga
nimbers of vegatative calls, but not heat resiatant sporas. Thea
high total aerobiec plate count of 1010 efu/ml  recordad
immadiately aftar galling from tha threa producars could ha
axplained aithar by survival of gpores which could have comae
initially from tha grains, spicas, sweat potato or swaal ing agents

or by reduction of bhut not total elimination of vary large niumber
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of vagetative cells that propagated during steeping. Tha practice
of pitching with fragh portion of tha wat millad graing, spicas and

dwral  potato, appear tha likely paint for contamination with

colifon ", Racillus and Staphveocous.

Heating during geiling and holding at ambiant temparature
diiring tha interval batwaan gelling and sarving appear to ba the
major critical control point of kunun zaki. Tnereaseas in total
aarobic plate count, Coliform count, S8taphylococcal count and
Racillius count ware observad ag the duration of holding was
pralongad, indicating that congidarabla micraohial multiplication
accurrad (Tahle 1). During the intarval of halding, sporas that
survivad galling could garminate and injurad vagatative calls can
resuscitate.  The high counts found at point of garving obtained
for products from prodiucara R and € could ba agasociated fo the
processing method adopted, congidering thae fact that thesa
producars siavad thair product aftar galling ag apposad to prodiicar
A and laboratory processing in which siaving wasa dona bafora
galling. S8eiving hafora galling could hava raduced contamination
by pathagenic hacteria that may reach tha praducta during and aftar
giaving. The anvironment wmay have tremendously added ta the
contamination rate considering tha presance of animals in and
around the premises of producars R and (.

The low count in the Jlabhoratory product could also bha
atbiibited to tha highar tamperaturae (530) of gelling comparad to
tampeiatites of 70, 72 and 74°C amployed by prodiucers €, A and R

reapactively. The Tow count could algo ha due to tha introduction
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0f vegetative cells that propagated during steeping. Tha practice
of pitehing with frash portion of thea wat millad graing, spices and
Awenl  potato, appear the likely point for contamination with

colifm W, Racillos and 2t APHVCOOCUS .

Reating during gelling and holding a4t ambiant taemperatiura
during the interval hatwean galling and sarving appear to ba tha
major civitical control point of kunun zaki. Tnereasas in total
aerobhic plate count, Coliform count, Staphylococcal count  and
Racilliis coiint were observed as the duration of holding wasa
pralongad, indicating that congiderahle microhial multiplication
accurrved {(Tahle 1). During the intarval of halding, aporaa that
aurvived galling could germinatae and injured vagetative calls can
resuscitate.  The high counts found at point of sarving obtained
for prodiucts from prodiicars B and & could ha agssociated to thae
processing method Adopted, considaring the fact that thaga
producers siavad thair product aftar galling as opposad to producar
A and Taboratory processing in which giaving was dona haforae
galling. B8aiving bafora gelling could have reducad contamination
by pathoagenic hactetr ia that way rveach the praductg during and after
sieving. The environwent may have tremendously added to thae
contamination rate considaring the presance of animals in and
aronnd tha preaises of producears R and €.

The low count in the lahoratory product could also ba

attribiited to the higher tamperatura (§3°C) of gelling comparad to

0 m~

fnmln-ldfialr-h of ?."-‘ 77 Aamnd 740 l-'llll'J.Iﬂyﬂti ]'J}' pl"l'}dllﬂﬂl.‘i r‘., A amd R

respectively. Tha low count conld also ba dus to tha introduction
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Duncan at al (19A8) is in opposition to this raport as distantion
was not observed.

Rix (AO%) of the 8. auraus werae alpha (&) haemolytic and
coagiitated hiuwan and sheap plasma, while 4 (40%) were bhata [A)
haemolytic. Thia raiges garious piuhlic health concarn since 6-
haemolytic &trains are likaly to ba human biotypes and wmore
antaratoxiganic than animal biotypa which are aoftan hata haamolytic
{Rargdoll, 16879). This finding is in agresment with that of
Onuorah et al (1987).

Tha rasistanca to antimicrobial agenta of various food-bornae
pathagenic bhactaria from thig lacation hava heen wall documanted.
Kwaga and Adesiyun (1984) and Umoh abf al (1990), raeported tha
antibiotic rasiatanca pattarn of 8. aureus from ready-to-eaat faoods
and from wilk and milk products raspactivaly. Hin-Chung et al
(1988) and Yusuf (1990) racordead the antimicrobial rasistanca of R.
caraus from diary products and flour bhased foods. Resisgtanca of R
cali ta antimicrabial were documented hy Qio and Moomow (1872).
Pocurull at al (1971); Watha and NLakshman (1995) reported miltiple
drig resistanca of Salmonella from animal, fish and crustaceans
ragpactivaly. Tha antibiotic rasisatancea of Staphylococei obtained
in this stiudy ara higher than valies from the resiult of earlier
studiags  recorded hy RKwaga and Adesiyun  (1934) excapt  for
ampicillin, chlaramphanicol  and  tatracyceline. Tha highar
pravalaenca of rasiatance to panicillin howavar, compare favourably
with 87.8% reportad hy Paul et al (1937). fimitarly, the %

rasistance of Ataphylococei from wilk and milk products racordad by
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Umoh at al (1990) ara lowar compared to the rasult of the prasant
afudy axcapt for the values aof tetracycline, chloramphenicol and
anpicillin, which are comparalile. These diffarances could hea
attributed to tha difference in the soirce of isolates, drug
ragiatranca transafar and the indigcoriminate and widespraad usae of
antihiotics in the anvironment .

Tha antibiograms of B. careus isolates from kunun zaki
obtainad in the presant gtudy is in agreement with the pravious
raport of Yusuf (1890) on the suscaptibility pattarns of R. carais
fram flour based products.

Tha finding that resistance to penicillin, ampicillin and
sulphafurazola war most pravalant comparad to the antimicrobial
agentg iqa in agreamant with those of previous studias in which a
highar % of resiatance to thase agents ware recorded {(Adekaye 1979;
Kwaga and Adesiyun 1984; Umoh at a1 198980. Tha pattarns of
ragistanca to antimicrobial agents recorded in the presant study
diffar from those reparted by Vusuf (1990). Tha wmultiple
rasistance pattarns of §. avreus recorded by Rwaga and Adesiyun
{1884) and Umoh et al {1830) is similar to the rasultrs of the
pregant study. The high % of &trains found in this study showing
resigtanca to the commonly used antimicrobial agents conld ha dua
ta their miguse in sublethal doses in medical and vatarinary
practica to prevant or traat infaections and 4also dJua to thair use
in faads ta promote growth. Hmoh et Al (1330) attributed the high
pravalance of reasistanca to  sulphalirazoles  among  othar

antimicrobial agents to the fact that this drug 18 commonly added
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to drinking watar in veterinary prantjae to prevent or ftreat
infaction in cattia. Thia ia not Rurprisaing hacatsa oursida of tha
hospital environment, tha general population has esasy access tao
varioud antibiotics at any driug store without prior prescvipfion by
a madical ar vaterinary practitionar. Ruglar and Sharris {1588)
hava eaarltiar shown that tha affactiveanass of any antibiotic
dacreasag in the abrance of a vational utilization policy, which
unfortunately iR virtually non-aXiatant in Nigaria. (Xwaga and
Adesiyun 1984).

Chamical  analysis  of  kunun  zaki  for oruda  protein,
carbohydrata and 1ipid ravealad that it posseasged Towar nutrient
contant rhan thosa of tha raw matarials in thig caga, the sorghum

and miliet graina ag reportad by athar workears {(Olatunji ab al,

1680; Rulse at al, 1980; Thakoronve and Ngoddy, 1835). Similar
nutritional losaes of maize, rarghum or millat in procarsing of ogi
hava haan raportad hy saveral warkers (ke 1947; Akinrale 1970;
Ranigo and Mullar 1972; lmoh and Fialds 1981.

Tha proximate ocompagition of kunun zaki obtained in the
pragent atudy diffar from previous report of Rdward at al {198R),
axcapt for total eolid, moistura contant and pR which ara gimilar.
Tha parcentage protain and fat for kunun zaki recorded in thig
afudy ia aimilar to tha raport of Sapada and Kasaum (1997), axaaplt
for tha percentage carhohydrate and ash which differ in bhoth
raports. Niffarancas may partly ba attributed to pnssihle
diffarancas in hyhrid of grains usad, quantity of other 7raw

matarialg and rata of contamination by impuritiaa. Tn the prasant
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atudy, no atatriatically Rignificant diffarence in the proximate
campasitian of the labaratory product and tha commarcial products
was found ewxcept for l1aad (Pb) contant which wag gignificantly
highar in the commercial products (P < 0.058 Anava). Thir may bhe
attritmtad to tha usa of patrol in tha grinding machina. SKoma of
Fhaga patirol contain retraathyl laad usad as anti-kXnock agent.. Thae
qignificant variation in Na, ¥, Ph, titrable acidity, and PR of
traated, untreatad and commarcial ramplas may ha attributed to tha
presarvativas usad, sinca aoma of tham ara highly acidie and nay
contain the ions ax impurities or componhant parts.

Tha prograsaiva dacraasa in moiature of kunun zaki during tha
ataragea period could he attributad ta avaparation to tha haad apaca
and utilization by micro-organiams for growth. Variation ohtrained
in carbohydrate compoaition could ha attribhutad to tha mathod of
diffaranca used in its datermination. Thir cnu1ﬁ‘ha harAausa all
othar compananta of btha madium othar than aruda protain, ash and
lipid, auch asg organic acid, valatita componanta and othar products
aof  wicrohial  and  chamical degradation were ragarded A
carhohydrate. Tha inaraasa in aruda protain, total snlid, ralative
dacreasa in pH may indicate increased micrabial activity and
apoilaga in tha sample (0Okoli and Fzanwake 1980). Howavar, tha
increasa in cruds protein without datactable increage in microbial
1load As obsarvad during the initial sbtorage procass could he
attributed ta increasa in wize without obvious increasa in numbar
aof arganisms. Tha ralativa dacraasa in lipid could be dua to

microbial wtilization, rancidity causaad by either moisture,
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micrabhial activitie’ or other chemical and hiochamical changes in

tha product {Rrian and Atian, 1980).
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CHAPTER 6

CONCLUSTON AND RECOMMENDATION

The high taotal asrobhic plata counts, and the isolation of R.
coli are indication’g of poor sganitation by the prodiucers and
contamination from tha anvironmant, whila the occurranca of & and
R haemolytic 5. Aauraus, antarotoxiganic R. careus and Salmonella
gapp in "kunin zaki" point to tha danger of food-borne infaction
that may raesult from kunun zaki congumption. Thig i8 mora 8o
judging from tha rich nutritional anvironment and the storage
tamperature siiitable for growth of thase organiams in kunun zaki.
Tt i8 suggested hera that propar education of producers will aid
towards tha production of kuniun zaki of battar hygienic atandard.

Packaging materiala and mathods appear fo contribute to
microbial contamination. Tn tha light of tha findinga of this
atudy, it is advocatad that bulk packaging bea discouraged
congidaring tha high risk of contamination aggociated with this
packaging mathod. Callophana packaging should aqually bhe
digcouraged congidering poggibla mighandling by retail stores and
kunu prodiucers. Tt ia al’o likaly that toxic chamicalas used in
callophane treatmant such as organic peroxides, estars of
phogspharic, ricinolaic and phthalic acids, antioxidants, organo-
tin-galts or calcium salts of fatty acida and microbiocidas can
leach into kunun zaki and which can be dangarous i€ consumed ovar
A period of rima. Rottla packaging shounld be encoiuraged with
aducat ion of producers on adaquate cleaning and disinfection of

bottles before tige and hygienic bottling methods.
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0Of intarest was the finding that untreatad %uniin zaki could
kaap wall for 2 waaeks. Thigs confirms tha advantage of goaod
sanitation and low initial numbar of microorganismg that could
callga  8spoilage. The good kaaping quality of sodium banzoata
traated sampla for up to 24 waeks at amhient temperature i8 an
indication that thisa wark could form the hasis for a pilot
production of bottled kunun zaki. Tt is obsgervad that the
aliminatiaon of tha raw portion of wat millad raw matarials used for
pitching which ancourages microhial contamination and gpoilaga
halpad to anhanced tha keaping quality of tha 13b products.
Howavar, tha alimination of thia g&tap in kunun zaki production
rastulited in kunun zaki without tha reguired sour taste. T¢ is
proposed that a atartar cultura ba introduced in the controllad
farmantarion of tha product to impart tha neaded sour rtagte. Tha
congumption and industrial production of kunun zaki ia advocated
hacange it i8 cheapar to produce dua to availability of raw
materiala. This will halp in consarving foreign exchange and
craating job opportunitias.

Tha fact that highar ragiatance to common used antibiotics
wara recorded in this study than was raecorded by earlier reports,
may point to the increasad miguga and abuse of thega drugs over
the yaar. Tt i) tharafora aof great concern ginca these drugs are
usad fraguantly in both madical and vaterinary practices. Thara is
therafore the need for a strictar control possibly by restricting
tha praseription and dispansing of antibiotiecs and othar drugs to

only qualifiad professionals. Fducatiaon of tha piblic on the
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dangars of indiscriminata piurchase and use of driugs especially
antibiotics ig also imperativa in the control of drug misusa.

Niiti1itional losses in preserved/stared kiiniin zaki recorded in
this study and in sinilar previous studies call for fortifying
kiinun zaki with rniftriantg from rich natural or artificial gourcas
in order to raise its nutritiva value aithar to tha taval of that
of its primary raw matearials or aven higher.

Furthar work should be carriad out on tha fungal, protozoal
and viral gafaty of kunun zaki since only the hactarial safaty was
datarminad in this study. Ffforta should also ha directad at
fortification of ¥unun zaki and possaibly at extending thaea shalf

life of kunun zaki for a longar pariod sinca only 24 weaaks was

monitarad in this study.
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APPENDTX T

Foir Point Nescriptive Scale for Sensory Scoring

.
e

.................... SampleCodea. .. ... ......NDate... ... .....

Pledse taste each sample and mark (%) a4gainst the ane that
Liest descaribies the attribute of tha kunun zaki.

Ringe vyour aoifh with water provided aftar testing each
sauplea. Answer the gieastions that follow too.

1 Colour 5. Flavour
4 - Milky white 4 - Slightly spicy
3 - Milky with brownish ting 3 - Modarately apicy
2 - Tight brown 7 - Vary spicy
1 - Rrown 1 - Not gpicy
7. Odour . GSweatness
4 - Odourless 4 - Moderataly sweal
3 - Neithar odourliess nor foul 3 - 8lightly swaat
gmelling
7 - Foul swelling 7 - Not swaat
1 - Rotten smell 1 - Rittar
3. Taxture 7. Ovearall Accaptance
4 - Very smoath 4 - Vary good
3 - 8lightly smooth 3 - Good
72 - &lightly coarse 7 = Poor
1 - Very coatrse 1 - Vary poor
4. S0UTness
4 - Moderately sour
3 - Alightly =Roar
? = Not sour
T - Vary saar
A Which sanplel(s) Lest meats your taste of a good kunun zaki?
R. wWhich saupieis) least meats your taste of a good kunuw zaki?
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Ragiilta of four Point Daescriptive Tests for Rangsory Attribites
of Untreated, Treatad and Commercial “Runun Zaki"

fample Sangory Attribiutes and Maean 3cores
Sweafness Odour Textiire Soiirness Flavour
Colom Overall
Accaptance
_ S lintraeatad
(control) 3.50 2.28 3.52 2.36 3.10 2.68 2./
Acabic Acid (AA) 3.50 3.30 3.51 2.34 3.40 2.64 2.R7
Renzaic Acid (RA) 3.49 3.30 3.53 2.32 3.41 2.60 2.648
Sodium banzoata (8R) 3.50 3.31 3.50 2.31 3.42 2.4 2.48
fodium citrate {(SC) 3.50 3.29 3.54 2.35 3.40 2.60 2.70
Citric Acid {(CA) 1.43 3.06 3.55 1.221.74 2.7 1.35%
CA + SR 1.55 3.31 3.5%1 1.30 1.78 2.67 1.78
CA + &C 1.3 3.22 3.53 1.51 1.81 2.66 1.8
CA + SR 4+ &C 2.51 3.25 3.48 2.28 3.38 2.60 2.A5
SR + &0 3.0 3.33 3.48 2.35 3.41 2.6R 2.70
?2 Waeks
IIntraatead 2.8 2.24 3.61 2.50 2.36 2.63 2.1
Acetic Acid (AA) 3.48 3.30 3.3 2.34 3.42 2.50 2.7
Ranzoic Acid (RA) 3.49 3.79 3.53 2.31 3.22 2.66 2.8D
Sodium henzoate (8R) 3.51 3.30 3.51 2.30 3.44 2.60 2.69
Sodium citrate {(8C) 3.44 3.34 3,55 2.37 3.78 2.3 2.587
Citric Acid (CA) 1.20 2.82 3.62 1.16 1.680 2.64 1.30
CA + BR 1.56 3.30 3.0 1.30 1.79 2.68 1.77
CA + 80 1.51T .22 3.55 1.49 1.82 2.8 1.56
CA + SR + &C 2.1 3.28 3.80 2.2 3.14 2.47 2.40
SR + &8¢ 3.50 3.33 3.50 2.38 3.44 2.71 2.6AA
4 Weeks
Untreat ed 2.80 2.13 3.63 2.83 2.30 2.70 2.01
Acatic Acid {(AA) 2.472 328 X558 2.32 .40 3.21 2.7H
Renzoic Acid (RA)? 3.42 3.25 3.60 2.33 3.18 3.22 2.480
sodinm benzoate (R) 3.49 3.50 3.53 2.30 3.42 3.11 3.41
Sodium citrate (8C) 3.42 3.41 3.61 2.34 3.721 3.33 2.7
Citric Acid (CA) 1.20 2.A0 3.3 1.16 1.50 2.54 1.21
CA + AR 1.45 3.33 3.54 1.30 1.80 72.65 1.47
A+ S0 1.48 3.10 3.A0 1.458 1.54 3.37 1.50
CA + SR + &0 2.82 3.44 3.1 2.25 3.30 3.38 2.47
SR + A0 3.3 3.2 3.53 2.33 3.43 3.16 3.00
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Zaro Hour
Sample Sansary Attribitas and Mean Rcores
Sweetness Odour Textiira Soiirness Flavour

Colour Overall

acceptancea

16 Waaks
Untreaatead 2.10 1.88 3.65 2.57 2.20 2.40 1.2?2
Acatic Acid (AA) 3.00 2.86 3.66 2.50 3.00 2.720 2.21
Ranzoic Acid (RA) 3.00 3.32 3.71 2.51 2.94 2.18 2.7°
Radium benzoate (8R) 3.4 .47 .73 2.32 3.29 2.50 2.52
Sodium citrata (SC) 3.01 3.08 3.74 2.64 3.00 2.14 2.7
Citric Acid (CA) 1.00 2.24 3.70 1.06 1.48 2.12 1.04
CA + S8R 1.34 3.00 3.68 1.08 1.68 2.20 1.21%
CA + RC 1.30 2.57 3.64 1.11 1.54 2.15 1.2
CA + SR + §/C 2.41 3.16 3.67 2.57 3.13 2.18 2.40
SR + A0 72.35 3.42 3.74 2.23 3.47 2.19 2.50
74 Waaks

Untraatead 1.50 1.70 3.70 2.69 1.88 2.09 1.02
Acatic Acid (AA) 2.80 2.30 3.83 2.60 2.10 2.00 2.172
Ranzoic Acid (RA) 2.81 3.21 3.80 2.60 2.03 2.00 2.1
Sodium bhenzoate (SR) 3.46 3.46 3.84 7.34 3.37 2.32 2.48
Sodium citrata (8C) 2.47 3.01 3.81 2.2 2.87 2.01 2.1
Citric Acid (CA) 1.00 2.14 3.84 1.00 1.32 2.01 1.00
CA + S8R 1.6 2.90 3.74 1.00 1.60 2.11 1.058
CA + 8C 1.13 2.15 3.74 1.00 1.54 2.04 1.00
CA + 3R + &C 2.22 3.09 3.84 2.83 3.12 2.10 2.17
3B + &/C 3.16 3.38 3.83 2.726 3.39 2.13 2.47
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Key to Corralation Analysis

Microbial Toad
Parcentage Crude Protein
Parcantage Tipid
Parcentage Carbohydrate
Parcantage Moisture

Ash %

Total [Salid %

(ppm) Sodium {Na)

{(ppm) Potasium (k)
{ppm) Tead (Ph)
Titrable acid

PH
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APFENG N
Cotrelation analysis of proxime e Compasiton and Miccbial lead of Laboratory prepared kunun zaki

Acetic Acid (AA) treated sample
Column 1 Covumn 2 Columa 3 Colurin 4 Coimn S Covurn Column 7 Cotumn8 Column  /umn 10 uinn 17 olurn 12

Celumn 1 1

Column 2 0271677 1

Calumn3d -0£1129 -0.48555 1

Celumn 4 ©544%89 0314777 -079207 1

Column 5 -027859 -092286 0550849 -060131 1

Column 6 003856 -060283 0450505 -058557 0767594 1

Celunn7 0281217 082191 -056308 0504254 -0 9398¢ -0 7655 |

Columnn 8 0280115 0935936 -054108 03567292 -099905 0.75365 (2992851 1

Colunng -043%24 078679 QTASTS3 -082259 Q945761 Q72872 Q84572 1827 1

Column 10 §395-17 -13E-16 365E-16 B56E-15 132614 -1 8E-15 -15E-15 13516 -48E-16 1

Column 11 0<0112 0839533 -035158 042376 -0 94148 -0 72291 0S40723 0946374 -0B2534 -5E-16 1
Column 12 -D27738 -09315 0557764 -0D58566 0999682 0763514 099942 090964 0940235 371E16 -024126 1

Benxoic acid (BA) treated sample
Co'umn ! Column 2 Column 3 Colurm 4 ulurn 85 Covmmb Coivmn 7 Cowmn8 Column 8 Zo/vmin 10 afevmn 17 Tolumn 12

Column 1 1

Celumn2 0181478 1

Colunn3 -0.75432 -0.13021 1

Column 4 (259427 0328305 -0280(74 1

Calumn5 -025477 -081034 Q271355 -0689¢ 1

Calumn6 045034 -034531 (815€87 -047503 0 52756 1

Calumn 7 0272556 090903 -028839 0575646 -0 99955 0 53132 1

Celumn 8 0159288 0939639 -018(99 058258¢ 03858 -0 50065 0 882063 1

Caolumn 8 0327 -089056 0475131 -0.41C88 090962 0683207 -090723 09 549 1

Calumn 10 0 0 977E-15 -63E-15 141E5 174E-16 167E-15 -1 4E-16 -T74E-17 i
Column 11 0358769 0792717 -0614561 0485763 -084951 077131 0836518 0827045 -0591832 -32E-16 1

Column 12 -04734 -08671 0527206 -059279 0922489 0663943 093143 -0.8C049 090462 156E-15 -095246 1



Covmn 1 Column 2 Colurin 3 Columa 4 Colurin 5 Coiunn & Cviumn 7 Coturand Cobtmn S iumn 10 Zatvme 17 Zalur

Sod:um berzoale (SE) reates sampe
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ym 12

Calumn 1 1
Ceolumn 2 00339083
Calumn3 059077
Calumn 4 027474
Columnd -0.41178
Column 6 0080632
ColumnT? 038797
Ceclumn 8 03283617
Column8 034816
Calumn 10 0
Calumnn 11 004418
Column 12 05221

5
-0.51506
0203313
-0 85528
-0.15586
093703

057228

-097117
447E-18
-0.82805
-0.00312

1
-0.79€89
0594878
-0.10%65
-0 58833
-0 48386
Q495562
1.16=-14
Q004778
0504228

1

-0 47041
0 42073
0465128
0186557
-0.17788
1.74E-15
025076&
-0 25268

1

003702
-0.99921
-0 9538¢
0551051
-59E-15
0.701392
0043332

Sodium Citrate (5C) treated sample

1

£ 02931
-01827
012967
-4 TE-18
0215556
023403353

i
0 E5610%5 !
-0.95296 -0 95906
AB65F-16 -¢7E-17
-0 70434
05783 00485752

-

24518

-0 87155 0856713
QE93 T E2EAS

1
J1E-16 1
-1 39198

wmin 11 Toivmn 12

Column 2 Columa 3 Column & Column 5 Cowusn & Column 7 Column & Cotemn & afumn 12 204

Column 7
Calumn 1 1
Column 2 DA437974
Caolumnd -0&3816
Columnd 027064
Columns 038513
Calumn6 057959
Column T 0320354
Column 8 0258307
Calumng -033408
Cglumn 10 02780584

Calumn 11 028777
Calumn 12 Q582195

;
-0.91961
0030752
-0 78808
-0.21622
0743%09
0827278
-0 79622
0841684
-0.42753
-0.38447

1
-0.23589
0.681537
0446174
-0 62639
-0.61373
0654966
-06331
0.358727
017358

1
-0.53555
0179314

0 55264
0160417

-cA4784
01433986
-0 71198
0 425685

1
-0 03475
-0 99438
-0.91138
Q 295427
-0.90853
0.805081
0041768

1
0095552
-0.00654
-0 03108
4. 02785
-0. 35598
-0 23926

1
0 908857 1
-099252 -0.93525
0904953 0998547

.
NS3176

-0 79533 -058058 (7994521

-0.05981

-0.24279 0099182

7
-1.568 i
-0 25183 021586

1
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Appendix Ill cont
Ciric acid (CA) veated samole
Colume 1 Column 2 Columa 3 Column 4 Column 5 Column & Column 7 Column 8 Cotumn 8 Zolumn 10 Dfvmn 17 /umne 12

Calumn 1 !
Colump 2 064854 1
Column3 085177 -06283 1
Colunn 4 0571298 0824021 -0.88792 1
Column 5 030822 -0.83411 0561161 -0.83472 1
Column & 068238 047737 0870827 -083352 0424332 1
Column7 0306009 0833625 -055€18 0834214 .0.99998 04236 1
Column8 0072281 0755068 -030838 0551351 -0.94978 -0.18289 0943826 1
ColumnS -0.13656 -0.65187 0438272 -067048 0911573 0.199188 -0.91207 -0.88916 1
Column 10 025454 (0815232 -05205 0806566 -0.99403 0.37813 0994077 0966884 0 8331 1
Celumn 11 044251 040842 Q570828 -O5377 0.55474 08361069 -055418 -0.35246 0.504568 -047973 1
Column 12 058582 042582 0885134 07617 0579448 0658207 -057748 03671 0621233 -056264 (628409 1
CA + SB reated sample
Coivme I Column 2 Columa 3 Column 4 ColuminS Covurmn& Cokumn 7 Column & Cotumn & Zelvmn 10 Zo/umn 17 lumn 12
Columnn 1 |
Calumn 2 0323013 1
Column3 01039235 0245593 1
Columnd4 045604 0684954 -0.29235 1
Column5 -031766 -0.72461 0.275699 -0.94165 1
Column§ -037248 0055814 -0.68344 0189893 -0.37235 1
Column? 0331692 0725488 -0.27236 0947218 -099981 0357707 1
Column 8 0503247 0825152 -D.15487 0939087 09631 0232503 0965855 1
Calumn9 -036684 -0712447 -002435 -0.84713 091823 005259 -092023 -0.88887 1
Calumn 10 030285 0722209 -027347 083817 -099979 (.33082 0993321 0958926 -0S1723 1
Column 11 033502 -0.76427 -041002 -0.72573 0.70896°¢ 0242981 -071438 -0.73552 0840074 -071109 1

Column 12 -0.38508 -0.66885 0325844 -095331 0992662 -0.34178 -099397 095977 0913533 -09908 0874347 1



Column 7 Column 2 Columa 3 Colurin 4 Coluzin 5 Cobumn & Coiumn 7 Cotumrn & Column 8 lume 10 Zolvime 17 e 12

CA + SC trezted sample

120

Column 1 1
Column 2 0585244
Celumn3 066186
Column 4 0478458
CalumnsS 028558
Column6 014532
Column 7 0298562
Caolumn 8 08636213
Column g -0£4307

Celumn 10 0253948
Calumn 11 0077125
Calumn 12 033%4

1

-07114 1
0848632 -084297
-07357 0524538
02385045 -0.08211
0734986 -0862574
0866972 -053725
079867 078394
0696618 -0.57318
-0 69049 0.462935
-0.79432 0587339

1
-0 93867
0534135
0338425
0502401
-0 93392
03121286
-0.683876
-0.92444

CA + SB + SCtreated sample
Covmn 2 Columa 3 Colurmn & Column 5 Coumn &

-0.77074
-0.9999t
-0.30238

D 88777
-0.99748
0661725

0.98696

0.770357
-0.15461
£.44277

0807534
-0.33593

07737

1
0301535
-0.85888
0 997457
-0 62914
-0.9858

Oobumn 7 Cotumn8 Cotumn 8 “olumn 10 lvmn 11 0umn 12

1
-0.48837 1
0250256 -086498 1
N as4as1 0528119 064204
039538 0878683 09835

1
N64az73

Columre 7
‘Column 1 1
Calumn 2 0443976
Calumn3 0177184
Column 4 017
Columns -0.12247
Calumn 6 0083758
Column 7 0353607
Calumn 8 0390853
Calumng 007197

Celumn 10 0.2¢3217
Column 11 -0.41292
Column 12 -0.12933

1
-0.14462 1
-0.286511 0.250843

-0.58737 -0.06535
0371907 0.062499

036778 -0.18302
D961204 -0.20354
-0.818623 0412056
0951867 -0.25482

-0.72459 -0.32449
05447 0442513

1
0.55863
-0.47458
-0.91595
-0.88731
0952589
-0.96109
0594413
0741386

-0. 15357
-0. 73507
-0.72496
062917
-0.67538

0.85187
-0.08295

i
0390323
0.462623

-0.2442
0.413071
-0 05488
-0.62423

0.991006
-0.89752
0.989428
-0 77783
-051734

1
-0.85556 1
0974724 -094054 1
073918 0600696 -0.70825
052787 0613501 -067628

-
-004768
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Appendix lll Cont
SB + SC treated sample

Covumn 1 Covumn 2 Columin 3 Column 4 ColumnS Column & Column 7 Colwmn 8 Column @ ~clumn 10 Zlvinn 17 Zoturin 12
Celumn 1 1
Column 2 05{9613 1
Column3 -D843%2 -06095 1
Colunn4 022024 -032281 0297548 1
Calumnn 5 01841 075472 0.292188 0477355 1
Column§ 0279418 -031291 0289338 027738 0353992 i
Column7] 0254317 0710121 -061733 -0.28848 -0.859%3 035647 1
Colymn 8 0303401 0958565 056 -085217 -0.7981z 040788 (074593 1

ColumnS -021558 -095842 0585805 0858278 O77177€ 0405467 -073454 099878 1
Column 10 0136467 0888782 -045275 -0.90857 -0.59333 038783 0563652 0632318 -023919

Celumn 11 007279 -06787 -00579 0695762 083512 0133393 048039 073822 0711988 -062318 1
Column 12 -0.89858 -0.62766 0785807 0402581 0114974 0013925 -027286 044038 7463204 -039102 -022411 1
Contcl sample
Covlumn ] Colums 2 Columa 3 Column 4 Qolumn 5 Covunn& Column 7 Cotumn 8 Column S Xelumn 10 lwnn 1] plome 12
Calumn 1 1
Ceolumn 2 05357123 1
Calumn 3 078630 -0.77¢43 1
Caolumn 4 -029581 -0.89583 0545811 1
Column 5 -0.32978 -0.80008 0424775 05273587 1
Column 6 -045038 -032673 0B683€78 0707311 0935774 1
Calumn 7 0144218 0513002 -0.13873 -0.17687 -08223 -0.7574% 1
Column 8 -004013 -052617 0433367 0597747 0255092 0389277 -0.08134 1
Column S 0110547 -027583 0095688 0134122 0425897 0364326 -0.49658 0759462 1
Celumn 10 Q 0 0 124516 -19E-14 -1.2E-18 -B4E16 -59E-14 492E-13 1
Column 11 -022512 -0.83926 0372663 067314 094882¢ 09710433 -081808 0276618 0327355 3 8E-16 1

Column 12 -025242 -0.1634 Q201477 -0.25334 0594095 049549 -076871 017021 03290338 -19E-15 036707 1
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PRI TV
Proximate Cosposition of Ontrastad {contral) and Treated
onen %aki* aring 74 Besks Slorage

Confral Saupie

Tine

torude 4 Yoarbe- dMoisture TAsh ¥ Total R T Pb Titrable PR
{Wawk) protain  Lipid  hydrata stid  (PPN)(PPM) (PPN acid
i

0 §.33 670 B §3.55 0080 RS0 TR AR AT 0.0 0.0 4.Am
1 1 5 070 5.0 2.8 p.08 7.3 AT 1815 g.00 0810 4N
? 1030 078 AN §2.58 0.080 740 AR OIRT D 0N 1RO
i 1612 050 RN . [ 2 I w5 1814 6000 00 45K
L] (O 1A I B .8 A T MR WA 0N 0N 4
16 1.800 0450  7.9%0 9.8 0.0 7.3 TRS56 1874 £.100 0.3 lSJlﬁ
pl 1813 0 0% .6 0050 T3 TEAS 1875 B0 0130 4150

heatic acid (AR} Traated Samples
1 1T TR Rl LU R R 7S TRV O 1 e e I 1
1 085 0 8.8 835 010 WA 4350 M50 010 0.0 18N
{ 1.0 0670 RATC 88 BMD M0MD AR 1250 000 034 1AM
8 g.80 0600  B.680 8362 0035 10.330 430 170 0900 0350 3.8%
" 1.006 0.570 .60 BE LMD 133 WY 160 0100 030 18N
n 1013 0520 8.8 8.8 0450 10480 430 100 000 333 3R

Ranzoic acid (RA] Treated Samples
1 0,925 0.1 N0 B80T 0% W08 4.0 136.0 0.100 0.0 0580
1 128 0T 8.3%0 8357 008 1049 4350 1200 0100 2280 AR
i 103 008 8.4k ARS8 006 1M 4330 100.0 0100 0.267 3.500
R 1000 0T BOW 05 1 WA N0 M0 0B 0N 1M
i 1.000 078 R840 EE I T L B (L 196.0 1100 0.100 0.260 3.260
L 1.0 0758 ATH 85 000 WA /00 100 0.MG0 0280 3510

fodiim benzoate (5R) Treatad Sampies
! 8% 0788 1N 0.4t 0% 15 50 150 400 04N 4m
. 085 0780 8.780 Hﬂ i LA @30 1150 0108 SN L8
2 BAE 0 AT 8948 0050 1082 SMG O 11R0 0.0 BT 4,800
16 0.8% 0.7 B.aN 8343 0188 0.5 S0 150 0300 010 (A%
: 0.8 0% A% 84 0O M wh 0 1R 000 0% L0

Sodiim citrata (50) Treatad Saaples
| 0.5 0.700 6.8 Wi aes Mib WID 20 030 7R
1 (N T I .00 AR B e R0 NS0 2200 T80 4880
{ 0.081 065 B 6 833 {25 :3 B0 A0 100 200 Ce0 430
8 107 080 A8 853 SO LMD RD VR0 2T 0180 LN
1% L1 S R R I8 ¥ EET SR iﬂ.!'iﬁ pll THD 708 0O L%
n 108 DA B 350 PN OWAR  BSD WAL G 0OSD LBR
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2.406
1. 18
1.480
1AM
1.400
1.0

1.780
7.500
1.700
1.5
1.880
PR

L

{.6ad
1.600
1.0
2.6
1.8%
1840

{480
{4640
435
RY
1540
184

Tppandiz TV cont.
orude 3 tcarbo- 1§ Woistura §had  §Tatal  Ma Po Titrable A
protain  lipid  hydrate aiid (W) (PPN} [P aeid
fitric acid (CA) Treatad Sasples
{ sd 8 e B IR NN B0A 1250 10.000 8.0
1 1.680 0.8 %310 fR.81 0450 AN BARG 125.0 10.400 0.%0
i 1% 0.8 9.3 R G180 41660 %00 1006 9.%30 0.20
8 1068 080 620 BREE 013 b END 1250 10.808 0.2
18 LRI KL R T 8.8 Gt 11280 G5 1.0 10.100 0.220
u 1988 O30 1050 B3 W NS WA 750 10400 0.8
Ch + 8 Treafad Saapia
1 128 0% g g6 418 1.3 0 1258 114 Q.
1 G.618 06680 9.9 8.7% R0 1.0 W50 0.0 .
| T 07 Ao BT 0 1.7 B50 1080 1120 6.0
g Gae o7 M @81 6t8 1M W58 1250 1140 080
14 0858 0% 81X 891 0T 10 STE0 1208 1 5
el 6916 0IW 9.4M B 0050 U ST 150 1% 0aMm
A + 80 fraated Sasples
{ 1ast  an 1 8.9 0% B0 S8 N0 0.8 0.8
1 LIE VI | (R 8900 4G WX 60 5.0 W
i f.oa 080 925 8.8 DG 11N L0 S0 W80 0.1%
8 1.0 063 438 .78 01 1l #0013 3650 6%
1% ot AN L WA 0% 1A A1 NS0 2040 020
H 1.807  Gelt g5 BN 0480 1280 5635 1150 W40 oom
Ch + 88 + 8C Treatad Samples
1 0.8 076 TR .05 6490 AR N 1050 2680 A
13 8.8 08N .08 . 0180 8.8 S0 150 %40 4
4 087 081 6.R% 0N 0. AN BI0 150 WA L
8 p.88 08 T4 . D0 800 AT 130 00 0.0
1 bR 0B .M L i T I D k1 I i R £
L .37 82 T L2 T R T B N 1 9 TRt R L B
T + 8C Traated Rl
! gan 0Tt B0 NE QS TS0 RS 8500 2150 09
2 0.875 3788 6.8 W AN fa MET 8500 WM LA
| DR 078 ASE §2.80 R0 T S0 8000 W 0%
B DI VI O (YR .00 BRE A00E SIS 6000 MR M
1 6.8%  67H b2 7.4 GiF TaN RN 0 NE 1IN
U 04 O SN D0 TR NG Bl MR MW



