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ABSTRACT

A total of thirty sanples of food condinents conprising of some
industrially produced (15) and traditionally fernented i ndigenous
condi ments (15) were examned for the incidence of different types of
m cro-organi sns of significance (Total aerobic plate count, Staphylo-
coccus aureus, Bacillus cereus, noulds, bacterial spores Sal nonella

Shigella, coliforns and faecal coliforns). The commercial flavour
enhancers had total aerobic plate count bel ow 1 x10%fu/g or m and

none of the different groups of mcro-organ.sns assayed for while the

i ndi genous condi ments had higher counts for these mcro-organisns in
the range of 2.- x 10° - 1.7 . x 10" four sanples each of the three

i ndi genous condi nents were faecally contanminated with faecal coliform
count of 2.- x 10%. A the indigenous condi nents showed various |evels
of contamnation with all the mcro-organi sns assayed for except

Sal monel 1 a spp which was found only in one sanple of 'ogiri-igbo at

a count of 1.5 x 10°.

The i ndi genous condi ments (ogiri-igbo, soyabean and |ocust bean ' dadd-
awa) were prepared by traditional nethods and in the |aboratory. The
fermented mash was oven-dried seperately at three tenperatures(50°c
for 7Y2 hours, , 70°c for -1/2 hours and 100°2: for 3Y2 hours). Two

bat ches of oven-dried condi nents were produced:

Drectly oven-dried and autocl aved, oven-dried condinents. The latter
were darker in colour than the forner. pHvalues at the end of fer-
nentation fell to lower values during sun-drying and oven-drying at

t hese t enper at ur es.

At the end of fermentation, the pH val ues observed for the |aboratory
and uncontrolled fermented condi ments were as foll ows:

8.3 and 8.- for locust bean 'daddawa’, 8.3 and 8.6 for soyabean
"daddawa’ ; 9.2 and 9.6 for 'ogiri-igbo.

Vi



During sun-drying of the fernented mash, the pH val ues dropped to | ower
val ues for both types of fernented condinmen:s. These values were 6.1
and 6. - respectively for locust bean 'daddawa', 6.7 and 6.9 respectively
for soyabean 'daddawa'. A slight differenceinpH (9.0 and 9.5 resp-
ectively) was obtained for 'ogiri-igbo which was not sun-dried but

packaged in broad | eaves.

The | aboratory fermented condi nents had higner glutamc acid content
than the uncontrolled fermented condi nents. These val ues were 12.00ng/g
and 10.50nmg/ g respectively for |ocust bean 'daddawa' 13.89ng/g and 12.92
ng/ g respectively for soyabean 'daddawa' 9.75ng/g and 8.25 ng/g respe-

ctively for 'ogiri-igbo at the end of -8 hours fernentation

The condi nents were packaged in polyethyl ens non-absorbent film

alum nium foil and a conbination of the pol yethyl ene non-absorbent and
alumnium foil. dutamic acid contents of these packaged condi nents
were not altered after storage for 3 nonths while those of the unpack-

aged condinments were altered.

The inportance of packaging our indigenous condiments is stressed.

Vi i
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CHAPTER T

INTRODUCTION

-------

Condiments are flavour or taste enhancers. They are made from pist&ibe
rich seeds through fermentation. They may be added directly to dishes
or as thickening agents in soups or moulded and used as 'meat' or added

to meat in small amounts,

In Africa, many proteinaceous seeds are fermented to make food condiments.
The raw materials include locust bean (Parkia biglobosa), melon seeds
(,Eﬁﬁl£glus vulgaris), fluted pumpkin bean (Telfaria occidentale), castor

oil seed (Ricinus communis), beniseed (Sesamum indicum), and oil bean

(Pentaclethra macrophylla). Cotton seeds may be used in small instances
(Odunfa, 1G85),

In South East Asia, Soya beans are fermented to give a varicty of products
which include amongst others -soy sauce {(shoyu), miso, natto, tempeh,
ontjom and shu-tou-shi (Steinkraus, 1983). Fermentation improves or
elevates the digestibility, nutritive value and flavour of the raw seeds.
These seeds cannct be consumed in the raw state because they contain
toxic substances and antinutritional factors (poon, 1973, Eka, 1980,
Odunfa, 1982).

Protein Energy Malnutrition (PEM) is one of the major nutritional diseases
facing many countries in Africa and hence formented vegetable proteins

have great potential as protein supplements in the diet (Steinkraus,
1983),

Recent publications on Nigerian plant protein fermentations includé those
of Odunfa (1985a) for locust bean 'daddawa' fermentation, Obeta (1983)
for 'ugba' fermentation, Popocla and Akueshi (1985) for Soyabean 'daddawa'’
fermentation and QOdunfa (1981) for 'Ogiri' fermentation. Bacillus spp

has been established as the fermenting organisn in these reports,

-



Wich the introduction of industrially-proeduced flavour enhancers like
bouillon cubes in Nigeria, most enlightened urban dwellers neglected
the indigenous fermented condiments. However, it was soon realised that
the boullion cubes could not substitufe for the indigenous taste enhancers
in traditional dishes as the latter's typically charadteristic aroma forms
an insepecrable part of the taste. Consequently, the indigenous condiments
now feature prominently along with imported ones in nationwide television
programmes in which recipes are advertised (Ogbadu, 1985), Comparative
analysis have shown that the nutritive value of 'daddawa' is much greater

than that of bouillion cubes (Okeoma, 1984),

Considerable quantities of food condiments are commonly used iﬁ garnishing/
flavouring traditional foods in Nigeria. These condiments are displayed
in open containers for sales in the market places. The only likely proc-
essing before use is grinding and pounding. Contamination by bacterial
spores including agents of food poisoning of such condiments exposed

to the atmosphere would be expected as these organisms are known to be

in the soil and atmaesphere (Frazier, 1967).

Other bacteria like Staphylococcus aureus are likely to be present because

of the manner of bhandling during fermentation, drying of the fermented
mash and even during marketing. Moulds in high numbers are also likely
to be found as they abound in the soil and atmosphere. Some of these
organisms are known to cause food intoxications (B. cercus, S, aureus,
'mycotoxin—producing fungi) and food infections (Salmonella and Shigella).

The involvement of some of these bacteria in food poisoning is well doc-

umented (Frader, 1967), gertain dry feod items are believed to enhance

the productien of enterotoxin (Miduraégﬁi 1970).

May of the commercially produced flavour enhancers on the other hand
are prepared under hygenic laboratory conditions and packaged and are
unlikely to be contaminated with hazardous micro-organisms. The colour
change as well as the way the product is presented to consumers unpackaged
make the aesthetic quality of the product not particularly appealing.
Consequently, the trend in most urban eentres is an over-whelming consumer
preference for and dependence on other industrially produced £flavour

.ephancers (bouillon cubes) such as Maggi and Knorr cubes.

-2



Apart from the presentation, it has been obscrved that most consumers
prefer the industrially produced flavour enbancers because they are more
convenicnt to use (Oyeleke, 1984), Apparen:ly, processing and packaging
of our local condiments in such convenient portiong of usage could poss-

ibly enhance their aesthetic quality and hence usage,

In view of the observations enumerated above, the present work is aimed
Cat:

a) Comparing the microbiological quality 3f selected traditional taste

enhancers with some bouillon cubes and sauce,
b) Monitoring of post-fermentation changes in the condiments,

¢) Devising suitable packaging systems for traditional condiments.
Since convenience is one of the reasons for consumer preference
and apparent dependence on bouillon cubes in most Nigerian cities
(Oyeleke, 1984), it is hoped that the modified processing and pack-
aging techniques would provide this convenience in the use of these
condiments and hence break the apparent bondage’ to imported flavour

enhancers among Nigerians,

"




CHAPTER 11

LITERATURE REVIEW

2,1 Raw Materials for condiment production

L]

The African locust beans Parkia filicoidea are leguminous seeds of

the genus Leguminosae. The seeds are dark in colour and are extremely
hard and inedible in the raw state (Tkenebomeh and Kok, 1984). Soyabeans
are also leguminous seeds of genus Glycine. The widely cultivated form
is known as Glycine max (Morse, 1950). Castor oil seeds (Ricinus comm-

unis) arc used for the production of 'ogiri-igbo’. Other raw materials

usvally used for condiment production include Beni-seeds (Sesamum indicum }

melon seeds (Citrullus vulgaris) and cotbton sceds.

2.2 Nutritive value and fcod uses of the sceds.

Oyenuga (1968) studied the nutrient contents of unfermented locust beans
and compared them with decorticated groundnut seeds, Parkia seeds had
higher crude protein and ash but lower crude fibre and ether extract
than the deceorticated groundnut seeds. The amino acid composition of
Parkia seeds were analysed and compared with thosc of soyabean meal,
groundput meal and hen's egg (Fetuga et al, 1974). The authors found
that lysine level was comparable with that of groundnut meal and hen's
¢gg but was deficient in the sulphuramine acids such as methionine and
cystine. Annegers (1974) reported that the limitving amino acid in the
savannah regions of West Africa is lysine. This is an essential amino
acid found to be higher in Parkia seeds than in most other legumes (FAO,
1970; Fetuga et al 1974). The levels in soyabeans and locust beans

have been reported as 6.10g per 16gN2 and 6.68g per 16gN2 respectively
(Fetuga et al, 1674),

Apparently, the use of 'daddawa' will supplement this deficiency. The
lipid content of Parkia seeds has been reported as 60% unsaturated fatty
acid with 40% being the essential linoleic acid (Platt, 1980). Soyabean
is very rich in protein and oil which is stored in small bodies, intetr-

spersed in the cotyledon.



It consists of approximately 42% protein, 35% carbohydrate, 20Z oil
and 5% ash. It is very high-in lysine but deficient in the sulphur
amino acids with its limiting amino acid being methionine (Hayword et
al, 1936). The oil is highly unsaturated and the carbohydrates are
made up of polysaccharides, raffinose, stachyose, glucose and crude
fibre (Hayword et al, 1936). Castor oil seeds are poisonous but contain
a useful purgative castor oil, Fermentation of the seeds produces
'Ogiri-igbo' (Odunfa, 1982).

The food uses of Parkia spp are numerous. The value of the seeds as
a nutritive fodder for domestic animals has been evaluated and found
to be a valuable source of protein concentrate for livestock especially
during the dry season when other supplements are scarce (Oyenuga, 1968;
Fetuga et _al, 1974; Oke and Umoh, 1978). The major food use of Parkia
seeds in West Africa for human is 'daddawa' which is produced by fermen-
ting the cotyledons of the seeds following the removal of the testa
of husk (Platt, 1964). The name also varies according to the localities.
For example, it is referred to as 'daddawa' (Hausa) and 'iru' (Yoruba).
The Velvety pericarp surrounding the seed is sweet to taste and contains
about 20% reducing sugar, 10-20% sucrose and 0.3% vitamin (Platt, 1980).
This is a useful source of energy and vitamin C amongst children during
the dry season (Fetuga et al, 1974)., The sweet pericarp is mixed with
honey or made into a fermented alcoholic drink (Dalziel,1937; Platt,
1980). The pericarp may be used for the preparation of a carbohydrate
food called 'dorowa' in Northern states of Nigeria. It is usually taken
with cereal grains (Fetuga et al, 1974)., Besides the use as a fermented
product, locust bean seeds can be roasted and used as a coffee substitue
known as 'cafe du sudan' (Dalziel, 1937). Indonesians and Malaysians

cat wholepods of Parkia speciosa raw or cooked as a vegetable referred

to as "petai" anJ also preserve such whole pods by salting (Douglas,
1972). Soyabean is processed either into flour, milk or paste and then
incorporated; into local foods. The beans are blanched by boiling for
15-20 minutes, dehulled, and blended into a paste with water or the
dehulled beans are dried for 2-3 days and ground into flour. The paste
can then be sieved through a muslin cloth after making a slurry of it,
to produce soya milk. The milk is heatec (boiled) for 15-20 minutes
and the scum is continually removed. About 25% of the flour required
for any form of pastry or baked foods can be substituted with soya

flour without any adverse effect on the taste.
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Examples are scybean cakes, biscuits, soya puff-puff and soya pancake.
The soya flour can be added to pap. The paste is mixed with cowpea
paste for the production of soya 'moimoi' und soya 'akara' which are
prepared by stcaming and frying respectively (Farynia, 1978).

Dehulled beans can be usced to preparce soyabeun candies by roausting them
or fermented to give soyabean 'daddawa'. Castor oil seeds contain a

strong purgative but can be fermented to a useful condiment (Ogiri-Igbo).

2.3 Some Virtues of fermented plant proteins

Fermentation is the application of microbisl merabolism to transform
simple raw materials into valuable products (Trevan et _al, 1987). TFermen
-tation can also be viewed as any process for the production of a product
by the mass culture of micro-organisms (Trevan_EE_Ei, 1987). A fermented
food is any food that has one or more of irs components acted upon by
micro-organisms namely bacteria, yeasts and fungi for a pericd so that
the final products have often undergone very considerable changes in
chemical composition and other aspects (Van veen, 1957). The seeds
used for production cof indigenous condiments usually centain toxic subst-
ances but Lhese are removed during fermentation. Oxalic, phytic and
hydrocyanic acids have been found in unfermentied locust beans, but cock-
ing and fermentation help to reduce the amounts of these toxic substances
below lethal levels (FEka, 1980). Soyabeans contain antinutritional
factors (eg. phytic acid) which may bind divalent cations and interfere
with Lheir metabolism but roasting of the seeds as well as fermentation

remove these unwanted substances (Coon, 1973).

Castor oil seeds also contain toxic substances such as ricin, ricinine
and ricinoleic acids, These are removed during fermentation (Odunfa,
1982)., Apart from‘the removal of toxic substances from the raw sceds,
fermentation also improves the digestibility of the seeds which in their
raw states are inedible. Meal made from undchusked Parkia seeds gave
low protein utilisation and low biclogical value when fed to rats (Fet-
uga ¢t al, 1973) but fermented beans had higher values of digestibility
and bjcological value (Oke and Umoh, 1978). Equally, the nutritive value
of the fermented product 1is higher than the raw seeds., Simic (1971)
reported an increase in vitamin content during fermentation of locust

beans especially ribeflavin,
—6—



This vitamin is deficient in the diet of Asricans and has been found
to be in the highest quantity in Parkia seed (0.51%) and 'daddawa'
(0.8Z) than in any other food legume or legume products (Platt, 1962
and 1980; Watson, 1980), The fermented cond -ments available in Nigeria
include locust bean 'daddawa', soyabean 'daddawa' 'og}ri-ijebu' 'ogiri-
nwan', ‘'ogiri-saro', ‘'ogiri-igbo', 'okpehe', and ‘'ugba'. In advanced
countries, better control of food fermentations by use of starter cult-
ures (cg. Manufacture of soya sauce) and appiication of optimum process
conditions has led to improvement in the quality of the foods. In cont-
rast most African fermented foods have not heen developed to any appre-
ciable extent as they are at uncontrolled traditional level operations

(eg.production of indigenous condiments).

2.4 Microbiological, biochemical and nutritional changes
in the production of indigenous condiments,

A lot of microbiological, biochemical and nutritional changes occur
in the production of African condiments by fermentation, 'Ogiri' refers
to the oily paste made from oil seeds in West Africa. They have strong
odour and are used as soup condiments. There are different types of
'ogiri' named after each ethnic group viz: ‘ogiri-igbo' (Ibo), 'ogiri-
nwan' (Nwan), 'Ogiri-ijebu' (Ijebu), 'Ogiri-igho" (fermented castor

oil seced) is produced by fermenting castor oil seeds (Ricinus communis).

These seeds contain toxic substances (ricin, ricinine and ricinoleic
acid) which are removed during the fermentation process (Odunfa, 1982).
Micrabiological examination of the fermented castor oil seeds showed
Ba€illus spp as the predominant micro-organism. Biochemical changes
involve the production of amino acids which can be detected following
the analysis of the fermented castor oil seeds by thin layer chromato-
graphy. These amino acids include cysteine, glutamine, glutamic acid,
phenylalanine, Lryptophan and tyrosine. The level of glutamic acid
was found to have increased in the fermented castor oil seeds (Anosike
and Egwuatu, 1980).

"Ogiri-ijebu' is produced by the fermentation of melon seeds (Citrullus
vulgaris). It is consumed by the Ijebu and ‘dndo tribes in Ondo State.
The melon seeds are boiled until soft and wrapped tightly in leaves

and left to ferment for about 5 days,

i, 28



The fermenting mash is smoked for about 2 hours and ground into an
oily paste which is now known as 'Ogiri-ijcbu' (Odunfa, I98I). Salt,
wood and potash may be added. The organisms associated with the fermen-

tation are Bacillus spp, Lactobacillus Plantarium, Leuconostoc mesenter-—

vides, Streptococcus faccalis, Pediococcus cerevisae and Staphylocogg us
aureus (Akindele, 1978). However, Odunfa /[I985) found Bacillus spp,

Escherichia spp, Protcus spp and Pediccoccus spp as the fermenting

organisms. Fungi have alsc been reported to be involved in fermentation

- of melon seeds and these include Absidia coryncbifera and Geotrichum

candidum but the low oxygen tension and alkaline pi of the fermenting
mash probably discouraged fungal growth. Th: biochemical change during
fermentation is an increased activity of tnhe proteinase anzyme which

degrade the vegetable proteins to amino acids (Odunfa, I982).

'Ogiri-nwan’ is produced by the 'Nwan' tribe in the Eastern part of
Nigeria by fermenting fluted pumpkin beans. Microbiological examination
of the fermented mash showed Bacillus spp as the fermenting organism,
Information on biochemical and nutritional changes in fermenting fluted
pumpkin beans is lacking in the literature. ’'Ogiri-saro' is produced

by fermenting the seeds of Sesame plant (Sesamum indicum), Bacillus

spp has been shown to be the predeominant fermenting organism , Information
on biochomical and nutritiomal changes in fermenting Mluted pumpkin is lacking in the

Litesuture,

Soyabeans (Glycine max) has recently been tri»d for 'daddawa’ production.
Traditionally, the seeds are roasted in the frying pan for 3 minutes
and then soaked in water for ome hour. They are dehulled by pounding
lightly in a wooden mortar after which they are washed. The dehulled
beans are then boiled for 45 minutes and pluced in bamboo basket lined
on the inside with washed banana leaves. The baskets are covered with
the same leaves and left to ferment at about 32°c.; 2°¢c for 2 days.
Fermentation is carried out by Bacillus spp and Staphyloceccus spp

(Popoola and Akueshi, 1985). Soyabean ranks high among the vegetable

protein sources in its pretein content. The microorganisms isolated
from soyabean ‘'daddawa' fermentations are similar t¢ those obtained

from the locust bean fermentations (Ogbadu and Okagbue, I988),

The oil bean seeds (Pentaclethra macrophylla} are used for 'Ugba' pro-

8-



duction. Obeta (1983) noted that Bacillus spp had been consistently
isolated and thus implicated as the fermenting organism., Oyeyiola

and Odunfa (1983) also isclated B.subtilis and Staphylococcus spp.

Kolawole and Okonkwo (1984), however, isolated the following organisms:

Alcaligenes viscolactis, Pscudomonas aeruginosa, Bacillus cerecus, Micro-

coccus varians, FEnterobacter cloacae and a Corynebacterium spp. Njoku

et al (1989) isolated Bacillus spp, Corynebacterium spp, Staphylococcus

spp. Biochemical changes involved in fermenting oil beans seeds include
an increase in the activities of &-amylase, proteolytic and lipoiyhh"
enzymes, increased levels of reducing sugar-, titratable acidity, pH
and amino nitrogen (Njoku and Okemadu, 1939), These authors noted
a seven-fold increase in the amino nitrogen level. 'Ugba' is a delicacy
in Igbo land and is commonly referred Lo as oil bean "salad" when served

with stockfish and garden egg.

Locust bean 'daddawa' is obtained by fermentation of locust bean seeds

(Parkia filicoidea Welw). Microbiological examination of the fermenting

mash showed Bacillus spp (B.Subtilis and B. pumilus) as the predominant
organism (Odunfa, 1985b and Ogbadu, 1988). Antai and Ibrahim (1986)

however, isolated B.subtilis and Leuconostoc spp (L.mesenteroides and

L.dextranicus). Biochemical changes occurirg during fermentation in-

volved the replacement of flatus-inducing oligosaccarides with reducing
sugars. The oligosaccharides include raffinsse, sucrose and stachyose
while the reducing sugars include galactose, glucose and fructose(Odunfa
and Adesomoju, 1985). These authors also studied the free fatty
acid composition in the fermented mash and found palmitic, stearic,
oleic and linoleic acids. Changes in the vitamin content of locust
beans during fermentation have been reported and these include an
increase in riboflavin content (Simic,1971 ) and a decrease of &hiamine
and niacin by 86Z and 30Z respectively. Anialysis of several samples

of ‘'daddawa' from Nigeria showed that riboflavin increased by 60%

during fermentation.
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Okeoma (198.) noted/the nutritive value of locust bean 'dgddawa was
higher than that in bouillon cubes. Proximate analysis of locust bean

'‘daddawa' were 3+.15g/l6g N9 crude protein, 3-.80/16g N, lipid, 21.076
/16g Ny - carbohydrate while these of Maggi were 11.56g/16g N3, crude

Protein:, 5.52g/16g N, lipid, 16.55g/16gNy carbohydrate and those of Knorr
cube were 19.02g/16gNy crude protein, 8.77g/Np lipid, 11.22g/Nj carbe-
hydrate. ‘'Daddawa' is a flavoursome protein and fat rich condiment which
is used in traditicnal soups that are usually eaten with cereal based
dumpling and porridges. The flavour intensifying properties of 'daddawa'
has been identified as glutamic acid and small amounts of incidental

alcohols produced by the fermenting micro-organisms (Hesseltime, 19653).

FLAVOURING COMPONENTS OF BOUILLON CUBES AND SOYA SAUCE:

The major flavouring compound in bouilleon cubes is glutamic acid which

is present in the form of a salt-monosodium glutamate. (Food Tech, 1980).
Sixty three volatile compounds have been isolated by various investi-
gators from soya sauce. (Steinkraus, 1983). Glycine, arginine, histidine,
putrescine and ammonia when conjugated as salts with glutamic acid have

a delicious flavour (Steilnkraus, 1983).

2.5. THE MICROBIOLOGICAL QUALITY OF DRIED
FOODS AND FOOD INGREDIENTS

Obuckwe and Ogbimi (1989) studicd the prevalence of B.cereus and S.aureus
in some non-fermented condiments (Shrimps, prawns, black pepper and paprika)
and noted that B.cereus counts ranged from 0-1.1 x 10~ for paprika (Capsicum)
l.- x 10" - 2.5 x 10* for Caridonia (shrimp) and 1.0 x 10* - 2.0 x 10* for

Macrcbranchium spp (prawns). 807 of all the food condiments contained more

than 109 zerobic bacteria per gram. They observed contamination of

Capsicum samples by large numbers of Bacillus cereus and suggested that they

may be responsible or contribute to common upsets and diarrhoea., Bacillug
has also been isolated from dry milk (Orakwue and Uraih, 198l), pulses and
cereala (Blakey and Priest, 1980) and spices (Powers et al, 1976, Seenapa
and Kempton, 198) . Staphylococcal food poisoning is a food intoxication

in which S.aureus grows in the food and produces a toxin in it,



Coagulase-positive staphylococci have been found in dried pasta
products (Gibbs, 1986), Meat and meat products (Kwaga and Adesiyun,
1983). Molds and yeasts have been found on dried foods such as
dates (FAO, 1979)., Mesophilic aerobic bacterial spores have been
found as contaminants of spices, enzyme preparations, gelatin and
supgar  {Farkas, 3984),  Salmonella has been found in dried foods
such as non-fat dried milk, dried egg albumin and yolk, macaroni
and chocolate (Gibbs, 1986).

2.6. Post-fermentation changes in fermented local condiments

Okcowa  (4984) noted o change in colour during the drying of the
fermented locust bean samples at 50 - 55 in an wir-oven. Seeds
that were dehusked mechanically before cooking and fermentation
changed to light dirty yellow while those that were cooked before
dehusking and fermentation became darker.

Platt (1980) reported similar colour changes and attributed this
to polyphenol oxidation of naturally occuring phenolic substrates,
These are probably formed by the breakdown of anthocyanins and {lav-
onotds  (Braverman, [963), 1In another report, Hulmoe (1974) stated
that all polyphenolases are easily inactivated al temperature between
85°C - 95°C. Non-enzymic browning or Maillard reaction may be respon-
sible for the observed colour change during the drying of the ferm-
ented  locust beans since fermented samples are known to contain
about 43%Z protein along with increased level of reducing sugar (Odun-

fa, 1982) and free amino acid (Fetuga et al, 973).

Maillard Reaction

Maillard Reaction is also known as non-enzymic browning involving
frec amino acids and sugars. These compounds are abundant at the
end of fermentation (Fetuga et al, 1973 and Odunfa, 4982). Maillard
reaction is best divided into three stages. The initial one comp-
rises glycosylamine formation (A) and subsequent rearrangement (B)
to the Amadori compound precursor (l-amino -l-deoxy-2-ketose).’
The intermediate stage comprises dehydration (C), either by loss
of three molecules of water to furfurals or by loss of two to redu-
ctions; fission (D), mainly by dealdolisation and Strecker degradgtion

(E).
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The final stage consists of the conversion of carbonyl compounds
to high molecular weight products (Melanoidinsg) which could be either
nitrogen-free (F) or nitrogenous (G).

This reaction is represented below (Nursten, 1986),

ElG, Iz Mollard Rection
o ——t | ,
B/
7 Amedori rearrangement
' - (™ -
| 1-AMINO-1-DECNY-2-KEIUSE e
/ ,!
- .
|
- . ¥ i
SCHIFF' TTSSK!IFHUIIHS
BASE 8 | Tmrfm - (mal pyrualdehyde)
. S = +241 | 1;-2}'[ . Ej
SUGARS L DEHYDRORELLCTONES -‘ Stmt:ker degrad—
J('&"j“ﬂ"fﬁgg' . , I 3! //at g oo acm
' E
.‘ . F/ |
/ F
/ //

+emino, amino capound | +amino campound +Amino compound
campound v v —Yy
| MELANOIDINS :
BROWN NITROGENOUS POLYMERS AND CO-POLYMERS
(Adapted from Murste n, 1986)



Nursten (1986) suggested that browning varies with moisture content
usually showing a maximum at intermediate values of 0.5 ~ 0.8.
The Maillard reaction is initiated by formation of some Amadori

compounds.

2.7, Packaging of fermented local condiments:

Okeoma (1984) observed that there were no observable physical deter-~
ioration after 6 months storage of the fermented locust beans at
‘ambient temperature, POlyﬁl'hYlenelfilms, aluminium foil and a combined
- aluminivm foil and Pylyethelenefilm were ised to package oven-dried
locust bean ‘daddawa'. Packaging materials must have the following
properties:

They must be compatible with the product, provide protection against
mechenical hazards of transport and climate hazards, micro-organisms
and flavour gain or loss {Leitch, 1962}. ‘



CHAPTER TIII

MATERIALS AND METHODS

3.1.0, Sampling: .

Six (6) different condiments were used for these analysis, Three
of these were commercially processed (Knorr cubes, Maggi cubes and
Soya sauce) while the other three were traditionally processed (Soya
bean 'daddawa', Locust bean 'daddawa' and 'Ogiri-igbo'). The cond-
iments were obtained from the Central Market in Kaduna except the
soyabean 'daddawa' and soya sauce. Soyabean 'daddawa' was produced
by an expert in traditional fermentation since this condiment could
not be obtained in the market, while bottlec soya sauce was ~ obtained

from the Leventis superstore in Kaduna,

A total of thirty (30) field samples were obtained in approximately
one hundred gram portions. Each sample was examined five times accord-
ing to the specification in FAO manual of Food quality control; Micro-
biological Analysis (h979), The traditionally fermented condiments
were Lrausported to the laboratory in polyethylene non-absorbent films,

Samples were obtained weekly over a five-week period,

SECTION A:  MICROBIAL COUNTS OF THE CONDIMENTS

3.1.1. Preparation of Food homogenate:

Twenty-five grams or millilitres of each field sample was weighed or
pipetted and traus[ered. aseptically into a conical flask containing
225mls of sterile peptone water. The contentsof the flask were shaken
to release micro-organisms trapped in the cendiment and allowed to
stand for 40 minutes. The food homogenate (01 :)was thoroughly shaken
and ten-fold dilutions prepared. For the traditionally fermented
condiments, dilutions up to 10-6 and for 1he commercially processed

condiments up to 10-3 were made.



The plates were incubated at 3%9¢ for 18-24 hours and two of the shsp—
ected colonies of E. &oli were transfered on to plate count agar (PCA)
slants. These were incubated at 359C for 24 hours. Gram - stains
of cach culture were made. The tubes were slored ab 49C until needed.
Biochemical identification of the suspected colonies cof the coliforms
and E. coli were carried out using the following tests. Indole prod-
uction, methyl-red Lest, Voges-Proskauer reaction, citrate utilisation
test, motility test, sugar fermentation reactions in Kligler iron

agar and Lriple . sugar iron agar slants.

3.1.4. Enumeration and identification of Staphylococcus aureus.

Mannitol salt agar (15m! portions in tubes) was poured into sterile
petri dishes and allowed to solidify, The surfaces of the agar plates
were allowed to dry in an incubator. Prepared plates of Manhitol salt
agar were tested for sterility by incubating them at 37?6 for 24 hours

l o s
after which 0.25ml of the appropriate dilutions, 0% - IO-? for

for the commercially processed condiments and O™ - 1?  dilutions
for the traditionally fermented condiments was inoculated in duplic-

ates, The plates were incubated at 3798 for 24 hours after spreading
with an alcohol-flamed bent glass rod, Yellow colonies appearing
after 24 hours with evidence of mennitol fermentation were counted,

Representative colonies were picked from the plates into nutrient
broth and the tubes were incubated at 37°¢ for 246 hours. These were
preser#ed on nutrient agar slants for further identification by bioch-
emical tests which include catalase test, carbohydrate fermentation
tests, coagulase test, DNAse production, gelatinase production, growth
" in increasing concentrations of sodium chloride (3%-15%) haemliysis
on blood agar, lecithinase activity, nitrate reduction test and Voges

- Proskaeur reaction.

3.1.5 Fnumeration and identification of moulds,

Potato dextrose agar (Oxoid) was prepared in 15ml portions, sterilised
. Q . "
and kept in a 45°C water bath, One millilitre of the dilutions was

transfered into seperate labelled petri dishes.



Fifteen millitres of potato dextrose agar was poured into each plate,
mixed thoroughly, allowed to solidify, and incubated at room temper-
ature for 3-5 days., Colonies were counted on selected dishes with
30-300 colonies and recorded as mould count per gram or ml, Moulds
were identified by their cultural characteristics and microscopic

3

examination of the stained mycelial preparations.

3.1.6 Enumeration and identification of Salmonella:

Bismuth sulphite agar (15ml portions) and Brilliant green agar (15ml
portions) were prepared and poured into plates. The plates were incu-
bated at 37°C overnight to test for sterility. The food homogenate
and the dilutions were incubated at 37°C for 24 hours. Transfers
were made into tetrathionate broth base (10mls each of the food homo-
genate and dilutions into separate 90mls of tetrathionate broth base).
The tubes were incubated at 42YC for 48 hours. After incubation,
0.25ml each of the enriched broth was aseptically transfered to well
dried plates of Bismuth suphite agar and Brilliant green agar plates.
these plates were spread with an alcohol-flamed bent glass rod and
incubated at 37C for 24 hours. Colonies with black centres on Bismuth
sulphite agar and red colonies on Brilliant green agar were counted
as Salmonella spp. Representalive colonies were picked onto nutrient
agar slants and stored at 4°C for biochemical tests such as lysinedecar
boxylase test, urease activity, indole production, Voges-Proskaeur

reaction, and reactions in triple sugar iron agar.

3,37 Enumeration of mesophilic aerobic bacterial gpores

Five millilitres of each of the food homogenate was heat-shocked at
80°C for 20 minutes to eliminate vegetative cells, Appropriate tenfold
dilutions were carried out. One millilitre of the appropriate dilu-
tions (.0 =1 ;10“2 x IO'53 ) for the commercially processed condiments
and 104 - 1076 dilutions for the traditionally processed condiments
was inoculated into sterile labelled plates. Melted tubes of nutrient
agar were poured into the plates and mixed thoroughly to ensure uniform

disper&lon of the inoculum,
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The plates were allowed to solidify and incubated at 3dk§ for 24 hours.
Plates with 30 - 300 colonies were selected for counting. Smears

of selected colonies were stained and observed for spores.

3.1.8 Faumeration and identification of Shigella

Xylose lysine decarboxylase (Oxoid) agar was prepared for Shigella
count. About 0.25ml of appropriate dilutions was transfered to the
surface of xylose lysine decarboxylase medium, spread and incubated
at 37°C for 24 hours. Red colonies were counted as Shigella spp.
Representative colonies were picked onto nutrient agar slants and
stored at 4°C for biochemical tests such as urease activity, citrate
utilisation, indole production, reactions in Lriple sugar iron agar,
Motility test, Voges-Proskauer reaction, sugar fermentations and growth

in potassium cyanide broth,

3.1.9 Enumeration and identification of ‘Bacillus cereus

Egg volk medium with polymyxin B.sulgha‘ce © was prepared and used to
culture B. e¢ereus. Appropriate dilutions were selected and 0,25ml
y each ﬁé}’ transfered with sterile pipette onto the surface of dried
egg yolk medium., The inoculum was spread by a sterile bent glass
rod. Plates were incubated at 30°C for 24 hours. Plates with 30
~ 300 colonies with a dense halo of precipitate (lecinthinase activity)
were counted. The counts were worked out bearing in mind the dilution
factor. Confirmation of B. cereus isolates was by use of biochemical
tests such as gelatin liquefaction, motility, nitrate reduction tests,
fermentation and oxidation reaction in Oxidation-fermentation (OF)
glucose broth, starch hydrolysis, indole production, urea hydrolysis,

carbohydrate fermentation tests and growth in 7.5% sodium chloride.

SECTION B. POST-FERMENTATION CHANGES IN THE INDIGENOUS CONDIMENTS:

3.2.1 Production of the indigenous condiments by traditional methods

3,201, Locust bean 'daddawn’:

The locust bean seeds were boiled overnight for 24 hrs in an earthen-
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ware pot to soften the husk. The cooked seeds were dehusked by rubbing
with hand after gentle pounding in a woode¢n mortar. The seeds were
rinsed with water to remove the adhering testa and mucilagencus mate-
rial. The washed seeds were boiled with a few pellets potash for
60 minutes. The seeds were cooled and packed in a bamboo basket lined
with fresh, toasted and washed banana leaves. The basket was covered
with more fresh, toasted and washed bansna leaves and kept in a warm
place for 2-days. After fermentaticn, the strong-—odoured brown to
black bean mass was pounded intc a paste and squeezed into balls and
sun-dried for one to twe days., This served as the control, Three
sets of the fermented beans were collected immediately after ferment-
ation, autoclaved at 121“{: for 15 minutes. These were oven-dried
seperately at 5PC for 73 hours; 70°C for 4% hours and 10C°C for 3%
hours until a constant weight was obtained. Three new sets of the
fermented beans were directly oven—-dried separately at the temperatures
specified above. Fifty gram of the fermented mash was oven dried

in all the sets.

3.2.1.2 Soyabean 'daddawa':

The seeds were roasted lightly in cooking pan over an open fire for
3 minutes, soaked for one hour, dehulled and boiled for 6 hours.
The bamboo basket was lined with fresh washed banana leaves that were
lightly toasted over hot-charcoal., The cctked beans were poured into
the lined basket while hot, covered with more leaves, and incubated
at room temperature. After 48 hours, a da-k-brown mass was obtained.
A set to be known as the control was presared by pounding the mash
lightly in a mortar and squeezing into 3small balls, and sun-dried
for one Lo two days. Three sets of the fermented mash were collected
immediately after fermentation, auto-clavec at }2i%C for L5 minutes.
These were oven-dried seperately at 50YC for 7% hours; 70°C for 4t
hours and 100°C for 3% hours until a constant weight was obtained,
Three new sets of the fermented mash were directly oven-dried seper-
ately at the temperatures specified above. Fifty gram of the fermented

mash was oven dried in all the sets,
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3.21:3 "Ogiri-Igbo':

The castor oil seeds were dehusked by breaking the seed coat. The
cotyledons were washed and boiled for {2 hours. They were wrapped
in washed banana leaves and left to ferment for 48 hours, After fermen-
tation, three sets of fermented mash were collected immediately, auto-
claved ot 12190 for b5 minutes,  These were oven-dried seperotely
at iifc for 74 hours, 70 C tor 44 hours and 1008C tor 34 hours until
a constant weight was obtained. Three new sets of the fermented mash
was directly oven-dried seperately at the rtemperature specified above.
Fifty gram of the fermented mash was oven-dried in all the sets.
Ten grams of the fermented mash was packaged in broad leaves as the

control.

3,2.2 PRODUCTION OF THE TNDIGENOUS CONDIMENTS UNDER LABORATORY
CONDITIONS

3.2.2.1 Stock culture preparation of Bacillus subtilis:

Bacillus subtilis was isolated from the fermenting mash of locust

beans and the total aerobic plate count was determined by using stand-
dard plate count agar (Oxoid). The 24 hour culture was harvested

o
into 10mls of sterile distilled water and stored at 4 C until needed.

3.2.2.2 Locust bean 'daddawa':

The locust bean seeds were autoclaved in excess water in 500ml Erhlenme-
yer flasks for one and a half hours at 1219C, The seeds were dehusked
by rubbing between the palms and washed free of the testa and adhering
mucilagenous materials. Three hundred gram gach of the seeds were
autoclaved at [21% for LSminutes in sepera_e 500ml Erhlenmeyer flasks
and inoculated with 2mls of the B.subtilis stock culture (2.8 x Lo 9
cfu/g) The flasks were incubated at 379C for 48 hours. After ferment-
ation, three sets of the fermented mash were autoclaved immediately
at 1218 for iSminutes and oven-dried sepecately at 509C for 73 hou;s.
70°C for 4% hours and 10G°C for 3% hours. Three new sets of the fermen:
ted mash were oven-dried directly at these temperatures. Fifty gram
each of the fermented mash was oven-dried in all the sets. The control

was obtained by sundrying some of the fermented mash for one to two
days.
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3,2.2.3  Soya bean 'daddawa':

The beans were roasted in a beaker on a hot plate, socaked in tap water
for 30 minutes, dehulled and boiled for 6 hours., Three hundred gram
each of the beans was autoclaved at 121°C for 15 minutes in 500ml
Erhlenmgyer flasks, cooled and inoculated with 2Zmls of the stock cult-
ure of the B.subtilis.

The flasks were incubated at 37°C for 48 hours. Three sets of the
fermented mash were autoclaved immediately at IEI?C for 15 minutes
and oven-dried seperately at 505t for 74 hours, 70°C for 4% hours
and 1009 for 3% hours, Three new sets of the fermented mash were
directly oven-dried seperately at these temperatures. Some of the
fermented mash was sun-dried. Thisserved as the control. Fifty gram

of the fermented mash was oven-dried for all the sets.
3.2.2.6 'Ogiri-igbo'

The dehusked castor oil seeds were boiled for 8-hours in a beaker over
a hot plate. Three hundred gram each of the seeds were autoclaved
at 121C for 15 minutes in 500ml Erhlenmeyer flasks, cooled and inocu-
lated with 2mls of the B.subtilis stock culture. The flasks were incu-
bated at 37°C for 48 hours. Three sets ol the fermented mash were
autoclaved immediately at 121°C for 15 minutes and oven-dried separat-
ely at 50°C for 74 hours, 70RC for 4} hours and 100°C for 33p Three
new sets of the fermented mash were directly oven-dried seperately
at these temperatures. Ten gramsof the fermented mash was packaged
in broad leaves. This served as the control. Fifty gram each was

oven-dried for all the sets.

3.2.3 Determination of pH:

Ten grams each of the sun-dried or oven-dried condiments prepared
under laboratory conditions and by tradit onal methods was blended
with 40mls of distilled water after which pH readings were determ=
ined using the pH meter (PYE UNICAM MODEL 292 MK 2). The pH of the

fresh condiments and the ogiri-igbo packaged in leaves was determined,
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3.2.+. Determination and Estimation of glutamic acid:

Glutamic acid contents of the fresh and dried condiments were estimated
gqualitatively and quantitatively. The qualitative assay involved
chromatographic comparison of spots of the fresh and dried condiment
samples with the pure glutamic acid standard, Whatman No. 1 chromat-
ography papers were used (AOAC, 1980). These were prepared ruled
and labelled using pencil. They were spotted with two microlitres
{(2.0ul} of glutamic acid standard prepared by acidifying 1Omls of
0.1M solution of the standard with 10 drops of 19% hydrochloric acid
and heating to dissolve. The test samples were milled and extracted
with potassium dehydrogen phosphate (pH ©6.4)., Five grams each of
the milled test sample was mixed with 20mls of the buffer and shaken
on Stuart orbital shakef for 1 hour. The homogenateswere filtered
and the volume of the extracts noted. One millilitre of the extracts

was evaporated to 0.5ml on a Gallenhemp water bath at 100°C for 2
minutes, The concentrates were spotted in 2.0ul amounts on the labelled

chromatogram after which they were allowed to air-dry (AOAC, 1980),

The chromatograms were developed in n-Butanel; scetic acid: water
(60:15:25 by vol) for 4 hours in an ascending chamber. The developed
chromatograms were again air-dried and sprayed uniformly with 0.2.2
JAinhydrin (w/v in ethanol) in a chamber. After drying, the chromat-
ograms were placed in an oven at 10 Cfor for about 3 minutes to dev-
. elop purple spots. The width and intensity of the purple spots (which
have the same Rf values with the standard) were scored + or ++ on
a comparative basis (AQAC, 1980),

The quantitative assay was carried out by eluting the glutsmic acid
spot of the test sample from the paper chromatograms in one millilitre
(lml} each of 98%Z ethanol. The absortance of the eluants was read
off on an Sp-6 uv spectrophotometer at a wavelengﬁ. of 420nm. For
the calibration curve, the absorbance of varying concentrations (0,0-mg
/ml, 0.08pg/ml; O0.12mg/ml; 0.16mg/mi and 0.20mg/ml) of glutamic acid
standard were read at the same wéveleng}r used in plotting the graph. -



The calibration curve was obtained after applying the equation y'

= bx + ¢

NE Xy -~ Ex Ey.

where b . : :
NE x 2 - (EQ) % .

¢ = Ey —_..Nh'_E.X_ (Meddis, 197%)

Where X is value of concentration of glutamic acid and y is the obser-
ved value of #bsorbance readings of the glutamic acid standard and
N is the number of glutamic acid standard solutions of known concent-

rations,

Concentrations of the glutamic acid extrapolated from the calibration
curve at given absorbance readings were used to find the real concent-
ration in the test samples and these were worked out by the following

cquation,

Concentration of glutamic acid (mg/ml) = a/bxcxd = e

Concentration of glutamic acid (mg/g) =e x f/g =h

o
i

concentration of glutamic acid extrapolated from graph

at a given absorbance value.

Volume of concentrate éﬁattéd (2.0 ul).

o
[l

“+ c= Conversion factor (I.0ml =.Id¥ ul)

d= Final volume of concentrate before spotting (0.5ml).
e= GonﬁeﬁtfationVOf glutamic acid (ng/ml)

f= Volume of extract of test samples with buffef

g= Weight of test sample shaken with buffer (5g)

h= Concentration of glutamic acid (ng/g).
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3.3.3 PACKAGING OF THE LABORATORY FERMENTED COMDIMENTS

Five grams of the various fermentation-terminated condiments using
heat (50°C) were packaged in aluminium foil, polythylene non-absorbent
films, and a combination of aluminium foil and peclyethylene  non-
absorbent film in powdered form or cubes. The cubes were made by
using a sterile metal box with the dimensions (}.4cm by l.4cm) of
a standard bouilon cube (Maggi cubes) and these were wrapped in aluminium

* foil. The aesthetic appearance of the packaged condiments was recorded

" by photography, The glutamic acid content of the packaged condiments
was determined after 3 months.
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CHAPTER IV

RESULTS

Higher microbial counts were obtained from the traditionally fermented
condiments than the commercially processed ones, “Table 4.1 shows
the range of microbial counts in the condiments. The commercially
processed flavour enhancers had mean total aerobic plate count below
I x 104 cfu/g or ml, (Maggi and Knorr cube samples had mean total
aerobic plate count of 1.4 x 101 cfu/g while soya sauce had mean
total aerobic plate count of 1.0 x 10l cfu/ml). The following organ-
isms were not isolated from the samples collected: Moulds, bacterial

spores, Salmonella, Shigella , S, aureus, Coliforms, faecal coliforms,

E.coli and B.cereus. For the indigenous condiments, soyabean 'daddawa'

had total aerobic plate count that ranged from 1.7 x 106 to 2.8 x

107 cfu/g with a mean count of 2.4 x 100 cfu/g; for locust bean 'dadd-
awa, the total aerobic plate count ranged from [.2 x 107 to 2.7 X

107 cfu/g with a mean count of 3.5 x 100 cfu/g; for 'ogiri-igbo',
the total aerobic plate count ranged from '.8 x 100 to 1.4 x 107

cfu/g with a mean count of 1.7 x 10'7cfu/g. These counts showed that
'Ogiri-igbo" had a slightly higher total aerobic plate count than

soyabean and locust bean 'daddawa'.

Coliform counts for the traditionally fermented condiments were as
follows: Soyabean 'daddawa' counts ranged from 7 to 2,400 ccoliforms/g
with a mean count of 1.471 coliforms/g; locust bean 'daddawa' counts
ranged from 0 to 2,400 coliforms/g with a mean count of 1,442 coli-
forms/g; 'ogiri-igbo' counts ranged from 64 to 2,400 coliforms/g with

a mean count of 1,673 coliforms/g.

These counts showed that ‘'ogiri-igbo' had slightly higher coliform

count than soyabean and locust bean 'daddawa'.

28



Faecal coliferm counts for the traditionally fermented condiments were
as follows: Soyabean 'daddawa' counts ranged from 0 to 2,400 faecal
coliforms/g with a mean count of 563 faecal coliforms/g ; locust bean
'daddawa' counts ranged from 0 to 2,400 faecal coliforms/g with a mean
count of 720 faecal colifbrms/g;‘ogiri—igbo' counts* ranged from 0 to
2,400 faecal coliforms/g with a mean count of 604 faecal coliforms/g:

These counts showed that locust bean 'daddawa' had slightly higher

faecal coliform count than soya bean 'daddawa' and 'ogiri-igbo’'.

S. aureus counts for soyabean 'daddawa' ranged from 1.8 x 10410 2.3
x 100 with a mean count of 3.3 x IO cfu/g; locust bean ‘'daddawa'
counts ranged from 2.8 x 107 cfu/g ‘ogiri-igbo' had counts ranging

from 4.2 x 10® to 3.0 x 107 cfu/g with a mean count of 3.5 x IQP
cfu/g. These counts showed that ‘ogiri-igbe' had slightly higher S,

aureus count than soyabean and locust bean 'daddawa'.

Mould counts for soyabean 'daddawa' ranged from 1.0 x 10 2 o 2.0 x
106 cfu/g with a mean count of 1.2 x 103 cfu/g while locust bean 'dad-
dawa' had counts ranging from 1.9 x I3 to 2.4 x IO‘acfufg with a mean
count of 2.1 x 103 cfu/g. 'Ogiri-igbo’ had counts ranging from 2,2
x 103 o 4.2 x 102 cfu/g‘with a mean count of 1.9 x 103 cfu/g. These
counts showed that locust bean ‘'daddawa' had slightly higher mould
count than soyabean and ogiri-igbo'.

Mesophilic aercbic bacterial spore counts for soyabean 'daddawa' ranged
from 1.5 x 103 to 1.6 x 107 cfu/g with a mean count of I.9xI0Q ‘focust
bean 'daddawa' had counts that ranged from 1.6 x 104 to 1.7 x 107 cfu/g
with a mean count of 2.2 x 10® cfu/g while ‘ogiri-igbo' had counts
ranging from I.4 x 10* to 2.8x107 cfu/g with a mean count of 2.0 x 108
cfu/g. These counts showed that locust bean 'daddawa' had slightly

higher mesophilic aerobic bacterial spore count,

B.cerecus counts for soyabean 'daddawa' ranged from 7.6 x I0F to 3.9

103 cfu/g with a mean count of 3.6 x I(® cfu’g; locust bean 'daddawa'

had counts ranging from 3,2 x 107 to 3.2 x ICi cfu/g with a mean count
of 3.2 x 104 cfu/g while 'ogiri-igbo ' had counts ranging from I.6 x

104 to 5.2 x 107 cfu/g with a mean count of 4.2 x I0° cfu/g.
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No Shigella, spp was isolated from the traditionally fermented condiments.
No Salmonella spp was found in locust bean and soyabean 'daddawa'
but from one of the 'ogiri-igbo' samples with a count of 1.5 x 107
cfu/g,The moisture content of the indigenous condiments were as follows
Locust bean ‘'daddawa' (16%); soyabean 'daddawa' (10%) and ‘Ogiri-igbo’
(24%) while those of maggi and knorr cubes were 2.5%2 and 3.0% respect-

ively. !

Table 4.2 shows the post~fermentation changes in fresh and dried locust
bean ‘daddawa'. At the end of fermentation of the seeds, the pH was
8.3 and 8.4 respectively for the laboratory fermented and uncontrolled
fermented locust bean 'daddawa'. The glutamic acid contents for
both types of the condiment were %42.00mg/g (laboratory fermented)
and 10.50mg/g (uncontrolled fermented). The pH of the 'daddawa' drop-
ped from 8.3 and 8.4 to 6.1 and 6.4 respectively for the laboratory
and uncontrolled fermented condiment during sun-drying. Direct oven-
drying of the fermented mash at different temperatures showed similar
drops in pH when compared with the sun-dried 'daddawa' but the differ-
ences between the pH values of the condiments dried at these temper-
atures were not significant using test at 57 level of significance
(4=0.5). Laboratory fermented locust bean 'daddawa' had pH values
of 6.4, 6.3 and 6.1 respectively when dried seperately at 50°C for X
70°C for 4% hours and I00%C for 34hours while the uncontrolled fermented
locust bean 'daddawa' had pH values of 6.2; 6.1 and 6.0 respectively
when dried seperately at the temperatures listed above. The glutamic
acid content of the directly oven-dried ‘'daddawa' were as follows:
Laboratory fermented locust bean 'daddawa' had glutamic acid content

“of 15.90mg/g, 16.28Bmg/g and 13.69mg/g when dried seperately at 50°¢C
for 74 hours, 7@98 for 4% hours and 10C®C for 3% hours respectively
while the uncontrolled fermented 'daddawa' hud glutamic acid content
of I4.40mg/g, I5.00mg/g and I1.48mg/g when dried seperately at 50°C
for 74 hours, ?GPC for 4% hours and IOCﬁC for 3% hours.

Autoclaved and oven-dried, laboratory fermented locust bean 'daddawa'
had glutamic acid content of 12.95mg/g, 1I.78mg/g and 10.28mg/g when
dried seperately at 50°C for 7% hours, 709%C for 4% hours and TOOPC
for 3% hours, 70°C for 4% hours and 10c°C for 3% hours while the uncon-
- trolled fermenfed 'daddawa’ had glutamic acid content of I11.88mg/g,
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10.98mg/g and 9.60mg/g when dried seperately at the three temperatures

lisced above.

Table 4.3 shows the post fementation changes in fresh and dried soyabean
‘daddawa'. At the end of fermentation of the seeds, the pH was 8.3
and 8.6 respectively for the laboratory fermented and uncontrolled
fermented soyabean 'daddawa'.

The glutamic acid contents for both types of thke condiments were 13.50-
mg/g and I12.75mg/g respectively. The pH of the 'daddawa' dropped
from 8.3 and 8.6 to 6.7 and 6.9 respectively for both types of 'daddawa
during sun-drying. Direct oven-drying of the fermented mash at differ-
ent temperatures showed similar drops in pH when compared with the
sun-dried 'daddawa’ but the differencey between the pll values of condi-
ment dried at these temperatures were not significant, Laboratory
fermented soyabean 'daddawa' had pH values of 7.9; 7.7 and 7.6 respect-
ively when dried seperately at 5C for 7% hours; 7(°C for 4% hours
and 100°C for 3% hours, while the uncontrclled fermented soyabean
'daddawa’ had pH values of 7.8; 7.5 and 7.4 respectively when dried

scperately at the temperatures listed above,

The glutamic acid contént of the directly oven—-dried 'daddawa' were
as follows: Laboratory fermented soyabean ‘daddawa’ had glutamid
acid content of T17.40mg/g, I7.80mg/g and 16.30 when dried seperately
. ab 50" for for 74 hours, 709C for 4% hours and IOORC for 33 hours
respectively while rhe uncontrolled fermented 'daddawa' had glutamic
acid content of 16.80mg/g, 17.20mg/g and I1I.90mg/g, respectively when
dried seperately at the temperatures listed above.

Autoclaved and oven-dried laboratory fermented soyabean 'daddawa'
had glutamic acid content of I3,30mg/g, 12.40mp/g and I1I.02mg/g respect
ively when dried seperately at 50°C for 7% hours, 70°PC for 4% hours
and I0C°C for 334 hours while the uncontroiled fermented 'daddawa’
had glutamic acid content of 12.95mg/g; 10.24mg/g respectively when

dried separatley at the temperatures listed above.



Table 4.4 shows the post-fermentation changes in fresh and dried 'ogiri
igbo'. At the end of fermentation of the seeds, the pH was 9.2 and
9.6 respectively for the laboratory fermented and uncontrolled ferm-
ented 'ogiri-igbo. The glutamic acid contents for both types of the

condiment were 9.75mg/g and B8.25mg/g respectively. The pH of the

controls were 9.0 and 9.5 respectively for both types of the condiments
The differences between these values and those obtained after ferment-
ation were not significant. Direct oven-drying of the fermented mash
at different temperatures showed drops in pH when compared with the
control but the differences between the pH values of the condiment
dried at these temperatures were not significant. Laboratory fermented
'ogiri-igho' had pH values of 8,6; 7.6 and 7.3 respectively when dried
seperately at 5C?C.f0r 7} hours, 70°PC for 4} hours and I0COC for 3%
hours while the uncontrolled fermented"ogirinigbo' had pH values of
8.3, 7.3 and 7.2 respectively when dried srperately at temperatures

listed above.

The glutamic acid contents of the directly oven-dried 'ogiri-igbo'
were as follews: Laboratory fermented ‘ogiri-igbo' had glutamic acid
content of II.00mg/g , II1.80mg/g and I0.20mg/g when dried seperately
at 50BC for 7% hours, 70°C for 4% hours and 108 ¢ for 34 hours respect-
ively, while uncontrolled fermented ‘'ogiri-igbe' had glutamic acid
content of I10.60mg/g, II.00mg/g and 9.6mg/g when dried seperately
at these temperatures. Autoclaved and oven-dried, laboratory fermented
ogiri-igbo had glutamic acid content of 7.50mu/g, 6.60mg/g and 5.80mg/g
when dried seperately at 50°C for 7% hours, 70PC for 4% hours and
100%¢ for 3% hours while the uncontrolled fermented 'ogiri-igbo' had
glutamic acid content of 7.00mg/g, 6.25mg/g and 5.20mg/g when dried
seperately at the temperatures listed above.

The condiments used in this study were oven-dried to a constant weight
at these temperatures. 50g each of soyabean and locust bean 'daddawa'’
was reduced to 17g (mean weight) while 50y of ‘ogiri-igho' was reduced
to 30g (mean weight) R
Plate I shows the physical appearance of bota the directly oven-dried
condiments and autoclaved oven-dried condiments. The'Laﬁﬁerwere darker

in colour than the former.
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Plate 2 shows the laboratory fermented and packaged 'ogiri-igbo'.

Plate 3 shows the laboratory fermented and packaged locust bean 'dadd-
awa' while Plate 4 shows the laboratory fermented and packaged soyabean
'daddawa’. ‘Plate 5 shows the naked cubes before packaging.

Table 4.5 shows the glutamic acid concentration during storage of
laboratory fermented, oven-dried condiments. There was no change
in the glutamic acid concentration of the condiments packaged in var-
rious materials after storage for 3-months while the wunpackaged
condiments (control) showed slight changes.

The glutamic acid concentration in the packaged and stored condiments
were as follows: locust bean 'daddawa' (I5.90mg/g): soyabean 'daddawa’'
(17.40mg/g) and ‘'ogiri-igho' II.00mg/g while the values of their
controls after 3 months storage were 15.00mg/g, 16.80mg/g and I0mg/g

respectively.

Table 4.6 shows the glutamic acid concentration during storage of
laboratory fermented autoclaved, oven-dried condiments. Similarly,
there was no change in the glutamic acid concentration of the condi-
ments packaged in the various materials after storage for 3 months,
but slight changes were observed in the unpackaged condiments. The
glutamic acid concentration in the packaged and stored condiments
were as follows: locust bean ‘daddawa' (12.95mg/g); soyabean 'daddawa'
(I3.30mg/g) and ‘ogiri-igbo’ (7.50mg/g}; while the values for their
controls were I11.20mg/g;: 12.95mg/g and 7.00mg/g respectively.

The differences between the concentrations of the glutamic acid before
- packaging and after storage for 3 monthawere statistically non-signific—

ant. ‘a

L1}

Appendix A shows the detailed microbial counts in the condiments exam-—

ined. Appendix B shows the calibration curve for glutamic acid stand-

ard.



Appendix C shows the biochemical tests employed for the identification

of Staphylococcus aureus isolates obtained from the indigenous condi-

ments. Coagulase-positive S,aureus were isclated from locust bean
‘daddawa' and 'ogiri-igbo' samples but none. from soyabean 'daddawa'.
Five locust bean ‘'daddawa' 1isolates and tw> ‘ogiri-igbo' isolates
- exhibited ‘P.haemolysis on blood agar while none of the soyabean '

'daddawa' isolates showed no haemolysis at all. The =soyabean and
locust bean ’daddawa' samples and four ’ogiri-igbo' isolates showed
Dnase activity. Three locust bean 'daddawa' isolates, one soyabean
'daddawa' isclates and four 'ogiri-igbo' isolates exhibited lecithinase
activity. All isolates from the three indigenous condiments fermented
mannitol in mannitol salt agar and also liquefied gelatin, ‘

Appendix D shows the biochemicul tests used for the fdentification
of B.cereus isolated from the indigenous ccndiments. All isolates
were Gram-positive spore-forming .rods  exhibited urease activity,
lecithinase activity and liquefjed gelatin. Four locust bean 'daddawa’
isolates, and all isclates from soyabean 'daddawa' hydrolysed starch. -
Four soyabean 'daddawa' isolates, two locust bean 'daddawa' isolates

and all 'ogiri-igbo' isolates hydrolysed gaesin (Litmus milk reaction).

Appendix E shows the biochemical Lests employcd for the identification
of coliforms isolated from the indigenous condiments. Escherichia
coli was detected in four samples each of the condiments while Entero-

bacter acrogenes was detected in one sample each of the condiments.

Appendix F shows the biochemical tests employed for the identification
of Silmonella spp isolated from 'ogiri-igbo' sample. The isolate
was negative for the following tests: Indole production, urease act-
ivity, Voges-Proskauer reaction and positive for lysine decarboxylase

test with typical blackening of the butt in trigle - sugar iron agar.
!

Appendix G shows the identification of moulds isolated from the indigen-
ous condiments. Rhizopus spp was identified from soyabean 'daddawas'
(53 stains), locust bean 'daddawa'(*fﬁtrains) and 'ogiri-igbo'_

(3 strains). Aspergillus spp was identified from soyabean ‘daddawa'

(I strain), locust bean 'daddawa' (2 s:ains) and ‘'ogiri-igbo'

(4 strains). Penicillium spp was identified from soyabean 'daddawa'.
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TABLE 4.1 RANGE OF MICROBIAL COUNTS & MOISTURE CONTENT IN THE DIFPERENT CONDIMENTS. (cfu/q or ml).
RRME OF TARPR COLIFORM FAECAL S.aureus MOUGLD SPORE B.cereus Salmeonella Shigella. MOISTURE
SAMPLE COUNT (1) COLIFORM COUNT COUNT COUNT COUNT COUNT ~ COUNT ~  CONTENT %
. COUNT [2)

KHORR H.oﬁ.@mli
CUHES w‘oxwow

(1.4x10%) 0 2 0 9 Q 0 0 o 2.5
MAGGI L. 0x105- o .
CUBES 3.0x10]

(1.4x107) 0 0 1] 0 0 D ] 0 3.5
SOYA 1.0x10™ 1] [t} 0 [i} 0 [i] ] [1) -
SAUCE . 4 - c N
SOYA H..:&o“ga 7-2,400 0-2,400 H.mxgﬂa w.onzm w.mxsﬁl 7.6x10,
BEAN 2.8x10, 2.3x104 2.0x10;  1.6x10c 3.9x10. 0 aQ 10.0
'daddawa (2.4x107) (1.471) (5631 (3.3x10°) 1.2x107) (1.9x107) {3.6x10
LOCUST H.Nx;.m.l 0-2,400 0-2,400 m.mﬁom w.mﬁ.omﬂ p.mx:_.w. 3.2x10, 0 7] 5.0
BEAH 2.7x10, 2.9x10, 2.4x10,  1.7x10 3.2xL0;
'daddawa’(3.5x10") (1,442 {7201 (3.0x10™) 2.1x10 (2.2x10% (3.2x10%)

— e — i ¥} [~

‘OGIRI' H.miowl 65-2400 0-2,400 (8. 0x10% 2.2x¥10,  1.4x10, 1.6x10, 0-1.5x1C°
1GBO* 1.4x10, 3.0x10, 4.2x10,  2.8x105 5.2x10; 1 h 24.0

(L. Tx107) {1,673} {604) {3.5x10 {1.9x107) 2.0x10° {(4.2x107) (3.0x10Q

* MEAN COUNTS ARE INDICATED IN PARANTHESES.

{i)= Coupts in coliforms/g or ml

{ii})~Counts in faecal coliforms/g or ml

* MOQISTURE CONTENTI NOT DONE FOR LIQUID CONDIMENT.
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TABLE 4.2, POST FERMENTATION CHANGES IN FRESH AND IRIED LocusT BEAN 'BADDAWA' hi

CONDITION OF THE *ph GLL TAIC_ACTD CONCERNTRATON (mg 57
CONDIMENT Laboratory uncontrelled Laboratory uncentrolled
fermented fermented fermentea fermented ph
After 48 heours rwlﬂ
fermentation. : 8.3 . 8.4 12,00 10.50 B
. _ _ ~N
Control (Sun-dried) 6,1 6.4 12,75 11.20 mw )
| . §3
Over-dried at: . rm.. 2
) : : 3 A
50% 6.4 6.2 15.90 14.40 N 4
° .20 2
70%¢ 6.3 6.1 16.28 _ 15.00 .%. 5,
S 7.y
100% - 6.1 _ 6.0 13.69 11.48 bno... T
B
Autoclaved and
Oven dried at:
50%¢ 7.4 7.6 12.95 11.88
70%¢ 7.2 7.2 11.78 10.98
100% 7.0 6.6 10.28 9.60

*Values are average of duplicate readings.



TABLE 4.3. POST-FERMENTATION CHANGES IN PRESH AND DRIED SOYA-BEAN 'DADDAWA'

5 +
CONDITICON OF THE his GLUTAMIC ACID CONCENTRATION {mg./g)
CONDIMENT R Laboratory uncontrolled Laboratory ancontrolled
fermented fermented fermented fermented

»

After 48 hours

Eermentaticn §.3 8.6 13.50
Control {Sun-Dried]) 6.7 6.7 - 13.87
Ovel dried at:

50% 7.9 7.8 17.40
70% 7.7 7.5 17.80
100% 7.6 7.4 : 16.50

auteclaved and
Over-dried at:

50% 8.2 : 8.5 13.30
70%¢ 3.2 8.5 12.490
100% 8.1 8.4 11.92

12.75

12.92

16.80
17.20

13.90

12.95
12.00

10.24

- *Values are averages of duplicate readings'
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TABLE 4.4.

POST FERMENTATION CHANGES IN FRESH

AND DRIED 'OGIRI IGBO'

CONDITION OF THE RS, - . S r-||..||||||-|||1|!.u.mw|#-wmmmu.wmmwummmmmmwmwwmmm-bmmmmw}:il.i
CONDIHENT Laboratory uncontrolled Laboratory Uneontrolled
fermented fermented fermented Eermenteq
1. After 48 hours
fermentation, 9.2 9.6 . 9.75 8.25
2. Control {packaged)
in broad Yeaves) 9.0 9.5 . $.75 8.25
3. Oven dried at: 9
50% 8.6 8.3 11.00 10.60
70% 7.6 7.3 11.80 11.00
100°% 7.3 7.2 10.20 9.6 ’
4. Auteclaved and
Oven=-dried at:
50% 7.1 7.5 7.50 7.00
70°¢ 6.9 7.5 §.60 6.25
100% 6.8 7.4 5.80 5.20

*Values are averages of duplicate readings.



. : TABLE 4.5. GLUTAMIC ACID OOZOMZ.H&OZ DURING STORAGE OF LABORATORY
FERMENTED, OVEN-DRIED CONDIMEXNTS

Name mm food Post-fermentation Type of packaging Glutamic and Concentration fmg’q)
Condiment heat treatment material before packaging After Storage
e ———————— _— -—— et et T -l_for_3 months ___
1. Locust bean 1. Control (Sun-dried) - 15.90 15.00
'daddawa " 2. Oven-dried at 50%c *1l. Aluminium foil 15.90 15.90
. *2. Polyethylene nounmmeHdmbw ) ’
£ilm 15.30 . 15.90
¥3. Cubes in aluminium forl 15.480 15.90
*4, A combination of (1) and (2) 15.90 15.90
2. Soyabean 1. Control (Sun-dried) - 17.40 16.80 2
daddawa’ 2. oOven-dried at 50% *1. Aluminium  17.40 i7.40 ”
*z, POLElvlEe nop-zbsorbent -
film 17.40 17.40
*3. Cubes in aluminium foil. 17.40 17.40
. *a A combination of (1) and (2} 17.40 17,40
B. .OawﬂwuHaUL 1. Control {no heat Packaged in broad
treatment) . leaves . 11.00 10.20
2. Oven-dried at moo.u *1. Aluminium foil ) 11.00 11.00
- *2. Polyethylene non-absorbent film 11.90 11.00
3. Cubes in aluminium foil  11.00 11.00
*4. A combination of (1{ and (2) 11.00 11.400

*Condiments Z® in powdered form in +h e packaging materials



ARSTRACT

A total of thirty samples of food condiments comprising of some
industrially produced (15) and traditionally fermented indigenous
condiments (15) were examined for the incidence of different types of
micro-organisms of significance (Total aercbic plage count, Staphylo-

coccus aureus, Bacillus cereus, moulds, bacterial spores Salmonella

Shigella, coliforms and faecal coliforms). The commercial flavour
enhancers had total aerobic plate count below 1 xlO‘tEu/g or ml and

none of the different groups of micro-organisms assayed for while the
indigenous condiments had higher counts for these micro-organisms in

the range of 2.4 x 100 ~ 1.7 «x 167. Four samples each of the three
indigenous condiments were faecally contaminated with faecal coliform
count of 2.- x 103, A1l the indigencus condiments showed various levels
of contamination with all the micreo-orgenisms assayed for except
Salmonella spp which was found only in one sample of ‘ogiri~igbho' at

a count of 1.5 x 105,

The indigenous condiments (ogiri-igbo, soyabean and locust bean ‘dadd-
awa') were prepared by traditional methods and in the laboratory. The
fermented mash was oven-dried seperately at three temperatures (50°c
for 73 hours, . 70% for -} hours and 100% for 3% hours). Two

batches of oven-dried condiments wevre produced:

Directly oven-dried and autoclaved, oven-dried condiments. The latter
were darker in colour than the former, pH values at the end of fer-
mentation fell to lower values during sun-dcying and oven-drying at

these temperatures,

At the end of fermentation, the pH values ojserved for the laboratory
and uncontrolled fermented condiments were s follows:

8.3 and 8.+ for locust bean 'daddawa', 8.3 and 8.6 for soyabean
‘daddawa'; 9.2 and 9.6 for 'aogiri-igbo. '



During sun-drying of the fermented mash, the pH values dropped to lower
values for both types of fermented condiments, These values were 6.1
and 6.~ respectivegfor locust bean 'daddawa', €.7 and 6.9 respectively
for soyabean 'daddawa'. A slight differencein pR (9.0 and 9.5 resp-
ectively) was obtained for 'ogiri-igbo' which was mot sun-dried but

packaged in broad leaves.

The laboratory fermented condiments had higher glutamic acid content
than the uncontrolled fermented condiments. These values were 12.00mg/g
and 10.50mg/g respectively for locust bean ’daddawa' 13.89mg/g and 12.92
mg/g respectively for soyabean 'daddawa', 9.75mg/g and 8.25 mg/g respe-
ctively for 'ogiri-igbo at the end of -8 hours fermentation,

The condiments were packaged in polyethylene non-absorbent film,
aluminium foil and a combination of the polyethylene non-absorbent and
aluminium foil. Glutamic acid contents of these packaged condiments
were not altered after storage for 3 months while those of the unpack-

aged condiments were altered,

The importance of packaging our indigenous condiments is stressed.
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GLUTAMIC ACID CONCENTRATION DURING STORAGE OF LABORATORY

TABLE 4.6.
FERMENTED AUTOCLAVED, OVEN-.DRIED CONDIMENTS .
Name of fcod Post-fermentation Type of packaging Glutamic acid concentration (mg/mL>
material Before packaging After storage
condiment heat treatment for 3 months
l. Ivcust bean l. Control (Sun-dried) - 12.95 11.20
'daddawa’ 2. Autoclaved and
Oven-dried at 50% *1. Aluminium foil 12.95 12.95
*2. Polvethylene non-
absorbent £ilm 12,95 12.95
*3. Cubes in aluminium
foil 12.95 12.95
*4, A rombination of
(1) and (2) . 12.95 12.95
2. Soyabean 1. Control (Sun-Dried) - 13.30 12.95
'daddawa’ 2. Autoclaved n:m
oven-dried(507¢ ) *1. Aluminium feil 13.30 13.30
*2. methvlae  Non-absor-
bent film 13.30 13.30
3. F8Pgs in Aliminium 13.30 13.30
*4. A combination
e e B (1) and (2) 13.30 13.00
3. Omiri-1gbo L. Contrel (no heat
treatment) Packaging in broad
o leaves 7.50 7.00
2. Oven-dried at 50% *1. Aluminium foil 7.50 7.50
*2. Rbetvlae Non-absor-
bent film 7.50 7:50
*3 Cubes in Aluminium Foil 7.50 7.50
*4 A combination of 1s2 7.50 7.50

*Condiments are in powdered form in these packaging materials



PLATE I:  EFFECT OF AUTOCLAVING ON PHYSICAL APPEARANCE OF OVEN-
DRIED CONDIMENTS.

- Autoclaved, oven-dried condiments are darker in colour

than the directly oven-dried condiments.

KEY
ONp - Autoclaved, oven-dried laboratory fermented 'ogiri-igbo'
ONy - Oven-dried laboratory fermented 'ogiri-igbo'.
LBy - Autoclaved, oven-dried laboratory fermented locust bean
. 'daddawa'. "
LB, - Oven-dried laboratory fermented locust bean 'daddawa'
SBy - Autoclaved, oven-dried laboratory fermented soyabean 'daddawa'
SBy - Oven-dried laboratory fermented soyabean 'daddawa'
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PLATE 2: LABORATORY FERMENTED AND PACKAGED'OGIRI-IGBO!

KEY+

ONT - AUTOCLAVED, OVEN DRIED LABORATORY FERMENTED 'OGIRI-IGBO'
PACKAGED:

ON14 - As cubes in aluminium foil

ON1p - In alumimium foil

ONte - In combined polythylene non-absorbent film and aluminium foil

ON14 -~ In polyethylene non-absorbent film.

ON» —  DIRECTLY OVEN-DRIED LABORATORY FERMENTED OGIRI-IGBO PACKAGED:

ON2g4 -~ As cubes in aluminium foil

ONoyy - In aluminium foil

ONo( - In combined polyethylene non-absorbent film and aluminium foil

ONyg - In polyethylene non-absorbent film.
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PLAIE 3:

LABORATORY FERMENTED AND PACKAGED LOCUST BEAN "DADDAWA'.

KEY:

LBy

LB14
LByp
LBic
LByg
LBg

LB2q
LBop
LB2c

LBag

Autoclaved, oven-dried laboratory fermented locust bean
'daddawa' packaged:

as cubes in aluminium foil

in powdered form in aluminium foil

in powdered form in combined polyethylene film and aluminium foil
in powdered form in polyethylene non-absorbent film

Directly oven-dried laboratory fermented locust bean 'daddawa'
packaged:

as cubes in aluminium foil
in powdered form in aluminium foil

in powdered form in combined polyethylene non-absorbent film and
aluminium foil.

in powdered form in polyethylene non-absorbent film.

B



RLATE: 4:

KEY:

SBy

SBra
SBIy

SB1¢

SBrg

SBy

SB2a
SBay

5B

SByg

LABORATORY FERMENTED AND PACKAGED SOYA BEAN 'DADDAWA'

AUTOCLAVED, OVEN DRIED LABORATORY FERMENTED SOYABEAN
DADDAWA ' PACKAGED:

As cubes in Aluminium foil
In powdered . form in aluminium foil

In powdered form in combined polyethylene non-absorbent film
and aluminium foil,

In powdered form in polyethylene non-absorbent film.

DIRECTLY OVEN-DRIED LABORATORY FERMENTED SOYABEAN 'DADDAWA'
PACKAGED:

As cubes in aluminium foil

In powdered form in aluminium foil

In powdered form in combined polyethylene non-absorbent film

and aluminium foil

In powdered * form in polyethylene ncn-absorbent film.
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PLATE

KEY ¢
ONj
ON5

LBy

LBy

SBy

SB;

5:

NAKED CUBES OF THE OVEN-DRIED CONDIMENTS

Autoclaved, oven-dried laboratory fermented 'ogiri-igbo'
Oven-dried laboratory fermented 'ogiri-igbo'.

Autoclaved, oven-dried laboratory fermented locust bean

'daddawa’
Oven-dried laboratory fermented locust bean 'daddawa'

Autoclaved, oven-dried laboratory fermented soyabean

'daddawa'

Oven-dried laboratory fermented scyabean 'daddawa',



CHAPTER V.

B

DISCUSSION B

[

Higher microbial counts were obtained with the indigenous condiments
than the industrially produced flavour enhancers. The 100%Z recovery
for the former may be attributed to contaminatior as a result of seprtic
or improper handling, surviving fermenting flora. exposure after fermen
tation (soyvabean ‘daddawa' and locust bean 'daddaﬁa'). Since the
products in question are all fermented, the high total aerobic plate
count recorded for them can be due to the surviving spores of the
fermenting organism. It has been established that the total aerobic
plate count alone cannot be used to assess microbial quality especially

where fermentation is involved (ICMSF, 1978),

Results show that four samples each of the indigenous condiments were
faecally contaminated. The presence of faecal coliforms (E, coli)
indicates direct or indirect post-processing contamination with faecal
matter. The presence of faecal ccliforms in a food product may
indicate rhat pathogenic enteric bacteria may be present (WHO, 1968,
HPB, 1980; Odumosu, 1980). | !

Staphylococcus aureus was isolated from the. indigenous caondiment with

counts above 10 4cclls/g. Some of the strains were coagulase-positive
except those isolated from soyabean 'daddawa' samples, The correlation
coagulase production with enterotoxigenicity of §. aureus has been
suggested by a number of workers (Adesiyun, 1984 a and h and Adewumi
et al 1989). S

Their presence in these condiments up to 107 cells/g, a figure above
the acceptable ICMSF limit of 10 "cells/g is indicative of possible
health hazard. The strains that are coagulasc positive may produce
enterotoxins and staphylococcal enterotoxins are known to be heat-
stable and thus can withstand some heat during cocking or reheating
of foods. Other enzymes produced by S. aurecus which correlate with

\badTmECﬂW!m% lecithinase and DNase, Presence of Staphylococcus

spp im foods is attributable to poor handling during processing.
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The organism could gailn access to the food condiments through
handlers who sneeze or cough during preparation as staphylococci
are normal flora of the nasal passage, hands, skin and wounds where

they are commensals and harmless (Lajide, 1%6-, Talabi and Basasey

198+). Staphylococcus aureus has been isolated from various food-
stuffs and utensils (Onuorah et _al, 1987; Warburton and Weiss,
1988). The utensils wused for preparation of the condiments may

serve as sources of contamination, The isolation of coagulase-
positive staphylococci from these condiments shows that great improve
ment is needed in the sanitary practices emnloyed in the preparation
of these fermented food condiments.
i
The high counts of mesophilic aerobic spores obtained may be due
to the surviving spores of the fermenting organisms most of which
repeatedly are spore formers (Odunfa, 198la and b; Obeta, 1983;
Ogbadu, 1988) or spores of other contaminating Bacillus spp commonly
found in the enviroment. Farkas (198+) noted that heat-resistant
bacterial spores are the notable contaminants in dry food ingredients
and processing aids such as spices, condiments, texturizing agents,
sugars and enzymic preparation. |

. : |
All the indigenous condiments examined had B.cereus counts above
the acceptable limit of 107 cells/g. These food condiments ay
serve as souces of B. cereus food poisoning, particularly for dishes
that are 1lightly heat processed. Strains of B.cereus have been
associated with food poisoning (Hauge, 19355; Blakey and Priest,
1980). The prevalence of B.cereus in fiod condiments has been
studied by Obuekwe and Ogbimi (1989). They found large numbers
of B.cereus in paprika and suggested that they may be responsible
or coatribute to common stomach upset and liarrhoea which accompany
ingestion of high-paprika containing foods. Improper heat treatment
is still hazardous since the spores may be forced to germinate and

liberate toxin following heat-shocking during re-heating and cooling
of our foods. : b .

——-




The range of mould count obtained for the condiments in this study
may serve as the level of contamination during sun-drying or pack-
aging of the condiments in leaves. Some species of Aspergillus

and Penicillium both of which were isolated from the condiments

in this study may produce mycotoxins under fivourable conditions.

A third genus isolated was Rhizopus spp which may easily be inact-
ivated during cooking. No Shigella spp was recovered from the cond-
~iments. No Salmonella spp was 1solated from soyabean and locust
bean ‘'daddawa’ bur from one of the ‘opiri-igbo' samples. The
presence of Salmonella spp in foods or fool condiments 1s not des-
irable as they cause severe gastro enteritis, although they can
easily be inactivated by heat during cooking. There was however,
a high count of faecal coliforms whose presence may indicate the
presence of pathogens,

The moisture content of the indigenous condiments used for microb-
iological analysis could support microblal growth end metabolism,
The bouillion cubes had lower moisture content and are also properly
packaged hence the low total aerobic platz count as well as the
total exclusion of organisms of significance. Removal or limitation
of water prevents endogenous degradation of foods and also the act-
ivities of contaminating micro-organisms (Gitbs, 1986), Practically,
all detzxiorative processes which take place in food-stuffs are in-
fluenced in one way or the other by the concentration and mobility
of the water in the food-stuff. As a rough orientation, spoilage
is caused by the growth and development of bacteria and moulds on
the food and by enzymatic or non -enzymatic reactions; at low water
concentrations quality losses are caused mainly by auto-oxidative

reactions and physical deterioratien (Frazier, 1967 and Gibbs, 1986).

Okeoma (198+) noted that no detericrative changes occured in locust
bean 'daddawa' when stored at ambient temperature for 6 months.
'Ogiri-igbo' had higher moisture content than locust bean and soya-
bean 'daddawa' and is more likely to be spoilt as it is less stable )
at higher water concentrations. B

r
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S |
Slightly higher microbial counts were observed _for ‘ogiri~igbo'
vsamples than locust bean and soyabean 'daddawa, '-fi’-his may be due
vto the higher moisture content (2+%) which could support micrebial
growth and activity, ‘ . 1
Browning of the condiments was observed during drying for each type
of condiment after fermentation. Okeoma (198-+) reported similar
colour changes during the oven-drying of iocust bean 'daddawa' at
50-55% . Arogba et al (1990) noted similar colour changes during
the oven-drying of ogirli (melon ), soyabean und locust bean 'daddawa'
at 100%. These colour changes may be due to Maillard reaction
leading to the production of Amadori compounds, These are compounds
resulting from the degradation of l-amino-l-deoxy-ketose either
by fission, deaodolisation and removal of water, (Nursten, 1986},
Non-enzymic browning involves the reactions between amino acids
. and sugars, These compounds are abundant at the end of fermentation

{Fetuga et al, 1973 and Odunfa, 1982). The browning became inten-

sified when the fermented mash was autoclaved before drying. ({plate
1-ON,L®,SB). Pasteurisation of soya sauce was reported to double
the colour 1intensity (Steilnkraus, 1983). This report agrees with
the observation in this study. It can be safely deduced from this
study that moist heat when applied to fermented vegetable proteins

tend to increase their colour intensity, oo

Perhaps the concentration of Amadori compounds resulting from Maill-
ard reaction is increased by autoclaving thus darkening the product.
These darkening changes affect the aesthetic appeal to the consumers
and thus affect their choice of the product, i.e. the autoclaved

oven-dried condiments are darker in colour than the directly oven-
dried condiments.

The fall in pH observed during the oven—dryiﬁg of fhe ferménted
mash when compared with the values obtained at the end of fermenta-

tion may be due to loss of ammonia from the termented mash,

b : S



Ammonia has been reported to be released during fermentation of
vegetable proteins (Hesseltime, 1965). Soyabean 'daddawa' had
the highest glutamic acid content when compared with values obtained
for locust bean 'daddawa' and ‘ogiri-igho'. A comparative study
of the sensory attributes of these condiments by Jideani and Okeke
(1989) showed that soyabean 'daddawa' had the highest value in
the sensory evaluation preference rating followed by locust bean
'daddawa', with melon condiment (ogiri) being the least preferred.
Their study showed a correlation between the glutamic acid content
and the preference of flavour in these condiments. Higher glutamic
acid contents in the laboratory fermented condiments may be due
to autoclaving of the seeds before fermentation. Steinkraus (1983)
showed that cooking under pressure increase the digestibility of

proteins in soyabean during fermentation.

The directly oven-dried condiments had slightly higher glutamic
acid than the autoclaved, oven-dried condiments. This may be due
to the fact that the fermenting organism was not inactivated by
auteclaving before oven-drying in the latter. The former had better
aesthetic appeal than the latter.

Autoclaving of the fermented mash before oven-drying tends to
decrease the level of glutamic acid in the condiments. Steinkraus
(1983) noted that small amounts of amino acids may be destroyed
by deamination and aminocarboxyl reactions during processing of
soya sauce., This destruction of amino acids represent a loss in

nutritive value,

The glutamic acid contents of the post-fermentation heat-processed
and packaged condiments were not altered while the glutamic acid
contents for the controls were altered. The significance of this
results lies in the importance of packaging our indigenous cond-
iments as the unpackaged ones may have their glutamic acid content
altered by micro-organisms metabolising part of this flavouring
amino acid. The advantages offered by the packaged condiments
include exclusion of contamination, (low microbial load), non-alter-
ation of the glutamic acid content, non-alteration of the flavouring

ability and provision of convenient, attractive packages as well

—7-



as space saving for the cubed condiment for the consumers., Other
advantages of the packaged condiments are that the odour of the
condiment is sealed off and the trangsparency of the plastic film
enables the consumer to visualise the colour of the condiment which
may aid ctheir choice. It is sugested that oven-drying of the
fermented mash be done at 50°Cfor 74 hours for both types of oven-
dried condiments as this has less browning than those dried at
70% . and 100%c

Comparatively, the.differences in pB values and éhé glutamic acid
contents of botrh the laboratory and traditionally fermented cond-
iments were not significant. This is because the parameters used
in this study may have no-significant ecffect on the quality of
the condiment. Both types of condiments may be different in respect

of other parameters such as the microbial load of the final product.

The recommended monosodium glutamate (MSG) ﬁietary Intake has been
established by the American Institue of Food Technologists Expert
panel on Food safety and nutrition as 7.5g MSG/day (Food Technol,
1980). The level of monosodium glutamate in all the samples were

within the acceptable limit,

8-




|
CONCLUSTON \ s

It was established that the traditionally fermented condiments
were highly contaminated when compared with the, commercially pro-
gssed flavour enhancers. ' ' _

These indigenous condiments may be contaminated by poor handling

during preparation, marketing and lack of packaging.

It is recommended that they are fermented under controlled condition

und packoged appropriately for large scule preduction.

The changes occuring after fermentation give an insight to the

production parameters for pilot-scale drying of the fermented mash,

It is recommended that indigenous condiments be produced by oven-—
drying at 50% for 73 h before packaging.

—9-
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APPENDIX A. DETAILED MICROEBIAL COUNTS IN THE DIFFERENT CONDIMENTS

—— ke i .

COUNTS IN cfuw/'g or ciu ml:
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NAME OF SAMPL 7 AERQ FAR "M S aurens SALMONELLA . LIC B Ceras
i M.W.H.WWHM ﬁOCZ@HO nﬁ.w%i- m&wnzmmunq% COUNT MOULD COUNT COQUNT COUNT STORE COJNT COUNT
Knorr cubes 1.0x161 0 0 4 0 0 0 0 0
(5). 3.0x102 o 0 0 0 ¢ ! 0 0
1.0x10} 0 0 0 0 0 0 0 0
1.0x10l 0 o 0 0 0 0 0 0
1.0x10t 0 0 0 0 6 g o 9
MAGGI CUBES - 3.0x10¢ 1 e 0 ] 0 0 1 0
(5). 1.0x10d 0 b o 0 o o o 0
-~  1l.o0xiol 0 0 . 0 0 g 0 0 9
1.0x101 0 0 0 0 0 0 0 0
— 1.0x10l _ 0 - 9 i 0 - 0 0 — ¢ 0 -
SOYA SAUCE 1-4x107 0 0 0 D 0 i) 0 T
{5). 1.0x10 0 9 b 0 0 n 0 0
il.6x10l 0 0 0 0 0 0 0 0
H.oxgw 0 0 0 0 0 o 0 0
1.0x10 0 o . 0 0 . 0 0 0 n
20Y. . [ ] . 5 ] 1 7 ] )
o, P T3 L A £ €21 B T3\ VI 91 T2 T 12 A g TBxITY 304103
(%) w.qxpaw 7, 0, 1.8x105 1.1x103 - 0 0 1.5x107  7.6x10%
2.5x10; 1.5x10% 2.3x103 1.8x107 1.0x103 0 0 2.3x%107  2.0x10]
2.8x10%° - 2.am10 2.4x10 5.0x10 1.2x10 0 0 2.6x10 1.3x%10
LOCUST BEAN 2.7x10’ 2.4x10°. 2.4x10° 2.9x107 1.9x10° 0 0 1.5x10’  3.2x10°"
‘daddawa’ 2.8x10% 2.4x10° 1.1x10° 2.8x20] 1.2x107 0 0 1.7x10  2.8x10;
(51. 1.2x107 0 0 2.8x107 3.8x103 0 0 1.6x107  3.0x1D;
1.8x109 9 _ s 5.8x103 1.0x103 0 0 5.5x103  3.2x10;
_ 9.0x10 2.4x10 9.3x10" 1.0x10 1.6x10 0 0 1.1x10 3.8x10
'0GIRI-IGBO- ~  L.4x10} 2.4x103 1.5%10% 3.0x10] 2.2x103 o o l.2xlo]  1.ex10}
(5). : 1.8x100 1.1x10; 4.6x10 5.4x10¢ 2.8x10; 0 0 . 2.8x10, 3.2x10]
2.8x105 6.4x10 0 4 4.4x10¢ 2.5x10 0 0 1.4x10,  5.2x10]
1.2x107 2.4x103 2.4x10 a.0x103 1.2x05 0 0 2.6x10p  2-8x10;
1.5%10 2.4x10 9 1.0x10 1.0x10 1. Ukl0 g 2.2x10 B.4x10°—-

* NUMBER OF SAMPLES EXAMINED FOR THE DIFFERENT ORGANISHE.
- (1)- Counts are in coliforms’ 3 or coliforms .nl.

(2)= Counts are in faecal coliforms g or faecal coliformS/ml.
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APPENDIX C.

BIOCHEMICAL IDENTIPICATION OF Staph aureus ISOLATED FROM THE INDIG ENOUS CONDIMENTS

SOYABEAN 'daddawa' ISOLATES

LOCUST BEAN ‘'daddawa‘’ ISOLATES

LOGIRI-IGBO, ISOLATES

.H.Wm._...m EMPLOYED mmu. SB muw mwp mmm rww LB rmw H..mh sm OzH OZN OZw Oz_- ozw
1. RA~haemolysis on Blocod = = B N ~ P R A 3 2 N N - B .

Agar
2. Acid and gas from:-

(1) Blucose” (aerobic) AG AG AG___AG _ AG AG AG AG AG _ AG AG AG _AG__ AG__ AG

(2) Glucose [anaercbic) AG AG AG AG AG AG AG AG AG AG AG AG AG AG+ AG
2b Acid and gas from:=-

{1 )Mannital (anaerchic) A A A A A A A A A A A A A A A

(2)Mannitol  (anaerobic) A A A A A A A A A A A A A A A
3. Coaqulase (tube) - - - - = + + v ~ + > + T + e
4. Dnase production - - - + 4 + . . + + + + +
5. Growth on Mannitol salt

Agar (MSA)_ + ~ + - - - + . . B + & + + +
6. Mannitol fermentatlion in

MEA + + + + + + + + + + + + - - *
7. GROWTH in Nad

3% + - + + . + + + + . + + + + +

5% + + + + + + + - - B . - - - +

10% - - = - - - + + + - - + . + +

15% - - - - - - - + + - + ™ i + +
8. Lecithinase activity - - B - + = + + = - = + + + +
9. Nutrient & ONHWﬂhm

Ligquefaction (22 ¢) + + + + + + + + + + + + + + +
10.Nitrate reduction + + + + ¥ + + + + + + + + + ¥
11.V oges~-proskaeur reaction + - . + - + + * + - e N - + +
12.0xidation fermentation

in OF glucose broth 0 0 Q ja] F F P F F ) 4 F F P F P
13.Catalase test. B . - + - + - + + + . + + Y +

0 = CXIDATION: F = FERMENTATION.

Bl



APPENDIX

B _ BIOCHEMICAL IDENTIFICATION OF Bacillus cercus ISOLATED FROM THE INDIGENUQS CONDIMENTS

62

. SOYABEAN 'daddawa'’ ISOLATES LOCUST BEAN 'daddawa' IGOLATES (OGIRI-IGBO, ISOLATES
TEST EMPLCYED SB 5B 3 B
1 2 mw 5 4 mwm hmH ﬁmm bwu LB hww ozH DZN Ozu 4

1. @ram reaction. GRAM POSITIVE SPORE FORMING RCDS. GRAM POSITIVE SPORE FORMING RODS.GRAM TOSITIVE S0ORE FORHMING RODE
2, VP test. + + + + + + + + + + + + + + +-
3. Citrate Utilisation + + + + + - + + — - + + _ = F
4. Acid from: (1) Glucose + + + + + + + + + + + + + + +

(2) Manniteol - - - - - - = - - = — = = — -

{3} Xylose - - - - + - - - = - ¥ 7 7 T ~
5. Hitrate reductioh. R R + - R - = + + + ¥ —
6. Growth on Blood Agar. + + + + + + + + + + + + + + +
7. B-haemolysis con Blood

Agar under anasarobic

Conditions. - + - - - + + + + + - + 4 + +
8. Urease activity + + + + + + ¥ * T F + ¥ ry - T
9. Casein hydrolysis. - + + + + + + - - - + + + T T
10. Lecitithase activity. + + + + + + + + + + + + + + *
ll. Indole production. - - - - - = - - - - " — — — —
12. Motility test. + + + + + + + + + + + + + + +
13, Gelatin -~ Liquefection + + + + + + + * ¥ ¥ T T T T Y
14, Starch hydrOlysis + + + + + - + + + + + + + + +
15. Catalase Activity + + + + + + + + + + + + + + +
16, Growth in 7.5% Nacl + + + + + + + + + + + + + + +

17. oF glucose broth
{oxidation ferment-
ation reaction!

FERMEYNTATTIOHN.

FERMENTATION.

FERMENTATTI O N,




APPENDIX E. BIOCHEMICAL IDENTIFICATION OF THE COLIFORM ISOLATES FROM THE INDIGENOUS CONDIMENTS

; SOYABEAN 'daddawa' ISOLATES LOCUST BEAN 'daddawa’ ISOLATES ‘OGIRI-IGEQ ISOLATES

TEST EMPLOYED mWH mmm mww mw» mwm FmH rWM ﬁmw Fwa bwm OZH ON ON ON ON

2 3 4 5

1. Gas production at

»a.mon + + - + + + + - + + + + - + +
2, Indele production + + - + + + + - + + + + - + +
3. Methyl Red Test. + + - + + + + - + + + + - + +

4. Voges-Proskaeur

reaction, - - + - - - - + - - - n -

5. Citrate Utilisation. - - + - — - - + - - - - + - -

6. Reaction in Kligler AR A/A;G ASA;G AJA;G A/A:G ARG AJA;G A/A;G  AJA;G  AJA:C A/A;G A/A;G A/A;G A/A;G A/A®
Iron Agar

7. Reaction in Triple A/A;G A/A;G AJAIG ARG A/A:G A/A;G A/AG AJAJG A/A;G A/A:G  A/A;G A/A:;G A/AIG A/A:G AJA;
Sugar Iren Agqar.

8. Motility Test. + + + + + + * * + ¥ ¥ ¥ ¥ T -

9. <Colonial Appearance

On EMB - Agar. 1 1 2 1 1 1 2 1 1 1 1 2 1 1 1
10. Inference Escherichia Ent. Escherichia E.coli Ent. BEscherichia Coli  EScherichia Ent, Escherichia® colj
coli Aarogenes coli aercgeng : coli Sernesnec .
FQOT WOTES: {a} A/A;G represents Acid Production in both the slope and butt together with gas
production.
(1) Smait, - ... purple colonies with dark centers and a metallic sheen.

(2} Large, pink mucoid colonies with no metallic sheen.

B3



APPENDIX P.

BIOCHEMICAL IDENTIFICATION OF SALMONELLA

SPP ISOLATED FROM ‘OGIRI-IGBO’

Test Employed

Reaction

Indole precduction
Urease activity
Voges-Proskaeur Test

Lysine Decarboxylase

Triple sugar Iron Agar

reaction
Butt: vyellow

black
Cracks

Slant : Red

b4
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Appendix G IDENTTFICATION OF MCULDS ISCLATED PROM THE INDIGENCUS CCLDIHENTS Kasi _t..e..
-_.

SOURCE ISCLATE IIACRCICODY FIchRcscopy ~uEHTISY
SOYARCAL Sz “hite,; fluffy myceilal mats with black Non-septate mycelis wish

‘daddaua® Srerancia on fur<her incubation, with spores,
sa . "
2
—le“w e " " "
-
38, "
4 1= -~ 1 "hizopus spp
. = . ; : T
2w vaen aycalial =ais, mﬁOHmh radlatine f-=m fupmhed ande Sa ;bumnmvhuuh con
) il i
Lu.“ - Ihd wgy STy, mum =1 i 1 o tad =iy s - - -y 148 sa2f =1 .nf
= == M8, flully mzelial maes with 1a on—septate ye2.2a wienh Sporangia le —iizeopus spo
black sporanqia, laden with zroras, TRy S
Ze Flue, myceltal mats with white 2. Fraen like zcnidia on 2enidiophores 2e .mmawn»u.w.....ﬁ_ zon.
Ui inea T ———
LOCUST GEAL iB .z ¥ P 13 ‘
S s 1 “hite, fluffy mgeelial mats wizh black “On=saptate mycelia wish Srorangia laden
'daddawar Svorancia, With srares, “hizopus Spp. %
= " o I||.|.|.||||.|nw
ltd
rmw Sreen flussy mycelial mats. 3pores radiatins oo 2¥phal ends, Doparsi Spp.
Pﬂa Uhlize, fiussy mucellal matw wikh hlack “om-gar-atae Mycalla uish 3roraniga laden
sSTorangia.

e Slack, flufsy myceiial mats,
2e Whita, Sluffy nveelial g o

With spores.

1. “onidia radia-:ne- from conidiophares.

e “On-sartate mYCelia wish o crangia

laden wish 3nosos,

‘OGIRT~T500!

‘e MEEse
2e mats,

y fCeilal mars,
le Dlack, =1ugsy, Aycalial mats,
<. "

= 3lack, fluffy mycelial mats,
Sluffy mycallal masts,

ol
.

N

n

0

ik

|

1. Spores radiasine ccnidiophoras,
2. len=sastata mycalla with black Srores,

Conidia fadizting f=¢n conitiophoras,

lon—-santara aycelia
with Si'Cras,

“==1 srorangia laden:

le Spores radlaring fronp conidlophores.
2a "

Aspergiliys app
Rhizopus s
llltlLWﬂl PP

Ascerqgillus Sppa



