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Abstract

The benefits of utilizing indigenous crops in developing countries as a potential substitute to wheat usually processed into flour need to be
maximized. In this study, a confectionery popularly known as chin-chin was prepared using corn-breadfruit-date composite flour formulated
in the ratio 70:20:10, 60:30:10, 50:40:10 and 40:50:10 which were labelled X1, U1, D1 and L1, respectively. Microbiological analysis, functional
properties and proximate analysis of the composite flours were carried out using Standard methods. Sensory evaluation of chin-chin samples
prepared using the composite flours were evaluated using 9-point Hedonic scale. The total bacterial count (TBC) of the composite flours exceeded
7 log,,CFU/g limit recommended by International Commission on Microbiological Specification for Food (ICMSF). The frequency of occurrence
of bacteria isolated from the composite flours were Bacillus sp. (44 %), Staphylococcus aureus (22 %), Escherichia coli (17 %), Proteus sp. (11 %)
and Streptococcus sp. (6 %) while the fungal isolates were Aspergillus sp. (26 %), Candida sp. (17 %), Microsporum sp. (17 %), Cladiosporum sp.
(8 %), Penicillium sp. (8 %), Chaetomium sp. (8 %), Beauveria sp. (8 %) and Ochroconis sp. (8 %). The oil absorption capacity, bulk density, water
absorption capacity, gelatinization temperature, and swelling capacity of the composite flours were within the range of 1.13+0.02 - 1.71+0.08
g/ml, 0.72+0.06 - 0.75+0.07 g/cm? 1.27+0.06 - 2.10£0.05 g/ml, 76.33+0.72 - 81.33+1.42 °C and 10.43+0.57-10.70+0.17 g/ml, respectively.
The protein, ash and moisture content of the composite flours were within the range of 10.06+0.42 - 13.54+0.38 %, 1.21+0.16 - 1.90+0.17 %
and 1.05+0.12 - 1.20+0.17 %, respectively. Moisture content, swelling index and bulk density of the composite flours; mouthfeel, aroma and
appearance of the chin-chin samples prepared using the composite flours showed no significant differences (p>0.05). Although the sensory
report showed that chin-chin samples prepared using the composite flours were generally acceptable, the most preferred sample was prepared
using Sample LI.
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Introduction
a bid to reverse the trend, supplementing wheat flour with non-

The fight against malnutrition prevalent in many developing wheat flour made from indigenous and affordable crops such as

countries by means of incorporating highly nutritious, but less

. ) ) ) cassava, potato, yam and plantain is aimed at increasing the yield
utilized crops into diets championed by the world food programme

of locally grown crops and reduce the level of wheat importation

need to be sustained. Promoting the utilization of composite
flour to increase the supply of protein and minerals essential for
growth and maintenance of human body could prevent nutrition-
related diseases from manifesting [1,2]. In Nigeria, the increase
in demand for snacks especially ready-to-eat baked products
and confectioneries made from wheat flour is encouraging
massive importation of wheat from European countries [3]. This
development is pushing the prices of wheat-based products
available in the markets above the reach of many Nigerians. In

[4-9].

Flour processed from a single crop could be deficient in some
essential nutrients, not able to meet the nutritional needs of
individuals facing health challenges such as obesity, diabetes and
heart-related diseases [10,11]. Some of these limitations could
be addressed using composite flour which also offers economic
benefits. Thus, several studies on composite flours have been
carried out. Yet, more studies are still required for continuous
improvements [12]. In that regard, African breadfruit (Treculia
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africana) was selected for processing into flour to overcome the
limitation of short shelf life of 5 days after it has been harvested
[13,14]. Also selected for processing into flour is date palm fruit
(Phoenix dactylifera L) to serve as a natural sweetener in the
production of chin-chin. Since it is estimated that annual loss of 2
million tons of the surplus production of date palm fruit (moisture
content = 64.5 %) occur due to inability to process date palm fruits
into useful products, it was selected for processing into flour.
Lastly, the selection of corn (Zea mays L.) among other cereals
such as wheat for processing into flour is due to its abundant
supply in the country Nigeria [13,15].

Corn is among the most important cereals grown in Nigeria
used for feeding humans and animals [16, 17]. It is referred as
maize in many English speaking countries. The literal meaning of
maize (American Indian word) is ‘that which sustain life’ [16,18].
According to Qamar et al. [19], maize contain 4.50-9.87 % protein,
2.17-4.43 % fat, 11.6-20.0 % moisture, 1.10-2.95 % ash, 2.10-
26.70 % fibre and 44.60-69.60 % carbohydrate. Maize is a rich
source of dietary fiber, vitamins and minerals [19,20]. Globally,
maize is ranked second behind wheat with regards to output
of cereal crops [16]. Among the cereals consumed by Nigerians
with regards to quantity, maize is rated second behind sorghum.
[21]. Among all cereals, maize possess the highest genetic yield
potential. Therefore, it is referred as ‘queen of cereals’ [22].
Maize kernel can be eaten raw; preferably eaten after subjecting
it to cooking or roasting. Processing of maize kernel give rise to
so many maize products such as corn flour, corn meal, corn oil,
corn flakes, tortillas, tortilla chips, among others [19,23,24].
According to Abiose & Ikujenlola [25], maize provides the highest
percentage of energy source in the national diets of 22 countries
across the globe which include 16 African countries. In Nigeria,
the industrial sector utilizes more than 60 % of maize grown
across the country in the production of flour, beer, maize flakes,
malt drink, syrup, dextrose, starch and animal feed. Maize flour
could be supplemented in wheat-based products such as bread,
cake, chin-chin, among others [26].

In the last 5, 000 years, the palm date (Phoenix dactylifera
L. Family Arecaceae) has been a very important source of food
for people living in the Middle East and North Africa region. In
recognition of the usefulness of the fruit abundantly produced by
the palm date, it is referred as the sacred tree, the tree of life and
‘the bread of the desert [15,27]. The local Hausa name for date
palm fruit is debino. Date palm tree thrives mainly in Northern
part of Nigeria dominated by the Hausas [28,29]. It produces a
popular fruit that has a sugary taste which is mainly glucose
and fructose. As a result of high sugar content of date palm fruit,
it is regarded as an ideal substitute to refined sugar majorly
for the purpose of producing confectioneries. Other benefits
include lowering the risk diabetic patients are exposed to due to
increasing blood sugar level, rich fiber content, antioxidants and
flavonoids [11,15,30,31]. The fruit of date palm is usually eaten
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raw as a sweet berry [31,32]. It is a rich source of carbohydrates
(65.00 %), protein (17.09 %), moisture (64.34 %), fiber (12.55
%), ash (9.8 %) and fat (9.61 %), dietary fiber (6.5-11.5 %) [28].

African breadfruit is the common name given to Treculia
africana which describes a tree commonly seen growing in
tropical parts of Africa [33]. The tree produces a large yellow
fruit with spongy texture containing edible small seeds [34]. It
is usually found growing near streams or swampy areas in the
forest [35]. African breadfruit has been given different names by
different ethnic groups in Nigeria. It is called ukwa, bere foo foo,
ediang, ize and bafufuta by the Igbos, Yorubas, Efik and Ibibios,
Benin and Hausas, respectively [36,37]. The tree grow abundantly
in west and eastern states in Nigeria [34]. African breadfruit
is affordable and abundant in supply during its season [38].
Traditionally, it is usually boiled, roasted or toasted before it can
be eaten [14,39]. African breadfruit is used as a substitute for yam
in preparing traditional foods because it is cheaper. Therefore, it
is generally regarded as poor man'’s food [40]. African breadfruit
is a cheap source of protein to many families in rural areas.
Roasted breadfruit seeds are sold together with palm kernel
as a roadside snack [37,41]. According to Obi and Akubuo [42],
African breadfruit contain crude protein (13.35 %), fat (10.12
%), ash (1.96 %), crude fibre (2.83 %), and carbohydrates (62.01
%). African breadfruit is a rich source of potassium, calcium,
phosphorus, vitamin B, ascorbic acid, niacin, riboflavin, thiamin,
pyridoxine and carotene. Reasonable amount of Omega-3 and
Omega-6 fatty acids are present in African breadfruit [35,40-43].
Processing African breadfruit into its kernel usually carried out
domestically is quite laborious and time-consuming [42]. African
breadfruit kernels processed into flour could be used as a soup
thickener. It can as well be used in preparing many products such
as pastries, cookies and confectioneries [43].

Chin-chin is a popular fried snack among Nigerians. It is
prepared using wheat flour, eggs and other ingredients. Ndife et
al. [44] and Lemchi et al. [26] used composite flour which include
maize flour to prepare chin-chin. In a related study, Folorunso et
al. [45] and Ugwuanyi et al. [46] also used composite flour which
include date flour and breadfruit flour to prepare chin-chin,
respectively. The chin-chin produced were generally acceptable
according to their sensory reports, but the microbiological quality
of the composite flours which could affect wholesomeness of the
samples (chin-chin) were not reported. In recent times, the use of
refined sugar in the production of confectioneries is raising health
concerns. Therefore, the use of natural sweeteners such as agavar
raw honey, corn syrup, maple syrup, brown rice syrup, xylitol,
stervia, molasses, black strap molasses, and date sugar is regarded
as a good alternative. A well acceptable chin-chin was produced
by Folorunso et al. [45] using wheat-date flour blend. However,
affordability of the snack could be a challenge due to inflation
which is currently affecting wheat flour in the local markets.
Therefore, this study is aimed at evaluating the microbiological
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quality, functional properties and nutritional composition of
corn-breadfruit-date flour and sensorial acceptability of chin-chin
prepared using the composite flours.

Materials and Methods

African breadfruit was collected from the forest (Farmland)
located few miles away from Port Harcourt International Airport,
Omagwa using aluminium basin sterilized with 70 % ethanol.
About 3 Kg of corn was purchased from traders selling cereals at
Choba market, along East-West road, Port Harcourt, Rivers State
using sterile polythene bags. Date palm fruit weighing about 500 g
was purchased from a hawker at Uniport junction, along East-West
road, Port Harcourt using a sterile polythene bag. All the materials
were quickly taken to Microbiology Laboratory, University of Port
Harcourt for analyses.

Preparation of flours

Preparation of African breadfruit, date and corn flours
were carried out using the methods described by Olaoye and
Onilude [14], Folorunso et al. [45] and Adedeji & Tadawus [47],
respectively with some modification.

Preparation of composite flour

Composite flour that comprise of corn, breadfruit and date
flour were formulated in the ratio of 70CF: 20BF: 10DF (first
blend), 60CF:30BF: 10DF (second blend), 50CF:40BF: 10DF
(third blend) and 40CF:50MF: 10DF (fourth blend) using a well-
calibrated electronic balance (Metler MT-2000). Table 1 shows
the weight of breadfruit flour, corn flour and date flour which
constitute 250 g of each composite flour (Figures 1-3).

Fermenting
breadfruat

of African
for 5 days

k.

r

Seed extraction from npe
African breadfruit

Y

r

Cleaning and washing of
seeds

Y

r

Hot water

blanching

Y

r

Draining and cooling

|

Dehullingan

d winnowing

!

Drying (60 . for 7 days)

I

Coo

ling

Milling

}

Sieving

!

Storage

Figure 1: Flow chart for production of breadfruit flour.
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Figure 2: Flow chart for the production of date flour.
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Figure 3: Flow chart for the production of corn flour.

Table 1: The proportion of corn, breadfruit and date palm in each composite flour.

Composite Flour CF (g) BF (g) DF (g)
X1 175 50 25
U1 150 75 25
D1 125 100 25
L1 100 125 25

Key: CF- Corn flour, BF-Breadfruit flour; DF-Date flour.
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Serial dilution

Ten-fold dilution of each of the composite flours were
prepared using sterile water. A suspension of 1 g composite flour
sample was added in 9 ml sterile water, swirled gently for 2 min. to
ensure even distribution of the flour sample. The tubes containing
9 ml of sterile water was labelled (10) - (10). A sterile pipette
specifically for each sample transferred from one dilution of the
flour suspension to the next was done until the last dilution (10-)
was reached.

Microbiological Analysis
Total heterotrophic bacterial count

The dilutions (10*), (10°) and (10°) of each composite
flour was plated out on nutrient agar (Biomark Laboratories,
India) plate using the spread plate method. The inoculated plates
were incubated (plates kept inverted) at 37 °C for 48 h using an
incubator manufactured by Axiom Medical LTD, UK. The total
number of colonies on the culture plates were counted after the
incubation period using a hand tally counter. The result obtained
was calculated using the formula below and expressed as colony
forming units per gram (CFU/g).

N 1
dilution factor volume plated

CFU /g = no.of coloniesx
Total fungal count

The procedure used for determining the total heterotrophic
bacterial count was applied in determining the total fungal count
except that the (10), (10°) and (10°) dilutions were plated out
on Sabouraud dextrose agar (L-S Biotech, India) and incubated
at 25 °C for 7 days. The total number of colonies on the culture
plates were counted after the incubation period using a hand tally
counter. The result obtained was calculated using the formula
below and expressed as colony forming units per gram (CFU/g).

1

X
dilution factor volume plated

CFU /g = no.of coloniesx
Purification of the isolates

With the aid of sterilized wire loop, discrete colonies
were picked from the bacterial and fungal culture plates and
subcultured repeatedly into a freshly prepared nutrient agar
and Sabouraud dextrose agar plates, respectively to obtain pure
colonies. The pure colonies were stored on agar slants for further
identification of the isolates.

Identification of the isolates

Identification of the bacterial isolates were based on
morphological and biochemical characteristics. The morphological
characteristics include the shape of colonies, colonial outline,
colonial evaluation, colour, consistency and size. Motility test
was carried out using the method described by Varghese & Joy
[48]. Gram staining and biochemical tests were carried out on the

bacterial isolates using the procedure described by Cheesbrough
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[49] and Isu & Onyeagba [50]. The biochemical tests include
catalase, endospore stain, and sugar fermentation (glucose and
lactose). Lactophenol cotton blue staining of the fungal isolates
were carried out and morphological result observed was recorded
using the procedure described by Isu & Onyeagba [50].

Functional properties

Functional properties which include swelling capacity,
water absorption capacity, oil absorption capacity, bulk density
and gelatinization temperature of the composite flours were

determined.
Water and oil absorption capacity

0il and water absorption capacity of the composite flour
samples were determined using the method described by
Sosulski et al. [51]. One gram (1 g) of the sample was mixed with
10 ml soybean oil (specific gravity 0.9092) and 10 ml of water,
respectively. The mixtures were allowed to stand at ambient
temperature (28 +2 °C) for 30 min., then centrifuged for another
30 min.at 3000 rpm. Water absorption was observed and reported
as percentage water bound per gram flour.

Gelatinization temperature

Gelatinization temperature of the composite flour samples
were determined using the method described by Shinde [52]. One
gram (1 g) of flour sample was weighed accurately in triplicate and
transferred to 20 ml screw-capped tubes. Ten millilitre (10 ml) of
water was added to each sample and heated slowly in a water bath
until a solid gel was formed. On completion of gel formation, the
temperatures of the gel were measured and the average noted as
the gelatinization temperature.

Bulk density

The bulk density of the composite flour samples were
determined using the method described by Jones et al. [53]. The
volume of 100 g of the flour sample was measured in a measuring
cylinder (250 ml) after tapping the cylinder on a wooden plank
until no visible decrease in volume was noticed. Based on the
weight and volume, the apparent (bulk) density was calculated.

Weight of sample (g)

Bulk density (g/ml) =
ulk density (g/ml) volumeof sample (ml)

Swelling Capacity

The swelling capacity of the composite flour samples were
determined using the method described by Okaka & Potter [54].
Ten milliliter (10 ml) graduated cylinder was filled with the flour
sample to 10 ml mark. Then, distilled water was added to arrive
at a total volume of 50 ml. The top of the graduated cylinder
was tightly covered and mixed by inverting the cylinder. The
suspension was inverted the second time after 2 min and left
to stand for additional 8 min. The volume occupied by the flour
sample was recorded after 8 min.
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Proximate Analysis
Protein content

The Kjeldahl method was used in determining the protein
content of the composite flour samples. One gram (1 g) of the
sample was weighed into a clean conical flask (20 ml). Three gram
(3 g) of digestion catalyst was added into the conical flask followed
by 20 ml concentrated sulphuric acid and the sample was heated
to digest. The content of the flask’s colouration changed from
black to sky-blue. The digest was cooled to room temperature
and was diluted to 100 ml with distilled water. Twenty milliliter
(20 ml) diluted digest was measured into a distillation flask and
the flask was held in place on the electrothermal heater. The
distillation flask was attached to a Liebig condenser connected to
the receiver containing 10 ml of 2 % boric acid indicator. Forty
milliliter (40 ml) sodium hydroxide was injected into the digest
via a syringe attached to the mono-arm steelhead until the digest
became strongly alkaline. The mixture was heated to boiling and
the distilled ammonia gas passed through the condenser into the
receiver beaker. The colour of the boric acid changed from purple
to greenish as ammonia distillate was introduced into the boric
acid. The distillate was titrated with standard 0.1N hydrochloric
acid solution until the colour returned to purple from greenish.
The volume of hydrochloric acid added to effect this change was
recorded as titter value. The protein content was calculated using
the formula below.

titer value x1.4.x100x100
1000x20x0.1

Where titter value = the volume of HCl used in titrating the
ammonium distillate.

% Organic nitrogen =

1.4 = nitrogen equivalent to the normality of HCl used in the
titration 0.1N.

100 = the total volume of digest dilution
100 = percentage factor
1000 = conversion factor from gram to milligram
20 = integral volume of digits analysed or distilled
0.1 = the weight of sample in gram digested.

Ash content

Ash content of the composite flours were determined using
the furnace method. One gram (1 g) of the dried sample was
weighed into a porcelain crucible which was previously preheated
and weighed. The crucible was inserted into a muffle furnace and
regulated to a temperature of 300 °C for three hours. The crucible
with the content was placed inside a desiccator and allowed to
cool to room temperature and re-weighed. Ash content was
calculated using the formula below.

v Ash weight of crucible + Ash sample —Weight of crucible+sample after ashing N 100
() = —

Weight of sample 1
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Moisture content

The AOAC [55] method was used in determining the moisture
content of the composite flour. An aluminium dish previously
cleaned and dried at 105 °C for 5 min. was allowed to cool inside a
desiccator to room temperature and weighed (A). Two grams (2g)
of composite flour was weighed into the dish and reweighed (B).
The dish containing composite flour sample was heated at 105
°C inside an oven until constant weight was achieved (approx. 5
h). The dish was transferred to a desiccator, allowed to cool and

reweighed (C). (B)-(C) 100
B-4) T

% Moisturecontent =

Production of chin-chin

A list of ingredients including the quantity of each ingredient
used in preparing chin-chin is presented in Table 2. The flow chart
depicted in Fig. 4 explains the process for preparing chin-chin
(snack) as earlier described by Folorunso et al. [45] and Akubor
[56] with slight modification. The chin-chin samples prepared
using each of the composite flours (X1, U1, D1 and L1) were
labelled accordingly for sensory evaluation (Figure 4).

Table 2: Recipe for preparing chin-chin.

Recipe Quantity
Margarine 25g
Raw egg 2 pieces
Powdered milk 25g
Nutmeg 05¢g
Baking powder 05¢g
Water 300 ml
Composite flour 250¢g

Composite flours: X1- 175 g corn flour + 50 g breadfruit flour + 25 g
date flour

Ul - 150 g corn flour + 75 g breadfruit flour + 25 g date flour

D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1- 100 g corn flour + 125 g breadfruit flour + 25 g date flour.

Sensory evaluation

The sensorial acceptability of the chin-chin samples prepared
using the composite flours were evaluated based on the colour,
taste, aroma, appearance, mouthfeel and overall acceptability.
Ten (10) member semi-trained sensory panelists evaluated the
samples using a 9-point Hedonic scale in line with the procedure
described by Ihekoronye & Ngoddy [57] with slight modifications.
Sensory score 9 is the highest rating interpreted as like extremely
whereas sensory score 1 is the least interpreted as dislike
extremely. The panelists were instructed to use a glass of potable
water provided to rinse their mouth before putting each sample in
the mouth for sensory evaluation.
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Figure 4: Flow chart for the production of chin-chin.

Source: Folorunso et al. [45] & Akubor [56]

Composite flours: X1- 175 g corn flour + 50 g breadfruit flour + 25 g date flour

Ul - 150 g corn flour + 75 g breadfruit flour + 25 g date flour
D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1- 100 g corn flour + 125 g breadfruit flour + 25 g date flour.

Statistical analysis

Data generated were subjected to analysis of variance
(ANOVA) using IBM SPSS version 23 statistical package software.
Duncan’s Multiple Range Test (DMRT) at p = 0.05 was also used to
separate the Means.

Results

The result presented in Fig. 5 shows the total heterotrophic
bacterial (THBC) and total fungal count (TFC) of the composite
flours. The THBC of composite flour X1 (175 g corn flour + 50
g breadfruit flour + 25 g date flour), U1 (150 g corn flour + 75
g breadfruit flour + 25 g date flour), D1 (125 g corn flour + 100
g breadfruit flour + 25 g date flour) and L1 (100 g corn flour +
125 g breadfruit flour + 25 g date flour) are 8.15, 8.60, 8.36
and 8.25 log, CFU/g whereas the corresponding values for TFC
are 6.95, 6.75, 6.83 and 6.86 log, CFU/g, respectively. There is
no significant difference (p>0.05) between the THBC among
the composite flours. Similarly, the TFC of the composite flours
were not significantly different (p>0.05). Presented in Table 3 is
the cultural and morphological characteristics of the bacterial
isolates from the composite flours. Table 4 shows the result of
Gram staining and biochemical tests carried out on the bacterial
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isolates. A total of five (5) bacterial genera were identified. They
are Staphylococcus aureus, Escherichia coli, Bacillus spp., Proteus
spp. and Streptococcus spp. The result shows that S. aureus and
Bacillus sp. were present in all the flour samples whereas Proteus
sp. was found only in the flour sample L1. E. coli was found in
flour sample X1 and U1 while Streptococcus sp. was detected in
flour sample X1 and D1. Depicted in Figure 6 is the frequency of
occurrence of bacterial isolates from the composite flours. The
result shows that Bacillus sp. (44 %) and Streptococcus sp. (6 %)
had the highest and least frequency of occurrence, respectively.

The colonial and microscopic appearance of fungi isolated
from the composite flours are depicted in Table 5. A total of eight
(8) fungal genera were identified from the composite flour. They
include Aspergillus spp., Beauveria spp., Candida spp., Microsporum
spp., Cladiosporum spp., Penicillium spp., Chaetomium spp. and
Ochroconis spp. Shown in Fig. 7 is the frequency of occurrence of
fungal isolates from the composite flours. The fungi genera that
recorded the highest frequency of occurrence is Aspergillus spp.
(26 %). However, Beauveria spp., Cladiosporum spp., Penicillium
spp., Chaetomium spp. and Ochroconis spp. each recorded the least
frequency of occurrence (8 %) in the composite flours.
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Figure 5: Total heterotrophic bacterial and fungal count of the composite flours
Key: X1- 175 g corn flour + 50 g breadfruit flour + 25 g date flour
Ul- 150 g corn flour + 75 g breadfruit flour + 25 g date flour
D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour
L1- 100 g corn flour + 125 g breadfruit flour + 25 g date flour
THBC-Total heterotrophic bacterial count; TFC-Total fungal count.
Table 3: Cultural and morphological characteristics of bacterial isolates from the composite flours.
S/No. Composite Flour Colony Shape Colour Surface Appearance
1 X1 Circular Cream Smooth
2 X1 Irregular Dull Smooth
3 X1 Dotted White Smooth
4 X1 Irregular White Smooth
5 X1 Dotted White Smooth
6 X1 Round Yellow Smooth
7 U1l Round Yellow Smooth
8 U1l Irregular Dull Smooth
9 U1l Circular Cream Smooth
10 U1l Circular Cream Smooth
11 D1 Round Yellow Smooth
12 D1 Irregular Dull Smooth
13 D1 Circular Shining white Smooth
14 L1 Irregular Dull Smooth
15 L1 Irregular Dull Smooth
16 L1 Clumped White
17 L1 Irregular Dull Smooth
18 L1 Clumped White
19 L1 Circular Shining Smooth

Key: X1 - 175 g corn flour + 50 g breadfruit flour + 25 g date flour
Ul - 150 g corn flour + 75 g breadfruit flour + 25 g date flour

D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1 -100 g corn flour + 125 g breadfruit flour + 25 g date flour.
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Figure 6: Frequency of occurrence of bacteria isolates from the composite flours.

Table 4: Gram stain and biochemical characteristics of the bacterial isolates.

S/N Gram Stain Es Motility Catalase Sugar Fermentation Probable Organisms
Glucose Lactose

1 - Rod - + - A G Escherichia coli
2 + Rod + - + AG - Bacillus spp.
3 + Rod - - + AG - Bacillus spp.
4 + Rod + - + AG - Bacillus spp.
5 + Cocci - - - AG - Streptococcus spp.
6 + Cocci - - + A AG Staphylococcus spp.
7 + Cocci - - + A AG Staphylococcus spp.
8 + Rod + - + A G Bacillus spp.
9 - Rod - + - A G Escherichia coli
10 - Rod - + - A G Escherichia coli
11 + Cocci - - + G AG Staphylococcus spp.
12 + Rod + - + AG - Bacillus spp.
13 + Cocci - - - AG - Streptococcus spp.
14 +Rod + - + AG - Bacillus spp.
15 + Rod + - + AG - Bacillus spp.
16 - Rod - + - G AG Proteus spp.
17 + Rod _ - + AG - Bacillus spp.
18 - Rod - + - G AG Proteus spp.
19 + Cocci - - - AG - Staphylococcus spp.

Key: + represent positive result; - represent negative result; A - acid production.
G - gas production; ES - endospore stain.
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Table 5: Morphology of fungi isolated from the composite flours.

Colonial Morphology

Microscopic Appearance

Probable Organisms

Surface is velvet green, reverse is white.

Septate hyphae smooth and short
conidiophores with round and smooth conidia.

Aspergillus fumigata

Surface is light yellowish brown.
Reverse side is yellowish brown.

Septate hyphae, conidiophores is smooth and short.
Conidia is rough and elongated.

Aspergillus caulidatum

Surface is white to cream,
fluffy to powder, reverse is white.

Hyphae are septate, conidia producing
structure are flat shaped with narrow zig-zag terminal.

Beauveria spp.

White to cream, dry fairly rough colonies.

Oval to cylindrical budding yeast cells.

Candida rugosa

Dry rough creamy colony.

Round to oval hyphae with conidia.

Candida kruseli.

Green surface and densely
padded conidia that spread on
the agar, reverse view is white.

Septate hyphae and smooth large
conidiophores with club shaped vesicles.

Aspergillus clavatus.

White, coarsely fluffy spreading
colony with a distinctive
hairy or feathery texture.

Asymmetric microconidia spherical in shape.

Microsporum canis.

Greenish brown with grayish velvet heap.

Dark septate hyphae and dark
branched conidiophores with more conidia.

Cladiosporum spp.

Leaf green coloured velvet colony.

Septate hyphae with brush like conidiophores.

Penicillium spp.

Cottony colony with brown
and reverse black surface.

Septate hyphae hyaline to pale brown,
penthecia, asci and ascospores are present.

Flat, dry and tobacco-brown
to brownish-black in color.

Septate hyphae. Ochroconis gallapava.

Flat dense and cottony colony
with grayish-white to reddish-brown hue.

Racquet shaped hyphae with
few micro and macroconidia.

Microsporum audouinii.

Table 6: Functional properties of the composite flours.

Parameters Composite flours
X1 U1 D1 L1
0Oil absorption capacity (g/ml) 1.13+0.02° 1.71£0.08° 1.21+0.09° 1.20+0.09°
Bulk density (g/cm?) 0.75+0.07* 0.75+0.06° 0.73+0.04* 0.72+0.06°
Water absorption capacity (g/ml) 1.57+0.09° 2.10£0.05¢ 1.30£0.082 1.27+0.06*
Gelatinization temperature (°C) 81.33+£1.42° 76.33+0.72° 79.36+1.24%® 79.70+1.11%
Swelling capacity (index) (g/ml) 10.53+0.46* 10.70+£0.17° 10.43+0.57* 10.57+0.48°

Values show means of triplicate analysis +SD. Means with different superscript along the row are significantly different (p<0.05).

Key: X1 -175 g corn flour + 50 g breadfruit flour + 25 g date flour
Ul - 150 g corn flour + 75 g breadfruit flour + 25 g date flour

D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1 - 100 g corn flour + 125 g breadfruit flour + 25 g date flour.

Depicted in Table 6 is the functional properties of the
composite flours. The result shows that there is no significant
difference (p>0.05) among the composite flour samples with
regards to swelling capacity and bulk density. The swelling
capacity and bulk density of the composite flour samples were
within the range of 10.43+0.57 - 10.70+£0.17 g/ml and 0.72+0.06
- 0.75£0.07 g/cm?®, respectively. However, there were significant
differences (p<0.05) in other functional properties among the
composite flour samples. The functional properties include oil
absorption, water absorption and gelatinization temperature
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which were within the range of 1.20+0.09 - 1.71+0.08 g/ml,
1.27+0.06 - 2.10+£0.05 g/ml and 76.33+0.72 - 81.33+ 1.42 °C,
respectively. Presented in Table 7 is the moisture, ash and protein
content of the composite flours which were within the range of
1.05+0.12-1.20+0.17 %, 1.21+£0.16 - 1.90+0.17 % and 10.06+0.42
- 13.54+0.38 %, respectively. The result shows that there is no
significant difference (p>0.05) in moisture content of the various
composite flours. However, significant differences (p<0.05) exist
among the flour samples with regards to ash and protein content.
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Table 7: Protein, ash and moisture content of the composite flours.

Composite Flours
Parameters X1 U1 D1 L1
Protein (%) 10.06+0.42? 10.50£0.23° 13.54+0.38¢ 12.68+0.36°
Ash (%) 1.90+0.17¢ 1.21+0.16° 1.40+0.23° 1.60£0.20%
Moisture (%) 1.17+0.11° 1.20+0.177 1.05+0.122 1.10+0.10°

Values show means of triplicate analysis +SD. Means with different superscript along the row are significantly different (p<0.05).

Key: X1-175 g corn flour + 50 g breadfruit flour + 25 g date flour
Ul - 150 g corn flour + 75 g breadfruit flour + 25 g date flour

D1- 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1 -100 g corn flour + 125 g breadfruit flour + 25 g date flour.

Table 8 shows the sensory report of chin-chin samples
prepared using each of the composite flours. The result shows
that aroma, mouthfeel and appearance of all the samples were
not significantly different (p>0.05). In contrast, the overall
acceptability, taste and colour of all the samples were significantly
different (p<0.05). The sensory report shows that highest and

lowest sensory score was assigned to overall acceptability of
Sample L1 (7.5£0.71) and Sample X1 (5.8+0.63), respectively. The
interpretation of the sensory score assigned to Sample L1 and
X1 with regards to overall acceptability is ‘like moderately’ and

‘neither liked nor disliked’, respectively (Table 8).

Figure 7: Frequency of occurrence of fungal isolates from the composite flours.

= Aspergillus sp.

= Candida sp.

= Microsporum sp.

Cladios porum sp.

B Pepicillium sp.
= Chaetomium sp.

= Beguveria sp.

Table 8: Sensory evaluation of chin-chin prepared using the composite flours.

Chin-Chin Sample

Sensory Attributes X1 U1 D1 L1
Taste 6.7+0.48% 6.2+0.42° 6.3+0.48° 7.2+0.42°
Aroma 6.3+0.67° 6.2+0.92° 6.5+0.97° 7.1+0.57°
Mouthfeel 6.4+0.84° 6.4+0.97° 7.1+0.57° 7.1+0.57°
Appearance 7.0£0.67* 6.8+£0.79* 6.8£0.92* 6.3£0.67*
Colour 5.9+0.88° 6.7+0.48° 6.6+0.52% 6.4+0.52%
Overall acceptability 5.8+0.63° 6.5+0.71° 6.3+0.67° 7.5+0.71°
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Key: X1- Chin-chin prepared using 175 g corn flour + 50 g breadfruit flour + 25 g date flour
Ul - Chin-chin prepared using150 g corn flour + 75 g breadfruit flour + 25 g date flour
D1- Chin-chin prepared using 125 g corn flour + 100 g breadfruit flour + 25 g date flour

L1- Chin-chin prepared using 100 g corn flour + 125 g breadfruit flour + 25 g date flour.

Values show the means of sensory analysis by ten panelists +SD. Means with different superscript along the row are significantly different (p<0.05).
Interpretation of the 9-point Hedonic scale: 9 - Like extremely; 8 - Like very much; 7 - Like moderately; 6 - Like slightly; 5 - Neither liked nor disliked;
4 - Disliked slightly; 3 - Disliked moderately; 2 - Disliked very much; 1 - Disliked extremely.
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Discussion
Microbial Load

Flour is generally regarded as a microbiologically safe product
as a result of low water activity which does not favour growth
and multiplication of microorganisms [58]. However, the result
from this study shows that composite flours which comprise of
corn, breadfruit, and date flour in the ratio 70:20:10, 60:30:10,
50:40:10 and 40:50:10 had a total heterotrophic bacterial count
and total fungal count within the range of 8.15 - 8.60 and 6.75-
6.95 log, CFU/g, respectively. Meanwhile, the recommendation
approved by the International Commission on Microbiological
Specification for Food (ICMSF) stipulated that total bacterial
count exceeding 7 log, CFU/g in flour renders the product unsafe
for human consumption [59]. Therefore, all the composite flour
samples did not meet the requirement stipulated by ICMSFE. This
result will raise public health concern unless the flour samples
undergo heat kill steps such as baking, frying and cooking. Any of
these steps could eliminate large population of microorganisms in
the samples [60].

According to N’zebo et al. [61], flour made from maize are
usually more contaminated by microorganisms than flour from
other crops. The ratio of corn flour in the composite flours
formulated were higher than breadfruit and date flour with the
exception of Sample L1. Large portion of corn flour supplemented
with breadfruit and date flour could be one of the reasons
responsible for high bacterial count reported for the composite
flours which exceeded the limit stipulated by ICMSE. In a related
study, Imarhiagbe et al. [58] reported that THBC, total coliform
plate count and total staphylococcal count of maize flour sold in
major parts of Benin city, Nigeria were within the range of 3.70-
3.85, 3.48-3.62, 3.48-3.61 log, CFU/g, respectively. The result
of microbial analysis of date powder carried out by Hariri et al.
[62] showed that bacteria was not found in two varieties of date
powder while total plate count of 10 CFU/g and 14 CFU/g were
recorded for two other varieties of date powder. Both reports
is an indication that date flour is less contaminated by bacteria
than maize flour. However, a study carried out by Umar et al.
[63] reported high bacterial count in date fruits sold in selected
markets in Katsina metropolis. According to research findings by
Al Jasser [64], storage temperatures significantly influences the
microbial load of date palm fruits. N'Guessan et al. [65] reported
that total microflora in yellow and white maize flour prepared
in the laboratory is 3.65 and 4.19 log CFU/g, respectively.
Meanwhile, yeast and mould in yellow and white maize flour is
2.67 and 2.05 log, ,CFU/g, respectively.

The total fungal count of the composite flours were within the
range of 6.75 - 6.95 log, CFU/g. According to Prevention of food
adulteration rules, India of 1956, yeast and mould should not
be found in 0.1 g of food [66]. Although the fungal count of the
composite edible flours did not meet the requirement, the process

How to cite this article:

of using the flours as a raw material to prepare snack (chin-chin)
could possibly reduce fungal population in the product. It should
be noted that high fungal count of composite flours makes it a
potential agent for food spoilage and food poisoning due to release
of mycotoxins. Contamination of foods by moulds is capable of
changing the appearance of the food. Off flavours could also be
released inside the food due to presence of moulds [67]. Fungal
contamination of date fruit palm sold in different locations were
reported by Anjili et al. [32], Tafinta et al. [68] and Yusuf [69]. The
use of date fruits contaminated by fungi to produce date flour
could be one of the sources of microorganisms in the composite
flours.

Bacterial isolates

Staphylococcus aureus, Escherichia coli, Bacillus sp., Proteus
sp. and Streptococcus sp. were isolated from the composite
flours which comprise of breadfruit, date palm and corn flour. A
related study carried out Imarhiagbe et al. [58] which involved
microbial analysis of corn flour sold in selected markets reported
the presence of Bacillus sp., B. subtilis, Enterobacter aerogenes,
Micrococcus sp., Staphylococcus sp., S. aureus, and Pseudomonas
aeruginosa. Geographical location, source of flour and processing
conditions of flour could be responsible for the differences in
bacterial genera reported in the composite flours and the corn
flour [58]. In another study, Oyetayo and Omenwa [70] reported
the presence of Bacillus sp., Staphylococcus sp. and Micrococcus sp.
in raw seeds of African breadfruit. Some of these bacterial species
could persist after processing African breadfruit into flour. Thus,
the source of bacterial genera found in the composite flours could
be from contaminated date fruits, African breadfruit seeds and
maize kernel processed into flour.

The presence of Staphylococcus aureus in the composite flours
poses a public health concern because this bacterium is capable of
releasing enterotoxins inside foods responsible for staphylococcal
food-borne disease (SFD). Spores produced by Staphylococcus spp.
are capable of withstanding high temperature. Subjecting food to
heat by cooking does not easily destroy enterotoxins released
by Staphylococcus spp. [67]. S. aureus is a well-known specie of
Staphylococcus associated with most commonly reported food-
borne diseases [71]. Contamination of food products by S. aureus
is usually attributed to improper handling. This bacterium is
commonly found in nasal canals. It forms part of the normal flora
ofthe skin. Although S. aureus is regarded as being harmless on the
skin, it could cause superficial skin infection and life threatening
skin infections after gaining access into the body through a broken
skin [67,72]. The frequency of occurrence of Staphylococcus
aureus in the composite flours is 22 %.

Handling of African breadfruit, date palm fruits and corn with
bare hands could be one of the sources of contamination of the
samples with Escherichia coli. It has been established that for
varying length of time, pathogenic E. coli is capable of surviving
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in the fingers and other parts of human body. Higher population
of this bacterium can be found in tools that have direct contact
with human body [61]. It is widely reported that presence
of Escherichia coli in food products is mostly linked to faecal
contamination because the bacterium forms part of the normal
flora of animal and human intestine. Although E. coli isolated from
the composite flours were not serotyped and their pathogenicity
levels determined, there is possibility that pathogenic strains will
be among the isolates. Thus, the presence of Escherichia coli in the
composite flours is a public health concern [34]. The frequency of
occurrence of E. coli in the composite flours is 17 %.

Spore-forming Bacillus sp. is widely distributed in nature.
Diarrheaand emeticillness which manifestas nausea and vomiting
are implicated with Bacillus sp. These diseases occur as a result of
heat-stable enterotoxins released by the bacterium. The probable
sources of contamination of the composite flours with Bacillus
sp. is from soil and/or water. Most raw materials used in food
manufacturing are contaminated by Bacillus sp. The population
of Bacillus sp. in contaminated raw materials could reach 103/g
or less. The infectious dose of Bacillus sp. is estimated at 105/g
[73,74]. In the baking industry, Bacillus sp. could contaminate
flour and other raw ingredients and possibly cause microbial
spoilage of bakery products especially bread known as rope [75].
Among the bacterial isolates encountered in the composite flours,
Bacillus spp. had the highest frequency of occurrence (44 %).

Proteus sp.hasbeen implicated as spoilage bacterium of certain
foods such as cured meats and shell eggs [76]. In a related study
which involved the preparation of home-made complementary
food flour, Okoronkwo et al. [77] reported the presence of
Proteus spp. in maize-pigeon pea flour. The source of Proteus sp.
in the composite flours could be from soil and/or water. Proteus
spp. is often regarded as an opportunistic human pathogen.
The bacterium usually cause diseases in immunocompromised
individuals. Proteus sp. is implicated with urinary tract infections
[78]. The frequency of occurrence of Proteus spp. in the composite
floursis 11 %.

The presence of Streptococcus sp. in the composite flours
could be from handlers of African breadfruit, date palm fruits and
corn kernel. Streptococcus sp. is a pathogen that can cause human
infections such as scarlet fever, pharyngities, and pneumonia
[73]. Microbiological analysis of home-made complementary
food prepared by Okoronkwo et al. [77] showed the presence of
Streptococcus spp. Among the bacterial isolates encountered in
the composite flours, Streptococcus spp. had the least frequency
of occurrence (6 %).

Fungal Isolates

Aspergillus fumigata, A. caulidatum, A. clavatus, Beauveria
spp., Candida rugosa, C. krusei, Microsporum canis, Cladiosporum
spp., Penicillium spp., Chaetomium spp., Ochroconis gallapava and
Microsporum audouinii were isolated from the composite flours.
Exposure of corn, African bread fruit and date palm fruits used in
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preparing the composite flours to unhygienic environment could
be responsible for the growth of sporulating moulds. In a related
study, Yusuf [69] reported the presence of Aspergillus niger, A.
nidulans, A. fumigates, Rhizopus spp. and Trichophyton rubrum in
date palm fruits sold by local vendors in the market. Most of the
fungal genera were not reported in the composite flours probably
due to differences in geographical locations and flour processing
conditions. The presence of moulds in the composite flours raises
some health concern due to the possibility of moulds releasing
mycotoxins responsible for severe poisoning, diarrhea, emesis,
prostration and sometimes death.

Moulds such as Cladosporium spp. is associated with
cutaneous infections, sinusitis, cerebral phaeohyphomycosis and
pulmonary infections. Air is likely the source of contamination of
the composite flours with Cladosporium spp [79]. The frequency
of occurrence of Cladosporium spp. in the composite flours is 8
%. Beauveria spp is a pathogenic fungi that naturally occurs in
insects (entomopathogenic fungi). The presence of this fungus in
wheat flour infested with pests already infected with Beauveria
spp has been reported. Pests could be the source of contamination
of breadfruit, corn and/or date fruit by Beauveria spp. which were
later processed into flour [80]. The frequency of occurrence of
Beauveria spp. in the composite flours is 8 %. Chaetomium spp
is usually present in buildings having problems associated with
indoor air quality. It is responsible for sick building syndrome
(SBS) which manifest symptoms which include hoarseness,
wheezing, headache, fatigue, nausea, dizziness, dry skin, irritation
of the eyes, nose and throat. Chaetomium spp. is associated with
increased number of occurrences of respiratory tract infections.
Human exposure to chaetoglobosins A and C produced by this
filamentous fungus could cause adverse health effects. Various
species of Chaetomium causes superficial and invasive infections
[81]. The frequency of occurrence of Chaetomium spp. in the
composite flours is 8 %. Possible sources of contamination of the
composite flours with Ochroconis gallapava are soil, indoor and
outdoor environment. In humans, some species of Ochroconis have
been identified as opportunistic pathogens [82]. The frequency of
occurrence of Ochroconis gallapava in the composite flours is 8 %.

The presence of Aspergillus sp. in the composite flours is a
public health concern due to its capability of producing aflatoxins.
It is worrisome that Aspergillus sp. had the highest frequency of
occurrence (26%) among the fungal isolates from the composite
flours. The persistence of spores of Aspergillus sp. in the
atmosphere could be trapped by indigenous crops (corn, African
breadfruit and date palm fruit) during processing into flour and/
or handling of the product which took place in the open. Later,
germination of the spores on the crops might have occurred which
resulted in the presence of Aspergillus sp. in the composite flours
[73].

Rhinocerebral mucormycosis, genitourinary, mucocutaneous,
pulmonary and disseminated infections could manifest due to
infection caused by Penicillium sp. Among the fungal genera
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reported in the composite flours, Pencillium sp. had the least
frequency of occurrence (8%). Also included in the category
of fungi that had the least frequency of occurrence (8%) in the
composite flours are Chaetomium spp., Beauveria spp., Ochroconis
spp. and Cladosporium spp. The frequency of occurrence of
Microsporum spp. in the composite flours is 17%. Preadolescent
children are usually the ones affected by Tinea capitis attributed
to dematophyte species which include Microsporum. The frequency
of occurrence of Candida sp. in the composite flours is also 17 %. It
is widely reported that Candida sp. is a common food contaminant
which could also cause food spoilage [83].

Functional properties

Among the composite flours, the formulation that had the
highest water absorption capacity (2.1 g/ml) is Sample U1 (150
g corn flour + 75 g breadfruit flour + 25 g date flour) whereas the
sample that had the lowest value (1.27 g/ml) is Sample L1 (100 g
corn flour + 125 g breadfruit flour + 25 g date flour). This result
is an indication that increase in quantity of corn flour contributed
to the increase in water absorption capacity of Sample L1, D1 and
U1. However, exceeding 150 g of corn flour might have influenced
the reduction in water absorption capacity (1.57 g/ml) reported
in the Sample X1 (175 g corn flour + 50 g breadfruit flour + 25
g date flour). There is no significant difference (p>0.05) in water
absorption capacity of Sample D1 and L1. Folorunso et al. [45]
reported that water absorption of flour gives room for more
quantity of water to be added to dough. When that happens, the
baker will observe an improvement in handling characteristics of
the dough. Thus, the freshness of the baked product is maintained.
According to Peter-lkechukwu et al. [11], water absorption
determines the extent protein content in a product will associate
in retaining water. Increased water absorption capacity of flour
usually occur as a result of increase in protein content of flour.

In food formulations, oil absorption indicate the rate at which
protein binds to fat. This functional property refers to the physical
entrapment of oils [79]. The result presented in Table 6 shows
that oil absorption capacity of the composite flours increased
from 1.20£0.09 to 1.71+0.08 g/ml with increase in quantity
of corn flour in the composite flour with one exception. The oil
absorption capacity of Sample X1, D1 and L1. is not significantly
different (p>0.05). It is suggested that better quality chin-chin
can be produced using flour that has high oil absorption capacity.
According to Peter-Ikechukwu et al. [11], oil absorption capacity
is a parameter to be considered in preparation of baked foods,
pancake, ground analogue, doughnuts and soup. Retention of
mouth feel and flavour of food products is improved by absorption
of oil. Soft texture of chin-chin is a mark of quality usually improved
by oil retention capacity of flour used in preparing the product.

The swelling index of the flour samples were within the
range of 10.43+0.57 - 10.70+£0.17 g/ml. It has been reported that
temperature, availability of water, species of starch and other
carbohydrates as well as proteins influences the extent of swelling
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of flour. There is no significant difference (p>0.05) in the swelling
index of all the composite flours. According to David et al. [84],
increase in swelling power due to increase in water absorption
lead to an improved solubility.

The bulk density of the various composite flours were within
the range of 0.72+0.06 - 0.75+0.07 g/cm?. This parameter shows
the heaviness of a particular flour sample. In food formulation, it
is advisable to go for flour that has a low bulk density because the
product derived from it have less retrogradation [11]. Less bulk is
preferable when formulating infant food. On the contrary, higher
bulk density is advantageous because it offers greater packaging
advantage making it possible for larger quantity of flour to be
packed within a constant volume. Bulk density is a function of
particle size. There is an inverse relationship between particle size
and bulk density [84]. There is no significant difference (p>0.05)
in the bulk density of all the composite flours.

The gelatinization temperature of the composite flours were
within the range of 76.33+0.72 - 81.33+1.42 °C. Gelatinization
temperature is important in determining the viscosity, plasticity
and elasticity of the snack (chin-chin). Lower gelatinization
temperature indicates better gelling ability while higher
gelatinization temperature indicates reduced viscosity, plasticity
and elasticity [85]. Gelatinization temperature is important
in food industry because it tend to affect the texture, uses and
digestibility of starchy foods [86]. There is significant difference

(p<0.05) in the bulk density of all the composite flours.
Proximate composition

The result presented in Table 7 shows that there is no
significant difference (p>0.05) in protein content of Sample X1
and U1 which were reported as 10.06+0.42 % and 10.50+0.23
%, respectively. The composite flour that had the highest protein
content (13.54+0.38 %) is Sample D1 (125 g corn flour + 100 g
breadfruit flour + 25 g date flour). Interestingly, the protein content
of composite flour sample D1 compare favourably with 14.7 %
reported for wheat flour [3]. The least protein content among the
composite flours was recorded for Sample X1(10.06+0.42 %).

Generally, the ash content of a product is an indication of the
level of minerals contained in the product [84]. The result shows
that ash content of the composite flours were within the range
of 1.21+0.16 - 1.90+0.17 %. Interestingly, the ash content of the
composite flours were higher than what is reported for wheat
flour (0.70 %) [3]. There is no significant difference (p>0.05) in
the ash content of composite flour samples U1 and D1

It has been widely reported that high moisture content
in any food product favours the growth and multiplication of
microorganisms leading to food spoilage. This invariably shortens
the shelf life of food products [84]. The moisture content of the
composite flours were within the range of 1.05£0.12 - 1.20+£0.17
%. All the composite flours had a far lower moisture content
compared with 9.1 % moisture content reported for wheat flour.
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The implication of this result is that composite flour sample X1,
D1, Ul and L1 is expected to have a longer shelf life than wheat
flour. There is no significant difference (p>0.05) in the moisture
content of all the composite flour samples.

Sensory characteristics

The sensory attributes which had no significant differences
(p>0.05) among the chin-chin samples prepared using the
composite flours include aroma, mouthfeel and appearance.
However, other sensory attributes (taste, colour and overall
acceptability) were significantly different (p<0.05) among the
chin-chin samples. Chin-chin prepared using composite flour L1
(100 g corn flour + 125 g breadfruit flour + 25 g date flour) is the
most preferred sample because the sensory panelists assigned the
highest sensory score (interpreted as like moderately) for taste
(7.2£0.42), aroma (7.1£0.57), mouthfeel (7.1+0.57) and overall
acceptability (7.5+0.71) to the sample. The quantity of breadfruit
flour (125 g) in the composite flour (Sample L1) compare with
lesser quantity in other composite flours could be one of the
reasons chin-chin prepared using the composite flour (L1) is
the most acceptable sample. Since it has been observed that so
many persons enjoy eating palm kernel and roasted breadfruit
as a roadside snack, it might have influenced the sensorial
acceptability of chin-chin (snack) prepared using composite flour
that contains larger quantity of breadfruit flour compared with
other chin-chin samples. According to Lemchi et al. [26], most of
the sensory parameters of chin-chin prepared using maize and
wheat flour were acceptable by the panelists. A similar sensory
report was published by Ugwuanyi et al. [46] from a study that
involved production of chin-chin using breadfruit, sorghum and
soybean flour. In a related study, Folorunso et al. [45] reported that
chin-chin prepared using date and wheat flour were acceptable by
the sensory panelists. Edima-Nyah et al. [87] reported that snack
bars prepared using African breadfruit seed flour, maize flour and
coconut grit blends had impressive sensory properties.

Conclusion

A well-acceptable chin-chin was prepared using a composite
flour which comprise of breadfruit, corn and date flour in different
proportion. The total heterotrophic bacterial count and fungal
count of the composite flour samples were within the range of
8.15-8.601log,CFU/gand 6.75 - 6.95 log, CFU/g, respectively. The
frequency of occurrence of bacteria isolates from the composite
flours include Bacillus sp. (44 %), Staphylococcus aureus (22 %),
Escherichia coli (17 %), Proteus sp. (11 %) and Streptococcus
sp. (6 %) while the fungal isolates were Aspergillus sp. (26 %),
Candida sp. (17 %), Microsporum sp. (17 %), Cladiosporum sp. (8
%), Penicillium sp. (8 %), Chaetomium sp. (8 %), Beauveria sp. (8
%) and Ochroconis sp. (8 %). The oil absorption capacity, bulk
density, water absorption capacity, gelatinization temperature,
and swelling capacity of the composite flours were within the
range of 1.13+0.02 - 1.71+0.08 g/ml, 0.72+0.06 -0.75+0.07 g/
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cm?, 1.27+0.06 - 2.10+0.05 g/ml, 76.33+0.72 - 81.33+1.42 °C
and 10.43+0.57 - 10.70£0.17 g/ml, respectively. The protein,
ash and moisture content of the composite flours were within
the range of 10.6+0.42 - 13.54+0.38 %, 1.21+0.16 - 1.90+0.17 %,
and 1.05+0.12 - 1.20+0.17 %, respectively. Sensory evaluation of
chin-chin prepared using the composite flours revealed that chin-
chin sample prepared using composite flour sample L1 (100 g
corn flour + 125 g breadfruit flour + 25 g date flour) is the most
preferred sample.
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