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Abstract: A Nigerian traditional corn-based snack, Kokoro was produced by the traditional hand rolling
method and with the use of a manual extruder. Samples from the market were designated as Control. The
chemical composition of the samples was determined using standard laboratory procedures. Sorption isotherms
were determined using static gravimetric method at different water activities (ay) (0.22 - 0.85) and temperatures
(20 — 40°C). Data obtained were analyzed using Analysis of Variance and means were separated with Duncan’s
multiple range test. Ash, moisture, fat, Free Fatty Acid (FFA), calcium, zinc, iron, phosphorus and potassium
contents for traditional hand rolled and manual extruded Kokoro samples ranged from 1.56-1.76%, 1.46 to
4.46%, 31.25-34.97%, 0.33 to 0.45% 68.92 to 71.02 mg/100g, 1.76 to 1.94 mg/100g, 4.89 to 6.11 mg/100g,
218.5 to 233.5 mg/100g and 288.0 to 317.0 mg/100g, respectively. The high fat content predisposes the Kokoro
samples to rancidity. Peleg, Oswin and GAB sorption models gave the highest R? values (R*>0.991), lowest %
Error (%E) and Root Mean Square (RMSQ) values (%E < 0.4%, RMSQ < 1.05). The storage stability study
showed that bacterial loads for hand rolled were significantly (p<0.05) higher than those of manually
extruded Kokoro. The sorption isotherm studies revealed that the monolayer value which is indicative of the
safest water activity (a,) for an acceptable and good keeping quality Kokoro was found to be 1.8 to 4.28 kg-
solid/kg-water (dwb).
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I. Introduction

Kokoro is a traditional maize-based, rod-like crunchy snack highly cherished and eaten freely in
Southwestern Nigeria [1]. It is a predominantly carbohydrate-based snack made by deep-frying maize paste
previously mixed with spices, salt, and sugar [2]. Freshly prepared Kokoro has an appealing brownish colour,
crunchy, pleasant roasty aroma, and a 2-week shelf life [3]' [4]. The snack is packaged in transparent low-
density polythene bags and hawked in market places and motor parks.

The increasing popularity of Kokoro, the drudgery of the traditional process, and its inherent short shelf
life underscore the need for research aimed at understanding the wholesomeness of Kokoro during storage. The
storage life of a food commodity depends on a number of factors: quality of raw materials, processing method
and condition, post-production handling, packaging, and storage conditions. Factors important in the shelf life
of dry foods are temperature, product moisture content, moisture adsorption (described through isotherms),
storage atmosphere, and packaging material. Some intrinsic physicochemical properties of carbohydrates,
namely: water absorption capacity, oil absorption capacity, bulk density and swelling capacity influence the
behaviour of food systems during processing and storage. An understanding of these properties in relation to
Kokoro will aid the understanding of storage characteristics of the commodity. The objective of this study is to
investigate the storage stability of Kokoro samples obtained from the traditional method and manually extruded
samples

Il. Materials and Methods
2.1 Materials
Bulk of white maize grain, ACR91 Suwanl-SRC, was obtained from the International Institute of
Tropical Agriculture, Ibadan, Nigeria, and was used to produce Kokoro following the traditional production
method used by the locals at Imasayi Town in Yewa North Local Government Area of Ogun State, Nigeria. The
procedure is depicted in Figure 1.
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2.2 Sample Preparation

10 Kg of dry white maize grains (moisture content 7-8%) were sorted, cleaned, winnowed, cooked (till
partially tender), allowed to cool under room conditions overnight for about 14 hours and wet milled in a local
attrition mill to obtain a maize mash. A mixture of 200gm milled fresh onion and 2gm table salt was added to
the maize mash to obtain a maize mash-onion dough mix.

The dough mix was divided into two equal portions. The first portion was kneaded, cut into bits, rolled
on wooden chopping board, formed into circular rings, and then deep-fried at 180°C for 3 minutes in vegetable
oil. The fried products, light-red coloured, were allowed to cool overnight for 14-16 hours and fried again to
obtain the characteristic off-white golden cream colour of Kokoro. The second portion of the maize mash-onion
dough mix was fed into a manual extruder and extruded at ambient temperature (32°C) using three different dice
shapes (flat, round and rod). The extruded mash was formed into circular ring shapes, deep-fried and allowed to
cool and re-fried as described earlier.

The resulting Kokoro products obtained from both portions were packaged in Polyethylene bags set
aside for analyses. Some Kokoro samples were purchased from an open market in the locality and served as
control. Storage studies were achieved over 4-week duration at room temperature.

2.3 Sample Analysis

2.3.1  Chemical Analysis

Three replicate samples were removed from the finished products for chemical analysis. Samples were analyzed
for proximate and mineral compositions [5]. Energy values were calculated by multiplying protein, fat, and
carbohydrate by 4, 9, and 4, respectively [6].

2.3.2  Determination of Moisture Sorption Isotherm

The static gravimetric method as described by [7] and [8] was used to determine the equilibrium
moisture content (EMC) of the Kokoro samples. The samples were dehydrated in a hot air oven for 8 h at
105+5°C [5] prior to further testing. Triplicate samples, 0.50 + 0.001g each of the samples were weighed into
moisture pans in the desiccators. Concentrated sulphuric acid used to make up a 250 ml of desiccant with de-
ionised water was prepared at 20, 30, and 40°C, respectively using water activity and temperature tables of [9].
The acid was then dispensed into the desiccators according to their respective water activity values (Table 1).
The desiccators were maintained at water activity values of between 0.1 and 0.8 and placed in a Genlab
incubator (Model M75CPD) to maintain the required temperature level (20, 30, and 40° C). Each of the samples
was weighed every day using a digital balance until a constant weight was obtained in three consecutive
recordings, then the sample was assumed to be at equilibrium (£0.001g). The EMC were calculated and
subsequently the moisture adsorption isotherms were plotted for the samples. Also, the EMC data were fitted
into Guggenheim, Anderson and de Boer (GAB), Oswin, Peleg, and Langmuir equations models (Table 2) using
linear regression analytical procedure. These models were chosen because of their suitability for high
carbohydrate foods, simplicity and ease of evaluation [10]. The degree of fitness to the models was evaluated
by calculating coefficient of determination (R?), root mean square error (RMSE) and mean percentage deviation
(%E). The RMSE and % E are defined as shown below:

|| E(Msx*p - M‘;:: ra ﬁ'}:
""ql n

055 = 100" Moo More

Msx'p
Where My, is the experimental equilibrium moisture content, M, is the predicted moisture content and n is the
number of observations.

REMSE =

2.3.3  Statistical Analysis

Data obtained from chemical analysis were subjected to statistical analysis using SPSS version 23. Mean values
were subjected to analysis of variance (ANOVA) and significantly different treatment means were separated
using Duncan Multiple Range Test (DMRT).
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I11. Results and Discussion
3.1 Chemical Analysis

Proximate composition of the laboratory-produced Kokoro and that obtained from the open market are
shown in Table 3. Remarkable differences in the results indicated that nutrient composition was significantly
(p>0.05) affected by the source of the product and extrusion method. However, the protein contents of all the
products did not differ significantly (p<0.05), thus suggesting that the protein content of the product was not
affected by the source and the extrusion method. Moisture content was higher in open market sourced Kokoro
than the laboratory-produced one. However, the former had lower fat and ash contents than the latter.

Kokoro samples produced from traditional method of extrusion had significantly lower (p>0.05)
moisture and ash contents but higher fat and carbohydrate contents.

Energy values ranged from 532 Kcal/100 g to 559 Kcal/100 g in the open market-sourced Kokoro and
traditional extrusion produced one, respectively. The relatively lower food energy derivable from the open
market sourced Kokoro was due to its low fat content. All laboratory-produced Kokoro had higher food energy
values.

Marked variations were observed in the acid values of the products, the open market sample having the
highest while the free fatty acid of the laboratory samples and open market were not significantly different
(p>0.05) from each other. The traditional method sample had the highest value for the free fatty acids.

The moisture content of a food product is a very important parameter in determining the shelf stability
of the product. The moisture contents of Kokoro from the use of manual extruder are below the 10 — 14%
recommended for snack products [11]. High moisture contents result in low snack crispiness and acceleration of
oxidative rancidity [12]. Low moisture contents enhance product shelf life [13]. This implies that the low
moisture content of the Kokoro samples, makes it less liable to microbial attack and would have longer shelf
stability.

The ash content is a measure of the amount of minerals present in a sample. The ash contents obtained
for Kokoro samples in this study are within the range (0.95 — 1.89%) as reported for Kokoro made from maize
and deffated groundnut [2].

The fat content of Kokoro samples within the range 20.92 — 31.72% were reported for Kokoro from
maize, soyflour and ginger [12]. The Acid value is an index of hydrolytic rancidity and a measure of the amount
of free fatty acid present in a fat or its products. Samples with low acid value deteriorate faster, have poor
sensory properties and low shelf stability [14] , [15]. Thus, traditional laboratory Kokoro samples will likely go
rancid faster than other samples. The free fatty acid values obtained from this study is low indicating that the
Kokoro samples will not produce off flavours and the storage quality will not be adversely affected when stored
over a four-week period.

3.2 Mineral Compositions

Table 4 shows the mineral composition of the laboratory processed and open market Kokoro samples.
The geometric shapes of the different manually extruded samples did not affect significantly (p>0.05) the
calcium and zinc content of the samples. The zinc and iron contents of open market and flat sample are not
significantly (p>0.05) different from each other. The phosphorus and potassium of the three Kokoro samples are
significantly different from each other with the open market sample having the highest content of potassium
(317mg/100g) while the traditional sample has the highest value for phosphorus (233.5mg/100g).

3.3 Sorption Isotherm

The plots of EMC against water activity at 20, 30 and 40°C of Kokoro snacks produced in the
laboratory using the traditional method and that obtained from the local market are shown in Figures 2, 3 and 4.

The moisture adsorption isotherms show that, at lower water activities, EMC increased almost linearly
with water activity, the increase becomes geometrical at higher water activities for the two samples. A similar
trend was reported by [16] for tapioca and lafun. Water molecules, at low water activities are adsorbed only at
the surface sites.

At higher water activities, there is gradual dissolution of soluble components completely in solution
[17]. The sorption isotherm curves for Kokoro samples showed type Il sigmoid curve according to BET
classification [18] and there was inversion (crossover) of isotherms at intermediate and higher water activities.
The EMC for open market Kokoro were higher than that of traditional produced Kokoro, which could be due to
the presence of higher levels of sugar. The EMC of Kokoro decreased as storage temperature increases at all
water activities. The decrease in EMC as temperature increased could be because, at higher temperatures, the
activation energy of the water molecules changes to higher energy levels, the bonds become less stable and
break away from water-binding sites of foods [19]. Similar trends for same temperature effects have been
reported by [16] and [20] for lafun and yam flour (elubo), respectively. At any particular EMC value, lower
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storage temperatures result in lower water activity (a,,), which improves stability of the flour. Thus an increase
in storage temperatures could lead to microbial growth.

Peleg, GAB and Oswin adequately described the moisture adsorption isotherms of Kokoro due to their
higher R? values. However, the use of R? does not imply that the models fit the experimental data accurately.
Therefore, the mean relative percent deviation (P (%)) and root mean square error (% RQMS) values are
necessary to make conclusive judgment. Based on the P (%) values, Peleg, Oswin and GAB models could
adequately describe the experimental adsorption data of Kokoro. The mean P (%) of the models is below 10%,
which is indicative of good fit [21]. Hence, Peleg, Oswin and GAB models satisfactorily predict the sorption
data of the Kokoro samples.

Monolayer moisture estimates from the GAB model decrease with increasing storage temperature. This
could be due to reduction in the number of active sites in food materials due to chemical and physical damage
caused by increased storage temperature [16].

Monolayer moisture describes the sorption capabilities of the food materials; it is the minimum
moisture content covering the hydrophilic sites on surfaces of food materials and an important data for
achieving minimum quality loss over time. Therefore, at any given temperature, the safest water activity of food
material is that which corresponds to the monolayer moisture. Since the monolayer moisture content for Trad
Lab Kokoro is lower than those of the Open Market samples, it might not provide sufficient binding sites for
water molecules and might store for a longer period at temperatures up to 40°C. The Open market samples
might provide more binding sites for water molecules and may be least stable at storage temperatures of 30°C
and 40°C respectively, due to their high monolayer and moisture content at these temperatures [22]. This might
be due to the hydrophobic and hydrophilic effect of salts, sugar, and onions on the Kokoro samples.

IV. Tables and Figures

+Raw materials (Dry maize)

«Sorting, cleaning, de-stoning, and winnowing

*Pre-cooking and wet milling in attrition mill

+Kneading dough manually and addition of
mixture of onion and salt

*Rolling on chopping board and forming into
rings

+First deep-frying (pre-frying) in vegetable oil
at 180°C for 3 min and cooling overnight

J

+Second frying at 180°C for 3 min, draining and )
cooling

S

-

sPackaging

«Storage and distribution

Figure 1: Flow chart for traditional production of Kokoro
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Table 1. Desiccants preparation for 20, 30 and 40 °C

Water activity Conc. H,S0,/250ml water (ml) at:
20°C 30°C 40°C
0.80 71.29 71.29 71.13
0.70 86.28 86.79 86.92
0.60 99.36 100.71 101.07
0.50 111.65 112.72 113.15
0.40 123.30 124,55 125.11
0.30 135.92 137.30 137.91
0.20 149.08 150.35 150.94
0.10 167.61 168.99 169.63

Table 2. Linear forms of the sorption models used to fit the experimental values

Models* Equations**

GAB M= M_bca,,
(1-ca,)(1-ca, +bca,)

Oswin M= C[:n:w,u'll — aw:]n
Peleg M= Cl%-l'__s + C:ﬂ-\u’.t_‘é
Langmuir C M2

o E“-

M=_—"%
M,(1+a,)

*GAB = Guggenheim, Anderson and de Boer equation
**M = equilibrium moisture content (% dry basis)

a, b, ¢, n = constant parameters

a, = water activity

Mo = monolayer moisture content

Table 3. Proximate composition, free fatty acid and acid value of traditional, laboratory processed and open market Kokoro

samples”
Source of Extrusion Moisture Fat Protein Ash Carbohydrate Energy value  Acid value FFA
Kokoro method** (%) (%) (%) (%) (%) (Kcal/100g) (mgKOH (mg
/gOil KOH/g
0il)
Laboratory  Traditional 1.46" 34.33° 3.22 1.64° 59.35° 559.25 0.90° 0.45°%
method
ME-Flat 3.30° 32.19° 3.24 1.57° 59.69° 541.43 1.53* 0.36"
ME- Round 3.92° 32.67° 331 1.76° 58.34° 540.63 1.40° 0.39®
ME-Rod 3.93° 34.97° 3.15 1.64° 56.3" 552.57 1.37° 0.33°
Open 4.46° 31.25° 3.22 1.56° 59.52° 532.21 1.69° 0.34°
market
+SEM 1.17 1.54 0.06 0.08 1.41 0.653 0.30 0.05

*Values are means of triplicate determinations.

*Mean values with different superscripts within the same column are significantly different (p<0.05).
+SEM, Standard error of the mean

**ME- Kokoro obtained via manual extrusion.
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Table 4. Mineral composition (mg/100g) of traditional, laboratory processed and open market Kokoro

samples”
Source of Kokoro Extrusion method** Ca Zn K Fe P
Traditional method 70.02° 1.76° 289.00° 4.89° 233.50°
Laboratory
ME-Flat 69.91° 1.89% 294.00° 5.12° 218.50°
ME- Round 71.02¢ 1.91° 297.03° 5.86° 220.30°
ME-Rod 70.12°¢ 1.94° 308.00° 6.11¢ 230.30°
Open market 68.92° 1.89%® 317.00°¢ 5.12° 227.60°
+SEM 0.75 0.07 11.33 0.53 6.44
*Values are means of triplicate determinations.
*Mean values with different superscripts within the same column are significantly different (p<0.05).
+SEM, Standard error of the mean.
**ME- Kokoro obtained via manual extrusion.
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Figure 4: Graph of EMC versus Water Activity at 40°C

Table 5: Model and Statistical Parameters of Experimental Sorption Data for LaboratoryTraditional and Open Market Kokoro Samples*

Samples Models A B C D R? RMSQ  %E F-Cal F-Tab (0.05)
Open market Peleg 40.23 17.18 1168 053 0.99 0.00 0.00 364.68 6.39
GAB 3.46 1.23E+8 0.93 096 1.03 0.38 111.99 5.41
Oswin 7.11 0.46 0.97 0.55 0.20 247.26 5.14
Langmuir  5.75 6.20 037 217 0.81 10.04 5.14
Laboratory-Produced using Peleg 26.31 17.79 9.90 0.71 100 0.02 0.01 963.57 6.39
traditional method
GAB 2.77 1.02E+8 0.92 0.98 0.42 0.20  390.66 5.41
Oswin 5.53 0.43 098 0.8 0.09 974.62 5.14
Langmuir  3.87 6.81 043 1.66 0.87 12.37 5.14
* Where R?= Coefficient of determination, %E= Mean relative error, RMSQ=Root mean square,
Table 6: GAB Monolayer moisture content Kokoro at different temperatures
Samples T (°C) M, F-Cal F-Tab (0.05)
40 3.02 113.96 541
Open market 30 3.45 129.54 5.41
20 3.92 92.47 541
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Laboratory-Produced following

traditional method 40 1.82 833.93 5.41
30 2.75 121.64 5.41
20 3.73 216.41 5.41

V. Conclusions
The sorption isotherm studies revealed that the monolayer value which is indicative of the safest water

activity (a,) for an acceptable and good keeping quality Kokoro was found to be 1.8 to 4.28 kg-solid/kg-water
(dwb) and therefore Kokoro obtained from this study was shelf stable.
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