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ABSTRACT
The effect of extrusion parameters on the proximate composition of Kunun-Gyada extrudates was in-

vestigated. Fifteen experimental runs were generated using Box-Behnken (RSM) designs and were
processed in a single-screw extruder (WSSH-40, Runxiang). The results were subjected to statistical
analyses to evaluate for significant (0.01 < p < 0.05) effects between the blends and the extrusion pa-
rameters. There was an increase in proximate mean composition of the extrudates, crude protein 11.60
to 13.70%, ash 1.00 to 1.13%, with decrease in both moisture content, crude fiber, crude fat and car-
bohydrates ranges from 8.60-7.31%, 3.03-2.96%, 6.99-5.40% and 72.32-75.57% respectively. The R*
of all the models were greater than 78% and all were having a non-significant lack-of-fit test. In view
of the operability in actual production, the optimal conditions were adjusted as follows: 21.0% FC,
25.0% MC and 110°C BT. Under the adjusted conditions, the responses were 7.89% moisture content,
13.02% crude protein, 3.010% crude fibre, 5.802% fat, Ash 1.070% and 67.268% carbohydrate indi-
cating that the model was adequate for the optimization process. The optimal result could produce
kunun-gyada suitable for instant porridge which can potentially be use for industrial projection and
sustainable food and nutritional security.
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1. INTRODUCTION

Kunun-gyada is a porridge from cereals, such as
pearl millet, sorghum and maize which is pro-
duced by blending it with groundnut milk (Halilu,
2019; Nkama 1995). Sorghum (Sorghum bicolour
L.) is a major source of calories in the diets of large
number of the most widespread cereals consumed
by adults and infants in Sub-Saharan Africa (SSA)
and the fifth most important cereal crop in the
world, which is used to prepare various dishes in-
cluding gruel, fermented and unfermented bread,
steamed cooked products (dekkere), stiff porridge
(tuwo), snack foods, boiled whole or pearled, alco-
holic and non- alcloholic beverages(Yusuf et al.,
2017; Kumar et al., 2015). It is an inexpensive
source of calories, and also rich in zinc and iron as
the second to pearl millet among all cereals and
pulses (Dayakar et al., 2018; Ayo and Okaka
1998). Sorghum porridge provides a substantial
proportion of the protein and energy for many
adults and infants in Nigeria. However, sorghum
has a poor protein content and quality, low solubili-
ty, interactions with tannin and deficiencies in ly-
sine and tryptophan(Kumar et al., 2015). The sor-
ghum protein quality can be optimised by blending
it with other protein-rich legumes particularly with
respect to lysine. Groundnut (Arachis hypogeal L)
is an important legume in Nigeria, rich in lysine
(Halilu, 2019) and has potential to complement
sorghum porridge. Kunun-gyada will be commer-
cially valued, if its nutritional value will be im-
proved and make it convenient to consumers as
instant product (Halilu et al., 2020). With the ad-
vancement in technology for producing nutrient-
dense foods, there is a growing need in the con-
sumer industry for new goods that encourage the
use of indigenous raw materials. Extrusion cooking
is a process that mixes and conveyed a food materi-
al through an opening called die to give the desired
attributes through increases in temperature, pres-
sure, and shear forces (Filli et al., 2014; Gbenyi et
al., 2016). Extrusion cooking is a high temperature
short time (HTST) process technique that develops
products such as puffed snack and breakfast cere-
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als, has been reported to be the most effective
method for enhancing protein and starch digestibil-
ity of foods (Filli et al., 2012). Furthermore, extru-
sion cooking has unique features to inactivate sev-
eral anti-nutritional compounds that make nutrients
unavailable, limiting the grain use as a staple food
in the world (Kumar et al., 2015) when compared
to other conventional heat processing methods that
deteriorates the nutritional quality of food during
processing. This study is aimed at the application
of RSM to investigate the influence of feed compo-
sition, feed moisture and temperature on the proxi-
mate composition of the kunun-gyada extrudates.

2. Materials & Methods

2.1. Materials

The raw materials used to produce kunun-gyada
include: Sorghum, groundnut, tamarind, sugar.
These materials were purchased at Jalingo market
Taraba State.

2.2. Flour Preparation
Flour preparation was carried out according to the
method describe by (Filli et al., 2011)

2.3. Paste Preparation

The groundnuts (Arachis Hypogeae) variety was
prepared into paste according to the method de-
scribe by (Ularamu et al., 2017).

2.4. Experimental Design

For this analysis, Response Surface Methodology
(RSM) with Box-benkhen Design (BBD) was used,
which typically has three levels of variables
(Danbaba et al., 2015). Feed composition (18-
22%), feed moisture content (20-30%) and temper-
ature (90-110°C) were used as extrusion variables,
whereas all other parameters were held unchanged.
BBD is suitable for sequential experimentation and
provides a detailed information for testing lack-of-
fit while not using large number of experimental
runs. Experimental runs in BBD were shown in
Table 1.
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Table 1. Experimental levels of the variables

Independent Varia-
bles Coded -1 0 +1
Feed Composition (%) X 18 20 322
Moisture Content (%) Xz 20 26 30
Temperature (°C) X; 90 100 110

X;-FC = feed composition (%), X,-MC= Feed Moisture Content (%), X3-BT = Barrel Temperature (°C),
The (RSM) with Box-benkhen Design (BBD) used in this work was produced using Design Expert statistical
software (v. 13.0.1.0., Stat-Ease Inc., Minneapolis, MN). The Box-Behnken becomes a full factorial with three

extra samples taken at the Centre. Then the response expressed as second-order polynomial equation according
to Eq 1.

Y = o+ B1Xy + B2X2 + BaXz + B12X1 Xz + B13X1 X3 + B23XoXs + P11 X5 + Bra X3 + BaX3 (D

where X; = Feed Composition, X, = Feed Moisture, X; = Barrel Temperature, Bo, B, B, and Fii are intercepts,
linear, quadratic and interaction regression coefficient terms, respectively.

Table 2. Experimental Design

Independent Independent
Run variables in variables in

coded form natural form

X X, X3 FC MC BT
E01 0 0 0 20 26 100
E02 0 20 26 100
E03 -1 0 1 18 26 110
E04 -1 0 -1 18 26 90
E05 -1 1 0 18 30 100
E06 1 1 0 22 30 100
E07 0 -1 22 26 90
E08 0 0 0 20 26 100
E09 1 0 1 22 26 110
E10 -1 -1 0 18 22 100
Ell 0 -1 1 20 22 110
E12 0 1 -1 20 30 90
El3 0 -1 -1 20 22 90
El14 1 -1 0 22 22 100
E15 0 1 1 20 30 110

X,-FC = feed composition (%), X,-MC= Feed Moisture Content (%), X3-BT = Barrel Temperature (°C)

2.5. Blend Formulation and Moisture Adjustment

Fifteen (15) formulations were prepared to contain groundnut paste ranging between 18 - 22% based on the ex-
perimental layout in Table 2. Moisture adjustment was carried out according to the method describe by (Gbenyi
etal., 2016).

{Mf Il Mi’}xsw
100 — Mf

Amount of water to be added =

(2)

Where M;= Final moisture content, M; = Initial moisture content and S,, = Sample weight (g)
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2.6. Optimization of the extrusion parameters

The ranges of proximate composition obtained from
this study were analysed using Design expert software
version 13.0.1.0. (Stat-Ease Inc., Minneapolis) to pre-
dict the process conditions that gives the optimum
proximate composition. The coefficients of polynomi-
al models, coefficient of determination (R?), adjusted
R? and adequate precision values of the proximate
composition of the blends were used to evaluate the
model fitness as indicated in Table 2.

2.7. Validation of Fitted Models

To check if a predicted model can fit, it must provide
an adequate approximation to the real system, it is
often important to check model adequacy. Unless a
model shows adequate fit, proceeding with optimiza-
tion may lead to misleading results (Danbaba et el.
2016). In this study, numerical validations were con-
ducted on the fitted models. Numerical methods in-
volve the analysis of the coefficient of determination
(R?) and adjusted coefficient of determination (R*adj)
calculated as:

. SS residuals
Re=1- , (3)
SS model + §S residuals

n—1
Rzﬂ,dj=1—m [:l—Rz) (4)

SS = sum of squares, while n is the number of experi-
ments and p denotes the number of predictors. The
fraction of variance in the response that the model fits
satisfactorily is defined by an R? value near to unity
and an R? adj close to R%. The p-value was used to
determine the importance of each component. The
values of each of the three response variables were
recorded in triplicate, and a lack-of-fit test was used to
determine the significance of replicate error in contrast
to model dependent error. For the analysis, a non-
significant lack-of-fit was deemed desirable.

3. RESULTS AND DISCUSSION

RSM Box-Behnken Design (BBD) was used in this
study to investigate the effects feed composition (X;),
feed moisture content (X;) and barrel temperature (X3)
on the proximate composition, composition of the ex-
truded composite flour from the blends of sorghum-
groundnut to optimize these variables for good prod-
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uct quality. Two steps were ensured for a successful
application of the experimental design in product de-
velopment as intended in this study: The first was to
identify significant variables from the experimental
runs outlined in the experimental design and secondly,
optimization by finding the optimum condition set-
tings of the factor variables to meet the design objec-
tives. Tables 3 and 4 show the impacts of the extrusion
processing factors studied in this study on the depend-
ent variable’s moisture content, crude protein, crude
fat, crude fiber, ash, and carbohydrate. Single-factor
coefficients (X;X,, X ;X; and X,X3) reflect the linear
influence of a variable, whereas double-factor coeffi-
cients (X;X,, X;X;, and X;X3) and coefficients with
second-order components (X, X,, and X5?) represent
factor interaction and quadratic effects, respectively
(Danbaba et al., 2015). A synergetic relationship is
shown by a positive regression term, whereas an an-
tagonistic relationship is shown by a negative regres-
sion term (Anderson & Whitcomb, 2007).

3.1. Moisture content of the extrudates

Sample E07 and E11 were ignored for this analysis to
obtain a significant model with non-significant lack of
fit. From the coefficient estimate table 4. all the fac-
tors’ variables were significant (p < 0.01) influencing
moisture content of the extrudates. The interaction
between all the parameters and their quadratic effects
were all significant (p < 0.05), indicating that the ex-
trusion process reduced the moisture contents of the
extrudates. Proximate composition (Table 3) shows
the moisture content ranging from 7.31 to 8.60%, the
highest value was recorded in sample E04 (18% FC,
26% FMC and 90°C BT) and the least value in sample
El1 extruded at 20% FC, 22 MC and 110°C BT.
which is within the earlier report by Jiddere & Filli,
2016, that the moisture content of an extruded sor-
ghum malt and bambara groundnut ranges between
3.85 to 8.66% were significantly different (p>0.01);
the findings further shows that the blends extruded at
higher temperatures of 100°C above and higher feed
moistures of 30% above tend to lose more moisture
than the blends extruded at lower temperatures of
100°C below and lower feed moistures content of 20%
below, this could be due to constant evaporation rate
(Fellows, 2000). Navale et al., (2015) Snacks extruded
at a moisture content above 8-12% range, require ad-
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ditional drying to impart desired texture and storage
ability. This is in agreement with the finding of
(Ularamu et al., 2017), suggesting that while there may
be high temperature variations ranging up to 120°C,
the moisture content of the extrudates significantly
decreases, and remained fairly the same at a tempera-
ture below 100°C. Extrudates are discharged from a
high pressure and temperature zone to a low pressure
and temperature zone, producing expansion and easy
evaporation end product
(Byaruhanga et al., 2014). The moisture content of the
extrudates was impacted negatively by barrel tempera-
ture and marginally by feed moisture content in this
investigation (Gbenyi et al., 2016). High melt tempera-
ture and die pressure, as well as feed composition,
have been linked to a reduction in extrudate moisture
content. Moisture plays a key role in shelf life, pack-
ing, and general acceptance of extrudates, since high
moisture products necessitate the use of expensive dry-
ing procedures to allow for simple handling and stor-
age. Moisture has a great significance to shelf life,
packaging and general acceptability of extrudates as
high moisture products demand for the cost operations
to dry to allow easy handling and storage. Except for
the raw sorghum flour, which has 10.6% moisture lev-
el, all the extruded mixes in the above table have low
moisture content, which indicates high storability. The

of moisture in the
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findings of this investigation indicated that the goods
have a low moisture content and hence have a long
shelf life. The results of this study suggested that the
products have low moisture content to have an extend-
ed shelf life. These has also been reported by Danbaba
et al., (2016), that in dry food systems with moisture
content between the range of 6-10%, there is a pro-
long shelf stability, and anything above this range,
the stability of the system could be hampered by
both microbiological and chemical agents.

3.2. Crude Protein of extrudates

The result as shown in Table 4 shows a significant in-
crease in Crude protein from 11.60 to 13.70%, the
highest value was recorded in sample 9 (22% FC, 26%
FMC and 110°C BT) and the least value in sample E04
extruded at 18% FC, 26 MC and 90°C BT. It is also
clear from these results that the increase in crude pro-
tein depend mainly on the feed compositions (p<0.01),
slight increase was also observed due to an interaction
between barrel temperature and moisture content sig-
nificant (p<0.05) as shown on figure ¢ & d, these
could be due extrusion temperature inactivating anti-
nutritional factors which are known to form reversible
or irreversible complexes with proteins, leading to the
reduction of amino acid availability, as well as affect-
ing the protein digestibility(Soetan & Oyewole, 2009).

Table 3. Effects of feed composition, moisture content, and barrel temperature on proximate composition of the

extrudates

Indfependr;nt Ind;pende;m Proximate composition
Run variables in variables in %) P

coded form natural form

Xi X, X3 FC FMC BT MC CpP CF Fat Ash CHO
EO1 0 0 0 20 26 100 8.30 12.88 3.02 5.45 1.11 69.24
E02 0 0 0 20 26 100 12.85 3.01 5.40 1.11 69.38
E03 -1 0 1 18 26 110 7.52 12.21 3.03 5.56 1.11 70.57
E04 -1 0 -1 18 26 90 8.60 11.60 3.00 5.42 1.13 70.16
EO05 -1 1 0 18 30 100 7.47 11.83 3.01 6.24 1.10 69.04
E06 1 1 0 22 30 100 8.59 13.16 2.96 6.91 1.06 67.32
E07 1 0 -1 22 26 90 7.50 13.10 2.98 5.86 1.09 69.47
E08 0 0 0 20 26 100 8.25 12.75 3.01 5.40 1.10 69.50
E09 1 0 1 22 26 110 13.70 3.00 6.39 1.09 68.01
E10 -1 -1 0 18 22 100 8.26 12.18 3.02 6.49 1.06 68.97
Ell 0 -1 1 20 22 110 13.05 3.02 5.62 1.00 69.90
El12 0 1 1 20 30 90 7.53 13.14 3.00 5.50 1.05 69.69
E13 0 -1 -1 20 22 90 8.46 12.16 3.00 6.22 1.07 69.68
El4 1 -1 0 22 22 100 8.22 13.04 2.99 6.99 1.06 67.70
El5 0 1 1 20 30 110 7.94 11.94 3.01 6.47 1.08 69.50

X,-FC = feed composition (%), X,-MC= Feed Moisture Content (%), X3-BT = Barrel Temperature (°C), MC=Moisture Content, Protein (%), CF = Crude

Fibre (%), CHO = Carbohydrate, RG = raw groundnut, RS = raw sorghum.
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Table 4. coefficient estimate for proximate composition of the extrudates
Source MC CP CF FAT ASH CHO
coefficient estimate ;:;);feﬁcient esti- f;;iﬁdent esti- ;:;);tiﬁCient esti- coefficient estimate coefficient estimate
Model ok sk sk sk sk sk
Intercept 8.29 12.64 3.004 542 1.11 69.37
linear
X;-FC 0.27** 0.6475%* -0.01623** 0.305%* -0.0125** -0.78%*
X,-MC -0.09%* -0.045 -0.00625 -0.025 0.0125 -0.0875
X;-BT -0.185%%* 0.1125 0.01* 0.13%* -0.0075* -0.1275
Interaction
Xi Xz 0.29%** 0.1175 0.0425 -0.01* -0.1125
X X3 0.355%* -0.0025 0.0975 0.005 -0.4675%*
X,X3 0.39%** -0.5225%* 0.3925%%* 0.025%* -0.1025
Quadratic
X2 0.1842%* 0.5479%%* 0.0092* -0.6279%**
X,? -0.3358** 0.6929%* 0.0458%* -0.4879%**
X;? -0.1408** -0.1571* -0.01083* 0.8071%%*
LOF NS NS NS NS NS NS
R? 0.9984 0.8965 0.7397 0.9910 0.9853 0.9833
Adj R? 0.9937 0.8188 0.6687 0.9747 0.9589 0.9533
Adeq P 40.6513 8.8870 10.0086 21.4022 23.2565 21.3912

X,-FC = feed composition (%), X,-MC= Feed Moisture Content (%), X5-BT = Barrel Temperature (°C), MC=Moisture Content, Protein (%), CF = Crude
Fibre (%), CHO = Carbohydrate, *8 = significant (p < 0.01), * = significant (p < 0.05).

Since anti-nutritional factors are heat labile
(Ajibola & Olapade, 2021), the positive effect of
barrel temperature could be due to the inactiva-
tion of the anti-nutritional factors that leads to an
increase in the crude protein percentage. This
follows a similar phenomenon observed by
Gbenyi et al., (2016) that the increased in Bam-
bara groundnut during extrusion leads to an in-
crease in the crude protein of the final product. A
similar study was also carried out by Filli et al.,
(2011) that protein for the ‘fura’ extrudates in-
creases from 11.23 to 16.76% from blends of
pearl millet with cowpea flour after extrusion;
hence concluded that, the crude protein content
was not affected by extrusion temperature and
moisture content. A systematic review by
Grasso, (2020) examined a number of studies
exploring the that an increase in a defatted
groundnut during extrusion, increases the crude
protein content of the product.

3.3. Crude Fibre of extrudates

The crude fibre content of the sorghum-

groundnut extrudates ranged from 2.96 — 3.03%,
with sample 3 having the lowest under higher
feed composition of 22%, higher feed moisture
content of 30% and moderate barrel temperature
of 100°C. The crude fibre result of 2.13% of the
raw groundnut used in this study was found to be
within the  ranged reported by Pardeshi,
(2019) who investigated the proximate composi-
tion of different groundnut seed varieties and
finds that their crude fibres ranges from 1.69 to
2.32%. From table 4. two extrusion parameters
were significant (p<0.05), indicating that an in-
crease in extrusion temperature with a decrease
in feed composition favour fibre recovery.

This is due to the low percentage level of crude
fibre in the raw groundnut (2.13%) and a higher
crude fibre content of the raw sorghum. Danbaba
et al., (2016) also reported that fibre contents of
extruded instant porridge from broken rice frac-
tions blended with cowpea varied between 1.62
to 2.88. During extrusion cooking process, posi-
tive effects of the extrusion parameters on the
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total and soluble fibre has been observed while
insoluble dietary fibre decreased as the process
parameters changes (Rashid, et al., 2015, Danba-
ba et al.,2016). These changes may probably be
due to disruptions of covalent and non-covalent
bonds in the carbohydrate and protein molecules
leading to smaller and more soluble molecular
fragments (Danbaba et al., 2016). Crude fibre
certainly increases the nutritional and functional
value of food, but usually alters the rheological
properties of the product and hence the quality
and sensory properties of the end product; how-
ever, functional foods development has a unique
opportunity to improve food quality, consumer
health and well-being (Gupta & Premavalli,
2012).This is in agreement with this study that
an increase in feed composition (groundnut)
leads to a slight decrease in crude fibre which is
likely to improve the expected rheology of the
final product (Kunun-gyada).

3.4. Crude Lipids of extrudates

Table 4 shows that all parameters and were sig-
nificant (p<0.05), excluding moisture content
and its interaction with feed composition which
were not significant (p<0.05). Crude lipid con-
tent ranges from 5.39 to 6.99% (table 3). higher
increase in feed composition (groundnut), which
could be because groundnut is an oil seed crop,

Yunusa Bello M et al.

though the value is not as high as 29.38% that
was discovered in the raw groundnut on table 3.
The interaction effects between moisture content
with barrel temperature was significant (p<0.05)
(table 4). Crude oil from the groundnut cell
membranes is release and reabsorbed by the sor-
ghum flour which was blended with groundnut
to form starch-lipid complex during extrusion
cooking in the presence of high temperature and
high moisture content(Taraj et al., 2019). This
could be the result of the Maillard reaction and
the formation lipid-starch complexes during ex-
trusion. This hypothesis was supported by De
Pilli et al. (2012) who found that starch-lipid
complexes occurred under various extrusion con-
ditions, and the formation of the complex
was significantly influenced by barrel tempera-
ture and moisture content, this is also in line with
Moreira et al., (1997) who noted that as initial
moisture content increases,
decreases under high temperature in peanut.
Similar hypothesis was reported by Tran et al.,
(2008) that under specific extrusion conditions

the final oil content

of high-moisture and high-temperature which
increases potential interactions with the side
chains, lipid—starch could be formed; free fatty
acids and polar lipids are especially reactive in
these situations with a large extent of amylose—
lipid complexes formation.

MC = +8.29 + 0.2700X, — 0.0900X, — 0.1850X, + 0.2900X, X, + 0.3550X, X, + 0.3900X,X,

+0.1842X2 — 0.3358X2 — 0.1408X2

CP = +12.64 + 0.6475X, — 0.0063X, + 0.1125X, + +0.1175X, X, — 0.5225X, X,

CF =+3.00—-0.0162X, — 0.0063X, + 0.0100X,

Fat = +5.42 + 0.3050X, — 0.0250X, + 0.1300X, + 0.0425X, X, + 0.0975X, X5 + 0.3925X, X,

+ 0.5479X7 + 0.6929X30.1571X2

Ash = +1.11 — 0.0125X, + 0.0125X, — 0.0075X; — 0.0100X, X, + 0.0050X, X, + 0.0250X,.X,

+0.0092X2 — 0.0458X2 — 0.0108X2

CHO = +69.37 — 0.7800X, — 0.0875X, — 0.1275X; — 0.1125X, X, — 0.4675X,X; — 0.1025X, X,
— 0.6279X12X} — 0.4879XZ + 0.8071X3
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3.5. Ash content of the extrudates

All the parameters, their interaction, and their
increase (quadratic) were significant (p<0.05),
except for the interaction between feed composi-
tion with barrel temperature. Ash content oc-
curred through the many chemicals and structur-
al transformations such as starch gelatinization
complex formation between amylose and lipids
during the extrusion process. Table 3 shows the
Ash content ranges from 1.00 to 1.13%, which is
within the same range with the findings of Filli
et al., (2011) that the ash content for the ‘fura’
extrudates from the blends of pearl millet with
cowpea flour after extrusion showed that it re-
mained within a narrow range of 1.67 to 1.98%.
Similar finding supporting these results observed
low ash contents were reported by (Abioye et al.,
2011; Adunni & Olaposi, 2010; Shogren et al.,
2006; Obatolu 2002). This could be explained
probably because the ash content groundnut
paste (4.30%) reported on table 3, has more
amount of ash content when compared with sor-
ghum flour (1.27%) but groundnut paste is hav-
ing an extremely low 18-22% in the formulation
blends of 100%. At a lower feed composition
and a mid-feed moisture content, a higher Ash
content value was obtained. The highest value
was recorded in sample E05 (18% FC, 30% MC
and 100°C BT) and the least value in sample E11
extruded at 20% FC, 22 MC and 110°C BT).
Barrel temperature (Tadesse et al., 2019)and oth-
er extrusion parameters did not substantially af-
fect the ash content (Wang, 2018).

3.6. Carbohydrate content of the extrudates

The highest and least values of carbohydrate
were recorded in samples EO3 and E09 repre-
senting extrusion conditions 110°C barrel tem-
perature, 26% feed moisture; and 18% feed com-
position and 110°C barrel temperature, and 26%
feed moisture and 22% feed composition. The
result as shown in Table 3. shows a slight in-
crease in Carbohydrate from 67.32 to 70.57%, a

Yunusa Bello M et al.

similar findings was reported by Filli et al.,
(2011) that the values for the carbohydrates re-
mained relatively within a narrow range of 74.12
to 77.34%, however, the carbohydrate level rela-
tively remained higher than the findings of this
study, as expected cowpea is equally high in car-
bohydrates. Table 4 shows that feed composition
is significant (p<0.05), It is also clear from these
results that the increase in crude carbohydrate
depends on the decrease in feed compositions
with moderate amount of moisture content and
temperature (quadratic effects). Similar finding
supporting these results were reported (Tadesse
et al., 2019; Abioye et al., 2011; Adunni &
Olaposi, 2010; Shogren et al., 2006) that sor-
ghum contains high composition of carbohy-
drates ranging from 65-75% and during extru-
sion at high temperature, starch undergo both
structural and chemical transformations and
complex formation with other components re-
sulting in decreased level in the final product.
During extrusion, water is absorbed and bound
to the starch molecule with a resulting change in
the starch granule structure. A study (Ding et al.,
2005) reported that the degree of gelatinization
decreases with increasing feed moisture, similar
to the results found in this study as shown, but
under minimal moisture level and high tempera-
ture  in extrusion cooking, non-enzymatic
browning reaction between molecules of protein
and reducing sugar from starch gelatinization
resulting in decreased Carbohydrate (Danbaba et
al., 2018). Gelatinization is the conversion of
raw starch to a cooked starch under the effect of
water and heat, is one of the important effects
that extrusion has on the starch component of
foods. Extrusion cooking causes swelling and
rupture of the granules, modification of the crys-
talline spectra, increase in cold water solubility,
reduction in viscosity of the starch and (partial to
complete) release of amylose and amylopectin;
when extruded at low moisture content, starch
granules are partially transformed through the
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application of heat (loss of crystalline structure) and shear (granular fragmentation), leading to for-
mation of a homogeneous phase called a starch melt or ‘gelatinization(Tran et al., 2008).

3.7. Numerical Optimization

To obtain optimal numerical values of the response, the desired targets were specified for all parame-
ters. The optimum conditions for factor variables and the predicted values of the responses were also
presented as follows: FC was set at an intermediate value of 20.40%, MC value of 24.81% and high
BT of 110°C. The predicted response was given by Design expert software version 11.1.2 (Stat-Ease
Inc., Minneapolis) under the above conditions was chosen with respect to the lower value of moisture
content (7.96%), higher value of crude protein (13.042), higher crude fibre (3.013%), low fat
(5.441%), Ash (1.073%) and carbohydrate (69.80%) at an overall desirability of 0.599(approx. 60%).
In view of the operability in actual production, the optimal conditions can be adjusted as follows: was
set at an intermediate value of 21.0% FC, 25.0% MC and 110°C BT.

Conclusion

Response Surface Methodology was successfully applied to optimize extruded instant kunun-gyada
from the blend of sorghum and groundnut, using a single extruder. It was demonstrated that, blends of
sorghum and groundnut can be used to produce instant kunun-gyada through suitable selection of pro-
cessing conditions and higher composition of the ingredient blend by having RSM as a tool. The feed
composition and moisture content are the most significant factors that influences the proximate com-
position of the final product. Modelling of experimental data in this study allowed for the generation
of useful equations for general use, to predict different factor combination which was used to produce
a good quality porridge. Adopting Extrusion technology to produce instant Kunun-gyada is a welcome
idea in meeting up with the SDG’s goal 1.2 which could be considered as a sustainable alternative with
acceptable nutritional profile that could be used to mitigate protein energy malnutrition (PEM).

|
18 22 22 30 90 110

AFC = 20.3986 B:me = 24.8138 Ctp = 110

o TTT— _— 1 T

I |
7.31 8.60 11.60 13.70 296 3.03
Moisture = 7.96 CP=13.04 CF =301
N M O
I |
5.40 6.99 1.00 113 67.32 70.57
Fat = 5.44 Ash = 1.07 CHO = 69.80

Desirability = 0.599
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Figure 2: Effect of (a) feed composition(X;) and moisture content (X;), (b) feed composition(X,;) and barrel temperature(X;) on Moisture Content, (c)
feed composition(X;) and moisture content (X,), (d) feed composition(X;) and barrel temperature(X;) on Crude protein, (e) feed composition(X;) and
moisture content (X5), (f) feed composition(X;) and barrel temperature(X;) on Crude fibre, (g) feed composition(X;) and moisture content (X,), (h) feed
composition(X;) and barrel temperature(Xs;) on Fat, (i) feed composition(X,;) and moisture content (X,), (j) feed composition(X,) and barrel temperature
(X3) on Ash and (k) feed composition(X;) and moisture content (X,), (j) feed composition(X;) and barrel temperature(X;) on Carbohydrates
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