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Abstract

A simplex centroid mixture design (SCMD) was used to optimize ingredient combination compris-
ing cassava starch (CS), high quality cassava flour (HQCF) and fish flour (FF) in the production of
cassava-fish crackers. The standard slurry method was used and the effect of ingredient combina-
tion on some quality attributes of the crackers fried at 180 °C = 5 °C for 15 s was investigated.
Ingredient combination has a significant positive effect on oil and moisture contents, texture but
expanded less. Increase in CS and FF resulted in decrease oil uptake while it increases with HQCF.
Lightness decreased with increase in FF while redness and yellowness increases. Regression analy-
ses indicated that the quadratic, cubic as well as special cubic nonlinear terms were significant
(p < 0.05) in many of the models derived. Optimum ingredient mixture resulting in lower oil con-
tent and breaking force with maximum expansion and desirable physico-chemical properties was
85% CS, 10%HQCF and 5% FF.

Practical applications

This work provides valuable information on deep fat frying of cassava-fish crackers using different
levels of CS, HQCF and FF which are appreciated in many countries due to its pleasant sensory
characteristics. The technique used is cost effective and produces fried cassava-fish crackers of
relatively good quality. This study could be used by small and medium scale food processors that
are interested in producing cassava-fish crackers of good quality due to availability of relatively
cheap ingredients. The understanding of the influence of ingredient combinations on quality
parameters is useful for deciding the appropriate level of each for an acceptable product. Predic-
tive models generated can also be a viable tool for predicting product attributes as a function of
the independent variables as well as designing of the frying process.
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in many countries (Kayacier et al., 2014). Generally, street foods
whether of plant or animal origin are very popular in Nigeria as in many

Snack foods and especially fried snacks, are a popular form of refresh-
ment among consumers (Hein et al., 1998), and they provide conven-
ience and manageable portion while also fulfilling short term hunger
(Tettweiler, 1991). There is a huge sale of snack foods approximating
to $30-50 billion annually in the world as it is considered to be part of

a human diet and their consumption has been continuously increasing

developing countries (Sobukola et al., 2008). This is as a result of their
significant role in the enhancement of the nutritional status of the peo-
ple, where the average nutrient intake is less than desired (Ihekoronye
and Ngoddy, 1985). While street foods are appreciated for their unique
flavor as well as their convenience, they are also often essential for

maintaining the nutritional status of the population. Vending of these
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street foods assures food security for low-income urban populations
and provides a livelihood for a large number of workers who would
otherwise be unable to establish a business for want of capital. It also
offers business opportunities for developing countries entrepreneurs
(WHO, 1996).

Development of an entirely new snacks or replacement of some
common ingredients with new substitutes in others is important for
the snack industry in order to ensure consumers satisfaction. Cassava
cracker, an important snack that originates from Asia, is gaining popu-
larity across the world especially in developing countries like Nigeria as
a snack that is highly desirable due to its unique characteristics such as
texture, flavour and the melting feel in the mouth.

The major component of cassava cracker is cassava starch which
has many remarkable characteristics such as high paste viscosity, high
paste clarity, a neutral bland taste and desirable textural characteristics.
These surpasses properties offered by other starches (corn, wheat,
sweet potato, and rice) thus making it useful for such an expanded
product. However, in some cases another starch or other ingredients
can be substituted in order to complement each other (Tongdang et al.,
2008). High Quality Cassava Flour (HQCF), is an unfermented food
grade flour that can be used as a substitute for many flours in the bak-
ery and confectionary world as well as in the production of snacks
(Falade and Akingbala, 2010). Because of its varied functionality, its
use in food, feed and chemical industries will be on the increase (Bala-
gopalan et al., 1988) coupled with its ease of production from readily
available, high yielding, nontoxic, and nutritionally superior cassava
varieties.

Hunger and malnutrition remains a serious problem in many parts
of the world, however many countries have made great strides to
improve their food and nutrition situation (FAO, 2007). To improve die-
tary quality in the face of the current worldwide epidemics of obesity
and chronic noncommunicable diseases, there is need to increase the
consumption of fish in different forms. Fish is an important source of
high quality and highly digestible protein and a respectable source of
essential minerals (Nettleton, 1992). Ethmalosa Frimbriata (Bonga fish) is
high in protein (53.84%) and essential minerals such as phosphorus
(0.48-1.83%), calcium (0.26-3.02%), magnesium (0.09-0.18%), and iron
(194.86-246.82 mg kg *) (Dégnon et al., 2013). Bonga fish is also
highly desirable because of its flavor which imparts positively in food
products. Incorporating this type of fish in a commonly consumed snack
such as crackers can be a vehicle of combating some notable diseases.

Many snack products are usually fried in oil which imparts flavour
and at the same time higher oil content which is not desirable by well-
informed consumers. Hence, consumer’s preference for healthy snacks
and their desire for more acceptable products have increased their con-
sciousness and concern about their health. These increased demands
for healthy and nutritious snacks require changes in processing param-
eters, composition as well as nature of food materials to be used. Sobu-
kola et al. (2013) reported that these changes can modify the oil
content, textural, and colour parameters as well as other properties of
the fried product. The final quality of an expanded snack such as crack-

ers depends on many factors such as quality of raw materials, formula-
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TABLE 1 Composition of different formulations based on experi-
mental design

Experimental run Sample code X1 Xo X3

1 CasHsFio 0.85 0.05 0.10
2 CgsHioFs 0.85 0.10 0.05
3 CgsHisFo 0.85 0.15 0.00
4 CasHoF 15 0.85 0.00 0.15
5 CooHsFs 0.90 0.05 0.05
6 CooH10Fo 0.90 0.10 0.00
7 CooHoF 10 0.90 0.00 0.10
8 CosHsFo 0.95 0.05 0.00
9 CosHoFs 0.95 0.00 0.05
10 CiooHoFo 1.00 0.00 0.00
11 CgsHioFs 0.85 0.10 0.05
12 CgsHsFio 0.85 0.05 0.10
13 CgsHoF 15 0.85 0.00 0.15
14 CooH10Fo 0.90 0.10 0.00

where X; + X, + X3 =1 or 100%, X,= cassava starch (C), X, = high qual-
ity cassava flour (H), X5 = fish flour (F).

tions, process conditions, ratio and type of flour mixtures. There have
been a few numbers of publications reporting on the properties of cas-
sava starch mixtures with other flours but very scarce report on
cassava-fish crackers from cassava starch, HQCF and fish flour. There-
fore, the objective of this study was to evaluate the quality attributes
of cassava-fish crackers enriched with different flours based on a sim-

plex centroid mixture design.

2 | MATERIALS AND METHODS

2.1 | Materials

Native Cassava Starch (CS) from Matna Foods, Nigeria Ltd and High
Quality Cassava Flour (HQCF) from Thai farms, Nigeria were procured
from the manufacturers while dried Fish (Ethmalosa frimbriata) were
procured from local market in Abeokuta, Ogun state, Nigeria. Materials
were stored in plastic containers prior to analysis and use in the labora-
tory. Proximate composition of the materials was determined using
standard analytical techniques. Distilled water were used in preparing
the semi half-finished crackers while refined bleached deodorized veg-

etable oil was used as the frying medium.

2.2 | Sample preparation

The modified method of Lakleang (1991) as shown in Figure 1 was
used. Known amount of water was added to the dry ingredient combi-
nation (Table 1) based on the water content of the ingredients and was
adjusted in order to ensure that all samples contains the same moisture
content (90.99%). Accurately weighed dry ingredients were first mixed
for about 2 min using a mixer (SAISHO hand mixer S-1496 HM, Hong
Kong) at medium speed. Warm water was then added and mixed for

additional 5 min to obtain the slurry. The slurry in a stainless steel bowl
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was placed in a water bath and stirred continuously for 2-3 min at
80 °C = 2 °C. The partially gelatinized slurry was taken out of the water
bath and dropped with a teaspoon on a tray at room temperature
(30 °C = 2 °C) before drying in a cabinet dryer (Genlab drying cabinet,
DC500, Widens Cheshire, UK) at 50-55 °C for ~12 h and packaged in
polyethylene bags for further processing. Semi-finished cassava-fish
crackers were then deep fried in oil at 180 °C = 5 °C for 15 s prior to

analyses.

2.3 | Sample analyses

2.3.1 | Moisture and oil contents

Standard analytical procedures based on AOAC (2000) was used to
determine moisture and oil content of the fried crackers and means

values were reported on dry basis.

2.3.2 | Texture (breaking force determination)

The texture of the fried crackers was analyzed using the procedure
described by Da Silva and Moreira (2008), which consists of a three-
point bending test. The sample was placed on a rig in order to apply
the load centrally. The system was mounted on a universal texture ana-
lyzer (Perten Instrument TVT-300XPH, Sweden) using a support span
of 16 mm. A probe of 2.5-mm-thick steel blade with round edge was
used to fracture the sample. The force (N) at the fracture point highest
value in the plot was recorded as the breaking force. The samples were
equilibrated to 28 °C =+ 2 °C for texture studies.

2.3.3 | Linear expansion

Linear expansion was obtained by measuring the length of four lines
drawn on 10 unpuffed samples using fine permanent marker with a
thermally stable ink. The percentage linear expansion was calculated

according to Equation 1 (Yu, 1991):

TABLE 2 Proximate composition of raw materials for the produc-
tion cassava-fish crackers

Composition Cassava starch HQCF Fish flour
Moisture (%) 10.50+0.11 8.01+0.01 3.69 +0.01°
Protein (%) 0.22 +0.01 0.23 +0.01 85.22 +0.01
Fat (%) 0.63 +0.01 0.30 +0.01 4.19 £0.01
Ash (%) 0.05 +0.01 0.72 +0.01 6.78 = 0.01
Crude fiber (%) 0.46 +0.01 1.80 +0.01 0.00 +0.00
Carbohydrate (%)  88.14 = 0.00 88.94+0.01 0.12+0.01

#Values are mean of triplicates = standard deviation. Where HQCF is
high quality cassava flour.

Percentage linear expansion = Final length after frying 1)
— initial length before frying X 100

(Initial length before frying)

2.4 | Determination of color parameters

2.4.1 | Image capture

The method of Mariscal and Bouchon (2008) was adopted using a col-
ored digital camera (model Nikon COOLPIX L21, Japan). The digital
camera was placed on a stand inside a box resistant to light with inter-
nal black surfaces. Four fluorescent lamps to illuminate the interior
area of the box were placed inside the box above the sample at 45 ° to
increase diffuse reflection responsible for color. The camera was placed
at angle of 90 ° to reduce gloss. While a white standard photographic
surface was used standardize the illumination level before capturing
the sample images. The resolution used was 1600 X 1200 pixels stored

in JPEG (Joint Photographic Experts Group) format.

TABLE 3 Mean values of some quality attributes of fried cassava-fish crackers

Sample code Oil content (%) Expansion (%) Breaking force (N)
CgsHsF10 17.36 8.96 12.54
CgsH1oFs 30.82 42.87 36.16
CgsH1sFo 18.57 19.67 72.84
CesHoF 15 19.73 —4.53 33.41
CooHsFs 20.44 16.67 25.70
CooH10Fo 22.35 37.17 28.65
CooHoF10 16.50 18.17 26.53
CosHsFo 19.96 24.90 23.67
CosHoFs 19.88 45.93 17.94
C100HoFo 13.37 14.87 22.00
CgsHioFs 23.08 42.87 36.16
CgsHsF10 20.80 8.96 12.54
CgsHoF1s 14.52 -4.53 33.41
CooH10Fo 24.73 37.17 28.65

Moisture content (%) L* a* (-) b* AE

5.76 65.17 1.35 0.99 2645
6.00 66.89 1.77 -8.18 28.45
7.42 62.17 6.61 13.24 18.34
7.17 65.74 1.80 3.63 31.25
6.82 55.51 1.83 -0.91 29.31
7.14 71.77 4.84 10.32 25.56
5.89 59.58 1.80 3.16 19.76
6.98 57.40 1.65 -5.93 27.39
5.65 70.01 5.47 12.12 18.66
7.46 63.24 7.63 16.26 17.17
4.64 69.20 1.42 —6.68 27.23
5.76 67.54 1.22 0.35 27.26
8.96 56.34 1.53 2.53 22.51
6.32 65.46 5.86 10.24 25.55

Values are means of triplicate determination = standard deviation. All values of a* are negatives. C = Cassava starch, H = high quality cassava flour,
F = fish flour. L* = lightness, a* = redness, b*= yellowness, AE = colour change.
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Raw materials / Ingredients
Mixing of dry Ingredients
Addition of boiling water to form a slurry
Heating in a water bath (80 + 2°C for 2-3 min)
Dropped with a tea spoon on a clean tray at ambient temperature
Oven drying (5@ + 5°C for 12h)
Deep fat frying (180 + 5°C for 15 sec)
Cooling/Packaging

FIGURE 1 Production process for cassava crackers (modified
lakleang, 1991)

2.4.2 | Color measurement

L, a, b coordinates were obtained by the use of Adobe photoshop CSé
software (Adobe Systems, CA) which were then used to generate L*
(Lightness), a* (Redness), and b* (Yellowness) according to Yam and
Papadakis (2004) as shown below:

. L

L —ﬁxloo (2)
. 240_
a —axﬁ 120 (3)
. 240_
b _bxﬁ 120 (4)

Change in color between the raw (L,*, a,*, and b,*) and fried crack-
ers (L*, a* and b*) were determined by taking Euclidean distance

between the products using the equation:

AE"= /[(Ls~L") >+ (ag—a")? + (b5 —b")? g

2.5 | Scanning electron micrograph (SEM)

The fried samples (optimized Cassava-fish crackers and a commer-
cial sample) were appropriately defatted by submerging them in
petroleum ether for 4 h after frying. Thereafter, the samples were
coated with a thin gold layer (20 nm) using a Varian Vacuum Evapo-
rator PS 10E (Evey Engineering’s Warehouse, Hoboken, NJ) and
analyzed using a variable pressure scanning electron microscope
LEO 1420VP (LEO Electron Microscopy, Cambridge, UK) at an
acceleration potential of 25 kV. An Oxford 7424 solid-state detec-
tor (Oxford Instruments, Oxford, UK) was used to obtain the elec-
tron microphotographs at 500X magnifications (Sobukola et al.,
2013).
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2.6 | Comparison of optimized cassava-fish crackers
and commercial fried crackers

Optimized and reference (commercial type) fried crackers were com-

pared in terms of quality attributes using instrumental analysis.

2.7 | Sensory evaluation

A simple paired comparison preference test was also conducted using
30 panelist to rate the optimized and commercial fried crackers in

terms of taste, aroma, oiliness, color, texture, and overall appearance.

2.8 | Experimental design and ingredient optimization

Simplex-centroid mixture design (SCMD) for three-component mix-
tures expanded with internal points with constraints of Design Expert
version 6.0.8 (Stat Ease, Minneapolis, MN) was used to investigate the
effect of CS substitution with HQCF and FP on some quality attributes
of fried crackers from its mixtures. Fourteen experimental runs (Table 1)

A: HQCF
045

23.7405

21.3201

18.8998

16.4795

14.0592

Oil Content

X1(0.15)

X3 (1.00)
X3 (0.85)

\
X2 (0.15)

FIGURE 2 Surface (3D) and contour plots of oil content (DB) of
fried cassava-fish crackers from the flour blends of HQCF (X4), FF
(X5), and CS (X3). Where HQCF, FF, and CS are high quality cassava
flour, fish flour, and cassava starch, respectively
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TABLE 4 Regression models for quality properties of cassava-fish crackers

e

Responses 0oC? (%) EX® (%)
Independent variables HQCF (X4) 18.57 28.54
FF (X2) 17.13 —9.66
CS (X3) 13.37 16.25
Nonlinear blending terms H/F(X1/X5) 23.25 74.13
X1/X3 26.01 44.99
X1/X3 13.24 129.4
X1X2X3 -77.2 -612
X1-Xo 49.87
X1-X3 12.46
Xo-X3 =33
R? 0.79 0.78

*Significance at a p < 0.05.
?Fitted by quadratic model.
bFitted by special cubic model.
Fitted by cubic model.

BF (N) MC® (%) (L° (@*) (b*)° (AE)®
71.93 7.24 62.17 -6.61 13.24 17.43
31.45 7.27 61.04 -1.66 3.08 14.86
2240 7.45 63.24 ~7.63 16.26 16.36
-118* ~7.70* 25.18 12.14 —51.94* -11.40
-96.* -2.33 1.37 16.29* —56.59* 5.14
-111 -7.15 11.95 4.56 —9.15* -3.67
38.11* —295 ~5.22 84.33* -21.12
8.86 9.03 ~77.52 -21.93
78.14 -27.27 116.21* 92.91*
—65.5 11.35 —30.84* —45.80
0.88 0.83 0.80 0.99 0.99 0.86

Where OC, EX, BF, MC, L*, a*, b*, and AE are oil content, expansion, breaking force, moisture content, lightness, redness, yellowness, and change in

colour, respectively.

showing different levels of ingredient combinations were generated
with X3, X5, and X3 ranging from 85-100, 0-15, to 0-15%, respectively
based on series of preliminary experiments. The responses were oil con-
tent, moisture content, texture, expansion, lightness, redness, yellow-
ness, and change in color). Models were fitted to the data as necessary
to obtain the regression equations. The statistical significance of the
terms in the regression equations was examined by analysis of variance
(ANOVA) for each response. The fried crackers quality parameters were
optimized using numerical method of SCMD based on desirability con-
cept to obtain fried crackers of acceptable qualities. The independent
variables were kept within the experimental range while the responses
were either minimized (oil, moisture, texture, redness, yellowness, and
change in color) or maximized (expansion and lightness). The predictive
models obtained were then used to generate the response surface and

contour plots.

3 | RESULTS AND DISCUSSION

3.1 | Proximate composition of raw materials and
model description

Table 2 shows the proximate composition of the materials used in pro-
ducing the cassava-fish crackers. From the table, moisture, protein, fat
and ash contents varied between 3.69-10.5%, 0.22-85.22%, 0.3-
4.19%, and 0.05-6.78%, respectively. The carbohydrate and crude
fiber contents however ranged between 0.12-88.94% and 0.46-
1.80%, respectively. From the result, fish four had the highest level of
protein while HQCF had the highest carbohydrate content.

Table 3 shows the mean values of the quality attributes of fried
Cassava-fish crackers while table 3 presents the estimated regression
models and ANOVA of the terms describing the effect of CS substitu-
tion with HQCF and FF. The coefficients of determinations (R?) of

6.74165

6.01599

5
£ 5.29034
8
g 4.56468
b4
8

X1 (0.15)

X2 (0.00)
X3 (1.00)
X3 (0.85)
.00)
X2 (0.15)
FIGURE 3 surface (3D) and contour plots of moisture content

(DB) of fried cassava-fish crackers from the flour blends of HQCF
(X4), FF (X5), and CS (X3). Where HQCF, FF, and CS are high quality
cassava flour, fish flour, and cassava starch, respectively.
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0.15 0.00 1.00
B: FF c:Cs
Breaking Force (N)
78.6469 \
60.5648
Z 424828
0]
[$)
5 24.4008
w
> 6.31873
£
X
3
4]

X1 (0.15)

X3 (1.00)

X1 (0.00)

X2 (0.15)

FIGURE 4 Surface (3D) and contour plots of breaking force (N) of
fried cassava-fish crackers from the flour blends of HQCF (X;), FF
(X5), and CS (X3). Where HQCF, FF, and CS are high quality cassava
flour, fish flour, and cassava starch, respectively

regression models varied between 0.78 and 0.99. Some of the devel-
oped models are capable of being used to navigate the design space
and can be used as predictive models. Howbeit, the models presented
a nonsignificant lack of fit and hence are good indicator of the
responses and can be used for prediction (Myers et al., 2009). Signifi-
cant differences were observed between the breaking force and mois-
ture content of non linear blending terms of HQCF and FF, HQCF, and
CS, and HQCF and FF; as well as FF and CS and HQCF, FF, and CS,
respectively. The regression analyses indicated that the quadratic, cubic
as well as special cubic nonlinear terms were significant (p < 0.05) in
many of the regression models derived. In these models, positive values
of partial regression coefficients for the non-linear terms indicate a
constituent synergistic effect in the binary or ternary blends, while neg-
ative values suggest antagonistic effects (Fustier et al., 2008).

3.2 | Oil content

Oil content during frying is one of the most important quality attributes

of fried foods. Numerous studies have reported that excessive con-

COKER ET AL

sumption of fat is a key dietary contributor to coronary heart disease,
and other related ailments (Browner et al., 1991). Moriera et al. (1997)
reported that during frying, tortilla chips absorbed only 20% of the oil
and 80% stayed on the chip'’s surface. They also observed that during
cooling the chips absorbed 64% of the total oil content, and the rest of
it remained on the chip’s surface. As food product fries, the internal
cells become dehydrated and the evaporated water is partially replaced
by frying oil (Bouchon et al., 2003). Qil content of fried crackers varied
between 13.37% and 30.82% (db) (standard deviation (SD) was
between 0.02 and 0.85), not shown as presented in Table 3. The effect
of the ingredient combination on oil content of the fried crackers is
shown in Figure 2. From the figure, an increase in HQCF level resulted
in increased oil content while it decreased as cassava starch and fish
flour increased. This increase in oil content as HQCF increased is due
to disruption in the formation of a continuous network of structure

that can serves as a barrier to oil uptake. Reduction in oil content as

43.5461

302452 IREXT 7
e

X3 (1.00)

X2 (0.15)

FIGURE 5 Surface (3D) and contour plots of expansion (%) of
fried cassava-fish crackers from the flour blends of HQCF (X;), FF
(X5), AND CS (X3). Where HQCF, FF, and CS are high quality cas-
sava flour, fish flour, and cassava starch, respectively
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74.4048

68.9092

63.4135

57.9179

52.4222

Lightness(L*)

X3 (1.00)

X2 (0.15)

FIGURE 6 Surface (3D) and contour plots of lightness (L*) of fried
cassava-fish crackers from the flour blends of HQCF (X3), FF (X5),
and CS (X3). Where HQCF, FF, and CS are high quality cassava
flour, fish flour, and cassava starch, respectively

fish powder increases might be due to structural changes that occurred
in the product during frying. Similar result has earlier being reported by
Maneerote et al. (2009). They reported that oil content of deep fat
fried rice crackers reduced with increase in fish powder content. It was
further reported that deep fried rice crackers mixed with fish powder
of 5, 10, and 15 g/100 g reduced the oil content by ~10, 14, and 22 g/
100 g (db), respectively, in comparison to crackers without fish powder.
The decrease in oil content as cassava starch content increased can be
attributed to the gelatinization of surface starch molecules during fry-
ing which forms a complex network that serves as barrier to oil uptake
during frying and subsequent cooling. Sobukola et al. (2013) reported
that during frying process, any change in the nature, process parame-
ters of the product such as product composition and frying parameters
will modify the oil content, texture and other quality properties of such
product.

3.3 | Moisture content

Moisture content of fried samples is very important because it can

determine the textural properties and microbial stability of the product

to a larger extent (Sobukola and Bouchon, 2014). It is dependent on
the initial moisture content, frying temperature, cracker composition
amongst others. Table 3 also shows that the moisture content of the
fried crackers varied between 4.64 and 8.96% (db) (SD was between
0.04 and 0.15) within the experimental mixtures while the coefficient
of regression (R?) is 0.83 (Table 4) and fitted by special cubic model.
The 3D surface plot for moisture content using different combinations
of the ingredient is presented in Figure 3. The highest moisture content
was obtained for sample CgsHoF415 while the lowest was observed in
sample CgsH1oFs. It was observed that as fish flour reduced, moisture
content decreased while it increased as HQCF and cassava starch
increased. Nair et al. (1996) observed that maximum linear expansion
was obtained from dried crackers which had 15% moisture content.
On the other hand, for expansion due to vapour formation and for
softness and deformity of solid phase, it is necessary to have some
minimum level of moisture in the intermediate product. During frying,
food materials are heated through the oil which serves as the heating
medium, and the free water evaporates on getting to its boiling point.
It has been reported that the boiling point of free water in food

Redness (a*)

-0.565659
-2.75988
-4.9541
o
B7.14832
2
9-9.34255
el

&

X1 (0.15)
' X2 (0.00)

X3 (1.00)
X3 (0.85)

X2 (0.15)

FIGURE 7 Surface (3D) and contour plots of redness (A*) of fried
cassava-fish crackers from the flour blends of HQCF (X4), FF (X>),
and CS (X3). Where HQCF, FF, and CS are high quality cassava
flour, fish flour, and cassava starch, respectively
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0.15 0.00 1.00
B: FF C:Cs

Yellowness (b*)

28.1194

17.7626

7.40592

(b%)

-2.95081

-13.3075

Yellowness

X1(0.15)

X3 (1.00)

X2 (0.15)

FIGURE 8 Surface (3D) and contour plots of yellowness (B*) of
fried cassava-fish crackers from the flour blends of HQCF (X;), FF
(X5), and CS (X3). where HQCF, FF, and CS are high quality cassava
flour, fish flour, and cassava starch, respectively

material is higher than that of pure water because of dissolve solute in
the food materials (Shyu et al., 2005). High moisture content of fried
food reduces it textural properties, which leads to poor acceptability of
a snack food like crackers. However, a little amount of moisture con-
tent is necessary in some fried food product such as French fries, this
increases it juiciness and makes it more palatable and acceptable. Fried
foods with higher moisture content tend to have higher rate of rancid-
ity during storage, which is an oxidation reaction of oil. The moisture
serves as a source of oxygen which is needed for the reaction to take
place. Therefore an appreciable amount of moisture is needed in a

snack like cracker to aid expansion.

3.4 | Texture

Texture of food is related directly to physical and chemical properties,
perceived by eye prior to the consumption. Crispness and crunchiness
are sensory attributes used to describe the texture perception of many
types of foods. For fried food products, crispy and crunchy nature are

texture character which is an important sensory characteristic on which
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consumer base their appreciation (Luyten et al., 2004). Breaking force
which is the minimum force required to crush a product is normally
used to describe the hardness of a product.

In this study, the breaking force is presented in Table 3 and it var-
ied between 12.54 and 72.84 N (SD was between 0.05 and 8.34)
within the experimental runs. From Table 4, the main effect of ingredi-
ent substitution (HQCF and FF, HQCF, and CS) have significant
(p <0.05) effect on texture while the coefficients of determination
(R>—0.88) fitted with cubic model. The 3D surface plot for texture at
different flour blends are presented in Figure 4 and reduced with
increase in fish flour which has a higher protein content (88.94%) as
shown in Table 2. This can be due to protein denaturation which
results in loss of water-holding capacity or coagulation, hydrolysis and
solubilization of proteins. Breaking force increase as HQCF level
increases due to gelatinization of the starch which affected the hard-

ness of the crackers. During frying, starch gelatinizes and water

0.15 0.00 1.00

c:Cs

30.1116
26.7062
23.3008
19.8954

16.49

Colour Change

X1(0.15)

X3 (0.85)

X2 (0.15)

FIGURE 9 Surface (3D) and contour plots of colour change (AE)
of fried cassava-fish crackers from the flour blends of HQCF (X4),
FF (X5), and CS (X3). Where HQCF, FF, and CS are high quality cas-
sava flour, fish flour, and cassava starch, respectively
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TABLE 5 Mean and standard deviation of instrumental analysis of
optimized and control samples

Quality attributes Optimized sample Control sample

Oil content (%) 30.72 +0.10° 36.32+0.16°
Expansion (%) 61.35 + 6.09° 77.46 +3.10°
Moisture content (%) 1.87 +0.01° 2.26 +0.06°

Breaking force (N) 57.50 + 0.25° 93.00 = 0.20°
Lightness (L*) 89.85 + 1.57° 99.38 + 3.83°
Redness (a*) 3.98 +1.57° 1.24 +1.41°

Yellowness (b*) 15.41 +0.18% 10.02 +4.73°%

Values are means of duplicate * standard deviation.

Commercial cracker sample

Optimized cassava-fish cracker

FIGURE 10 Digital picture of fried commecial cracker and
optimized cassava-fish cracker

evaporates which causes’ structural changes (micro and macro) in fried
foods thus affecting the texture (Velez-Ruiz et al., 2002). Andersson
et al. (1994) reported that in food products high in starch content, the
major influence on texture is the gelatinization of starch during heating
by frying. Findings have shown that frying parameters (frying time and
temperature) have significant effect on the texture of fried foods. This
is because the frying temperature and frying time affects the rate of
moisture loss and starch gelatinization which affects the texture of the
product. In this study however, constant frying parameters were used.

3.5 | Expansion

Expansion is an increase in the length and size or increase in dimen-
sions. As shown in Table 2, it varied from —4.53 and 45.93% (SD was

SkU 188sm

Optimized Sample

between 0.01 and 1.04) within the experimental runs. From Table 3,
the special cubic model developed for expansion has coefficients of
determination (R?) of 0.78 with no significant factors. The 3D surface
plot for expansion at different ingredient levels is presented in Figure
5. From the figures, expansion decreases as fish flour increases similar
to the findings of Cheow et al. (1999) and Huda et al. (2009). At higher
fraction of fish flour, the proteins form a continuous gel network
around the starch thereby preventing cracker expansion (Cheow et al.,
1999). Expansion of crackers increased as cassava starch increase;
which is in agreement with the findings of Tongdang et al. (2008). They
reported that cassava starch crackers have higher expansion than
crackers from sago starch. As HQCF increases, expansion also
increases though not as high as that of starch. Tongdang et al. (2008)
observed that cracker expansion was reduced when other types of
flour were added. This might be due to the component and structure
of the flour blends used in cracker production. Also, initial moisture
content as well as frying parameters are also important factors that
govern the rate of expansion of a fried product (Nair et al., 1996).

3.6 | Color parameters

Color parameters which include lightness, redness, yellowness and
change in colour (derived) of the fried crackers were determined as L*
a*, b*, and AE values, respectively. Table 3, shows that L* varied
between 55.51 and 71.77 (SD was between 0.93 and 11.02), a* varied
between —1.22 and —6.61 (SD was between 0.09 and 1.53), b* varied
between —8.18 and 16.26 (SD was between 0.50 and 5.71) and AE
varied between 17.17 and 31.25 (SD was between 0.53 and 7.49).
While from Table 4, the coefficient of determination (R?) fitted with
cubic model for L* is 0.80, a* and b* were 0.99 while AE was 0.86. Fig-
ure 6-9 shows the 3D surface and contour plots of fried crackers for
L*, a*, b*, and AE from the flour blends. From the figures, L* value of
deep fat fried crackers decreased with increase in fish flour content
while a* and b* increases with increase in fish flour content. This is due
to processing modification such as maillard reaction, a non-enzymatic
browning reaction between amino acids and reducing sugars (Baik and
Mittal, 2003; Moyano et al., 2002). Fish flour inclusion increases the
amino acid level in the flour blends (Krokida et al., 2001) enhancing

Control (Commercial sample)

FIGURE 11 Scanning electron micrographs of surface of optimized and reference fried cracker samples
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Maillard reaction resulting in decrease in L* value but increase of a*
and b* values. L* and b* increased with increase in HQCF and cassava
starch, since both flours had high L* value (not shown). Cassava starch
while frying also gelatinizes into a clear paste which affects its colour
parameters (Maneerote et al., 2009).

3.7 | Numerical optimization

The optimum ingredient combination of deep fat fried cassava-fish
crackers were obtained using optimization tool (numerical optimization)
of Design expert version 6.0.8 based on the experimental data
obtained. The target values were set in the program. The oil content,
breaking force, redness, change in colour, and moisture content were
minimized; expansion ratio and lightness were maximized while yellow-
ness was in range. The results showed that the optimum ingredient
combination leading to lower oil content and breaking force with maxi-
mum expansion and desirable physico-chemical properties is a combi-
nation of 85% CS, 10% HQCF, and 5% FF. Samples at this condition
had oil content of 30.72%, a texture of 57.50 N, an expansion of
61.35%, a moisture content of 1.87%, a lightness parameter of 89.85, a
redness parameter of 3.98, a yellowness parameter of 15.41 and a AE

parameter of 28.45.

3.8 | Comparison of optimized and reference fried
crackers sample

In comparing the optimized sample with a commercial sample (Table 5),
based on instrumental analysis, the latter had higher values in terms of
oil content, breaking force, % expansion, moisture content, and light-
ness. Higher oil content of commercial sample can be attributed to the
different ingredient composition or processing steps. Figure 10 shows
the digital pictures of fried cassava-fish crackers from optimized condi-
tions and commercial samples. On close visual observation, the samples
are different from each other since they contain different ingredient
composition. Scanning electron microscopy (SEM) was used to observe
the surface structure of the two samples with distinct differences as
shown in Figure 11. Optimized sample (A) have more closed structure
without visible pores that would have enhanced oil infiltration after fry-
ing while the commercial sample (B) has few but large pores which con-
tributed to its higher oil content. Substitution of CS with HQCF and FP
in optimized sample might have affected the structure of the cracker
and the interaction between CS and HQCF which could have led to a
stronger and continuous network serving as a barrier to oil uptake prin-
cipally during cooling. Differences in breaking force may be due to level
of starch content and the degree of gelatinization of the sample since
starch gelatinization and swelling of starch granules affect the breaking
force of crackers (Andersson et al., 1994). The lower expansion of opti-
mized sample is due to the presence of other components such as
HQCF and FF which reduces the level of CS in the sample. The nature
of starch in terms of purity, amylose and amylopectin in the product
and protein source which form a complex compound with starch have
significant effect on expansion (Cheow et al., 1999; Tongdang et al.,

2008). Commercial sample was lighter obviously due to more CS while
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redness and yellowness values were higher in optimized sample due to
its protein source as well as degree of browning as earlier reported by
Baik and Mittal (2003).

4 | CONCLUSIONS

Cassava-fish crackers were developed and its quality attributes charac-
terized as a function of different combinations of CS, HQCF, and FF
using simplex centroid mixture design. Quality attributes of cassava-
fish crackers were significantly affected when CS was substituted with
HQCF and FF. The optimized ingredient combination for the produc-
tion of cassava-fish crackers with lower oil content and acceptable
quality attributes were 85% CS, 10% HQCF and 5% FF. When com-
pared with a commercial sample, the optimized sample had superior
quality attributes in terms of lower oil and moisture contents as well as
better crispiness due to lower breaking force. Hence, appropriate com-
bination of ingredient can be used to produce healthy (low oil) cassava-

fish crackers.
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