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ABSTRACT

Okara is a huge (35%) by-product generated from soymilk processing. It contains about 24% protein (dry weight)
among other nutrients. The huge quantities of okara produced annually pose a significant disposal problem in Nigeria
due to increase in soymilk production. Hence the aim of this study is to research into its food use. Composite blend
made up of okara, residue from Orange-Fleshed Sweetpotato (OFSP) beverage processing and maize flours were
evaluated for suitability in snack preparation. Simplex Centroid Design (SCD) - experimental software package was
used to formulate blends of fourteen (14) runs, each was mixed to obtain dough of 45.88g/100g moisture content and
then extruded using a single screw extruder. Proximate compositions of the flour were analyzed. The white maize
flour had moisture content 9.47, crude protein 1.17, fat 0.00, ash 2.22, and carbohydrate 81.14%; OFSP flour had
moisture content 11.55, crude protein 5.14, fat 8.35, ash 2.55,and carbohydrate 72.42%, okara had moisture content
8.85, crude protein 23.58, fat 20.00, ash 2.21,and carbohydrate 45.36% while the extruded snacks had moisture
content 12.15, crude protein 20.83, fat 15.43, ash 2.51,and carbohydrate 49.05%. The extrudates (Nobel snacks) were
subjected to sensory evaluation. Blend ratio of 80:10:10 and 67:17:17 (OFSP: okara: white maize) were mostly
acceptable and were not significantly different (p>0.05) from each other in term of colour and aroma. However snack
from 67:17:17(OFSP: okara: white maize) was mostly acceptable and significantly different (p<0.05) from all other
extrudates in terms of texture, taste, mouth feel and general acceptability. Four of the extrudates (E181, E055, E161,
and E066) were not generally acceptable. The uunder mentioned were the pasting properties of the flour used for the
blend formulation: peak viscosity was 422.00, 229.0 and -29.00 RV U; trough 353.67, 130 and -31.0 RVU; break down
100, 68.33 and 2.0 RV U; final viscosity 1091.7, 227 and -26.0 RVU; set back 738, 97 and 5 RVU; peak time 7,6.33
and 4 RVU; pasting temperature 87.3, 85.1 and 81.50°C for maize flour, OFSP flour and Okara in all cases. It can be
concluded that Snack processing using OFSP: Okara : Maize in ratio 67:17:17 is feasible.
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INTRODUCTION

A snack is a portion of food or drink often smaller than a regular meal, generally eaten between meals (Anon,
2013a). A healthy snack is one that is high in nutritional value like protein, vitamins, minerals, fibre but relatively low
in calories, totals fat, saturated fat (no trans-fat). Snack foods have become an integral part of the eating habits of the
majority of the world’s population (Anon, 2013b).

Orange-fleshed sweetpotato (OFSP) as a staple food has an advantage over most vegetables in that it can
supply significant amounts of pro- vitamin A and energy simultaneously thus helping to address both VAD and under
nutrition (Bouis, 2002; Low et al, 2009; (Jaarsveld et al, 2005 and Jaarsveld et al 2006). Beta-carotene is the dominant
carotenoid in orange-fleshed sweetpotato (OFSP) (McLaren and Frigg, 2001). Simplex Centroid Design (SCD) is
software for experiential design used to determine the relationship between a variable that impacts the process and
resulting response, with each variable altered in a systematic approach. Food extrusion technology is a form of food
processing where food materials is subjected to heat and shear energy results in cooked food. It is high temperature
short time method of cooking. In recent times extrusion has found a wider application in food industry and as one of
the major processes for producing varieties of food such as breakfast cereals, snack foods with modified starches and
flours to sweet (Meuser, and van Lengerich,1992 ; Mukund and Yogesh, 2007).

Okara (soy pulp) is a by-product generated from soymilk production. Okara is low in fat, high in fiber, and
also contains protein, calcium, iron and riboflavin. It contains 76 to 80% moisture, 20 to 24% solids and 3.5 to 4.0%
protein. On a dry weight basis okara contains 24% protein, 8 to 15% fats, and 12 to 14.5% crude fiber. It contains 17%
of the protein from the original soybeans (Wickramarathna and Arampath, 2003). Okara is rich in nutrients content
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but majority of it is still being discarded, causing environmental problems (Wickramarathna and Arampath, 2003).
The huge quantities of okara produced annually pose a significant disposal problem in Nigeria. However, okara has
been used in the vegetarian cuisines of Western nations since the 20th century (Shurtleff and Akiko, 1979).

Vitamin A deficiency (VAD) remains a global public health challenges, particularly in developing countries
(Ruel, 2001 and WHO, 1995). Prevention and reduction of VAD can be achieved through biofortification of staple
crop such as orange-fleshed sweetpotato. Study has shown efficacy of OFSP in the reduction of VAD (Institute of
Medicine, 2001). However due to low dry content of OFSP and Africa consumers prefer sweetpotato that has high
dry matter (Tomlink, et al 2004). It is therefore necessary to research into other food forms, such as snack made from
OFSP to enhance high consumption of the crop. Therefore, the use of okara in production of snacks would not only
add value to this waste product but will enhance the nutrient quality of carbohydrate based snacks prevalent in our
society.

Objective of the study is therefore to find food use for waste and by product from OFSP juice and Soy milk
processing thereby reducing environmental pollution, produce nutritive snacks and create job opportunity for income
generation when the technology is transferred to food processors in particular rural women and youth.

MATERIALS AND METHODS

White maize and soy bean were procured from Umuahia central market while the OFSP was obtained from
sweetpotato programme of National Root Crops Research Institute (NRCRI), Umudike. The white maize was chosen
for its starch and fiber potential as well as to enhance gelatinization, that is conversion of raw starch to a cooked and
digestible material by the application of water and heat, which is one of the effects that extrusion has on the starch
component of foods (Anderson et al., 1969). The okara is for protein and OFSP for its pro-vitamin A potential.

Preparation of okara, maize flour and OFSP flour

The methods of Onyibe et al., (2009) and Olusola and Morton (1996) were adopted for the preparation of the okara
flour and maize flour respectively, as shown in Figure 1 and 2. The method described by Omodamiro et al, (2010)
shown in Figure 3, was used to obtain OFSP mash (a waste product from the preparation of OFSP juice/extract) to
produce OFSP flour used in the preparation of the novel snack.
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Figure 1: Flow chart for the production of okara flour.Source: (Onyibe et al., 2009)
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Fig. 2 Flow chart for the production of maize flour Source: Olusola and Morton (1996).
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Figure 3: Flow chart for the production of OFSP mash Flour Source: Omodamiro et al, (2010)

PREPARATION OF SNACK FROM OFSP: OKARA: MAIZE FLOUR BLENDS

Moisture content of the flour (OFSP, okara and maize flour) were evaluated with the aid of moisture analyzer S/N P-
1023603 made in Japan. Simplex Centroid Design (SCD- experimental software package) was used to formulate
blends of fourteen (14) runs from the flour to form feed for extrusion. Four of the runs were center points, as shown
in Table 1. Top loading balance was used to weigh the quantity of added water for accuracy. The water was added to
obtained dough which was extruded immediately. Uniform quantity of water (45.889g) was used to form dough of an
average moisture content of 45% for each run.
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E F

Plate 1: A= Fresh OFSP extract B = Drying of OFSP residue in cabinet dryer, C = 14 Blends from OFSP: Okara:
Maize flour, D = Processed OFSP: Okara: Maize flours, E= Extrusion runs and F= Drying of the fresh extrudates
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Table 1: Simplex Centroid Design with three components

Design OFSP Okara flour | W. maize

point Flour (X2) g/100g | flour
(X1) 9/100g (Xs)

g/100g

1 80 10 10

2 10 10 80

3 10 80 10

4 50 0 50

5 0 50 50

6 50 50 0

7 33.3 33.3 33.3

8 67 17 17

9 17 17 67

10 17 67 17

11 50 0 50

12 33.3 33.3 33.3

13 0 50 50

14 80 10 10

ISSN: 2277-5528
Impact Factor: 3.145

Where X3 +X2+X 3= 100%, maize = white maize

EXTRUSION OF OFSP: OKARA: MAIZE COMPOSITE FLOUR.

A fabricated single screw extruder moderate shears cooking (20-100s*) and maximum product temperature 125-175°C
was used for the extrusion of each blends. The extruder was operated at constant temperature (80°C), and dough was
extruded at screw speed (70rpm) based on the pilot trials, cylindrical die was used to obtained cylindrical shape
extrudates. The cylindrical shaped extrudates (5mm diameter) were collected and aseptically cut with the aid of kitchen
knife into uniform length (average of 6¢cm) and dried at 60°C for 2 hours in a cabinet drier to obtain dried extruded
snack of average moisture content (6.5 to 7.3%) after which it was cooled to room temperature and then packaged
with food grade poly ethylene till use.

LABORATORY ANALYSIS

Analysis for proximate composition of the white maize, okara, OFSP flours and extruded snacks was done using
AOAC (2010). The pasting properties of the flour were analyzed to ascertain its fitness for extrusion.

SENSORY EVALUATION

Organoleptic quality of the snacks was conducted in the Product Development Programme of (NRCRI), Umudike. A
twenty-member sensory panel drawn from NRCRI and post graduate students of Food Science and Technology,
Michael Okpara University of Agriculture (MOUAU) was used for the sensory evaluation. The formulated snacks
was subjected to sensory evaluation for colour, taste, mouth feel, aroma and general acceptability quality attributes
using nine point Hedonic scale, where 1- dislike extremely, 2-dislike very much, 3-dislike moderately, 4- dislike, 5-
neither like nor dislike, 6-like, 7-like moderately, 8-like very much, and 9-like extremely) was used to rate the
evaluation. The panelists tasted the extrudate samples and chose among the nine points of the scale one that best
matched their opinion of the product (Iwe, 2002).

RESULTS AND DISCUSSION

The orange colour of the OFSP which implies presence of carotene was retained as shown in plates 1 (A to F) in its
flour as well as the snacks Plate 2. Table 2 shows the pasting properties of the flours. Peak viscosity was 422.00,
229.0 and -29.00 RVU; trough 353.67, 130 and -31.0 RVU; break down 100, 68.33 and 2.0 RVU; final viscosity
1091.7, 227 and -26.0 RVU; set back 738, 97 and 5 RVU; peak time7,6.33 and 4 RVU; pasting temperature 87.3, 85.1
and 81.50 RVU for maize flour, OFSP flour and Okara in all cases. The pasting property results revealed that maize
flour had highest viscosity (1091.7 RVU) and significantly different (P<0.05) from others. Hence it is responsible for
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the binding together of other materials to form snack. The constant moisture content of the dough is needed for
uniformity of the snack colour, shape and uniformity in texture.

Table 2: Pasting properties of raw materials used for the extruded snack

SAMPLE | PEAK TROUGH | BREAK FINAL | SET PEAK PASTING
VISC (RVU) DOWN VISC |BACK | TIME TEMP
(RVU) (RVU) (RVU) | (RVU) | (Min) (°C)

MAIZE

FLOUR 422 353.67 100° | 1091.7% 738 7.00% 87.3%

OFSP

FLOUR 2290 130° 68.33 207" 97> 6.33" 85.1°

OKARA

FLOUR -29° -31° 2.0° -26° 5e 4.07° 815

LSD(P>0.05) 9.967 8.785 0.86 | 18.543 0.011 10.033 0.156

PROXIMATE ANALYSIS

The mean values of the proximate composition of the formulated snack as well as its raw materials and commercial
OFSP based snack (control) are shown in Table 3. The moisture content range from 8.51-10.34% these values are
within recommended moisture levels for flour. Moderately lower with significant difference (p<0.05) value was
observed in sample OEP (OFSP based extruded snack). Such snacks are expected to have low moisture for good
keeping quality. Idowu et al., 1996 reported low moisture cookies. The ash content ranged from 1.52 to 4.098% with
the highest value observed in sample OCC (control). Crude fibre ranged from 0.05 to 4.00%. Formulated snack has
the highest value, which makes it a potential functional food snack. The results of lipid content were significantly
different (p>0.05). The values ranged from 9.83-22.48 %. The fat content of the extrudate was lower compare to the
commercial, which also make it healthy snack for adults. These values were in line with various composition flour
cookies formulated by other researchers (Okpala, 2010; Giwa and lkujenlola, 2010). There was no significant
difference (p>0.05) in the values of sulphited and unsuphited samples in term of moisture and ash contents but different
in term of crude fiber and fat contents.

Table 3: Proximate composition of snack and its raw materials

Samples Moisture Crude Fat (%) Ash Carbohydrate
content (%) protein (%) (%)
(%)
ESNACK 12.15b 20.83b 15.43b 2.51a 49.05d
OFSPR 11.55¢c 5.14c 8.35d 2.55a 72.42b
OKARA 8.85e 23.58a 20.00a 2.21b 45.36e
WMF 9.47d 1.17e 0.00e 2.22b 81.14a
LSD (0.05) 0.157 0.171 0.0178 0.0513 0.2360

WMF = white maize flour, OFSPR = orange-fleshed sweetpotato flour, ESNACK = extruded snacks.

SENSORY EVALUATION

The results of sensory evaluation are shown in Table 4. Blend ratio of OFSP- 80: okara-10: white maize-10 and blend
ratio OFSP- 67: okara-17: white maize-17 were mostly acceptable and are not significantly different (p>0.05) from
each other in term of colour and aroma. However snack from OFSP- 67: okara-17: white maize-17 was mostly
acceptable and significantly different (p<0.05) from all other exudates in terms of texture, taste, mouth feel and general
acceptability as shown in Table 4. Four of the exudates (E181, E055, E161, and E066) were not generally acceptable
among the 14 samples presented to the sensory panel.

Correlations among the sensory attributes are shown in Table 4. All the attributes were positive and strong
(0.5385 to 0.9146). Taste and mouth feel had the highest value of 91.46%, this shows that taste of food has a lot to
do with mouth feel.
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AROMA COLOUR G/ACCEPT | MOUTHFEEL | TASTE
COLOUR 0.8426
G/ACCEPT 0.6892 0.7659
MOUTHFEEL | 0.7890 0.7996 0.8734
TASTE 0.8240 0.7968 0.8394 0.9146
TEXTURE 0.7540 0.6860 0.5385 0.6218 0.6617

Cases Included 280 Missing Cases 0

Table5: Mean Sensory Scores of Multiple Comparison Test on Extruded Snacks

Samples COLOUR | AROMA | TEXTURE | TASTE | M/FEEL | G/ACCEPT
E811 8.05? 7.95P 7.252 8.452 8.00? 8.65?
E118 3.95% 2.15' 3.95f 5.05¢ 5.10d 5.00¢
E181 2.90' 2.25 3.85 2.05" 1.20" 2.20
E505 6.144 6.15¢ 6.00° 6.50 5.05¢ 6.00°
E055 3.00' 2.101 3.85' 2.30" 2.15' 3.05¢
E550 6.65° 3.95° 5.80° 4.10f 3.25 5.05°
E333 4.25% 5.00¢ 5.20¢ 5.10¢ 4.00¢ 5.00¢
E677 7.75% 7.90% 6.85% 7.55P 7.00° 7.90%
E117 4.30f 2.05f 3.95f 5.05¢ 4.95¢ 5.10°
E161 3.75" 2.00 3.95f 3.20¢ 2.059 3.85'
E606 6.15¢ 6.10° 6.65° 6.209 6.00° 5.30°
E444 5.10° 3.95¢ 5.05% 5.10¢ 4.00¢ 5.05¢
E066 2.95' 2.20 4.75¢ 3.25¢ 3.05f 4.95¢
E822 8.00? 7.852 7.20? 8.15° 7.80? 8.75?

KEYS: E811 = 80.10.10, E118 =10.10.80, E181 = 10.80.10, E505 = 50.0.50, E055 = 0.50.50, E550 = 50.50.0, E333
= 33.33.33, E677 = 67.17.17, E117 = 17.17.67, E161 = 17.67.17, E606= 50.0.50, E444 = 33.33.33, E066= 0.50.50
and 822= 80.10.10 of OFSP: Okara : White maize flour in all case. (E606=E505, E444 = E333, E066 = E055 and
E822 = E811 are the center points)
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(B)
Plate 2: A = Extruded 67:17:17 blends and B = Dried and packaged OFSP based nutritive snacks

CONCLUSION

Wastes from OFSP beverage preparation and okara from soymilk preparation can be used to produce acceptable pro-
vitamin A snack. The best combination level is ratio 67:17:17 or 80: 10:10 of OFSP, Okara and maize flours
respectively. The ratios received the best ratings as indicated by their overall acceptability. Okara inclusion up to 17%
can be chosen owning to higher okara inclusion and yet its acceptability is not significantly different from that of 10%.

RECOMMENDATION

The novel Orange-fleshed sweetpotato based snack can form part of what is use for tea break in hospitality industries
such as hotels, social gathering-cocktails parties. Agricultural Engineers should design and construct machine for
manual extraction of OFSP extracts so as to separate the residues with ease. Soymilk processor can add up section for
proper dispensing and drying of okara to create an avenue for additional income generation to their industries.
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