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ABSTRACT

Aims: To evaluate the nutritional and sensory properties of sorghum biscuit enriched with defatted soy
flour, at ratios that could reduce protein energy malnutrition.

Study design: Two way anova.

Place and Duration of Study: Department of Food science and Technology, Federal University of
Technology, Akure, Nigeria.

Methodology: The sorghum whole grain used was milled into flour to pass a 500 pm sieve. The defatted
soy flour was supplied by Jof — Ideal industry, Owo, Nigeria. Sorghum flour was blended with defatted soy
flour at the following ratio — SD1 (70:30), SD2 (77.50: 22.50), SD3 (85.50:15.00), SD4(87.50:12.50),
SD5(90.00:10.00), SD6 (95.00:5.00),and SD7 (92.50:7.50) respectively and blends were used for biscuit
production.. The following analysis were carried out on the biscuit samples namely - proximate
composition, mineral composition, physical characteristics and colour.

Results: Significant differences (P = .05) were observed in the proximate, energy and mineral
compositions of the biscuits. The protein content ranged from 7.3 + 0.2 — 11.2+ 0.2%; crude fat ranged
from 12.0+ 0.2 — 18.1x 0.1%; crude fiber content ranged from 2.0 + 0.0 — 3.8 + 0.0% while the
carbohydrate content ranged from 58.2+ 0.2 - 70.6 + 0.1%. Results obtained compares favourably with
the recommended dietary intake for each nutrient. The calculated energy value ranged from 1825.8 —
2026.1 Kj/100g. The Na:k ranged from 1.0 — 1.5 while the Zn:Cu ranged from 1.2 — 3.0. The diameter of
biscuit ranged from 4.50 = 0.14 — 5,80 + 0.14cm; Weight ranged from 8.27 £ 0.03 — 8.90 = 0.14g;
thickness ranged from 0.62 + 0.01 — 0.84 + 0.06cm. Breaking strength ranged from 1.4 — 2.7N. No
significant differences were observed in the L*,a* and b* values of the biscuits.

Conclusion: Sorghum biscuits enriched with defatted soy flour met recommended dietary intake for
each nutrients, hence formulated biscuits could therefore be a useful tool in reducing protein energy
malnutrition.

Keywords: [Sorghum, defatted soy flour, biscuits, physicochemical properties}

1. INTRODUCTION

Protein energy-malnutrition (PEM) is a major cause of morbidity and mortality in young children in Africa and it
continues to be a major public health problem throughout the developing world, particularly in southern Asia
and sub-Saharan Africa (Schofield and Ashworth, 1996). It is therefore paramount to encourage the

preparation of different portions of cereals — legumes to improve protein quality of the populace in sub-

Saharan Africa.
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Sorghum (Sorghum bicolor (L) moench) is an important cereal grain with 60 million metric tonnes harvested
from 44 million hectares in 2004 (FAO 2011), It is an important stable in Africa (Nigeria, Sudan, Ethiopia), Asia
(India, China), and the drier part of central and south America (Dendy 1995), according to Rooney et al., 1986,
40% of the world wide sorghum production is used for human food consumption. Several developing countries
have encouraged the initiation of programs to evaluate the feasibility of alternative locally available flour as a
substitute for wheat flour. Many efforts have been carried out to promote the use of sorghum flour, in which a
portion of wheat flour is replacement by locally grown crops to be used in bread, cake, thereby decreasing the
cost associated with imported wheat (Olaoye et al., 2007). Enrichment of cereal-based foods with oil seed
protein has received considerable attention. Soybean is a cereal- legume which contributes significantly
towards protein, mineral, fat and B complex vitamins needs of people in developing countries. The usefulness
of the grain legumes in developing high protein foods in meeting the needs of the vulnerable groups of the
population is now well recognized, and several high protein energy foods have been developed industrially, in
different parts of the world (Nkama, 1993). Supplementation of cereal flour with inexpensive stables such as
legumes/ pulses helps in improving the nutritional quality of cereal product (Sharma et al., 1999).

Biscuits are one of the popular cereals foods; apart from bread, consumed in Nigeria, they are ready to eat,
convenient and inexpensive food products, containing digestive and dietary principles of vital importance
(Kulkarni, 1997). In Nigeria, snacks consumption is continually growing and there has been increasing reliance
on imported wheat (Akpapunam et al., 1999).

The objective of this work is to study the physicochemical properties of sorghum biscuits enriched with defatted

soy flour.

2. MATERIAL AND METHODS

Sorghum (Sorghum bicolor), margarine, sugar, salts, were purchased from an open market in Akure, Nigeria
and stored at 4°C until use. The defatted soy flour was supplied by Jof — Ideal industry, Owo, Nigeria. .All

chemicals used were of analytical grade.

2.1 Preparation of sorghum flour
The sorghum whole grain were milled using a laboratory hammer mill (Falling Number 3100, Huddinge,
Sweden) fitted with a 500 um opening screen to give whole grain flour, which was then vacuum packed and

stored at 4°C prior to usage. Sorghum flour was blended with defatted soy flour at the following ratio — Table 1.

Table 1: Formulation of flour blends for biscuit production

Blends  Sorghum Defatted Soy
Flour flour
SD1 70 30
SD2 77.50 22.50

SD3 85.00 15.00
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SD4 87.50 12.50

SD5 90.00 10.00
SD6 95.00 5.00
SD7 92.50 7.50

2.3. Biscuit preparation

The margarine and sugar were creamed at low speed for 3 min, using a Kenwood Chef Food mixer Model
A901. Sorghum flour and defatted soy flour were added and mixed with the cream for 2 min at low speed, to
obtain firm dough. The dough was manually rolled out to a height of 5 mm and cut into circular shapes using a
4.3 cm diameter cutter. The dough pieces were transferred onto a baking tray lined with aluminium foil.
Biscuit dough were baked in a pre-heated Unox steam convection oven at 160 +2°C for 20 min and cooled for
30 min at ambient temperature. Biscuits were vacuum packed in polyethylene bags and stored at 4°C.

2.4 Chemical Analysis

The proximate composition of biscuits was determined according to the standard methods of AOAC (2005).
Carbohydrate content was calculated by difference and calculated energy value (Kcal/100g) was calculated
using the Atwater factor (Okoye et al., 2008) and converted to KJ by multiplying values with 4.18. Mineral
composition of biscuits was determined using the dry-ashing technique (Official method of analysis 935.13
AOAC, 2005). Ca, Fe, Zn and Mg content were quantified using atomic absorption spectrophotometer (Varian
AA 240, Victoria, Australia) while Na and K contents were determined using flame photometer (Sherwood
Flame Photometer 410, Sherwood Scientific Ltd. Cambridge, UK).

2.5 Physical Characteristics of biscuits
The weight and the diameter of the baked biscuits were determined by weighing on a weighing balance and

measuring with a calibrated ruler respectively (Ayo et al., 2007). Thickness and spread ratio of biscuit were
calculated as per the AOAC (2005) methods. Spread ratio was the ratio of the biscuit is diameter/ thickness
after baking. The breaking strength was determined using an Instron texture analyzer according to the method

described by Bajaj et al., (2006); Bheema et al., (2008).

Determination of colour
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The colour of the biscuit was measured according to the method described by Rocha and Morais (2003) with a
hand held tristimulus reflectance color meter. The color was recorded using a CIE-L*a*b* uniform color space
(-Lab), where L* indicates lightness, a*indicates chromaticity on a green (-) to red (+) axis, and b* chromaticity
on a blue (-) to yellow (+) axis. Numerical values of a* and b* were converted into hue angle and chroma value
(Francis, 1980). The L* value is a useful indicator of darkening during storage resulting from oxidative
reactions. The hue angle (H°)is an angle in a color wheel of 360°, with 0°, 90°, 180° and 270° representing the
hues red-purple, yellow, respectively. It was derived as the arctangent of the ratio of CIE a* to CIE b*
expressed as degrees (Nielsen, 1998).The chroma( C*)which is the intensity or purity of the hue was
calculated as the square root of the sum of the squared values of both CIE a* and CIE b* (Nielsen, 1998).The
whiteness index (WI) values of cookies were calculated for 6 cookies per batch as described by Hsu et al.,

(2003) as follows;

100 - (100 —L*) +a*2 + b*2

3. RESULTS AND DISCUSSION

3.1 Proximate composition

The proximate composition of sorghum biscuit enriched with defatted soy flour is shown on Table 2. The
moisture content ranged from 3.2- 6.1%. It is comparable to values (5 —10%) set by the protein Advisory
Group (FAO/WHO (1971). These values were within the range reported by Kure et al., (1998) as not having
adverse effect on the quality attributes of the product. Sanni et al., (2006) reported that the lower the moisture
contents of a product, the better the shelf stability of such product. Hence, low moisture ensures higher shelf
stability in dried products. However, low residual moisture content in confectionaries is advantageous; resulting
in a reduction in microbial proliferation and prolonged storage life if stored inside appropriate packaging
materials under good environmental condition. The ash content (Table 2) of the biscuits ranged from 2.3 —
3.5%, the high ash content of SD1 and SD2 might be attributed to their high soy flour content, soybean flour
had been reported to be a good source of minerals (Emmanuel — lkpeme et al.,2012). The ash content of a
food material could be used as an index of minerals constituents of the food because ash is the inorganic

residue remaining after the water and organic matter have been removed by heating in the present of an
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oxidizing agent (Sanni et al., 2008). Crude fat content (Table 2) of the biscuit ranges from 12.0-18.1 %, high fat
content was observed in SD1, SD2 and SD3. The fat content of biscuits was relatively low. Fat plays a role in
determine the shelf-life of foods. A high amount of fat can accelerate spoilage by promoting rancidity leading to

the production of off flavours and odours. Also diet high in fat predispose consumer to different illness such as

120  obesity and heart disease etc. Therefore, low fat content observed in the biscuits is desirable to both the
121 processor and health conscious individual. Crude fiber content (Table 2) of biscuit ranged from 2.0 — 3.8%,
122 high fiber values were obtained in SD4, SD5, SD6 and SD7, and this might be attributed to the high level of
123  sorghum compared to soy flour. These values are favourably compared to the recommended value of 5%
124  (FAO/WHO (1971). Crude protein ranged from 7.3 — 11.3%. SD1, SD2 and SD3 had significantly higher
125  (P=.05) protein content than SD4, SD5, SD6 and SD7, the increase in the protein could be due to the increase
126  in the proportion of soy flour added. The carbohydrate content ranged from 58.2 — 70.6 %, significant increase
127 (P = .05) was observed in carbohydrate with corresponding decrease in the proportion of defatted soy flour
128 added. The calculated energy value of biscuits ranged from 1825.8 — 2026.1KJ/100g. Energy is not a nutrient
129  but is required in the body for metabolic processes, physiological functions, muscular activity, heat production,
130  growth and synthesis of new tissues. It is released from food components by oxidation. The main sources of
131  energy are carbohydrates, proteins, fats and, to a lesser degree, alcohol. The energy values obtained falls
132 within the recommended value for estimated energy intake of children of age range 1-24 months which is
133 2000 - 4,800K]j/ day (FNB:IOM 2002); recommended daily energy intake varies with height and age.
134  Table 2: Proximate composition of sorghum biscuit enrich with defatted soy flour
ts Moisture  Ash (%) Crude Fat Crude Fibre  Crude Carbohydrate Energy

(%) (%) (%) Protein (%) (%) value

(Kj/100g)

6.1°+ 0.0 3.5°+0.0 18.0°+0.2 2.7°+0.1 11.2°+00 58.2'+0.2 1835.0

57°+ 0.0 3.0°%+ 0.1 18.1°+ 0.1 2.3°%0.0 11.0°+0.1  59.9°+0.4 1866.4

48'+0.0 24 01 17.2°+0.2 2.0°+£0.0 11.3°£ 0.1  62.3°t 0.5 1877.7

44°+ 0.0 27°+ 0.0 158°t 0.1 3.5°+0.1 75%+ 0.1  66.1°£0.3 1825.8

3.29+0.0 2.3 0.1 16.9°+ 0.1 3.4°%0.0 7.3°+ 02 66.9°+0.3 1876.4

55°+0.0 2.7°t 0.1 14.6°+0.1 3.8°x0.0 7.9°+0.2 65.5°+ 0.4 2026.1

40'£0.0 25 01  12.0°+02 3.3°+0.0 76°+ 01 70.6°+0.1 1992.2
135 Mean + standard deviation of three replicates, mean value having different superscript within the same column
136  are significantly different (P=.05).
137  Keys:
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SD1=70:30
SD2=77.50: 22.5
SD3= 85:15
SD4= 87.50:12.50
SD5=90:10
SD6=95:5
SD7=92.50:7.50

3.2 Mineral composition

Table 3 shows the Mineral composition of sorghum biscuit enriched with defatted soy flour. Na is regarded as
the most abundant mineral in the biscuit ranges from 91.1 — 119.1mg/100g followed by K (61.3 —
99.4mg/100g). High amount of K in the body was reported to increase iron utilization (Adeyeye 2002), and it is
beneficial to people taking diuretics to control hypertension and suffering from excessive excretion of
potassium through the body fluid (Arinathan et al., 2003). Both sodium and potassium are required to maintain
osmotic balance of the body fluids, the pH of the body, to regulate muscle and nerve irritability, control glucose
absorption, and enhance normal retention of protein during growth (NRC, 1989). The ratio of sodium:
potassium (Na: K) in the body is of great concern for the prevention of high blood pressure. A Na: K ratio of 1 is
recommended (NRC, 1989), values obtained from biscuits are fairly comparable. Cu ranged from 0.03 —
0.17while Zn, ranges from 0.1 — 0.2 mg/100g. Copper and Zinc are two trace minerals essential for important
biochemical functions and necessary for maintaining health throughout life. The respective recommendations
for Zn are 15 mg for men and 12 mg for women (Food and Nutrition Board 1989). The estimated safe and
adequate daily dietary intake (ESADDI) for Cu is 1.5-3.0 mg/d (Food and Nutrition Board 1989), the biscuit
could therefore not be taking as a good source of these minerals, and other dietary sources must be taking so
as to meet the daily requirements.However, Zn:Cu ratios > 16 have been associated with increased risk of
cardiac abnormalities (Klevay et al. 1984, Sandstead 1995). Zn:Cu obtained in the study ranged from 1.2 —
3.3, this implies that the biscuit might reduce the risk of cardiac abnormalities. The Fe content ranged from 1.1
— 1.3 mg/100g. Fe content is lower than the recommended daily allowance (RDA) 10 mg of iron per day (Food
and Nutrition Board 1989), the biscuit is therefore not a good source of iron. Iron is a major component of
hemoglobin that carries oxygen to all parts of the body. Iron also has a critical role within cells assisting in
oxygen utilization, enzymatic systems, especially for neural development, and overall cell function everywhere

in the body. The Ca ranged from 9.5 — 13.8 mg/100g and the Mg ranged from 3.9 — 5.4 mg/100g. Without



169 magnesium, calcium may be not fully utilized, and underabsorption problems may occur leading to arthritis,
170  osteoporosis, menstrual cramps, and some premenstrual symptoms. The mineral values follow the following
171 order Na>K>Ca>Mg>Fe>Cu>Zn.

172 Table 3 Mineral compositions of sorghum biscuit enriched with defatted soy flour (mg/100g)

iscuits K Na Na:K Cu Zn Zn:Cu Fe Ca Mg

SD1 994+0.0 119.1£0.0 1.2 0.06 £ 0.0 0.2+ 0.0 3.0 13200 172200 54100

SD2 847+0.0 859+0.0 1.0 0.03+0.0 0.1+0.0 3.3 1.2+00 141100 52100

SD3 729+0.0 99.1+0.0 14 0.04+00 01%0.0 2.5 1.1+£00 1191200 47100

SD4 744+0.0 105.6+£0.0 14 0.04+00 01+0.0 2.5 1.2+00 1231200 42100

SD5 71.1+0.0 104.4+0.0 15 0.05+00 0.1+0.0 2.0 14+00 10.0x00 53100

SD6 719+0.0 97.6x0.0 14 0.05 +0.0 0.1%+0.0 2.0 14+00 1041200 51100

SD7 61.3£00 911+£0.0 1.5 017+£0.0 0.20.0 1.2 1.3+£0.0 9.5+£0.0 3.9£0.0

173 Values are mean + SD of 3 replicates.

174  Keys:

175 SD1=70:30

176 ~ SD2=77.50: 22.5

177  SD3=85:15

178  SD4=87.50:12.50

179  SD5=90:10

180 SD6=95:5

181  SD7=92.50:7.50

182

183 3.3 Physical Characteristics of biscuits

184

185  Significant differences (P =.05) were observed in the diameter, weight, and spread ratio of sorghum biscuits
186  enriched with soy flour. No significant difference was observed (P =.05) in the thickness of the biscuits. The
187  diameter ranged from 4.50 — 5.80cm, the least diameter was observed in SD5, SD6 and SD7 respectively.,
188  while the least weight (8.27) was observed in SD7, which might be attributed to the high residual fat content of
189  defatted soy flour content of SD1; as fat is lighter in weight; these weight is comparable with the results
190 obtained for bambara groundnut-maize flour (Akpapunam, 1994), cowpea—wheat flour (Okaka and lIsieh,
191 1990), millet-sesame flour (Alobo, 2001) and amaranth - wheat flour (Ayo, 2001). Spread ratio of biscuits
192  ranged from 5.33 — 8.92 cm. Biscuits having higher spread ratios are considered the most desirable (Kirssel
193  and Prentice 1979), SD1 is therefore considered as the most desirable. This is similar to the findings of
194  Mridula, et al., (2007) that spread ratio increase significantly (P=.05) with increase in the fat content of the
195  biscuit. There is a relationship between the spread — ability, height, thickness and the breaking strength. The
196  thinner the biscuit, the lesser its ability to withstand stress/load.

197  Table 4: physical properties of sorghum biscuit enriched with defatted soy flour

198

Sample Diameter Weight (g) Thickness Spread ratio  Breaking
(cm) (cm) strength

(N)

SD1 5.80°+0.14 8.60't0.28 0.65%+0.01 8.92°+0.3 1.4



SD2 5.50°+0.14  8.90°°+0.14  0.62°+0.01 8.83%+0.4 1.8

sD3 5.50°+0.14  8.40%t0.66 0.81°+0.03 6.80°+0.8 2.6
SD4 4.80°+0.14 8.80°°+0.14  0.73°+0.03 6.58°+0.3 2.0
SD5 450°+0.28  8.60°:0.28  0.66°+0.03 6.80°+0.7 1.6
SD6 4.50°+0.14  8.44°+0.01 0.68°+0.03 6.62°+0.3 1.7
sD7 4.50°+0.28  8.27°+0.03 0.84°+0.06 5.33°:0.4 27

199  Mean * standard deviation of three replicates, mean value having different superscript within the same column
200 are significantly different (P=.05).
201

202  Keys:

203 SD1=70:30

204 SD2=77.50:22.5

205 SD3=85:15

206 SD4=87.50:12.50

207  SD5=90:10

208 SD6=95:5

209 SD7=92.50:7.50

210 3.4 Colour of biscuits

211 The colour of sorghum biscuits enriched with soy flour is shown Table 5. The L*, a*, b* are not significantly
212 different (P =.05) from each other. L* value ranged from 49.45 — 65.25, a* ranged from 4.70 — 8.30, while b*
213  ranged from 11.09 — 22.47, the variation in the level of defatted soy flour added seems not to have any
214  significant effect (P= .05) on the lightness, chromaticity on a green (-) to red (+) axis, and chromaticity on a
215  blue (-) to yellow (+) axis of the biscuit. Food product colour is a very important characteristics which influences

216  the consumer acceptability.

217  Table 5: Colour characteristics of sorghum-soy flour biscuit

Biscuits L* a* b* Hue Chroma Whiteness
index
SDI 61.462°+6.39 7.05+0.76 17.24°+3.00 67.76 18.63 57.20

SD2 56.55°°+6.23 4.73%1.36 11.09°+0.81 66.90 12.06 54.91

SD3 49.45°+8.18  6.69+4.78 15.07°+3.28 66.06 16.49  46.83

SD4 53.98°+2.81 8.17+0.38 15.99°°+2.04 62.94 17.96  50.60

SD5 56.86°°+7.33 7.17+1.22 15.90®+4.91 65.73 17.44 53.47

SD6 65.25°+6.49  4.7020.01 17.21%°+2.27 74.73 17.86 58.25

SD7 62.78°+2.83  8.30£0.50 22.47%+542 69.73 23.96 55.73
218  Mean + standard deviation of three replicates, mean value having different superscript within the same column
219  are significantly different (P=.05).
220 Keys:

221 SD1=70.00: 30.00
222 SD2=77.50: 22.50
223  SD3=85.00:15.00
224  SD4=87.50:12.50
225  SD5=90.00:10.00
226  SD6=85.00:15.00
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SD7=92.50:7.50

4. Conclusion

The suitability of sorghum — defatted soy flour in the production of biscuit in combating Protein Energy
Malnutrition at the various ratios was shown. The ratios used in the study met the recommended daily intake
for the different nutrient considered in the study. The physical parameters of biscuits were not significantly
different from each other. The use of sorghum — defatted soy flour could therefore be an affordable way of

reducing PEM in sub-Saharan Africa.
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