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ABSTRACT

Trifoliate yam was used to produce flour which was enriched with soybean flour
at varying substitution levels and used to produce cookies. The cookies were
analysed for their proximate content, nutritional content and sensory evaluation
were carried out on them. The flour was analyzed for its physicochemical,
properties. The results showed that enriching trifoliate yam flour with soybean
flour increased the protein content. There was also an increase in the fat content
with increase in the substitution level. The sensory evaluation showed that the
cookie made at 20% substitution level had the highest overall acceptability score.
Enrichment of trifoliate yam flour with soy flour at levels of 10% to 30% resulted
in a notable increase in the protein content, which is nutritionally advantageous
where many cannot afford foods that are rich in protein because of its cost.
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INTRODUCTION

The use of composite or alternative flours for bread, pastry and pasta in Nigeria
has been necessitated by the hike in price of wheat flour and its resultant effect
on the economy of the country. Trifoliate yam (Dioscorea dumeturom) is an
underutilized yam specie which has been explored for processing into flour in
order to increase its consumption. This highly nutritious yam specie has been
limited in use due to the hardening it experiences after harvest. The nutritional
composition of the baked products (cookies) needs to be well considered
especially when the target market are children because of the high rate of
malnutrition recorded among children in a country like Nigeria. Cookies are one
of the most popular bakery products, widely consumed due to its ready-to-eat
nature, good nutritional quality, low cost and longer shelf life that has also been
enriched with dietary fibre (Adeleke, and Odedeji. 2010).

Trifoliate yam is an underutilized specie of yam (Alozie et al., 2009). It is not
commonly consumed because of its bitter taste, inability to keep for longer time
after harvesting and poor capacity of its flour (Akinoso et al., 2016) The high
market price of yams is as a result of over dependence on the common yam
varieties for food and industrial use, and this incidentally limits industrial
exploitation (Adelekan et al., 2013). Due to the low protein content of flours other
than wheat, efforts have been made to enrich composite flours with protein-rich
legumes such as soybean. Soybean has been recognized to be an ideal grain for
meeting protein and energy requirement of both man and animal (Malomo et al.
2012). Soybean can be processed to a variety of products such as soy flour, soy
milk, soy yoghurt, soy cake, soy meal, etc. (Balogun et al., 2012)

Snacks are important for toddlers and preschoolers because their stomach is
smaller and they need to keep their energy level high. Snack foods are generally
preferred by children and teenagers. In these stages of life, the amount and
nutritional quality of protein are important because of their essential functions in
physical and mental development (Kolawole et al., 2013). The objective of this
study was therefore to determine the physical, chemical and sensory properties
of cookies prepared from trifoliate yam flour enriched with soybean.

MATERIALS AND METHODS

Fresh trifoliate yam tubers and soybean were purchased from a local market in
Iwo, Osun state. Wheat flour was also purchased to be used as the control
sample. The fresh yam tubers were washed, peeled and sliced thinly. The sliced
yams were then sun dried and milled into flour. The milled flour was sieved in
order to have flour of uniform particle size. The soybeans were sorted to remove
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foreign matters such as stones, leaves, sticks and damaged or infected beans,
soaked for 30 min and boiled for 30 min. The soybeans were dehulled by hand
and dried in the sun for 48hours. After drying, the soybeans were milled into flour
and sieved to obtain flour of uniform particle size. The soybean flour was then
added to the yam flour in different proportions of 10:90, 20:80 and 30:70 and
made to pass through a sieve (2mm) to obtain uniform particle size of the flour.
The cookies were prepared according to the method of Apotiola and Fashakin
(2013).

Functional and pasting properties
The functional (bulk density and oil absorption capacity) and pasting properties
of the flour were determined as described by Adelekan et al., (2013).

Proximate analysis

Moisture, ash, crude fiber and fat (ether extract) contents were determined using
the standard AOAC method. Nitrogen content was determined using micro-
kjeldahl and converted to crude protein (N x 6.25) while the carbohydrate content
was calculated by difference as described by the Association of Official Analytical
Chemist (AOAC) (2010). All samples were ground into fine powder and
homogenized. All analyses were carried out in triplicates.

Mineral analysis

The magnesium and iron contents of the cookies were analysed using the Atomic
Absorption Spectrophotometer (AOAC, 2005). These two minerals were chosen
due to their importance to the target audience of the cookies (children) and
because of some constraints in analyzing for more mineral components during
the period of analysis.

SENSORY EVALUATION

Sensory quality characteristics of cookies such as taste, colour, aroma, texture,
flavor, crust, crispness as well as overall acceptability were evaluated using
voluntary panelists made up of male and female students of Bowen University,
Iwo, Osun state. Panelists were trained on testing terminologies and requested
to evaluate the cookie samples using a 9-point hedonic scale with the following
rating: 9 = Like extremely, 8 — Like very much, 7 — Like moderately, 6 — Like
slightly, 5 — Neither like nor dislike, 4 — Dislike slightly, 3 — Dislike moderately, 2
— Dislike very much and 1 — Dislike extremely.
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Statistical analysis

The means of the data obtained were subjected to analysis of variance (ANOVA)
using the Statistical Package for the Social Sciences (SPSS), Version 21; (SPSS,
Inc. New Jersey, USA).

RESULTS AND DISCUSSION

The sample with 100%TF had the highest peak viscosity of 1819.50RVU, trough
value of 1520.50 RVU and final viscosity 2486.00 RVU while the control (100%
wheat flour) had the highest breakdown value of 423.50RVU. Peak viscosity
usually indicates the viscous load of the cooked starch or flour and reflects the
ability of the starch to swell freely before their physical breakdown (Singh et al.,
2003). However, substitution of soy flour decreased the peak viscosity which
ranged from 720.50 RVU to 1819.50 RVU. This could be due to the presence of
fat that decreased the viscosity. The trough and breakdown values indicate that
the samples possess high ability to remain undisrupted when subjected to long
periods of constant high temperature and ability to withstand breakdown during
cooking. Breakdown is a measure of susceptibility of cooked starch granules to
disintegration and has been reported to affect the stability of the flour products
(Adelekan et al., 2013).

The final viscosity indicates whether the starch material forms a gel or a paste on
cooling. It also indicates the strength of the cooked flour paste on cooling. The
sample with 50% TF and 50 % WF had the highest setback viscosity which was
significantly higher than other samples. Otegbayo (2014) noted that “high setback
value has been associated with a cohesive paste and has been reported to be
significant in domestic products such as pounded yam, which requires high
setback, high viscosity and high paste stability. The implication of the high set
back is that their starches have greater tendency to retrograde, thus they could
be more useful as ingredients in products such as noodles where starch
retrogradation is desired.

The sample with 80% TF and 20% soyflour had the highest pasting time
compared to other flour samples. The peak time is a measure of cooking time
(Adebowale et al., 2008). The temperature at which the first detectable viscosity
was measured is the pasting temperature; it gives an indication of the
gelatinization hence, minimum temperature to cook a sample. High pasting
temperature can also indicate that the starch exhibits restriction to swelling (Singh
et al, 2003). The water absorption capacity of the composite flour increased as
the level of substitution increased. Afoakwa and Sefa-Dedeh, (2001) stated that
proteins are mainly responsible for the bulk of water uptake and to a lesser extent
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starch and cellulose at room temperature. The increase in the water absorption
capacity of soy enriched trifoliate yam flour samples as soy substitution increased
maybe attributed to the hydrophilic nature of protein that is present in soy flour
which is increasing with a concomittal decrease in starch content (Otegbayo et
al., 2013). The implication of this to the texture of the soy enriched trifoliate yam
flour is that the highest level of soy substitution absorbs more water and forms
thicker paste compared to other samples.

The bulk density values were found to be between 0.52-0.63g/ml. It increased
with decreasing level of soy flour substitution with sample 100%TF being denser
than all other samples. The bulk density is generally affected by particle size and
density of flour and it is very important in determining the packaging requirement,
material handling and application in wet processing in the food industry, indicating
a lesser packaging material with increase in soy flour substitution (Adebowale et
al., 2008). According to Basman et al., (2003) higher bulk density is desirable for
greater ease of dispersability of flours. In contrast, however, low bulk density
would be an advantage in the formulation of complimentary foods (Ukpabia and
Uchechukwu, 2001).

High swelling capacity has been reported as part of the criteria for a good quality
product (Niba et al., 2001). The swelling capacity of the flour samples ranged
between 3.32- 4.07.
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Table 1: Pasting and functional properties of composite flour

Sample  Peak Trough Breakdown Final Setback Pasting Pasting BD WAC sSwcC
viscosity viscosity (RVU) viscosity viscosity time temp (g/ml) (%) (%)
(RVU) (RVU) (RVU) (RVU) (min) ©)
111 1471.50+1 1048.00+1 423.50+60.1 2105.00+ 1057.00+ 5.97+0. 87.55+ 0.59+0. 0.91+0. 4.07%0.
15.26¢ 75.36° 0d 207.69°¢ 32.53P 14 0.492b 01° 302 46°
116 1819.50£3 1520.50+2 299.00+39.1 2486.00+ 1015.50+ 5.53+0. 86.45+ 0.63#0. 1.86+0. 3.23%0.
6.08¢ .12d 8¢ 67.8¢ 4.942 002 0.002 00¢ 19° 172
209 14245041 1005.50+1 419.00+15.5 2242.00+ 1251.50+ 5.86+0. 88.45+ 0,61+0. 1.09+0. 3.97%0.
27.49¢ 12.43¢ 6¢ 149.91¢ 58.62° 09P 0.64° 02b¢ 232 320
324 720.50+2. 67.00+2.8 4.00+0.002 193.504+9. 126.50+8. 6.80+0. 91.40+ 0.52+0. 2.05+0. 3,43%0.
83?2 32 192 36¢ 00¢ 1.13¢ 02° 18° 382
420 720.50+2. 67.00+2.8  4.00+0.002 193.50+9. 126.50+8. 6.80+0. 91.40+ 0.59+0. 1.80+0. 3.32+0.
832 32 192 36¢ 00¢ 1.13¢ 0QP 18P 252
728 1458.50+9 1333.50+5 123.50+38.8 2345.50+ 1012.00+ 6.26x0. 87.20+ 0.62+0. 1.62+0. 3.04%0.
1.22¢ 4.454 gb 166.17¢ 111.92¢ 08¢ 0.072b 02bc 42b 062

Means with the same superscripts in the same row are not significantly different
(p < 0.05).

Sample 111=100% Wheat flour (WF)

Sample 116= 100% Trifoliate yam flour (TF)

Sample 209= 50% Trifoliate yam flour and 50% wheat flour

Sample 324=70% Trifoliate yam flour enriched with 30% soybean flour
Sample 420= 80% Trifoliate yam flour and 20% soybean flour

Sample 728= 90% Trifoliate yam flour enriched with 10% soybean flour
BD= Bulk density

WAC= Water absorption capacity

SWC= Swelling capacity

The moisture content ranged between 7.37- 9.63%(Table 2). The moisture
content was found to increase as the soy flour substitution increased. Soy flour
derived from ground soybeans has been reported to bring moisture to baked
goods (Soy foods Association of North America, 2010).

The ash contents of the cookies also increased as the soy flour substitution
increased. The result agrees with results of other research studies (Ndife et al.,
2011; Olatidoye and Sobowale, 2011). The increase in ash content could be due
to the higher ash content of the soy bean than in the trifoliate yam flour. Soy bean
has been reported to contain an appropriate quantity of minerals and fat. The
protein and fat contents increased with increasing level of soy substitution
indicating nutrient enhancement with soy flour substitution ranging between 6.70-
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12.82% for protein and 0.27 -4.91% for fat. These high protein cookies could be
of nutritional importance in most developing countries, Nigeria inclusive where
many people can hardly afford food high in protein because of cost. The crude
fibre ranged between 0.99 — 3.08% which were significantly different from each
other at 0.05% level of significance. The sample with 70%TF and 30% SF
(sample 324) had the highest percentage of fibore compared to other samples.
This indicates that soy flour enrichment with trifoliate yam flour improved the
crude fibre content. The carbohydrate values were significantly different ranging
from 67.56 to 81.87%. As the substitution of soy flour increased, the carbohydrate
content decreased as expected. Carbohydrate provides energy and from the
result obtained, 100% wheat flour sample had the highest. These cookies will
serve as a good source of energy.

The iron content of the samples in mg/100g ranged from 3.7 t07.58. The samples
were significantly different from each other. Enrichment of trifoliate yam flour with
soy flour increased the iron content. Iron is a very essential mineral for blood
production. Iron is also an essential trace element for normal functioning of the
central nervous system and in the oxidation of carbohydrates, proteins and fats
(Ogbe and Affiku, 2011). Iron also has a role in energy metabolism, as it facilitates
transfer of electrons in the electron transport chain for the formation of ATP (Moyo
et al., 2011). The magnesium content of the samples in mg/100g ranged from
21.81 — 24.73 with the highest being the sample with 70% TF. Magnesium is an
essential mineral for the enzyme activity it also plays a role in regulating the acid-
alkaline balance of the body.
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Table 2: Proximate and mineral composition of soy enriched trifoliate yam
cookies

Sam  Moisture  Ash Crude Fat (%) Crude Carboh Energy Iron Magnesi
ples  content content  protein fibre ydrate (Kcal/10 (mg/100 um

(%) (%) (%) (%) (%) 0g) 9) (mg/100
9)

111 9.63x0. 1.21+0. 7.27+0. 3.01+ 0.99+ 81.87x 383.47 5.13t0. 22.83%0
288 038 02° 0.13* 0.212 0.34 +0.42¢ 02¢ .03c

116 7.37x0. 1.67+0. 6.70£0. 2.27+ 132+ 80.36x 370.95 7.58+0. 22.18%0
34P 11° ora 0.052 0.04° 0.64° +1.14° 02 .02°

209 9.44+0. 1.43+0. 7.27+0. 237+ 118+ 78.31x 363.65 3.73t0. 21.81+0
199 08P 03P 0.058 0.01° 0.06¢ +0.692 022 .022

324 9.30+0. 2.31+0. 12.82+ 491+ 3.08t ©67.56t 365.75 6.25+0. 24.73+0
20 144 0.13¢ 0.04¢ 0.40 0.332 +0.85> 022 .03¢

420 9.13+0. 2.30xo0. 8.02+0. 3.82+ 2.78+ 73.95+ 362.71 6.19+0. 23.99x0
32d 09¢ 06¢ 0.06° 0.04¢ 0.03° +0.822  01¢ .014

728 7.90+0. 2.23x0. 7.55+0. 346+ 256+ 76.29+ 366.51 4.01+0. 22.81%0
09° 02¢ 09° 0.02°¢ 0.08¢ 0.16° +0.26° 01° .02¢

Means with the same superscripts in the same row are not significantly different
(p <0.05).

Sample 111=100% Wheat flour (WF)

Sample 116= 100% Trifoliate yam flour (TF)

Sample 209= 50% Trifoliate yam flour and 50% wheat flour

Sample 324=70% Trifoliate yam flour enriched with 30% soybean flour
Sample 420= 80% Trifoliate yam flour and 20% soybean flour

Sample 728= 90% Trifoliate yam flour enriched with 10% soybean flour

From the sensory evaluation result, the control (cookies with 100% wheat) had
the highest score of 7.85, 7.75, 7.40, 6.80, 7.30, 7.30, 7.35 and 8.05 for taste,
colour, aroma, texture, crust, flavour, crispiness and overall acceptability
respectively. The 50-wheat flour: 50 trifoliate yam flour sample had 5.85 for taste,
6.00 for colour, 6.35 for aroma, 5.80 for texture, 5.75 for crust, 5.80 for flavour,
4.70 for crispness and 5.90 for overall acceptability. Among the soy enriched
cookies, the sample 90%TF with soy flour had the highest score for texture,
flavour and crispness while the sample 80%TF with soyflour had the highest
score taste, colour, crust, aroma and overall acceptability. Sensory quality is
considered a key factor in food acceptance because consumers look out for food
with specific sensory characteristics (Adelekan et al., 2016)
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Table3: Sensory evaluation of soy enriched trifoliate yam cookies

Samples Taste Colour Aroma Texture Crust Flavour Crispness  Overall
acceptability
111 7.85+0.8 7.75+1.0 7.40+1.23 6.80+1.54 7.30+1.3 7.30+1.38 7.35+1.3 8.05+0.69b
1b 7b b b gb b gb
116 5.00£1.8 3.24+1.3 6.35x1.39 5.30+1.26 545+1.8 5.50+1.91 4.95x2.1 5.80+1.792
62 72 ab a 5a a 1a
209 5.85+1.7 6.00£1.7 6.35+1.49 5.80+1.70 5.75x1.1 5.80+1.85 4.70x1.6 5.90+1.482
ga 8a ab ab 8a ab 3a
324 455+1.9 5.60+1.4 5.95+1.39 5.35+1.53 5.60+1.5 4.85£1.66 5.05+1.7 5.30+1.492
6& 5a a a 3a a ga
420 5.80+t2.0 5.95+1.8 5.85+1.59 5.45+1.59 5.70x1.4 5.35+1.63 4.85+x1.4 6.05+1.392
26\ 53 a a 23 a 2&
728 5.70£1.6 5.30x2.0 6.80+x1.74 5.60+1.47 5.15x1.5 5.75+1.80 5.65+1.3 6.00+1.722
Oa 3a ab ab 72 ab 5a

Means with the same superscripts in the same row are not significantly different
(p < 0.05).

Sample 111=100% Wheat flour (WF)

Sample 116= 100% Trifoliate yam flour (TF)

Sample 209= 50% Trifoliate yam flour and 50% wheat flour

Sample 324=70% Trifoliate yam flour enriched with 30% soybean flour
Sample 420= 80% Trifoliate yam flour and 20% soybean flour

Sample 728= 90% Trifoliate yam flour enriched with 10% soybean flour

CONCLUSION AND RECOMMENDATION

In conclusion, this study shows that trifoliate yam flour can be used to make
acceptable cookies. Enrichment of trifoliate yam flour with soy flour at levels of
10% to 30% resulted in a notable increase in the protein content, which is
nutritionally advantageous where many cannot afford foods that are rich in protein
because of its cost. The sample with the ratio of 80: 20 (trifoliate yam flour and
soy bean flour) had the highest overall acceptability and is therefore
recommended.
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