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Abstract

The increasing trend of coeliac disease (CD) and gluten-related disorders has led to
consumers’ increasing interest in gluten-free products with quality characteristics similar
to wheat bread. The potentials of pro-vitamin A cassava and velvet bean in the production
of nutritious gluten-free bread was investigated. Different levels of flour formulations
(100:0, 90:10, 80:20, 70:30, 60:40 and 50:50 (w/w), respectively) were obtained from pro-
vitamin A cassava and velvet beans flours while xanthan gum was used as the bread
improver. The effect of the addition of velvet beans flour to pro-vitamin A cassava on
proximate content, anti-nutritional and functional properties of the flour were determined,
while the physical and the sensory properties of the bread samples were evaluated. The
protein, ash, fat and energy values were in the ranges of 1.51- 23.00%, 1.12-3.35%, 2.35-
12.50% and 1555.34-1760 kJ/100 g, respectively. The water absorption capacity, bulk
density, swelling capacity and wettability were in the ranges of 27.69-32.35%, 1.48-
1.61%, 1.01-1.15 g/mL and 9.44-35.19 min, respectively. The values obtained for HCN,
tannin, phytate, Dopamine were 0.64-0.88, 2.22-3.55 mg/100 g, 0.48-1.41 mg/100 g, 0.00-
4.11 ng/mL, respectively. The physical properties ranged 640-980 cm’, 371-544 g, 1.73-
2.10 cm’/g and 0.20-1.40 cm for loaf volume, loaf weight, specific volume and oven
spring, while the sensory evaluation indicated better acceptability at 30% velvet bean flour
substitution. This research has shown that nutrient-dense gluten-free bread with acceptable
sensory quality can be produced from pro-vitamin A cassava and velvet beans. This has
potentials to address the coeliac disease.

1. Introduction

However, the advent of yellow root cassava will
complement  current efforts (such as  pill

Coecliac disease (CD), an intolerance of gluten, is
prevalent and as high as one in 200 of the world
population (Fasano and Catassi, 2001). Wheat which is
the major flour used in production bread, a significant
source of food in Nigeria has gluten. The possible way to
overcome this problem is to search for the native crop
sources which could be substituted for the wheat flour.
Therefore, there is a trend in the use of locally produced
crops such as faba bean, lupin, quinoa, buckwheat, rice,
cassava among others in bakery products (Lopez et al.,
2004; Torbica et al., 2010; Abou-Zaid et al., 2011)

Cassava is one of the most important tropical root
crops in developing countries and Its starchy roots are a
major source of dietary energy for more than 500 million
people (FAO, 2005). It is known to be the highest
producer of carbohydrates among staple crops. Cassava
tubers generally possess a cream or white flesh colour
and do not contain a significant amount of carotenoids.
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supplementation, food fortification etc) to address VAD
by delivering vitamin A through a staple food. Vitamin
A remains a very important component of human
nutrition, as it aids in vision, cell differentiation,
synthesis of glycoprotein, reproduction and overall
growth and development (Njoku ef al., 2014)

Velvet bean (Mucuna pruriens), belongs to the
Fabaceae family, it is part of various legumes which is
not commonly used by people as a result of antinutrients.
Velvet bean is commonly grown in the tropical and
subtropical part of the world. It has been reported to be a
great source of dietary protein because it has a higher
percentage of protein (about 26%), and it is easily
digestible compared to other annual leguminous crops
(Janardhanan ef al., 2003). Velvet bean can also help in
stress management and improvement of semen quality
(Shukla, 2007). One of the possible ways to promote the
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use of velvet bean could be its utilization in formulations
for mass consumer goods, such as bread.

Bread is an important baked stable food, the
consumption of which is steady and ever-increasing in
Nigeria (Olaoye et al., 2006). Several researchers have
worked to promote the use of composite flours in which
flour from locally grown crops and high protein seeds
replace a portion of wheat flour for use in bread. This has
led to a decrease in the demand for imported wheat to
produce protein-enriched bread (Giami et al., 2004).
However, there is scanty information on an attempt to
produce gluten-free bread especially from under-utilized
legume like velvet bean. In view of the above
background, this study was aimed at producing gluten-
free bread using pro-vitamin A cassava and velvet bean
flour as an alternative to wheat bread.

2. Materials and methods
2.1 Materials

Pro-vitamin A cassava (TMS 01/1368 variety) was
obtained from Oyo State Agricultural Development
Farm, Ogbomoso, Oyo State, Nigeria. Velvet bean was
obtained from a local farm in Ogbomoso. Other
ingredients: yeast, salt, sugar, fat, ascorbic acid and
Xanthan gum were procured from a local market in
Lagos, Nigeria.

2.2 Production of pro-vitamin A cassava flour

High-quality flour was produced from pro-vitamin A
cassava tuber as described by Nwosu ef al. (2014). Fresh
cassava tubers were washed to remove the adhering dirt
and sand from the root surface and then peeled. Cassava
tubers were peeled manually using knives, washed and
reduced in size by grating using a locally fabricated
grating machine. This was then pressed to squeeze out as
much of the water as possible, dried for 8 hours at 60°C,
milled into flour and sieved (300 um).

2.3 Preparation of velvet beans into flour

Velvet beans were processed into flour as described
by Balogun and Olatidoye (2010). About 1000 g of
matured velvet beans were sorted, cleaned to remove
extraneous materials like stones and defective seeds,
soaked in distilled water (1:4 w/v) for 48 hrs at ambient
temperature (27+2°C) to reduce the anti-nutrients present
in Velvet beans. It was dehulled manually, oven-dried at
60°C for 24 hrs and milled into flour (300pm).

2.4 Preparation of bread

The bread was produced according to the method
described by Edema er al. (2005) with slight
modification. Pro-vitamin A Cassava Flour (PVACF)
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was mixed with Velvet Beans Flour (VBF) in the ratio of
90:10, 80:20, 70:30, 60:40 50:50 w/w. PVACF: VBF at
100:0 and 0:100 levels were used as control. The bread
recipe consisted of 100 g of each flour blend, 15 g sugar,
18 g xanthan gum, 2.0 g salt, 10.0 g margarine, 15 g
yeast, 2.0 g nutmeg, 7.0 mL EDC oil and 150 mL of
water. The dough was kneaded with kneading machine,
molded and transferred into baking pans greased with
fats. The dough was allowed to rise at room temperature
(27+2°C) in the baking pan, proofed and baked (210°C,
33 mins). It was allowed to cool then packaged for
further analyzes.

2.5 Formulation of samples

The ratios of pro-vitamin A cassava and velvet beans
flour blends were as presented in Table 1.

Table 1. Sample code and formulated ratio of flour blends

Pro-vitamin A cassava Velvet beans flour

Sample

flour (%) (%)

A 100% -

B 90% 10%
C 80% 20%
D 70% 30%
E 60% 40%
F 50% 50%
G - 100%

2.6 Analysis
2.6.1 Proximate composition of flour

Moisture, fat, ash, crude fibre, protein contents of the
flour blends were determined as described by AOAC
(2010) methods and total carbohydrate was calculated by
difference. The beta- carotene was determined as
described by Kumar et al. (2011).

2.6.2 Anti-nutritional factor

Total hydrogen cyanide was determined using
Ikediobi et al. (1980). The phytic acid content was
determined by Latta and Eskin (1980) method and the
tannin content was determined by the method as
described by Makkar et al. (2009). L-Dopa was
determined by the method described by Brain (1976).

2.6.3 Physical properties of bread produced

The loaf volume was measured by rapeseed
displacement method as modified by Giami et al. (2004).
The weight of the loaf was determined using a weighing
scale. The specific volume was determined by dividing
the loaf volume with its corresponding loaf weight. The
oven spring for each bread sample was determined from
the difference in height of each dough before and after
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baking.
2.6.4 Functional properties of the flour

The bulk density and water absorption capacity of
the flour was determined according to the method that
was described by Giami et al. (1992). The wettability of
the flour samples was determined by Onwuka (2005).
The swelling index was determined according to the
method described by Nwosu et al. (2014).

2.7 Sensory evaluation of gluten-free bread

Consumer’s acceptability of bread was conducted
using 20 semi-trained panelists consisting of students of
Ladoke Akintola University Technology, Ogbomoso,
Nigeria. Most panelists were between the ages: 18-30
years and a 9-point hedonic scale ranging from 9=liked
extremely to 1=disliked extremely, was used.

2.8 Statistical analysis

All experiments including organoleptic analyses
were replicated. The means and standard deviations (SD)
were calculated taking all the readings into
consideration. Statistical analysis was performed using
SPSS (Statistical Package for Social Sciences, version
20). One-way ANOVA (Analysis of variance at the level
of significance p<0.05) was performed using Duncan
multiple range tests to ascertain the significance of the
means.

3. Results and discussion

3.1 Nutritional composition of blends of pro-vitamin A
cassava flour and velvet bean flour

The result of the proximate compositions of the
blend of PVACF and velvet beans is as shown in Table
2. The moisture content ranged from 4.18% to 6.80%
with 100% PVACF as the sample with the lowest
moisture content and the VBF had the highest. There was
no significant difference (p>0.05) in the moisture content
of the sample from 100% PVACEF up till 50% inclusion
of VBF. The moisture content is close to the value
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reported for the moisture content of velvet beans (6.02%)
(Balogun and Olatidoye, 2012). The protein content
ranged from 1.51% to 23%. There was an elevated
increment in the protein content due to the incorporation
of velvet beans in the flour mixes. The protein content of
100% velvet beans flour (20.17%) agrees with the value
(20.2-29.3%) reported by Vadivel and Janardhanan
(2000).

The ash content ranged from 1.59% to 3.35% (Table
2). Sample A (100% PVACF) had the least Ash content
while 100% velvet beans had the highest Ash content.
The ash content increased with the increase in the
inclusion of velvet beans, this could be a reflection of the
high mineral content in velvet beans. The amount of ash
recorded (3.35%) for velvet beans flour was higher than
the value reported for cooked velvet bean (2.31%) by
Ifesan et al. (2017). This might not be unconnected to
processing difference as cooking would have leached
some nutrients. The fat content ranged from 2.33% to
14.45% (Table 2). There is a general increase in fat
content with an increase in the level of VBF inclusion.
The fat content of 100% velvet beans flour (12.50%) was
lower than the value (14.50) reported by Balogun and
Olatidoye (2012). This might not be unconnected with
the varietal differences. The crude fibre content ranged
from 3.39% to 6.55% with 100% pro-vitamin A cassava
having the highest fibre content of 6.55%, followed by
100% velvet beans flour. This is close to the range of
value reported by Balogun and Olatidoye (2012). The
calorific value ranged from 1555.34 kJ/100 g to 1760.83
kJ/100 g. The calorific value of 100% velvet beans flour
(1718.16 kJ/100 g) agrees with the value (1703.95
kJ/100 g) as reported by Balogun and Olatidoye (2012).

The carbohydrate content ranged from 50.31% to
84.32% with flour composition of 100% PVACF having
the highest carbohydrate content. It appears that
velvet beans have a high range of carbohydrate (50.31%
to 84.32%), because of their low-fat content.

Table 2. Proximate Composition and Energy value of blends of Pro-vitamin A cassava and velvet bean flours

Sample  Moisture (%) Crude protein Ash (%) Fat (%)  Crude fibre (%)  CHO (%) Caloric value
A 4.18+0.08" 1.51+0.67° 1.12+0.13°  2.33£0.74°  6.55+0.44° 84.3240.16°  1714.37+19.42°
B 4.63+1.12° 16.39+0.41°  1.59+0.01°  3.03+£1.31°  4.72+025®  69.65+2.59"  1655.76+12.87°
C 5.57+0.06° 18.5540.63°  1.95+0.23"  3.2140.13¢  3.39+0.69°  67.37+1.16®  1555.34+3.95°
D 4.86+0.44° 21.29+2.05°  1.98+0.05™  12.10+0.35°  3.58+0.01° 56.1942.02°  1749.98+13.70°
E 5.04+1.03"  22.7141.03°  2.8240.22°  14.45+2.05°  4.57+£1.56™  50.43+2.77%  1747.52+48.15°
F 5.48+0.54° 23.00+0.16°  2.9840.27°  14.18+0.68*  3.94+0.64° 50.3140.35¢  1760.83+17.05"
G 6.80+1.62°  20.17+0.47°  3.35+0.19°  12.50+0.63®  5.46+1.35® = 51.73+0.31¢  1718.16+21.26"

Means in the same column with the same superscript are not significantly different (p > 0.05). A -100% PVACF, B — 90%:10%
PVACF/VBF, C - 80%:20% PVACF/VBF, D - 70%:30% PVACF/VBF, E - 60%:40% PVACF/VBF, F - 50%:50% PVACF/
VBF, and G - 100% VBF
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3.2 Functional properties of flour blends

The functional properties of the flour blends are
presented in Table 3. The bulk density of the samples
ranged from 134 to 1.61 g/em’. Flour blend
60PVACF:40VBF had the highest value, while
00PVACF:100VBF had the least value. The bulk density
of a food material is important in relation to its
packaging requirement (Adebowale et al, 2012).
Increase in bulk density offers greater packaging
advantage as greater quantity may be packed within the
constant volume (Wahab et al., 2016). The Water
Absorption Capacity (WAC) of the blends was between
24.45% and 32.35%. There was a decreasing trend in the
values with the increasing level of velvet flour beans.
The decreased trend in the WAC of the composite flours
might be attributed to the presence of hydrophobic amino
acids which interferes with the ability of the PVCF
starch to absorb water (Kaur and Singh, 2005). WAC is
the ability of a product to associate with water under
limiting conditions (Singh, 2001). It has been suggested
that flours with such high WAC as seen in this study will
be very useful in bakery products, as this could prevent
staling by reducing moisture loss. Swelling capacity
varied between 1.01 and 1.27 g/mL. swelling power is
influenced by amylose and amylopectin characteristics,
the interaction between the water molecules and the flour
starch chains in the amorphous and crystalline areas

(Chan et al., 2009).

The wettability of the flours ranged from 9.44 mins
to 35.19 min. However, the wettability from Table 3
clearly showed that sample A (100% PVACF) at a
significant level (p<0.05) had the lowest wettability 9.44
mins compared to other which have an inclusion of
velvet beans flour. The wettability results implied that
pro-vitamin A flour required longer time than the other
flour samples before it became completely wet

3.3 Anti-nutritional factors of flour blends

Significant (p<0.05) difference existed for HCN,
tannin, phytate, oxalate, and dopamine contents of the
composite flour blends as shown in Table 4. The
Hydrogen Cyanide (HCN) content value ranged from
0.64 to 0.88 ppm. The value of the HCN is within the
acceptable cyanide level in the flour blend. Aluko (2004)
affirmed that the maximum acceptable level of cyanide
in cassava flour is 10 ppm of cassava flour. The tannin
values which ranged from 2.22 mg/100 g in sample G
(100% velvet beans flour) to 3.55 mg/100 g in sample F
(50:50% PVACF/VBF) increased as the percentage of
VBF increased. Tannins are present in virtually all parts
of plants and are known to inhibit trypsin, chymotrypsin,
amylase, and lipase activities (Inyang and Ekop, 2015).
The phytate content which varied from 0.48 mg/100 mg
in sample A (100% PVACF) to 1.41 mg/100 g in sample

Table 3. Functional properties of blends of pro-vitamin A cassava flour and velvet beans flour

Sample % WAC BD (g/cm’) SC (g/mL) WB (min)
A 32.35+0.02° 1.51£0.01° 1.15+0.01° 9.44+0.032
B 31.10+0.03° 1.57+0.01° 1.27+0.01° 14.49+0.00"
C 29.18+0.03¢ 1.53+0.01° 1.14+0.01% 28.44+0.06"
D 29.86+0.03¢ 1.48+0.01¢ 1.11+0.01¢ 35.19+0.10%
E 27.79+0.02° 1.61+0.01° 1.01+0.01° 33.32+0.03°
F 27.69+0.03° 1.54+0.01¢ 1.07+0.01¢ 29.35+0.01°
G 24.45+0.038 1.34+0.01° 1.23+0.01° 16.19+0.00°

Means in the same column with the same superscript are not significantly different (p > 0.05). A - 100% PVACF, B — 90%:10%
PVACEF/VBF, C - 80%:20% PVACF/VBF, D - 70%:30% PVACF/VBF, E - 60%:40% PVACF/VBF, F - 50%:50% PVACF/
VBF, and G - 100% VBF. WAC: Water Absorption Capacity, BD: Bulk Density, SC: Swelling Capacity, and WB: Wettability

Table 4. Anti-nutritional factor of blends of Pro-vitamin A cassava and velvet beans flours

Sample HCN (ppm) Tannin (mg/100 g) Phytate (mg/100 g) Dopamine (ng/mL)
A 0.68+0.01¢ 2.44+0.01¢ 0.48+0.00° 0.00+0.00
B 0.70+0.01° 2.46+0.10¢ 1.37+0.00¢ 0.06+0.01°
C 0.70+0.01° 2.49+0.03% 1.40+0.00" 0.43+0.01¢
D 0.81+0.00° 2.59+0.01° 1.41£0.00° 0.46+0.03¢
E 0.82+0.04° 2.7240.01° 1.40+0.00" 0.65+0.06°
F 0.88+0.03" 3.55+0.03° 1.41£0.00° 3.09+0.06°
G 0.64+0.00° 2.2240.03° 1.4140.00° 4.11+0.00°

Means in the same column with the same superscript are not significantly different (p > 0.05). A -100% PVACF, B — 90%:10%
PVACF/VBF, C - 80%:20% PVACF/VBF, D - 70%:30% PVACF/VBF, E - 60%:40% PVACF/VBF, F - 50%:50% PVACF/

VBF, and G - 100% VBF
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G generally increased as the inclusion of VBF increased.
Velvet beans are rich in phytate and the presence of this
compound may reduce the bioavailability of minerals
such as iron, magnesium, calcium in the flour blends.
Dopamine, a precursor of L-DOPA, ranged from 0.06
ng/mL to 4.11 ng/mL, it increased as the level of VBF
inclusion increased. L-Dopa is a potent neurotransmitter
precursor which is reported to be responsible for the
toxicity of the Mucuna seeds (Lorenzetti et al., 1998).
The values obtained were within the acceptable level as
reported by Siddhuraju et al. (2000).

3.4 Physical properties of bread samples

Table 5. Loaf weight, loaf volume, specific volume and oven
spring of the bread produced

- @)
g & < s
> 8 % 3
'O_‘ o =) 2
Samples § § %2 '%
o % w© s =
s = g s
B, © o B
A 640 371 1.73 0.2
B 750 425 1.76 0.3
C 820 460 1.78 0.5
D 930 534 1.74 0.8
E 970 544 1.78 1.1
F 990 471 2.1 1.4

A -100% PVACEF, B — 90%:10% PVACF/VBF, C - 80%:20%
PVACF/VBF, D - 70%:30% PVACF/VBF, E - 60%:40%
PVACF/VBF, F - 50%:50% PVACF/VBF, and G - 100%
VBF

The physical properties of the flour samples are as
shown in Table 5. The volume, weight, specific volume
and oven spring of loaf samples ranged from 640 to 990
cm’, 371.0 to 544.0 g, 1.73 to 2.10 mL/g and 0.20 to
1.40, respectively. The loaf volume increased
proportionately with the increase in VBF in the
formulation. The weight of the loaves increased with
increase in VBF. This might be a result of the formation
of a gel network during oven heating that strengthens the
expanding cells of the dough and, as a result, improves
gas retention and bread volume (Bell, 1990). The

1992

Specific loaf volume increased with increase in VBF in
the formulation. The high oven spring recorded by the
composite bread samples could be attributed to xanthan
gum content which has a direct contribution to the
viscoelastic properties of the dough (Okaka, 2005). The
loaf volume and oven spring are good indicators of the
crumb, how light and airy the interior of the bread are.
The lower crumb value indicates a dense and compact
crumb while the higher value indicates how loose and
airy the crumbs are (Nwosu ef al., 2014).

3.5 Sensory evaluation of the bread samples

The aroma, taste, texture and overall acceptability of
the 30% VBF substituted bread were statistically the
same with the 100% PVACF bread but differed in
appearance (Table 6). The mean score of the sensory
attributes decreases as VBF increased in the formulation.
The result showed that up to 30% level of substitution of
VBF with PVACF was acceptable for bread making
while 50% VBF substituted bread was not acceptable.
The mean scores of the sensory attributes of 30% VBF
substituted bread were statistically the same with 100%
PVACF bread. The result of this research shows that
VBF could be used in composite bread production at
30% level of substitution and beyond this level, bread
characteristics may be affected. Similarly, the results of
this study showed that as the amount of VBF increased
to 50%, bread was less acceptable.

4. Conclusion

Results obtained in this study showed that nutrient-
dense gluten-free bread could be produced from pro-
vitamin A cassava and velvet bean flour using Xanthan
Gum as the binding agent. This study revealed that bread
with comparable proximate composition and sensory
attributes with 100% PVACEF could be produced from up
to 30% substitution of velvet beans. The presence of
antinutritional factors identified in the current report
should not pose a problem for humans as they fall within
the acceptable limit. It can be deduced from this study
that 50% inclusion of velvet beans in production of bread
from PVACEF is achievable.

Table 6. Organoleptic characteristics of PVACF/ VBF breads

Sample  Appearance Aroma Taste Texture Overall Acceptability
A 6.25+0.97°  5.85+1.39*  5.40+1.50°  4.85+1.43% 5.75+1.33°
B 4.60+£1.04°  5.35+0.67°  4.95+1.23™  5.55+1.57° 5.15+1.09%
C 5.2541.02°  5.25+0.85*  4.90+0.97°°  4.90+1.29% 5.20+0.83%
D 5.50£0.69°  5.25+0.85*  5.80+1.57°  5.65+1.27° 5.70+1.08"
E 445+1.00°  4.35+1.42° 4404127 4.90+1.29" 4.80+1.44°
F 3.25+1.16%  3.50+1.57°  3.65+1.14°  4.15+1.09° 3.45£1.15¢

Means in the same column with the same superscript are not significantly different (p > 0.05). A -100% PVACF, B — 90%:10%
PVACF/VBF, C - 80%:20% PVACF/VBF, D - 70%:30% PVACF/VBF, E - 60%:40% PVACF/VBF, F - 50%:50% PVACF/

VBF, and G - 100% VBF
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