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Abstract

Background and Objective: Raw material for bread and pastry products, one of the world’s most consumed foods, may become scarce
and more expensive in coming decades, because of climate change and urbanization and a steadily growing population. Consumption
of bread and other baked aerated wheat flour products has spread in developing countries such as Benin. The objective of the present
study was to further characterize the effects of partial replacement of wheat flour by cassava flour on dough and bread properties.
Materials and Methods: Wheat flour was replaced with 5-30% cassava flour prepared from solar and oven dried slices of cassava flesh
variety (BEN 86 052) and the physical properties of the flour, dough and bread were studied. Results: Physicochemical analysis showed
that substitution of wheat flour with 5-30% cassava flour yielded acceptable doughs and bread with a fine and uniform granulometry,
close to that of wheat flour (<160 pm). A fiber content, ash content and moisture content were less than 1,0.7 and 10%, respectively. Also,
results demonstrated that no significant difference (p>0.05) was observed in lightness (L* around 88) of wheat flour in comparison to
composite flour until 30% of partial replacement. The statistical analysis of the data showed there were no significant differences (p>0.05)
forthe quality attribute evaluated the 10% cassava flour substituted bread with 100% wheat flour bread. Conclusion: This research shows
that cassava flour could be used in composite bread production at 20% level of substitution and beyond this level bread characteristics
may be affected. Replacement of wheat flour by cassava flour at 10% in bread making is economically important in Benin as it could save
$9586 549 per year. Moreover, this would reduce the expenditure of foreign exchange, post-harvest losses, unemployment and poverty
alsoreducethe celiac diseaserisk. Therefore, this could increase cassava production and increased income for farmers and local industries.
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INTRODUCTION

In coming decades, therise in global temperatures owing
to climate change may hinder the production of wheat in
many temperate regions where the crop is grown today. The
raw material for bread, one of the world’s most consumed
foods, may become scarce and more expensive as a result of
increasing demand for such products’.

Urbanization and a steadily growing population in
developing countries create arise of middle class that changes
the consumption habits and adopt bakery and pastry
products® Those products become a staple food for most of
the African population.In most cases, the wheat or wheat flour
needed for making bread, rolls and pastry goods had to be
imported, since the climatic conditions and soil did not permit
wheat to be grown locally.

Wheat and its flours imports represent a major burden
on the economy of importing countries including trade
imbalance, overdependence on foreign foods, loss of foreign
exchange, food insecurity, as well as displacement of local
food, with detrimental effects on the agricultural and
technological development of these regions?. In Benin and
other developing countries, the imports of wheat had an
increasingly adverse effect on the balance of trade* The
amount of money spent on wheat importation annually
constitutes a very big drain in Benin's foreign exchange
earnings and reserve. According to INSAE?, Benin imported
204 622 metric tonnes of wheat (grain and flour) in 2017 that
cost about $ 95 865 485. These imports are paid for with
scarce foreign currency. Thus, huge amount of foreign
exchange is used every year for import of wheat. Bread and
other baked products are however relatively expensive, as
they are produced from wheat®. For these reasons Food and
Agriculture Organization (FAO) have encouraged the use of
composite flours and blends of wheatless flours or meals to
increase the nutritional quality and bioactive contents of
aerated products such as bread, biscuit, cake, doughnut, etc.’.

Measures to promote the use of cassava flour in
tropical countries, particularly wheat importing countries,
remain active however its implementation has not been
consolidated®. Numerous authors were interested in the
possibility of the total or partial replacement of wheat flour
with flours from other cereals, oilseeds, legumes or tubers to
produce bakery and confectionary products, noodles and
breakfast cereals®'3. Despite these different researches, there
is unavailability of composite flour ready for use on the
Beninese market, which represents one of the bottlenecks in
the use of composite flour. In addition, the presence of glutein
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and glutenin confers wheat with unique baking properties,
unfortunately these metabolites are sometimes responsible
for celiac disease'*', In order to reduce the importation and
make the bread and composite flour affordable by low-income
earners who constitute the larger population of consumers,
there is the need to use novel sources of crops such as cassava
as flour substitute for the wheat.

Cassava (Manihot esculenta Crantz) is the third most
important source of calories in the tropics after rice and maize
and sustains an estimated 800 million throughout Africa, Asia
and Latin America'.Cassava generates billions of income both
for families and government and then contributes a lot to
food security at several levels'. This crop has great social value
and cultural identity. Therefore, in Benin, cassava plays an
importantrole in food security and nutrition being a source of
income for producers, processors and trades contributing
substantially to poverty alleviation. The main cassava food
found in Benin are gari, tapioca, attieke, flour, starch, futu,
fermented flours, ragout, ground fresh tuber, chips, lafun, etc.
The cassava production increased during this decade to reach
4317 642 tin 2016'. However, fresh cassava roots are highly
perishable and difficult to store due to its high moisture
and nutrients. Postharvest loss may cause both economical
and environmental problems. Therefore, processing of
fresh cassava into flour will reduce food losses and
transportation cost and increase versatility and utilization in
food formulations. Cassava flour is one of derivatives from
cassava roots whose processing technology is cheaper and
easier than cassava starch production besides require less
consumption of water and energy and produce smaller
quantity of by products and waste®. Successful production of
bread supplemented with cassava flour will not only
encourage improved cultivation of this crop but will also
enhance the economic value of the crop. Therefore the
objective of the present research was to study the effect of
partial replacement of wheat flour by cassava flour on dough
and bread properties.

MATERIALS AND METHODS

Cassava flour preparation: Fresh cassava, variety BEN 86 052,
was obtained at harvest from a grower in Akassato, Calavi,
Benin. They were washed with tap water, peeled by hand
using stainless steel knives, secondarily washed and cut into
10 mm in thick slices. The slices were dried (solar and oven
dried slices at 65°C). The dried cassava was milled into flour.
The flour was sealed in polyethylene bag and stored at room
temperature (25°C) until needed for further analysis.
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Formulation of flour composites: Wheat flour was obtained
from Benin flour mills (Grands Moulins du Bénin: GMB). Flour
composites of wheat and cassava were formulated and
presented in Table 1.

Proximate composition: The proximate composition
(moisture, protein, fiber, fat, ash, carbohydrate) was analysed
according to the method of James?'.

Water absorption capacity (WAC) and oil absorption
capacity (OAC): WAC and OAC were determined according to
the methods of Niba et a/?2. One gram of each flour sample
was dispersed in 5 mL of distilled water in a graduated
centrifuge tube. The slurry was shaken for 1 min at room
temperature and centrifuged (Thermo Scientific Heraeus
Megafuge 16 R, Germany) at 3000 rpm for 20 min. The
supernatant was decanted and discarded. The adhering drops
of water were removed and reweighed. WAC and OAC were
expressed as the weight of sediment (M,) over initial weight of
flour sample (My) (g g~ ")

WAC or OAC = M,

N

Swelling power (SP): Swelling power of each flour sample was
determined by heating a flour-water slurry (0.30 g flour in
10 mL of distilled water) in a water bath at 60°C for 30 min,
with constant stirring?. After cooling to room temperature,
the samples were centrifuged (Thermo Scientific Heraeus
Megafuge 16 R, Germany) at 3000 rpm for 20 min. Swelling
power was obtained by weighing the residue after
centrifugation and dividing by original weight of flour on dry
weight basis.

Bulk density (BD): Bulk density of the flour samples was
determined by the gravimetric method?. A weighed sample
(10 g) was put in a calibrated 25 mL measuring cylinder and
the volume was recorded as the loose volume. The bottom

Table 1: Formulation of cassava in wheat flour blends

Samples Wheat/cassava flour blends

A Wheat flour/Cassava flour. WF/CF (100:0%)
B Wheat flour/Cassava flour. WF/CF (95:5%)
C Wheat flour/Cassava flour. WF/CF (90:10%)
D Wheat flour/Cassava flour. WF/CF (80:20%)
E Wheat flour/Cassava flour. WF/CF (70:30%)

F Wheat flour/Cassava flour. WF/CF (0:100%)
WF: Wheat flour, CF: Cassava flour. A: WF/CF (100:0%), B: WF/CF (95:5%), C: WF/CF
(90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)
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of the cylinder was tapped repeatedly on a rm pad on a
laboratory bench until a constant volume was observed. The
packed volume was recorded. The loose bulk density (LBD)
and packed bulk densities (PBD) were calculated as the ratio
of the sample weight to the volume occupied by the sample
before and after tapping.

Weight loss (WL) and Expansion ratio (ER) of bread: Bread
making characteristics were studied using the following
formulation: flour 100 g, compressed yeast: 1.0 g, salt: 1.0 g,
sugar: 6.0 g and water: 50 mL (adjusted according to the flour
water absorption). Weight loss was determined by weighing
of each dough sample before bake (My) and weighing of bread
samples after suf cient cooling (My) using a digital balance?.

Weight loss (%) = % %100

0

The volume of bread was determined by the solid dis-
placement method using millet.

The volume was measured before and after the end of the
baking process. An expansion ratio (ER) is defined as:

where, V; and V;are the initial and final volume of dough and
bread, respectively.

Colordetermination: Surface color of flours were determined
by a spectrophotometer (CR-410, Konica Minolta Sensing,
Tokyo, Japan) with CIE color parameters L* (light/dark), a*
(red/green) and b*(yellow/blue). Color changes (E) were
observed in 3 replicates using a previously described
equation?.

aE = [(L*-Li*)2H(a*-a%) +(b*-b*)*]

where, aE indicates the degree of overall color change in
comparison to color values of white plate (Li*: 91.33; ai*:-0.53;
bi*:4.09). Li*, ai* and bi* represents the white plate parameter
and Lt*, at* and bt* refers to the individual readings of flours
samples.

Granulometry of flour: Flour particle size distribution test
was determined by sifting 200 g of sample for 5 min using the
sieves with opening of 200, 160 and 112 pym.
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Sensory evaluation: Sensory evaluation of the bread was
performed with a forty-two (42) consumer panel. The quality
attributes tested on a 9 point hedonic scale included
taste, flavor, texture, appearance and crack formation, where
9 = Liked extremely, 8 = Liked very much, 7 = Liked
moderately, 6 = Liked slightly, 5 = Liked (limit of acceptable),
4 = Disliked slightly, 3 = Disliked moderately, 2 = Disliked
much and 1 = Disliked extremely.

Economic and social impact of use cassava flour in bread
and pastry products: In order to study the socio-economic
impact and availability of cassava flour for incorporation into
bakery products, we collected some data on wheat imports
and cassava production to calculate some parameters such as
the available cassava flour (AF) and required cassava flour (NF)
for substitution. Available cassava flour (AF) and required
cassava flour (NF) were determined according to the formula,
respectively:

AF =Px20%
NF = WIx%S

where, P indicate the total production of cassava in Benin
(4317 642 tin 2016), 20% is the yield of flour obtained from
the raw material (preliminary experiment), WI is the wheat
import in Benin and %S is percentage substitution of wheat
flour with cassava flour.

Statistical analysis: Statistical data analysis was performed
using SPSS software (version 17.0 for Windows, SPSS Inc.,
Chicago, USA) using one-way analysis of variance followed by
Duncan’s multiple range tests. Differences of p<0.05 were
considered statistically significant.

RESULTS AND DISCUSSION

Proximate composition: The proximate composition values
of different formulation of cassava in wheat flour blends

samples are shown in Table 2. Moisture content, protein, fiber,
fat and ash of flours samples were 9.98+0.03, 10.93+0.62,
1.03£0.01,2.38+0.10 and 0.67£0.03 for WF and 8.12%+0.02,
0.87%+0.00, 0.83%£0.01, 0.19£0.10 and 0.53£0.01 for CF,
respectively. The high protein content in WF could be due to
the level of gluten in wheat. The moisture content, protein,
fiber, fat and ash of the composite flours decreased with
increasing level of substitution. This result agrees with a
previous study conducted by Oladunmoye et a/?. This is
attributed to the higher value of these parameters in wheat
flour compared to cassava flour. Otherwise, carbohydrate
contentincreased with increasing level of substitution. Similar
observations were reported by Oladunmoye et a/® and
Eleazu et a/?.

For the protein, no significant (p>0.05) difference was
observed in WF and composite flours. The moisture, protein,
fiber, fat and ash content was lower than the previously
reported for cassava flour by Samad eta/** and Bankole eta/*'.
This could be due to the variety, the conditions in which the
crop was cultivated, maturity and storage. In terms of energy,
there is no significant difference (p>0.05) between wheat,
cassava and mixed flour at 5 and 10% of substitution. Beyond
10% of substitution, the energy increases proportionally with
increasing the substitution percentage. Composite flour
from wheat-cassava flour could be used to manage cases of
protein malnutrition and energy which is prevalent in most
developing countries of the world.

Functional properties: The results of the functional properties
(WAC, OAC, SP, BD and WL) of the samples are shown in
Table 3.

Water absorption capacity (WAC) and oil absorption
capacity (OAC): WACand OAC of the composite flour samples
varied from 1.71£0.05 to 1.81£0.04 g g~' and 1.14£0.09 to
1.18£0.12 g g7 (p>0.05), respectively. Increasing the
portion of cassava in the composite flour caused WAC and
OAC to increase. The highest WAC and AOC values were

Table 2: Proximate composition of different formulation of cassava in wheat flour blends

Samples Moisture (%) Protein (%) Fiber (%) Fat (%) Ash (%) Carbohydrate (%) Energy (kcal/100 g)
A 9.98+0.03° 10.93+0.62° 1.03+0.01¢ 2.38+0.10¢ 0.67£0.03¢ 66.421+1.05° 330.82£0.08°
B 9.97+0.03° 10.46+1.25° 0.98£0.05¢ 2.25%0.07¢ 0.66+0.02°¢ 67.531+0.922 332.21£0.01°
C 9.73+0.01° 10.47+0.03° 0.97£0.00¢ 2.12+0.04b¢ 0.63+0.00° 68.32+0.75% 334.24£0.03°
D 9.38+0.01° 9.61+0.00° 0.97£0.01¢ 1.8610.08° 0.61+0.02° 70.61+1.25° 337.62+0.07°
E 9.10+0.01° 10.90+0.63° 0.94+0.00° 1.77£0.03° 0.60+0.01° 73.30£0.54¢ 352.73£0.11¢
F 8.12+0.022 0.87%0.00° 0.83%£0.012 0.19£0.10? 0.53%0.012 80.46+1.194 327.03£0.05°

Values are Mean £ standard deviation (n = 3). Data in same column with different letters are significantly different (p<0.05), WF: Wheat flour, CF: Cassava flour. A: WF/CF
(100:0%), B: WF/CF (95:5%), C: WF/CF (90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)
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Table 3: Functional properties of different formulation of cassava in wheat flour blends

Bulk density Loose and packed (g mL™")

Water absorption Oil absorption Swelling Weight
Samples capacity (gg™") capacity (gg™") power (gg~') LBD PBD loss of bread (%)
A 1.6810.03? 1.0610.14? 13.45%0.21¢ 0.48+0.07° 0.71x0.01° 33.25+0.22°
B 1.71£0.05% 1.14£0.09* 12.43£0.92¢ 0.48%0.01° 0.70%£0.07° 33.36+0.10°
C 1.72£0.012 1.16x0.14? 11.79£0.09 0.47%0.06° 0.70+0.07° 34.07+0.28*®
D 1.72+0.012 1.19£0.22° 11.28%0.17b 0.47%0.01° 0.69%0.05° 35.01£0.112°
E 1.81£0.04? 1.18%0.122 10.47£0.15° 0.47%0.06° 0.68+0.09° 36.81£0.23°
F 2.21%£0.02° 1.25%0.05° 8.75+0.37° 0.45+0.07° 0.66+0.10° 42.80£0.15¢

Values are mean =% standard deviation (n =3). Data in same column with different letters are significantly different (p<0.05), WF: Wheat flour, CF: Cassava flour.
A: WF/CF (100:0%), B: WF/CF (95:5%), C: WF/CF (90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)

obtained with CF. The same behavior was observed by
Agunbiade et a/*. This result may be related to the high
amount of starch in cassava flour. The water absorption data
reflects that a larger amount of water is needed in the
preparation of doughs with cassava flour. Similar findings have
been reported by Oladunmoye et a/%. WAC is important in
bulking and consistency of product as well as baking
applications?. Several researchers Ajatta et a/>, Lee et a/*
and Morita et a/>> have reported increased water absorption
in composite flours compared to wheat flour alone. The
increase in the water absorption capacity of the composite
and cassava flours might be attributed to the ability of the
cassava starch to absorb water3®. This effect might be due to
the loose association of amylose and amylopectinin the native
starch granules and the weak binding forces that maintains
the starch granules structure in cassava flour33-38,

The oil absorption capacity is the flavor retaining capacity
of flour which is veryimportantin food formulations and gives
soft texture and good flavor to food*®. Therefore absorption of
oil by food products improves mouth feel and flavor retention.

Swelling power (SP): SP of the samples ranged from
10.47£0.15 to 12.43+0.92 g g~'among the blends and
decreased proportionately with increase in cassava flourin the
formulation. WF had the highest swelling power while CF had
theleast. The high SP observed with WF could be explained by
its higher gluten content. When flour is mixed with water, the
gluten swells to form a continuous network of fine strands.
High swelling capacity has been reported as part of the criteria
for a good quality product®. The lower swelling power of
cassava flour implies greater degree of associative forces in
the granules. This phenomenon can also be due to the high
particle size of CF.

Bulk density (BD): Bulk density gives an indication of the
relative volume of packaging material required. LBD and PBD
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swas 0.481+0.07 g mL™" and 0.71£0.01 g mL~" for WF and
0.45£0.07 gmL""and 0.6620.10 g mL~" for CF, respectively.
Significant difference (p<0.05) was recorded between WF
and CF bulk densities. The bulk densities of wheat and all
composites floursinvestigated were not significantly different
from each other (p>0.05). The CF group showed a lower values
of bulk densities different from other samples. This could be
attributed to the relatively high particle size distribution and
lower protein and fat contents of cassava flour. Bulk density is
influenced by particle size*' and starch polymers structure®.
Loose structure of the starch polymers could result in low bulk
density. This observation is in good agreement with that
reported by Oladunmoye et a/*. Bulk density of the flour
samples is higher than the 0.29 and 0.39 g mL~' reported for
cassavaand wheat flours3'°, respectively. In contrast, WF bulk
density is higher and may be caused the particles stick to each
other due to the presence of water, thereby allowing more
particles to agglomerate. Bulk density is a measure of low bulk
densities desirable in flour blends because it contributes to
reduce dietary bulkiness. Also, it serves as a good physical
attribute when determining transportation and storage
properties*#. Furthermore, higher bulk density is desirable
for greater ease of dispersibility and reduction of paste
thickness*.

Weight loss (WL) and Expansion ratio (ER) of bread: The
WL and ER of bread from different formulation are
presented in Table 3 and Fig. 1, respectively. The WL
decreased proportionately with increase in cassavaflourin the
formulation. The behavior recorded by the composite bread
samples is attributed to low gluten content which has a direct
contribution to obtain a heavy bread. These results correlated
with the ER of the bread.

Volume is an important quality characteristic of bread
and that is negatively affected when wheat is replaced by
cassava. However, increasing the cassava ratio decreased
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Table 4: Color parameters of different flours

Samples L* a¥ b* AE

A 88.03£0.02° -0.30£0.03? 9.63+0.03? 6.45+0.03?
B 88.07£0.09° -0.31£0.032 9.71£0.03? 6.50+0.03?
C 88.13£0.10° -0.31£0.032 9.64%0.03? 6.41%0.03?
D 88.59+0.07° -0.29£0.03? 9.53+0.03? 6.09+0.03?
E 88.89£0.11° -0.28+0.032 9.50+0.03? 5.94+0.03?
F 90.71£0.06° -0.11£0.03° 9.16+0.03? 5.12%0.03?
White plate 91.33£0.00° -0.53%0.00¢ 409+0.01° -

Values are Mean = standard deviation (n = 3). Data in same column with different letters are significantly different (p<0.05). WF: Wheat flour, CF: Cassava flour. A: WF/CF
(100:0%), B: WF/CF (95:5%), C: WF/CF (90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)

Table 5: Particle size distribution of different flour

Granulometry (%)

>200 pm 160 pm <112 pm <160 pm
A 25.0%7.35° 25.0%9.332 50.0£9.90¢ 75.0%£6.01°
B 26.8%6.79° 24.3+3.68° 489+3.11¢ 732£251°
C 29.6%2.82° 30.3+2.83° 40.1%£5.66° 70.4+£3.72°
D 29.1+4.81° 28.6+5.94° 423%10.74° 70.9+4.8°
E 27.8+9.62° 29.6+4.61° 42.6+481° 722+£3.11°
F 36.0+0.56° 33.4£0.85¢ 30.6£8.20° 64.0£4.091°

Values are Mean % standard deviation (n =3). Data in same column with different letters are significantly different (p < 0.05). WF: Wheat flour, CF: Cassava flour. A: WF/CF
(100:0%), B: WF/CF (95:5%), C: WF/CF (90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)

2.5 7
2.0 a a b
c
o 1.5 1 d
1.0
0.5
0 T T T T T
A B C D E F
Samples

Fig. 1: Effects of different flour on expansion ratio (ER) of bread
WF: Wheat flour, CF: Cassava flour. A: WF/CF (100:0%), B: WF/CF (95:5%),
C: WF/CF (90:10%), D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF
(0:100%)

the volume of the bread. No significant difference
(p>0.05) was found between A and B samples. The overall
effect of a reduced bread volume with cassava flour in
the flour mixture can be explained by reduced flour
strength and a lower ability of the gluten network to
enclose the carbon dioxide produced during fermentation.
Similar findings on loaf volume of composite flours were
reported by Navickis?’, Almazan*® and Khalil et a/*. Bread
made from 100% CF has a low porous structure with
small gas cells and is prone a compact structure during
cooling. Cassava flour do not have gluten, moreover, it cannot
provide a stabilizing network for retention of gas during
baking.
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Color determination: The chromatic parameters of different
formulation of flour are presented in Table 4. The L* value,
which represents the lightness value, was higher for the
cassava flour. The wheat and composite flours showed no
significant difference (p>0.05) in chromatic parameters. In
comparison to the white plate as reference (L*:91.33;a*:-0.53;
b*: 4.09), the color changes of all samples were not reveal
significant difference (p>0.05) suggesting that the mixing of
the flour did not affect the color of the samples. This could be
due to the variety of the cassava. No difference in the color
characteristics of the flours could be due to the botanical
origin, variety of the cassava or composition of the flour.

Granulometry of flour: As shown in Table 5, wheat used in
this study had a finer particle size distribution (75%) at sieves
with opening <160 pum compared to cassava flour (64%).
Cassava contains fibers, which to some extent are difficult to
fine mill. Consequently, the cassava flour was notas fine as the
wheat flour®. The wheat and composite flours did not vary
significantly within the mass fraction found to be <160 pm.
Particle size distribution of flours affects the rate of hydration
during processing, as very fine (<180 um) particle-sized flours
have greater tendency of absorbing more water during
hydration®. Tian et a/>! suggested that small granules have
higher solubility and hence enhanced water absorption
capacity, which have positive implications for functionality of
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Table 6: Effect of cassava flour on the sensory properties of bread

Taste Flavor Texture Appearance Crack formation
A 8.12+1.35¢ 8.061+1.64¢ 8.23+1.02¢ 8.31%£1.99¢ No crack
B 7.99+1.01¢ 8.24+1.62¢ 7.79£1.92¢ 7.63+1.434 No crack
C 7.62+091¢ 7.39%3.11¢ 7.23%+0.63¢ 7.07£2.03¢ No crack
D 5.5442.92b¢ 6.731+1.00¢ 5.32£2.17% 5.761+1.03¢ Small cracks
E 4.21+3,03° 4.631+0.93° 401x1.83° 4.73+1.02° Large cracks
F 1.72+1.34° 2.40%2.05° 1.23+0.39° 243%1.232 Large cracks

Datain same column with different letters are significantly different (p<0.05). WF: Wheat flour, CF: Cassava flour. A: WF/CF (100:0%), B: WF/CF (95:5%), C: WF/CF (90:10%),

D: WF/CF (80:20%), E: WF/CF (70:30%), F: WF/CF (0:100%)

Table 7: Wheat import, cassava production and need of cassava flour at 10% of substitution

Wheat import

Cassava production

Wi P AF NF
Quantity (Tons) 204 622* 4317 642%* 863528 20462
Cost ($) 95 865 485 - - -
WI limitation cost at 10%5 ($) - - - 9586 549

*2017;**2016, WI: Wheat import, P: Cassava production, AF: Available cassava flour, NF: Need cassava flour at 10% substitution

flour during processing, often create more cohesion in most
baking systems. Large granules, on the other hand, would be
insufficiently hydrated. The particle size of the flours used in
this study was below 300 uym and was therefore easily
hydrated as observed also by Oladunmoye et a/?. As noted
above, the high water absorption capacity of cassava flour
observed, despite its bigger particle size distribution could be
due to its high starch content.

Sensory evaluation: The quality of a product and its
appearance are important factors to consumers. Quality and
appearance can be described by color, flavor and taste in
addition to physical attributes such as texture. The mean
sensory scores for each quality attribute evaluated (taste,
flavor, texture, appearance and crack formation) of the bread
samples prepared from the composites flours are presentedin
Table 6. The statistical analysis of the data showed there were
no significant differences (p>0.05) for the quality attribute
evaluated of the 10% cassava flour substituted breads with the
100% wheat bread. The mean score of the bread samples
decreased as cassava flour increased in the formulation. At
20% cassava flour substituted the scores were above average
(5) with small cracks. Beyond 20%, the scores became low, less
than 5, indicated that bread baked from cassava flour
substituted more than 20% was less acceptable also presented
the large cracks. The result obtained from this present study is
not in good agreement with that reported by Jensen et a/™
and Defloor et a/** that successfully obtain good quality bread
with up to 30% of cassava flour in composite flour from
wheat-cassava. The difference of results might be attributed
to the type of variety, maturity of cassava, agro-climatic
conditions and the process of making flour. Otherwise, a
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number of studies have been conducted to use cassava flour
in bread making and revealed that wheat flour can be
replaced by 5-10% cassava flour without significant effects on
processing and the quality of bread'®>3. One hundred percent
cassava bread gave the worst product that was unacceptable
to the consumers. The result of this research shows that
cassava flour could be used in composite bread production at
20% level of substitution and beyond this level, bread
characteristics may be affected.

Economic and social impact of use cassava flour in bread
and pastry products: To consider incorporating cassava
flour into pastry and bakery products, it is imperative to
ensure the availability of the raw material. For this purpose,
available cassava flour (AF) and need cassava flour (NF) were
determined and the results are recorded in Table 7. The
result showed that 863 528 t of cassava flour is available and
20 462 t (at 10% of substitution) of cassava flour is being
utilized.

NF represents 42% of AF, which justifies the availability of
the raw material and the incorporation of cassava flour in
bakery products will not cause any problem of availability of
raw material. Otherwise, replacement of wheat flour by
cassava flour at 10% in bread making is economically
important in Benin as it could save $ 9 586 549 per year.
Moreover, this would reduce expenditure of foreign exchange,
post-harvest losses, unemployment and poverty also reduce
the celiac disease risk. Therefore, this could increase cassava
production and increased income for farmers and local
industries.

Composite flour from wheat-cassava flour showed
physicochemical and nutritional interesting properties in
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bread making. Thus, production of composite flour on an
industrial scale should consider. This research was limited only
to the functional chemical nature of cassava flour from variety
(BEN 86 052), so further research is required to look at the
physical-chemical properties of other varieties of cassava and
starches. The application of cassava flour in bread making is
highly dependent on the physical-chemical properties of
starch.

CONCLUSION

To reduce wheat imports in Benin and/or to improve
nutritive value of bakery products, studies have been
conducted on the use of composite flours, which consist of
blending wheat flour with flour from cassava. The result of this
research shows that cassava flour could be used in composite
bread production at 20% level of substitution and beyond this
level, bread characteristics may be affected. The use of cassava
flour in bread making is a convenient alternative for
promoting the use of a local crop as well as reducing imports
of wheat flour, promoting the production of high quality
cassava flour, offering a gluten-free product and developing
fortified foods. Also helps to create jobs and contribute to
household food security.

SIGNIFICANCE STATEMENT

This study discovers the physical-functional and sensory
properties of composite wheat-cassava flour that can be
beneficial for bread production at 20% level of substitution.
This study will help researchers uncover critical research areas
of composite wheat-cassava flour that many researchers have
not been able to explore. This research can add knowledge
about the advantages of cassava flour used in bread making
that may not be found in other areas.
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