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Abstract

Wheat and cassava composite breads are generally associated with volume and textural defects in
contrast with the traditional wheat based variants. Efforts to mitigate this challenge through use
of synthetic additives have been unsuccessful owing to safety concerns. The objective of this study
was to explore Grewia venusta mucilage as a potential natural additive in wheat-cassava composite
bread production. Sweet cassava flour was used to replace wheat flour at 100: 0 (control), 90:10,
80:20 and 70:30% ratios in bread making. Aqueous extract of G. venusta stem bark was oven dried
(50±3 °C), milled and added at 0, 1.0 and 2.0% (w/w) to the flour mixtures. These, along with other
conventional inputs were mixed, and used to produce bread. Proximate compositions, physical and
sensory properties of the bread loaves were evaluated. Cassava flour inclusion resulted in significant
(P≤0.05) decrease in the protein content of the control from 18.1% to 12.1% (90:10%), 11.5% (80:20%)
and 9.9% (70:30%). Addition of mucilage marginally increased the protein and dietary fibre contents
of the loaves. Loaves containing 1-2% mucilage were more regular in shape with smoother crust than
those without mucilage. Cassava flour addition at 10%, 20% and 30% decreased loaf height from 6.0
cm to 5.8 cm, 5.7 cm and 5.5 cm, as well as loaf volume from 815.5 cm3 to 783.1 cm3, 776.8 cm3 and
744.5 cm3, respectively. Mucilage inclusion resulted in increased heights and volumes of the loaves and
reduced weights of loaf fragments upon slicing. The mucilage significantly improved the texture of the
bread loaves.
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1 Introduction

Bread is an important staple food in both devel-
oping and developed countries. It is tradition-
ally produced from wheat flour and other ingre-
dients like yeast, salt, fat and water. In most
situations wheat requirements are largely met
through imports and usually at the expense of
scarce foreign exchange. A recent trend in the
bakery industry in most non-wheat producing
countries is the replacement of wheat flour with

composite flours and blends of flours or meals
from locally cultivated crops other than wheat
to produce products such as bread, biscuit, cake
and doughnut (Eduardo, Svanberg, Oliveia, &
Ahrne, 2013; Ohimain, 2014a; Koko, Kouame,
Assidjo, & Amani, 2014). Due to economic reces-
sion, attention has been particularly focused on
substitution of imported wheat flour with flour
from other sources in bread baking (Sanni et al.,
2005; Oladunmoye, Akinoso, & Olapade, 2010;
Ohimain, 2014b). Nwanekezi (2013) stated that
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blending of non-wheat flour with wheat flour de-
creases the concentration of gluten proteins in
wheat. Yeast leavened products such as bread
lose their quality, especially volume and texture
when their gluten level is decreased. Such substi-
tution would require the use of ingredients and
additives with different characteristics to make
up for the functional and quality attributes lost
when wheat flour is reduced. Many chemical
and synthetic additives with various properties
have been used in the bakery industry to improve
the baking properties of flours (Asghar, Anjum,
Tariq, & Hussain, 2005; Kohajdova, Karovicova,
& Schmidt, 2009). There is, however an increas-
ing concern over the future health risks associ-
ated with the use of the additives. For exam-
ple, potassium bromate, which has been used
for decades as a flour improver has now been
found to be carcinogenic (Badifu, Chima, Ajayi,
& Ogori, 2005). Plant materials serve as alter-
natives to chemical and synthetic additives as
well as imported products because of local avail-
ability, environment friendliness and lower price
(Kumar, Sati, & Singh, 2011). Against this back-
drop, there is need to promote the use of natural
hydrocolloids, like gums and mucilages of plant
origin in breadmaking. Nigeria, as with other de-
veloping countries in the tropics, possesses large
fertile arable lands where food crops like cassava,
maize, rice, millet and sorghum are grown in
large quantities. The availability of these crops
could enhance their utilization as components in
composite flours. The use of wheat and cassava
composite flours with such mucilages in bread
making in particular could help developing coun-
tries decrease wheat importation and reduce ex-
penses on imports. It could also encourage di-
versification in the use of cassava as well as make
bread and other bakery products affordable by
low income earners who constitute the larger
population of consumers in the countries. Mu-
cilage and gums obtained from plants have been
used as alternatives to hydrocolloids produced by
biosynthetic or fermentative processes (Wang &
Wang, 2013). Grewia venusta mucilage has been
used in the preparation of fried cake (akara) from
bambara groundnuts in parts of Nigeria to com-
bat noticeable problems such as poor swelling
and absence of air pockets in the cake. This
research examined the effect of Grewia venusta

mucilage extract on the performance of wheat
and cassava flour mixtures in bread production.

2 Materials and Methods

2.1 Extraction of mucilage

Mucilage in stems of Grewia venusta trees cut
from Ajaokuta, Kogi State, Nigeria was ex-
tracted using the procedure described by Ogori
and Gana (2014) with modifications. The stems
were thoroughly cleaned by scraping off the pow-
dery brownish bark with knife and then washed
in water. The washed stem barks were cut
into short pieces about 20 cm long, reduced to
thin strips and weighed to about 700 g. The
pieces were mixed with 1.5 L of clean water and
squeezed to release the mucilage. Further ex-
traction was performed with additional 1.5 L of
water. The mucilage was then filtered through
a double-folded muslin cloth to separate the mu-
cilage from the strips of bark. The mucilage was
dried (thin layer) in an air oven (Gallenkamp BS
200, England) at 50±3 °C to a moisture content
of 5.0%, milled and sieved using a laboratory test
sieve of 80 mm mesh.

2.2 Preparation of wheat: cassava
composite flours for bread
production

Cassava flour was prepared using a sweet cas-
sava variety following the IITA - International In-
stitute of Tropical Agriculture (2005) procedure
with minor modifications. The cassava roots
were obtained fresh from the farm and sorted.
The fresh, mature cassava roots without rot were
peeled, washed with clean, potable water and
drained. The peeled roots were sliced into flakes
using a knife and blanched at 60 °C for 30 min-
utes. The flakes were then dried in a draft air
oven at 50±3 °C for 24 hours. The dried flakes
(6.2% moisture) were milled and sieved (80 mm
mesh) to obtain cassava flour. Wheat (6.5%
moisture) (Golden Penny, Nigeria) and cassava
composite flours were prepared in the ratios of
100:0%, 90:10%, 80:20% and 70:30% on a weight
basis.
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2.3 Production of bread

he straight dough method of bread making
(Sedlacek & Horcicka, 2011) was used with
slight modifications for the production of bread.
Wheat and cassava composite flours (200 g), as
above, were mixed with 0%, 1.0%, and 2.0%
(w/w) Grewia venusta mucilage powder, respec-
tively. The proportions of the other ingredients
used were 6.0 g yeast, 3.2 g salt, 5.0 g margarine,
14.5 g sugar and 125 mL water. The ingredi-
ents were weighed accurately using an electronic
top loading balance. The ingredients were mixed
to homogeneity and kneaded for 20±2 minutes
using a dough kneader (Masterchef double arm
dough mixer, China). The kneaded dough was
spread on a smooth surface and cut into uniform
weights. The cut dough pieces were moulded,
placed in oiled baking pans and then proofed at
36±2 °C for 2 hours. They were then baked in
an oven at 235–240 °C for 32±2 minutes. The
baked bread loaves were removed from the pans
and allowed to cool for about 20 minutes. They
were sliced using a bread slicer, packaged in low
density polyethylene pouches until analysed.

2.4 Physical measurements of
bread loaves

The weight of three bread loaves was measured
using a top loading balance and mean values
were recorded according to the method of Asif-
Ul-Alam, Islam, Hoque, and Monalisa (2014).
The length, width and height were measured at
three different points using a ruler and mean val-
ues were calculated. Volume was computed using
the values for length, height and width accord-
ing to the method of Badifu et al. (2005). Bread
specific volume was determined by dividing loaf
volume by weight (Igbabul, Num, & Amove,
2014). Bread crumb fragments were collected
and weighed after the loaves were sliced using a
bread slicing machine. Two loaves were used per
batch and mean values were computed. The air
spaces in the bread loaves were observed visually
after the loaves had been sliced into halves.

2.5 Determination of proximate
composition of bread loaves

The moisture, protein, dietary fibre, ash, fat and
carbohydrate contents of the bread containing G.
venusta mucilage were determined as reported
earlier (AOAC - International, Association of Of-
ficial Analytical Chemists, 2005). Duplicate sam-
ples (2 g each) were used for the determinations.

2.6 Sensory evaluation of bread

The bread samples were evaluated for colour,
taste, flavour, texture and overall acceptabil-
ity by a 10-member panel comprising male and
female subjects who were familiar with bread.
Only panellists that were free from any physical
and psychological conditions that might affect
their judgement were selected (Hashmi, 2007;
Svensson, 2012). The panellists were trained
prior to the commencement of the evaluation
for an understanding of the attributes to be as-
sessed and the scale to be use. The bread loaves
were evaluated using a modified 7-point hedonic
scale according to the method of Singh-Ackbarali
and Maharaj (2014). This modification was well
explained to the panellists so that they under-
stood the scale points. The assessment was con-
ducted under fluorescent illumination inside iso-
lated booths within an air-conditioned sensory
evaluation laboratory.

2.7 Statistical analysis

Experimental and sensory data were statistically
analysed by analysis of variance (ANOVA) and
means were compared using least significant dif-
ference (LSD) at P ≤ 0.05 level according to the
method of Steel, Steel, Torrie, and Dickey (1997).

3 Results and Discussion

3.1 Size Characteristics

There were differences in the appearance of the
bread crusts due to cassava flour and Grewia
venusta mucilage addition (Fig. 1). Whereas
the crust of the 100% wheat flour bread and the
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Table 1: Effect of Grewia venusta mucilage on the physical properties of bread loaves produced from
wheat-cassava composite

WF: CF GG Weight Height Width Length Volume Specific volume Crumb
(%) (g) (cm) (cm) (cm) (cm3) (cm3/g) fragments (g)

100:0 0* 340.0±0.1g 6.0±0.2c 8.6±0.1 15.8±0.2 815.5±0.3e 2.4±0.1d 2.2±0.2a

90:10 0 341.2±0.3f 5.8±0.4d 8.6±0.0 15.7±0.1 783.1±0.2g 2.3±0.2e 2.1±0.4a

90:10 1.0 341.9±0.1e 6.2±0.2b 8.7±0.2 15.7±0.1 846.9±0.1b 2.5±0.3c 1.2±0.4b

90:10 2.0 342.8±0.2d 7.1±0.2a 8.7±0.2 15.8±0.3 976.0±0.3a 2.8±0.1a 0.2±0.2cd

80:20 0 342.0±0.1e 5.7±0.2de 8.6±0.0 15.7±0.2 769.6±0.1h 2.6±0.2b 2.2±0.3a

80:20 1.0 344.7±0.3c 6.1±0.1be 8.7±0.0 15.8±0.2 838.5±0.2d 2.4±0.2d 0.8±0,4bc

80:20 2.0 346.3±0.0b 6.3±0.4b 8.5±0.3 15.7±0.1 840.7±0.2c 2.4±0.4d 0.2±0.1cd

70:30 0 344.5±0.4c 5.5±0.5e 8.7±0.3 15.5±0.3 741.7±0.4i 2.2±0.2f 2.1±0.2a

70:30 1.0 346.8±0.2b 5.9±0.3d 8.5±0.4 15.6±0.4 782.0±0.3g 2.3±0.3e 0.5±0.1c

70:30 2.0 349.0±0.2a 6.0±0.5c 8.5±0.3 15.6±0.2 795.6±0.2f 2.3±0.4e 0.2±0.2cd

LSD 0.6 0.2 4.0 0.04 0.4

alues are means±SD of triplicate determinations. Means in a given column with the same or no superscripts are not significantly different
(P ≥ 0.05).
WF = Wheat flour, CF = Cassava flour, GG = Grewia mucilage powder (% of flour blend).
LSD = Least significant difference. SD= Standard deviation
*Control.

90: 10% wheat-cassava flour bread without mu-
cilage appeared slightly wrinkled, the crust of
the bread containing 1 and 2% mucilage were
more regular and smooth. Bread loaves produced
from 80: 20% wheat and cassava flour blend had
a slightly rough crust compared to the smooth
appearance of the crust of the bread from the
70: 30% flour blend. Kohajdova et al. (2009)
reported that gum arabic possessed good adhe-
sive properties that improved cell wall structure,
which predisposed the gum for use in baked prod-
ucts. Adhesiveness due to Grewia venusta mu-
cilage may have played a role in the smoothness
of the bread crust in the present study. The
physical parameters of the bread loaves contain-
ing Grewia mucilage are shown in Table 1. Loaf
weight increased with increasing cassava flour in
the blend. There was, however, no apparent ef-
fect of the Grewia mucilage on the weight of the
bread loaves prepared from the flour blends. Cas-
sava flour inclusion resulted in the decrease of
loaf height and volume relative to the control
wheat bread. On the other hand, addition of
Grewia mucilage to the flour mixtures resulted in
bread loaves with increased heights and volumes
beyond those for the blends without mucilage
(Fig. 2). The trend exhibited in both loaf vol-
ume and specific loaf volume was similar to that
for the height. Eduardo et al. (2013) attributed

reduced bread volume with cassava inclusion in a
flour mixture to reduced flour strength and lower
ability of the gluten network to enclose carbon
dioxide during proofing. Studies have shown that
loaf volume is affected by the quantity and qual-
ity of protein in the flour used for baking and
also by proofing time, baking time and baking
temperature (Shittu, Raji, & Sanni, 2007). Cas-
sava flour lacks gluten and is therefore unable
upon hydration to form the cohesive visco-elastic
dough capable of forming the typical fixed open
foam structure of bread (Eriksson, Koch, Tor-
toe, Konor, & Oduro-Yeboah, 2014). A num-
ber of researchers have reported similar findings
(Almazan, 1990; Defloor, Nys, & Delcour, 1993;
Khalil, Mansour, & Dawoud, 2000). The increas-
ing bread volume due to Grewia mucilage addi-
tion in the present study can be attributed to im-
provement of dough development and gas reten-
tion by increasing dough viscosity and stability
as reported by Delcour, Vanhamel, and Hoseney
(1991) and Rojas, Rosell, and de Barber (1999).
Grewia venusta mucilage contains hydrophobic
groups on the account of its content of carboxyl
groups of sugars (Nenonene, Koba, Sanda, & Ri-
gal, 2009; Nep & Conway, 2010) that might re-
duce interfacial activity with gluten, thus form-
ing gel networks that could enclose carbon diox-
ide during the bread making process. The mu-
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Figure 1: Bread loaves from wheat-cassava flour
blends containing different levels (%, w/w) of
Grewia venusta mucilage

a = 100% wheat flour (Control)
b = 90: 10% wheat-cassava flour blends
c = 80: 20% wheat-cassava flour blends
d = 70: 30% wheat-cassava flour blends
Number 0, 1 and 2 represent 0%, 1% and 2% mucilage, respectively

cilage has also been shown in a related and on-
going Ph.D research projectto increase the paste
viscosity of wheat and cassava composite flours
during heating (Alobo, 2016 unpublished). The
increased viscosity and, probably gel network of
the mucilage may have strengthened the gas-
holding properties of the expanding cells in the
dough. This may have resulted in the improved
loaf volume. According to Kohajdova et al.
(2009), the use of small quantities of hydrocol-
loids is expected to enhance the water retention
and loaf volume of bread. Miller and Hoseney
(1993) reported that xanthan gum contributed
to uniform distribution of moisture throughout
cake batter and improved the volume and crumb
structure of the cake baked from the batter. In
addition, the viscosity that developed helped the
batter to encapsulate gas evolved by fast-acting

Figure 2: Bread slices from wheat-cassava flour
blends containing different levels (%, w/w) of
Grewia venusta mucilage

a = 100% wheat flour (Control)
b = 90: 10% wheat-cassava flour blends
c = 80: 20% wheat-cassava flour blends
d = 70: 30% wheat-cassava flour blends
Number 0, 1 and 2 represent 0%, 1% and 2% mucilage, respectively

leavening agents. The length and width of the
control and the samples of the loaves containing
cassava flour and Grewia mucilage appeared to
be dependent on the dimensions of the baking
pans (Table 1). There was increasing presence
and uniform distribution of air pockets in the
bread crumbs due to Grewia mucilage inclusion.
This resulted in improved spongy characteristics
of the bread crumbs for the flours containing
mucilage, for which reason panellists scored the
crumbs higher than those without mucilage.
The weights of the fragments of bread loaves
obtained upon slicing reduced with increasing
level of cassava flour inclusion. Mucilage inclu-
sion resulted in further reduction of fragments
from the bread when sliced. This reduction in
fragmentation is indicative of improved binding
of the bread loaves by both the cassava flour
and Grewia venusta mucilage. Improved binding
would increase cohesiveness, which would lead to
increased smoothness as noted earlier. It has
been reported by Kohajdova et al. (2009) that
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Table 2: Proximate composition (%, dry weight basis) of bread loaves prepared from wheat and cassava
flour blends containing Grewia venusta mucilage

WF: CF GG Protein Fat Dietary Ash Moisture Carbohydrate
(%) fibre

100:0 0* 18.1a 10.1ab 1.9a 0.9d 22.5a 46.5f
90:10 0 12.1b 9.6bc 1.0c 0.9d 20.1b 56.3c

90:10 1.0 12.3b 10.1ab 1.1bc 1.1cd 22.0b 53.4de

90:10 2.0 12.4b 10.7a 1.2b 1.1cd 22.2a 52.4e

80:20 0 11.5c 9.1cd 0.9c 0.9d 20.0d 57.6b

80:20 1.0 11.5c 9.6bc 1.0c 1.3c 20.6c 56.0c

80:20 2.0 11.6c 10.5a 1.0c 2.1b 20.9c 53.9d

70:30 0 9.9d 8.8de 0.9c 0.9d 19.3e 60.2a

70:30 1.0 10.1c 7.3f 0.9c 1.8b 19.7d 60.2a

70:30 2.0 10.2c 8.1e 1.1bc 2.1a 20.5c 58.0b

LSD 0.6 0.7 0.2 0.3 0.4 1.0

Values are means of duplicate determinations. Means in a given column with different superscripts differ significantly (P ≤ 0.05). WF =
Wheat flour, CF = Cassava flour, GG = Grewia mucilage powder (% of flour blend).
*Control. LSD = Least significant difference.

Table 3: Mean scores for sensory attributes of bread prepared from wheat-cassava flour blends containing
Grewia venusta mucilage

WF: CF GG Crust Crumb Taste Texture Flavour Overall
(%) colour colour acceptability

100:0 0* 6.6a 6.2a 6.5a 5.0b 5.8a 5.7a

90:10 0 6.4b 5.8b 6.2b 4.8a 5.6b 5.6ab

90:10 1.0 5.8b 5.3c 6.3ab 5.7d 5.5bc 5.3b

90:10 2.0 5.7b 5.8b 5.9c 6.4e 5.7ab 5.8a

80:20 0 6.2b 5.3c 5.7c 4.9a 5.5c 5.1b

80:20 1.0 5.2c 5.0d 6.3ab 5.7d 5.6b 5.5ab

80:20 2.0 6.4a 5.2cd 6.3ab 6.4e 5.7ab 5.7a

70:30 0 6.4a 6.0a 5.8c 5.9d 5.5c 5.3b

70:30 1.0 5.8b 6.2a 6.2b 5.3c 5.4c 5.4b

70:30 2.0 5.5bc 5.1cd 5.9c 6.3e 4.8d 5.6ab

LSD 0.2 0.2 0.2 0.3 0.2 0.3

Means within a column with the same superscripts are not significantly different (P ≥ 0.05). Samples were evaluated on a 7 point hedonic
scale (7 = like extremely, 1 = dislike extremely). WF = Wheat flour; CF = Cassava flour; GG = Grewia venusta mucilage (% of flour blend).
LSD = Least significant difference.
*Control.
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gum arabic has good adhesive properties for use
in glazes, toppings and it imparted smoothness
when used as an emulsion stabilizer.
The results of the proximate analysis of bread
loaves prepared from wheat and cassava flour
blends containing G. venusta mucilage are pre-
sented in Table 2. Addition of cassava flour to
wheat flour had a significant (P≤ 0.05) dilution
effect on the protein and dietary fibre contents of
the bread loaves produced from the flour blends.
The protein content of the 100% wheat bread de-
creased from 18.1 to 12.1% as a result of cassava
flour addition. Olapade and Adeyemo (2014) ob-
served similar reductions in protein content due
to the increased level of cassava flour in wheat
and cassava flour blends meant for cookie pro-
duction. Inclusion of Grewia mucilage in the
flours in the present study resulted in a marginal
increase in the protein, dietary fibre and ash
contents of the bread. The moisture content of
the 100% wheat bread decreased from 22.5% to
20.1% for the bread produced from the 90: 10%
flour blend. Addition of Grewia mucilage at 1%
and 2% reversed the moisture contents to 22.0%
and 22.2%, respectively. The change in the mois-
ture content of loaves for the 80:20% and 70:30%
flour blends were similar to that for the 90:10%
blend. The Grewia mucilage enhanced the water
retention of the loaves as proposed by Kohajdova
et al. (2009).
The mean sensory scores of bread loaves prepared
from wheat and cassava flour blends contain-
ing G. venusta mucilage as presented in Table 3
showed that the 100% wheat flour bread (control)
was scored higher for both the crust and crumb
colours compared to those that contained cassava
flour and Grewia mucilage. The results suggest
that Grewia venusta mucilage may be unsuit-
able with respect to the colour of bread produced
from wheat flour of high percentage extraction.
The mucilage may be more suitable for use af-
ter decolorization or if applied in the production
of brown loaves, using wheat flour of low extrac-
tion or flour containing caramel. Generally, the
taste and flavour of the bread containing cassava
flour were scored lower than those of the control.
Addition of mucilage did not influence the scores
significantly. The texture of bread loaves pro-
duced with the flour blends received significantly
(P≤0.05) lower scores than those for the control.

However, inclusion of Grewia venusta mucilage
in the flour blends significantly improved the tex-
ture of the bread as indicated by the scores.

4 Conclusions

The weight, volume and physical dimensions of
the bread loaves produced from wheat and cas-
sava flour blends increased due to Grewia venusta
mucilage inclusion. The bread crumbs became
progressively spongy with increasing level of mu-
cilage in the flours and their texture received
higher sensory scores than those of the control.
Cassava flour inclusion resulted in the decrease
of protein, fat and fibre contents of the bread.
Grewia venusta mucilage addition marginally in-
creased the levels of these nutrients relative to
those of the bread without mucilage. The mu-
cilage may serve as a useful additive in wheat
and cassava composite flours.
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