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ABSTRACT

The aim of this study was to evaluate the influence gum Arabic incorporation on the proximate
composition and sensory properties of biscuits produced from flour blends of wheat and water
yam. Water yam was processed into flour and used in composite with wheat flour for biscuit
production. Two formulations A and B were produced from the mixture of wheat and water yam
flour in the ratios of 50:50 and 30:70, respectively. The two formulations each were used to
produce biscuits with different concentrations of gum Arabic (0%, 0.3% and 0.5%) and 100%
wheat flour as control. Biscuit samples were subjected to proximate and sensory analysis using
standard methods. Increase in the concentration of gum Arabic resulted to an increase in the
moisture content (5.63-6.41% and 5.31-6.01%), crude fibre (1.13-1.95% and 2.22-3.40%) and
carbohydrate contents (76.96-78.99% and 73.73-77.75%) for formulations A and B, respectively. A
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decrease in the ash content (3.11-2.85% and 4.60-2.78%), fat (5.35-2.56% and 5.62-2.51%) and
protein content (7.82-7.24% and 8.52-8.05%) was also observed as the concentration of gum
Arabic increased for formulations A and B, respectively. Result of the sensory analysis revealed
that the control biscuit sample was more preferable for colour, taste, flavor, softness and general
acceptability while biscuit samples containing 0.5% gum Arabic was more preferred for crispiness
and hardness. The result also showed that the incorporation of gum Arabic led to increased
sensorial attributes of wheat/water yam composite biscuits. The control sample and biscuit sample
containing 30% water yam flour, 70% wheat flour and 0.5% gum Arabic were significantly similar
for crispiness, hardness, softness and overall acceptability suggesting that gum Arabic can be
incorporated at 0.5% into wheat and water yam composite flour at 70% and 30%, respectively for
the production of acceptable and quality biscuits.

Keywords: Biscuits; wheat; water yam; gum Arabic; proximate; sensory.

1. INTRODUCTION

Biscuits are ready-to-eat snacks produced from
unpalatable dough transformed into appetizing
product through the application of heat [1]. They
are cheap and convenient baked product which
is consumed among all age groups in many
countries [2]. They are produced from a mixture
of flour and water, but may contain fat, sugar and
other ingredients mixed together to form a dough
which is rested for a period of time and then
passed between rollers to make a sheet [3]. The
nutritional content of biscuits depends on the
type of flour used during production. For biscuits
making, the most suitable is the soft wheat flour
[4]. This is chosen due to its ability to form a
visco-elastic matrix (gluten), which is responsible
for the rising nature of dough as well as its gas
retention ability [5].

The consumption of ready-to-eat baked products
in Nigeria is continually increasing which has
also resulted to increase in demand for wheat
flour by households and food industries for
biscuit production [6]. Despite this, wheat flour is
insufficient in the country and in other regions of
the world resulting in importation of the flour by
regions with limit supplies [7]. This also has led
to high cost of production of baked products such
as biscuits [1]. However, other crops grown other
than wheat such as tubers (yam, cassava, and
sweet potato), cereals (maize), legumes and nuts
can be used to partially substitute wheat flour for
the production of baked products [8,9,10,11,12].
There is therefore, a compelling need to develop
composite flour from locally available food
materials which would serve as an adequate
substitute for wheat flour. This substitute should
be readily available, cheap and capable of
replacing wheat in functionality [13].

Water yam  (Dioscorea alata) is a
monocotyledonous plant belonging to the family

Dioscorea spp. Dioscorea alata is one of the six
yam species of economic importance [14]. It is
an underutilized crop in Nigeria due to traditional
bias and poor recognition of the unique quality
characteristics of this specie. It is a seasonal and
perishable crop which can be converted to flour
to enhance its shelf life [15]. Dioscorea alata has
been reported to contain 2.93% ash, 1.15%
lipids, 6.79% moisture, 2.31% fibre and 76.57%
carbohydrate [16]. They are also known to
contain bioactive compounds such as dioscorin,
diosgenin and water soluble polysaccharides
which play an important role in the management
of hypertension an control of cholesterol
metabolism [17,18]. They can be eaten boiled,
mashed, fried, or mixed with pal oil or groundnut
oil and steamed [19]. It can also be made to a
stiff porridge and eaten with soups. Snacks
such as queen cakes, biscuits and pastries have
also been reported from water yam flour
[7,20,14].

Water yam unlike wheat flour does not contain
gluten and as such, its use as non-wheat flour in
making baked products such as composite
biscuits is constrained by a number of
challenges. These include low quality problems
such as weak binding, stretching, and colour
properties [21]. Several studies have
reported a decreased quality of biscuits as
substitution level with other flours increased
[7,20]. This decrease in quality
characteristics has been reported to be due to
gluten dilution thereby leading to a reduction in
flour strength and gas retention [22,23]. This
finally leads to decreased sensory attributes for
most composite  biscuits. In order to
provide structural stability and quality of non-
wheat composite biscuits, the incorporation of
several additives, improvers and dough
strengtheners for the production of bakery
products from composite flours therefore



becomes necessary [24]. These additives can

imitate  the  viscoelastic properties  of
gluten [25]. Some food additives such
as gums can also be added to

non-wheat biscuits to obtain the desired quality
[26].

Gum Arabic is a dried gummy exudates obtained
from the stems and branches of Acacia Senegal
trees [13]. It is widely used in the food industries
either as an emulsifier, a foaming agent or an
encapsulating material [27]. They are also added
to food products mainly for their thickening and
gelling properties. They are used to improve
mouth feel and change the viscosity of solution
due to their high polymeric nature and their
interactions between polymer chains when they
are dispersed [28]. Several studies have been
carried out showing the potential use of gums in
bakery products such as biscuits, cakes and
breads [28,29,30]. Elkhalifa et al. [13] studied the
use of guar gum and gum Arabic as bread
improvers for the production of bakery products
from sorghum flour. It was found that the addition
of guar gum and gum Arabic in different
concentrations improved the functional properties
of sorghum flour. The utilization of these gums as
bread improvers also promoted the
acceptability of baked products made from
sorghum flour.

In a similar study, Rodge et al. [31] also reported
the use of gums in bakery products in order to
improve the properties of the final product.
Rodge et al. [32] also stated that the addition of
gums results in dietary fibre increase and
decreasing caloric value by diluting the moisture
content. Thus, the objective of the present
research was to investigate the effect of gum
Arabic  incorporation on the proximate
composition and sensory properties of biscuits
produced from flour blends of wheat and water
yam.

2. MATERIALS AND METHODS
2.1 Materials

Water yam (Dioscorea alata) tuber and refined
wheat flour was purchased from Eke-Awka
market in Awka, Anambra State. Other
ingredients such as Salt, Sugar, Margarine,
Baking powder, Milk, and egg were also brought
from the same market. Gum Arabic was
purchase from Onitsha main market, Anambra
State. All reagents used for all analysis were of
analytical grade.
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Fig. 1. Flow chart for the processing of water
yam flour

2.2 Processing of Water Yam Flour

Water yam flour was produced following the
method described by China and Ezema [7]. D.
alata tubers were washed in running tap water
and peeled manually using a stainless steel
knife. The tubers were then sliced and re-
washed. The sliced D. alata were soaked in tap
water containing sodium meta-bisulphite in order
to prevent any browning reaction and were
blanched in hot water at temperature of 100°C
for a minute. The blanched D. alata were oven
dried at 60°C for 10 hrs in a hot-air fan oven
(model QUB 305010G Gallenkamp UK), milled
using a commercial mill and screened through a
500 mm mesh size British standard sieve (model
BS 410 Endecott Ltd London, UK) to obtain a



uniform fine flour and stored in an airtight plastic
container at room temperature (37°C) until used.

2.3 Experimental Design

The research design was to test the effect of
gum Arabic and composite flours of water yam
and wheat on the proximate sensory properties
of biscuits. Two formulations A and B were
produced from the mixture of wheat and water
yam flour in the ratios of 50:50 and 30:70,
respectively. The two formulations were used to
produce biscuits with different concentrations of
gum Arabic each (0%, 0.3% and 0.5%) and
100% wheat flour as control. The different levels
of combinations of water yam and wheat flours
and gum Arabic are given in Table 1.

2.4 Biscuit Formulation

Biscuits were formulated according to the official

method AACC 10-53.01 [33] with slight
modifications.

2.5 Biscuit Production

The short soft dough biscuits were

prepared according to the creaming method of
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Akubor [34]. The biscuits were produced which
contained high levels of fat and low Sugar.
During the biscuit making, sugar
and fat (margarine) were initially creamed in a
Kenwood mixer at medium speed until fluffy. The
milk, egg and gum Arabic were added
respectively and mixed for 20 mins.
The baking powder, salt and the composite flour
(wheat and water yam flour) in each case were
added into the mixture and  mixed
thoroughly for 15 mins wusing hand until
homogenous and hard consistent dough was
obtained. The dough was rolled on a flat rolling
board sprinkled with the same flour to a
uniform thickness (2 mm) using a wooding rolling
pin. Circular biscuits were cut (using a circular
biscuit cutter of diameter 4 cm), placed on a
greased baking trays and baked in hot air oven
at a temperature 160°C for 15 mins when a very
light brown colour was formed biscuit were
removed from the oven and allowed to
cool at ambient temperature for 20 mins. On
cooling, the biscuit were packaged in air tight
containers until needed for analysis and sensory
evaluation. In addition, the biscuit made with
100% wheat flour were similarly prepared and
used as control.

Table 1. Production of different levels of combinations of wheat flour, water yam flour and
Gum Arabic in biscuit baking

Samples Codes %Water yam %Wheat flour %Gum Arabic
1 A0% 50 50 0.0
2 A0.3% 50 50 0.3
3 A0.5% 50 50 0.5
4 B0% 30 70 00
5 B0.3% 30 70 0.3
6 B0.5% 30 70 0.5
7 WF0% 0 100 00

Keys: WF: Wheat Flour, WYF: Water yam Flour, GA: Gum Arabic, A0% = 50%WYF: 50%WF: 0%GA, A0.3% =
50%WYF: 50%WF: 0.3%GA, A0.5%= 50%WYF: 50%WF: 0.5%GA, B0% = 30W%YF: 70%WF: 0%GA, B0.3%=
30%WYF: 70%WF: 0.3%GA, B0.5%= 30%WYF: 70%WF: 0.5%GA, WF= 0%WYF: 100%WF: 0%GA

Table 2. Recipe for biscuit production

Ingredients (% flour) short soft dough biscuit
Flour (g) 200.00

Sugar (g) 40.00

Fat (g) 60.00

Baking powder (g) 5.00

Salt (g) 2.00

Milk (powdered) (g) 2.00

Vanilla flavour (g) 2.00

Gum Arabic (%)

(0.0, 0.3, and 0.5 by weight)

Source: AACC 10-53.01 [33] with slight modification



2.6 Proximate Analysis of the Biscuits

Proximate analyses of the biscuits were carried
out on the samples using standard AOAC, [35]
methods. Moisture content was calculated after
drying at 105°C to constant weight in an air oven
(Thermo Scientific-UT 6200, Germany). Fat
content were estimated by exhaustive extraction
of known weight of samples with petroleum ether
using rapid Soxhlet extraction apparatus
(Gerhardt Soxtherm SE-416, Germany). Protein
content was carried out using the Kjeldahl
method. Ash was determined using the muffle
furnace method after incineration the sample in a
muffle furnace (Carbolite AAF-11/18, UK) for 24
h at 550°C. Crude fibre was obtained by
difference after the incineration of the ash-less
filter paper containing the insoluble materials
from the hydrolysis and washing of moisture free
defatted sample. Carbohydrate content was
determined by the difference:

% Available carbohydrate = 100 (% Moisture
+ % Ash+ % Protein + % Fat + % Crude
fibre).

2.7 Sensory Evaluation of the Biscuits

Sensory evaluation of the biscuits was done to
determine the degree of liking of biscuit. A 20
man trained panelists evaluated the biscuit by
affective testing based on a seven point hedonic
scale. Panelists consisted of students of Food
Science and technology Department, Nnamdi
Azikiwe University, Awka, Anambra State.
Sensory evaluation was done in the sensory
evaluation room of the Food Science and
Technology Department. All panelists were
familiar with biscuit and have consumed it from
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time to time. The 20 panelists evaluated the
product at the same time. Biscuit were served on
a sauce plate. Panelists were required to taste
the product and rinse their mouth with table
water which they were provided with. They were
provided with a sensory evaluation sheet, and
they scored the product based on flavour, taste,
colour, hardness, crispness and general
Acceptance on a nine-point hedonic scale from
9= like extremely to 1=dislike extremely [36]. The
panelists were instructed to rate colour before
tasting each product.

2.8 Statistical Analysis

Data generated from the analysis was subjected
to statistical analysis using Statistical Package
for Social Sciences (version 1 7.0) and the
means were separated using Duncan’s Multiple
Range Test (DMRT).

3. RESULTS AND DISCUSSION

3.1 Effect of Gum Arabic Incorporation on
the Proximate Composition of
Biscuits Produced from Wheat and
Water Yam Flour Blends

Table 3 shows the proximate composition of
biscuits produced from wheat and water yam
flour blends incorporated with gum Arabic.
Moisture content of the biscuits ranged from
5.31-6.70% with sample WF0% (100% wheat
flour biscuit) recording the highest and sample
B0.5% (30% WYF: 70%WF: 0.5% GA) as lowest.
There was a significant (p<0.05) increase in the
moisture content of the biscuits as gum Arabic
was incorporated. This was also found to

Table 3. Percentage proximate composition of biscuit baked with wheat flour, water yam flour
and Gum Arabic

S/NO Moisture Ash Fat Crude Protein Carbohydrate
Fibre

A0% 5.63+0.30° 3.11+0.25° 5.35+0.25° 1.13+0.10° 7.82+1.07®  76.96+1.02°°
A0.3%  6.22+0.15° 2.95+0.20° 5.15+0.13%® 1.40+0.03° 7.61%0.53° 76.67+0.75™
A0.5%  6.41+0.47° 2.85+0.10° 2.56+0.58°  1.95+0.01° 7.24+0.73°  78.99+1.06°
B0% 5.31+0.12°  4.60+0.28° 5.62+0.28° 2.22+0.86° 8.52+0.70° 73.73+0.76°
B0.3%  5.83#0.75°° 3.02+0.62° 4.71+0.15° 2.65+0.20° 8.35+0.61°  75.44+0.97°
B0.5%  6.01£0.38° 2.28+0.10° 2.51+0.22°  3.40+0.13* 8.05+0.81™°  77.75+0.63%
WF0%  6.70+0.03% 2.78+0.22°° 2.85:+0.10° 3.72+0.19° 9.98+1.07°  73.97+0.17°

Values are means and standard deviation (SD) of three (3) triplicate, Values in same column with the same
superscript are not significantly different (p<0.05). Keys: WF: Wheat Flour, WYF: Water yam Flour, GA: Gum
Arabic, A0% = 50%WYF: 50%WF: 0%GA, A0.3% = 50%WYF: 50%WF: 0.3%GA, A0.5%= 50%WYF: 50%WF:
0.5%GA, B0% = 30W%YF: 70%WF: 0%GA, B0.3%= 30%WYF: 70%WF: 0.3%GA, B0.5%= 30%WYF: 70%WF:
0.5%GA, WF= 0%WYF: 100%WF: 0%GA



increase as the concentration of gum Arabic
increased. The increase in moisture content of
the biscuits with increase in gum Arabic
concentration is explained by the ability of gums
to hydrate at room temperature [37]. Ashwini et
al. [38] also reported increase in moisture
content of eggless cake with gums. Moisture
content of the biscuits was lower than 9.34-
12.71% and 8.57-11.87% for wheat/sweet potato
biscuits and wheat/bambara nut/cowpea flour
biscuits, respectively [1,39]. Bakery products with
moisture less than 13% are stable from moisture-
dependent deterioration [40]. The moisture
content of all the biscuits produced was below
this specified moisture content making them less
liable to microbial attack.

Ash content of the biscuits ranged from 2.28% in
sample B0.5% to 4.60% in sample B0%. Ash
content was observed to decrease as
concentration of gum Arabic increased. This
decrease was significant (p<0.05) for 30% water
yam flour and 70% wheat flour biscuits
incorporated with gum Arabic. Ash content of any
food material is an indication of the non-organic
compound containing mineral content of food.
The biscuits produced without incorporation of
gum Arabic had the highest ash content implying
that higher mineral content. Ash content of the
biscuits from this study is slightly higher than
2.41-2.66% for wheat, sesame and maize
composite biscuit [41]. It is also higher than 0.99-
1.13% for wheat and African bread fruit biscuits
as reported by Agu et al. [5].

Fat content of the biscuits decreased significantly
(p<0.05) with increase in the concentration of
gum Arabic. The values ranged from 2.56% in
sample B0.5% (30% water yam: 70% wheat
flour: 0.5% gum Arabic) to 5.62% in sample B0%
(30% water yam: 70% wheat flour: 0% gum
Arabic). The decrease in fat content of
wheat/water yam composite biscuits as
concentration of gum Arabic increased could be
due to the polysaccharide nature of the gum
which is characterized by a high proportion of
carbohydrates. Similar trend was also observed
by Zambrano et al. [42] for low fat cakes
incorporated with guar and xanthan gums. The
decrease in fat content of the biscuits as gum
Arabic was incorporated is desirable and
suggests that they could be used as weight
reducing diets. Buckman et al. [43] stated that
low fat content in foods reduces the risk of
oxidation and rancidity which causes off flavor.
This implies that high fat content in baked food
products are undesirable as it promotes rancidity
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leading to development of unpleasant and
odorous compounds. Fat content of the biscuits
from this study is higher than that of bambara nut
and cowpea flour composites (0.97-1.96%) as
reported by Abdulwahab et al. [39].

Crude fibre content of the biscuits increased as
concentration of gum Arabic increased. These
values were observed to range from 1.13% in
sample A0% (50% water yam: 50% wheat flour:
0% gum Arabic) to 3.72% in 100% wheat flour
biscuits. The incorporation of gum Arabic
improved the crude fibre content of the
composite flour biscuits with sample B0.5% (30%
water yam: 70% wheat flour: 0.5% gum Arabic)
having significantly (p<0.05) similar crude fibre
content with 100% wheat flour biscuit. This could
be due to the composition of gum Arabic as it is
composed of polysaccharides. This also supports
the statement of Rodge et al. [32] that the
addition of gums can result in dietary fibre
increase. The increase in crude fibre content of
the biscuits on incorporation of gum Arabic
suggests that they will aid digestion thereby
preventing constipation. Recommended dietary
fibre for a product to be labeled as a source of
fibre is >3g/100g food [44]. The findings from this
study showed that gum Arabic at higher
concentrations can be used to increase the crude
fibre content of baked products in order for them
to be termed as a good source of fibre. Crude
fibre content of the biscuits from this study is
slightly higher than that of wheat and alfalfa seed
flour composite biscuits (0.73-1.62%) as reported
by Ullah et al. [45]. Eke-Ejiofor et al. [46] reported
1.00-2.20% for African breadfruit and sweet
potato/wheat biscuit which is close to the values
obtained from this study.

Protein content of the biscuits ranged from
7.24% in sample A0.5% to 9.98% in sample
WF0% (100% wheat flour biscuit). Increase in
concentration of gum Arabic resulted to a
decrease in protein content. However, these
decreases were not significant (p>0.05).
Changes in protein content of the biscuits on
incorporation with gum Arabic may be attributed
to the ability of polysaccharide to increase water
absorption. Similar finding was reported by
Murad et al. [47] for Kriesh cheese incorporated
with xanthan gum. Substitution of wheat flour
with water yam flour also resulted to a significant
(p<0.05) decrease in the protein content of the
biscuits. Protein content of 100% wheat flour
biscuit was significantly (p<0.05) higher than all
other biscuit samples. Since refined wheat flour
has a higher protein content than water yam



flour, replacement of refined wheat flour with
water yam flour resulted in low protein content of
the biscuits. Protein content of the biscuits from
this study was similar to that of wheat-sweet
potato biscuits (4.50-8.92%) as reported by
Onabanjo and Ighere [1].

Carbohydrate content of the biscuits ranged from
73.73-78.99%. Biscuit sample containing equal
percentage of water yam and wheat flour
incorporated with 0.5% gum Arabic (A0.5%) had
the highest and sample containing 30% water
yam flour, 70% wheat flour without gum Arabic
(B0%) was the lowest. Increase in concentration
of gum Arabic resulted to a significant (p<0.05)
increase in the carbohydrate content of the
biscuits. The increase in carbohydrate content of
wheat/water yam composite biscuits as
concentration of gum Arabic increased may also
be due to the polysaccharide nature of the gum
which is characterized by a high proportion of
carbohydrates. It was also observed that the
composite flour biscuits had carbohydrate
content significantly (p<0.05) higher than that of
100% wheat flour biscuit (control). This is due to
the carbohydrate content of water yam flour
(76.57%) as compared with wheat flour (67.43%)
as reported by Ezeocha and Ojimelukwe [16] and

Colour

General Acceptability

Softness
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Ighere et al. [41] Carbohydrate content of the
biscuits from this study is slightly higher than that
of wheat and African breadfruit biscuits (56.18-
73.21%) as reported by Agu et al. [5].

3.2 Effect of Gum Arabic Incorporation on
the Sensory Properties of Biscuits
Produced from Wheat and Water Yam
Flour Blends

Fig. 2 shows the mean sensory scores of biscuits
baked with different percentage of wheat/water
yam composite flour and gum Arabic. The control
biscuit samples was more preferable for colour,
taste, flavor, softness and general acceptability
while biscuit samples containing 0.5% gum
Arabic was more preferred for crispiness and
hardness. Colour of control biscuit (WF0%), B0%
and B0.3% were significantly (p<0.05) similar.
This could be due to higher percentage of wheat
flour to water yam flour used in the baking
process in the formulation process as the
panelists are more familiar with wheat flour
biscuits than composite flour biscuits. Similar
trend was also observed by China et al. [6] for
wheat/cooking banana flour cookies. Taste of the
composite biscuits incorporated with gum Arabic
was more preferred than biscuits with no gum

e A 0%
e A0.3%
e A0, 5%
— B0%
Flavour ——B0.3%

B0.5%
WF0%

Hardness

Crispiness

Fig. 2. Mean sensory scores of biscuit baked with different percentage of wheat/water yam
composite flour and gum Arabic incorporation
Keys: WF: Wheat Flour, WYF: Water yam Flour, GA: Gum Arabic, A0% = 50%WYF: 50%WF: 0%GA, A0.3% =
50%WYF: 50%WF: 0.3%GA, A0.5%= 50%WYF: 50%WF: 0.5%GA, B0% = 30W%YF: 70%WF: 0%GA, B0.3%=
30%WYF: 70%WF: 0.3%GA, B0.5%= 30%WYF: 70%WF: 0.5%GA, WF0%= 0%WYF: 100%WF: 0%GA



Arabic incorporation. This same finding was also
observed for flavor, crispiness, hardness,
softness and general acceptability suggesting
that the incorporation of gum Arabic resulted to
increased sensorial attributes of wheat/water
yam composite biscuits. However, this did not
apply to the 100% wheat flour biscuits. Similar
findings were also reported by Gul et al. [21] who
stated that the quality of gluten free cookies
produced from corn and rice flours were
significantly improved when xathan gum was
incorporated. Garcia et al. [48] also reported that
the addition of Agave Angustifolia fructans
resulted to increased hardness of cookies. They
also reported increasing concentration of the
gum with increasing hardness of the cookies
produced. Rodge et al. [31] also found out that
overall acceptability of bread improved linearly
with increase in concentration of guar gum.
Increase in the hardness of the biscuits from this
study can be attributed to the highly branched
structure of gum Arabic, along with its ability to
interact to form links between other components.
The findings of this study supports the statement
of Ziobro et al. [49] that gums are one of the
most commonly used ingredients to improve the
texture and appearance of non-wheat flour
formulations.

The closest to the control sample was the biscuit
sample containing 30% water yam flour, 70%
wheat flour and 0.5% gum Arabic. This therefore
suggest that gum Arabic can be incorporated at
0.5% into wheat and water yam flour at 70% and
30%, respectively for the production of
acceptable biscuits comparable with 100% wheat
flour biscuits.

4. CONCLUSION

The result of the current study showed that
incorporation of gum Arabic to wheat/water yam
flour composite biscuits resulted to increased
moisture, crude fibre and carbohydrate contents
while a decrease was observed for ash, fat and
protein contents. Ash, fat and crude fibre
contents of 100% wheat flour biscuit and sample
B0.5% (containing 30% water yam flour, 70%
wheat flour and 0.5% gum Arabic) were
significantly similar. The findings also revealed
that the composite biscuits incorporated with
gum Arabic were more preferred than those
without gum Arabic. Also, sample B0.5% and
100% wheat flour biscuit were significantly
similar for crispiness, hardness, softness and
overall acceptability. Hence, it was the most
preferred composite biscuit by the panelists.
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These attributes could be as a result of the
sensorial characteristics impacted by gum Arabic
incorporation. Gum Arabic should therefore be
embraced as a commercial dough strengthener
for composite biscuit production from non-wheat
flours in order to obtain the desired quality.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

ACKNOWLEDGEMENT

The authors are grateful to Olisa Frank for his
assistance in the analysis of the samples.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Onabanjo 0O, Ighere DA. Nutritional,
functional and sensory properties of wheat-
sweet potato composite flour. Journal of
Food Technology  and Research.
2014;1(3):111-121.
Available:https://doi.org/10.18488/journal .5
8/2014.1.2/58.2.111.121.

2. Usman GO, Ameh UE, Alifa ON,
Babatunde RM. Proximate composition of
biscuits produced from wheat flour and
maize bran composite flour fortified with
carrot extract. Journal of Nutrition and
Food Sciences. 2015;5:5.
Available:https://doi.org/10.4172/2155-
9600.1000395.

3. Okaka JC. Cereals and legumes: Storage
and Processing Technology. Data and
micro system publishers, Enugu, Nigeria.
1997;11-124.

4. China MAH, Tew BC, Olumati PN.
Proximate and sensory properties of
cookies developed from wheat and
cooking banana (Musa acuminata) flour
blends for household utilization. European



10.

1.

12.

13.

Journal of Food Science and Technology.
2020;8(2):1-10.

Agu HO, Ayo JA, Paul AM, Folorunsho F.
Quality characteristics of biscuits made
from wheat and African breadfruit (Treculia
africana). Nigerian Food Journal.
2007;25(2):19-27.

China MA, Deedam NJ, Olumati PN. Effect
of fluted pumpkin seeds flour on the
proximate and sensory properties of
cooking banana flour biscuits and queens
cake  for household consumption.
Research Journal of Food Science and
Nutrition. 2020;5(2):30-34.

China MA, Ezema PN. Chemical analysis
and organoleptic evaluation of snacks from
composite flour of Dioscorea alata and
Telfairia occidentalis seeds  flour.
International  Journal  of  Agriculture
Innovations and Research. 2016;4(4):655-
660.

Deedam NJ, China MA, Wachuwkwu HI.
Proximate composition, sensory properties
and microbial quality of chin-chin
developed from wheat and African walnut
flour blends for household food security.
European Journal of Nutrition and Food
Safety. 2020;12(8):45-53.

Deedam NJ, China MA, Wachuwkwu HI.
Utilization of soursop (Anonna muricata)
flour for the production of chin-chin.
Agriculture and Food Sciences Research.
2020;7(1):97-104.
Available:https://doi.org/10.20448/journal.5
12.2020.71.97.104.

Barber LI, Obinna-Echem PC. Nutrient
composition, physical and sensory
properties of wheat-African walnut cookies.
Sky  Journal of Food Science.
2016;5(4):24-30.

Emelike NJT, Ujong AE. Physico-chemical,
functional, mineral and sensory properties
of cookies Prepared from wheat and
monkey Kola (Cola parchycarpa) flour
blends. Delta Agriculturists. 2020;1(1):73-
85.

Akajiaku LO, Kabuo NO, Alagbaoso SO,
Orji IG, Nwogu AS. Proximate, Mineral and
Sensory Properties of Cookies Made from
Tiger-Nut Flour. Journal of Nutrition and
Dietetic Practice, 2019; 2(1): 1-5.

Elkhalifa AO, Mohammed AM, Mustafa
MA, El Tinay AH. Use of guar gum and
gum Arabic as bread improver for the
production of bakery products from
sorghum flour. Food Science and
Technology. 2007;13(4):327-331.

China et al.; AFSJ, 18(1): 1-11, 2020; Article no.AFSJ.60908

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nwafor JO, Kanu AN, Kelechukwu EC,

Nwohu NO, Ezeboiro VN. Physico-
chemical properties of water yam
and cowpea flour blends for

production of snacks. South Asian Journal
of Research in Microbiology. 2020;6(3):1-
8.

Adeola AA, Idowu MA, Adepoju YD,
Adesina OT, Oyewade S, Olunlade BA,
Ohizua EIR. Chemical, functional and
sensory properties of water yam, pigeon
pea and carrot pomace flour blends.
Annals of Food Science and Technology.
2017;18(1):57-64.

Ezeocha VC, Ojimelukwe PC. The impact
of cooking on the proximate composition
and anti-nutritional factors of water yam
(Dioscorea alata). Journal of Stored
Products and PostHarvest Research,
2012; 3(13): 172-176.

Yu YT, Lu TL, Chiang MT, Chiang, W.
Physicochemical properties of water
soluble polysaccharide enriched fractions
of adlay and their hypolipidemic effect in
hamsters. J. Food Drug Anal.
2005;13(4):361-367.

Harijono TE, Dinar SS, Joni K. Effect of
Blanching on Properties of Water Yam
(Dioscorea alata) Flour. Advance Journal
of Food Science and Technology.
2013;5(10):1342-1350

Okoye EC, Njoku EU, Ugwuanyi GR.
Proximate composition, micronutrient
contents and acceptability of “ojojo” from
the blends of water yam and ricebean
flours. International Journal of Food
Science and Nutrition. 2018;3(5):5-10.
Ojinnaka MC, Okolie PI, Idorenyin BA.
Quality assessment of biscuits produced
from what-aerial yam-plantain flour blends.
International Journal of Food Science and
Nutrition. 2019;4(2):97-101.

Gul H, Hayit F, Acun S, Tekeli SG.
Improvement of quality characteristics of
gluten-free cookies with the addition of
xanthan gum. “Agriculture for Life, Life for
Agriculture”  Conference  Proceedings.
2018;1(1):529-535.
Available:https://doi.org/10.2478/alife-
2018-0083.

Muranga Fl, Mutambuka M, Nabugoomu
F, Lindhauer MG. Optimisation of raw
tooke flour, vital gluten and water
absorption in tooke/wheat composite
bread: Effect of raw tooke flour and vital
gluten on wheat flour physicochemical and
dough rheological properties. African



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Journal of Food Science. 2010;4(5):223-
230.

Dhingra S, Jood S. Effect of flour blending
on functional, baking and organoleptic
characteristics of bread. International
Journal of Food Science and Technology.
2004;39:213-222.

Yaseen AA, Abd El-Hafeez AS, Ramadan
MT. Corn-Wheat Pan Bread Quality as
Affected by Hydrocolloids. Journal of
American Science. 2010;6(10):721-727.
Devisetti R, Ravi R, Bhattacharya S. Effect
of hydrocolloids on quality of proso millet
cookie. Food Bioprocess Technology.
2015;8:2298-2308.

Salehi F. Improvement of gluten-free bread
and cake properties using natural
hydrocolloids: A review. Food Science and
Nutrition. 2019;7:3391-3402.

Rosland Abel SE, Yusof YA, Chin NL,
Chang LS, Mohd Ghazali H, Manaf YN.
Characterisation of physicochemical
properties of gum arabic powder at various
particle sizes. Food Research.
2019;4(1):107 -115.

Anton AA, Artfield SD. Hydrocolloids in
gluten-free breads: A review. International
Journal of Food Sciences and Nutrition.
2008;59(1):11-23.
Available:https://doi.org/10.1080/09637
48070 1625630.

Bojnanska T, Smitalova J, Vollmannova A.
Effect of the ad-dition of hydrocolloids on
the rheological and baking properties of
the products with added spelt flour

(Triticum  spelta |.). Potravinarstvo.
2016;10:157—-163.

Salehi F. Rheological and physical
properties and quality of the new

formulation of apple cake with wild sage
seed gum (Salvia macrosiphon). Journal of
Food Measurement and Characterization.
2017;11(4):2006—2012.
Available:https://doi.org/10.1007/s11694-
017-9583-5.

Rodge AB, Ghatge PU, Wankhede DB,
Kokate RK. Isolation, purification &
rheological study of guar genotypes RGC-
1031 and RGC-1038. J Arid Legumes.
2006;3:41-43.

Rodge AB, Sonkamble SM, Salve RV,
Hashmi SI. Effect of Hydrocolloid (guar

gum) Incorporation on the Quality
Characteristics of Bread. J Food Process
Technol. 2012;3:136.

Available:https://doi.org/10.4172/2157-
7110.1000136.

10

China et al.; AFSJ, 18(1): 1-11, 2020; Article no.AFSJ.60908

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

AACC. Approved Methods of Analysis, 11"
d.; Method 10-50.05. Baking quality of
cookie flour. Approved November 3; AACC
International: St Paul, MN, USA; 1999.
Akubor PIA. Protein content, physical and
sensory properties of biscuits prepared
from  soybean/maize  flour  blends.
Proceedings of the Nigerian Institute of
Food Science and Technology. 2004;48-
49.

AOAC. Official methods of Analysis of the
AOAC international (18" edn). Association
of Official Analytical Chemists Washington
D.C; 2005.

Iwe MO. Current trends in Sensory
Evaluation of Foods. Re-joint
Communication Service Limited. Enugu,
Nigeria. 2007;138.

Wang P, Tao H, Jin Z, Xu X. Impact of
water extractable arabinoxylan from rye
bran on the frozen steamed bread dough
quality. Food Chemistry. 2016;200:117-
124.
Available:https://doi.org/10.1016/j.foodche
m.2016.01.027.

Ashwini A, Jyotsna R, Indrani D. Effect of
hydrocolloids and emulsifiers on the
rheological, micro-structural and quality
characteristics of eggless cake. Food
Hydrocolloids. 2009;23:700-707.
Available:https://doi.org/10.1016/j.foodhyd.
2008.06.002.

Abdulwahab ID, Abubakar LG,
Nwachukwu NG, Mohammed A, Ibrahim
AS. Production and quality of biscuits
from composite flours. Journal of
Food Science and Engineering.
2018;8:241-247.
Available:https://doi.org/10.17265/2159-
5828/2018.06.003.

Ayo-Omogie HN, Odekunle QY.
Substituting Wheat Flour with Banana
Flour: Effects on the Quality Attributes of
Doughnut and Cookies. Applied Tropical
Agriculture. 2015;1:134-137.

Ighere DA, Dave-Omoregie AO, Abaku
NS. Proximate composition of biscuits
produced from wheat, yellow maize and
sesame flours. International Journal of
Agriculture and Food Science. 2018;1(1):1-
4.

Zambrano F, Despinoy P, Ormenese
RCSC, Faria EV. The use of guar and
xanthan gums in the production of light low
fat cakes. International Journal of Food
Science and Technology. 2004;39:959-
966.



43.

44.

45.

Available:https://doi.org/10.1111/j.1365-
2621.2004.00864.x.

Buckman ES, Oduro |, Plahar WA, Tortoe
C. Determination of the chemical and
functional properties of yam bean
(Pachyrhizus erosus (L) Urban) flour for
food systems. Food Science and Nutrition.
2018;6:457-463.
Available:https://doi.org/10.1002/fsn3.574.

Official Journal of European
Commission. COMMISSION
REGULATION (EU) No. 1047/2012.

Amending Regulation (EC) No 1924/2006
with regard to the list of Nutrition Claims;
2012.

Ullah F, Ahmad S, Wahab S, Alam Z,
Mansoor XK, Khan S, Kang M. Quality
evaluation of biscuits supplemented with
Alfalfa seed flour. Foods. 2016;5:68.
Available:https://doi.org/10.3390/foods504
0068.

China et al.; AFSJ, 18(1): 1-11, 2020; Article no.AFSJ.60908

46.

47.

48.

49.

Eke-Ejiofor J. Proximate and sensory
properties of African breadfruit and sweet
potato-wheat composite flour in cakes and
biscuits. International Journal of Nutrition
and Food Sciences. 2013;2(5):232-236.
Murad HA, Sahar HM, Asmaa G, Abu-El-
Khair Azab EA, Maha AK. Impact of
xanthan gum as fat replacer on
characteristics of low fat Kariesh cheese.
International Journal of Dairy Science.
2016;11(3):106-113.

Garcia PAS, Mojica EM, Martinez FML,
Lopez MG. Evaluation of Agave
angustifoliafructans as fat replacer in the
cookies manufacture LWT - Food Science
and Technology. 2017;77:100-109.

Ziobro R, Juszezak L, Witezak M, Korus J.
Non-gluten proteins as structure forming
agents in gluten free bread. Journal of
Food Science and Technology.
2016;53(1):571-580.

© 2020 China et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/60908

11



