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Abstract
A study was conducted on properties of Anchote (Coccinia abyssinica (Lam.)) flour and
its application for cookie production by blending with wheat flour. The experiment was
planned with two factors; Anchote blending ratios and baking temperatures. It consisted of
nine combinations of treatments executed in a completely randomized design (CRD). The
Anchote blending ratios were 10, 15 and 20% and the baking temperatures were 160,180
and 200°C. The functional properties such as water absorption, oil absorption, swelling
power, solubility and dispersibility of Anchote flour were 2.44 g/g, 1.92 mL/g, 11.48%,
41.53% and 67.33% while those of the wheat flour was 1.84, 2.18, 9.08, 35.87 and 73.66,
respectively with the relevant units indicated. Increasing the blending ratio of Anchote
significantly (p<0.05) affected the functional properties of the composite flours. The
physical properties of cookies of the composite flours such as spread ratio (6.87 to 10.07),
specific volume (1.6 to 1.88 cm3/g) and hardness (6.37 to 17.54 N) were significantly
(p<0.05) affected by the blending ratios and baking temperatures. Sensory acceptability
data of cookies showed that increasing the blending ratio resulted in reduced scores of all
attributes. However, all the scores were above 5.00 on the 7-point hedonic scale indicating
positive acceptance. With regard to baking temperature the highest score for each attribute
was scored for cookies baked at 180°C. Thus, it can be concluded that Anchote flour can
be blended with wheat flour up to 20% to produce cookies of good physical and sensorial
acceptable quality.

1. Introduction
Root and tuber crops are plants grown all over the
world in hot and humid regions, providing starchy roots,
corms, rhizomes, stems and tubers. Anchote (Coccinia
abyssinica (Lam.) Cogn.) is one of a tuber crop belongs
to the Cucurbitaceae family and conccinia genus having
over 30 species, about eight of which are believed to
occur in Ethiopia (Mengesha et al., 2012; Bekele et al.,
2013; Yambo and Feyissa, 2013; Yassin et al., 2013).
Anchote is used to treat bone fractures and displaced
joints among traditional communities in western
Ethiopia. It has also potential importance to be used to
fight protein deficiency in developing countries such as
Ethiopia (Hora, 1995). Abebe and Hagos (1991) reported
that juice prepared from Anchote has saponin as an
active substance and is used to treat gonorrhea,
tuberculosis and tumor cancer among local community
in the western part of Ethiopia. Moreover, Anchote has
been in use among local people to prepare a variety of
*Corresponding author.
Email: hailudeme@gmail.com

food items for traditional ceremonies, special food for
guests and animal fattening (Bekele, 2007).
Anchote tubers once harvested deteriorate rapidly,
mainly due to physiological changes and mechanical
damage during harvesting, transportation and handling.
The very short storage life after harvest has been
recognized as a limitation to the cultivation of the crop
(Okaka and Okaka, 2001). As a result, growers prefer to
convert the tubers into more stable forms such as chips
and flours so as to prolong the shelf life (Ayinde and
Dinrifo, 2001; Oyewole, 2002). Furthermore, the
development of value-added products from Anchote flour
could increase opportunities to expand the utilization of
Anchote and help to improve the economy of various
Anchote-producing areas. According to some scientific
research, traditional processing of Anchote will improve
palatable and digestibility of Anchote than that of raw
Anchote but, boiling of Anchote during traditional
processing would cause nutrition losses (Habtamu et al.,
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2013). However, limited researches or no information is
available on the functional properties of the Anchote
flour that would affect Anchote products quality.
Cookies are convenient snacks product dried to a
very low moisture content, which is taken among young
people and adult to provide energy. Traditionally,
cookies are made from wheat flour but small quantities
of other cereal flours or starches can also be added to
give special flavor or structural properties. In recent
years, the interest in high fiber content in foods has
greatly increased. High dietary fiber supplemented
cookies have been prepared by replacing wheat flour
with cereal by-products and tuber crops (Sudha et al.,
2007). Considering the nutritional status of Anchote, it
has more than twice of the protein, ash and dietary fiber
content that of root crops and containing high amounts of
calcium, potassium and iron (Habtamu and Kelbessa,
1997; Habtamu, 2011).
Baking is a complicated process and optimum
conditions vary with the type of food being prepared and
even with specific formula within the food type (Xue and
Walker, 2003). Moreover, Baik et al. (2000) mentioned
that final product properties are not only affected by the
formulation (choice and quantity of ingredients), but also
by processing conditions. Basically, processing
conditions affect starch and protein properties and hence
the food’s quality. It resulted from the heat that is being
transferred into the food causing changes in protein
denaturation and starch gelatinization both within the
product and its surface. Baking time and temperature
highly influence heat transfer and the quality of a baked
product, due to complex physicochemical interactions
that occur between the ingredients, leading to the
difference, primarily in texture, aroma and color of the
products (Shibukawa et al., 1989).
Anchote being among few indigenous vegetable
crops in Ethiopia that has been historically given low
attention in terms of research as well as production is not
well developed and popularized, despite its food and
nutrition security and other functional potentials
(Habtamu et al., 2013). Anchote is a perishable item with
a high content of moisture and carbohydrate that
facilitates microbial growth, which requires the removal
of moisture during processing. In addition, the
substitution of Anchote ﬂour to wheat ﬂour for cookies
making is an important avenue toward economic
utilization of this crop and can be important for celiac
diseases prevention due to the fact that Anchote is gluten
-free tuber crop. Thus, studying the characteristics of
Anchote flour and analyzing the physical quality of
Anchote composite flour cookies is important. Due to
this the present study was, therefore, mainly envisaged
eISSN: 2550-2166

with the objective of investigating wheat - Anchote
(Coccinia abyssinica (Lam.)) composite flours for
cookies production.
2. Materials and methods
2.1 Experimental material
The Anchote used for this study was procured within
24 hrs of harvest from Nekemte farm gate market. Wheat
(Triticum astivum L.) grain of variety “Hawi” was
procured from Kulumsa Agricultural Research Center.
Other ingredients such as salt, sugar, margarine, baking
powder and eggs were purchased from local markets
nearby Haramaya University. Anchote preparing and
drying were performed at Wollega University in Food
Science and Nutrition Laboratories. Cookies preparation
and sensory evaluation were carried out at Haramaya
University in Food Science and Central Laboratories.
2.2 Experimental design
The experiment consisted of two factors: three
blending ratios and three baking temperatures as shown
in Table 1. Whole wheat flour sample was taken as a
control. The experiment was done in a completely
randomized design (CRD) for preparing cookies
samples. The treatments were run in three replications.
Table 1. Experimental layout
Factor 1
(Blending Ratio)
B1
B2

Factor 2 (Baking Temperature)
T1
T2
T3
B1T1

B1T2

B1T3

B2T1

B2T2

B2T3

B3
B3T1
B3T2
B3T3
C
CT1
CT2
CT3
W = Control (wheat flour 100%), B1 = 90% wheat flour and
10% Anchote flour, B2 = 85% wheat flour and 15% Anchote
flour, B3 = 80% wheat flour and 20% Anchote flour. T1 = 160°
C, T2 =180°C, T3 = 200°C

2.3 Preparation of Anchote flour
Anchote flour was prepared according to Habtamu et
al. (2013) method as shown in Figure 1. The selected
tubers were peeled using a sharp stainless-steel knife and
sliced using a slicer to obtain a thickness of 6 mm; the
sliced product was washed in water and placed on a sieve
to remove excess water. It was then dried in cabinet oven
dryer (Memmert, model 765, Germany) at 50°C with a
constant circulating air velocity for 24 hrs. After drying,
the material was pulverized separately using a laboratory
hammer mill (Nima, model NM8300, Japan) and sieved
through a 350μm size screen to obtain flour with uniform
particle sizes. The flour samples were separately
packaged in polyethylene bags until used for analysis
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and stored at room temperature.
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2.6. Determination of functional properties of wheat,
Anchote and composite flours

Whole wheat flour was obtained by cleaning and
removing dirt, stones and other extraneous materials and
then the husk was removed. The flour was milled by
laboratory miller (Model 3510-011p Collins, USA). The
flour was then sieved through a 350 μm sieve size to
obtain fine flour. The flour was sealed in a polyethylene
bag and stored at room temperature (Peter et al., 2017) as
shown in Figure 1.

2.6.1 Water absorption capacity
Water absorption capacity was determined by the
method of Sze and Sathe (2000) using the following
formula. Water-holding capacity was expressed as gram
of water held per gram of flour sample.
(4)

Where W3 is the weight of empty tube and sample after
centrifuged and decanted; W2 is the weight of empty tube
and sample before centrifuging; and W1 is the weight of
sample.
2.6.2 Oil absorption capacity
Oil absorption capacity (OAC) was determined using
the method of AOAC (2000) using the following
formula:
(5)

Figure 1. Flow chart for preparation of Anchote flour
(Habtamu, 2013) and wheat flour

2.5 Determination of physical properties of wheat,
Anchote and composite flours

2.6.3 Swelling power
Swelling power and solubility determinations was
carried out in the temperature range of 60-90°C using the
method of Leach et al. (1959) by the following formula:
(6)

2.5.1 Particle size distribution

The particle size distribution of flour samples
obtained from the blends of wheat and Anchote flour was
carried out using a sieve analysis technique as described
by Lesego (2014) using the following formula:
(1)

Where Wsieve is the weight of the aggregate in the sieve,
and Wtotal is the weight of the total aggregate.
2.5.2 Angle of repose
The angle of repose was the angle formed by the
horizontal base of a pile of flour and the inclined surface
of a cone-like pile of flour and calculated by (Jan et al.,
2015) using the following relations
(2)

Where Φ = angle of repose (°); h = height of the heap
(mm); and d = diameter of the base of the heap (mm)
2.5.3 Bulk density
The bulk density of the flour samples was
determined according to the method of Giami et al.
(1992) by using the following formula.
(3)
eISSN: 2550-2166

(7)

2.6.4 Dispersibility
Dispersibility was determined using the method
described by AACC (2000). Flour sample of 10 g was
weighed into 100 mL measuring cylinder and water was
added to reach the volume of 100 mL. The set up was
stirred vigorously and allowed to stand for three hours.
The volume of settled particles was recorded and
subtracted from 100. The differences reported as
percentage dispersibility.
% Dispersibility = 100 - Volume of settled particle (8)

2.7 Cookie Preparation
Cookies were prepared according to the method of
Manley (1998). Flour about (100 g) from each sample of
different flour blends, margarine (10 g), sugar (2 g),
baking powder (1 g), egg (50 g), salt (1 g) and 50 mL of
water was added. The dry ingredients (composite flour,
sugar, salt and baking powder) were mixed until uniform
mixtures of the ingredients were obtained. The egg was
added and the mixtures were kneaded. The dough was
rolled on a ﬂoured board using a rolling pin to a
thickness of 0.50 cm. The rolled batter was cut into
© 2020 The Authors. Published by Rynnye Lyan Resources
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circular shapes with cookies of 5.5 cm diameter and
arranged on a greased tray and baked at different
temperature. The baking temperature for Anchote
composite flour cookies was tested at different
temperatures of (160°C, 180°C and 200°C) at a constant
time (20 mins). The cookies were cooled at ambient
temperature for 30 mins and packaged in polyethylene
bag until used for laboratory analysis.

breaks. A texture analyzer, with the 50 N load cells, was
used to measure the force needed for cookie hardness
analysis in compression mode. The cookies were
analyzed at a test speed of 70 mm/min. The maximum
force required to break a single cookie was recorded and
the average value of 10 cookies for each batch recorded.

2.8 Physical analysis of cookies

The color values of the cookies were measured in
three different zones of the crust using a digital
spectrophotometer Mini Scan EZ (Model: Cr-10
Minolta, Japan), which was provided with the software.
A chromometer was calibrated with the standard black
and white color. The results were the averages of three
measurements using CIELAB L*; a* and b* values. L*
value is the lightness variable from 100 for perfect white
to zero for black; while a* and b* values are the
chromaticity
values,
+redness/-greenness
and
+yellowness/blueness, respectively (Palatnik et al.,
2015). Whiteness Index (WI) for each sample was
calculated according to the following equation (Zhu et
al., 2009).

2.8.1 Spread ratio
Diameter and thickness were measured with a ruler
at three deferent places in each cookie and the average
was calculated for each. The average of six cookies was
recorded for each batch. In order to determine the
cookie, the spread ratio (SR) was calculated using the
following equation (Chauhan et al., 2015):
SR = Diameter of cookies / Thickness of cookies

(9)

2.8.2 Specific volume of the cookies
The specific volume (SV) of the cookies was
determined by the seed displacement method (AACC
2000) 2 hrs after baking was done. In order to find the
specific volume of the cookies, first, the cookie was
weighed and then placed into a container, which had a
known volume. Then, the rape seeds were added, and the
tapping process began. After tapping, the container filled
with the cookie and rape seeds were re-weighed. If the
different value read, more rape seeds were added, and
the surface was smoothed by the help of a ruler. The
same procedure continued until a constant weight was
measured. The bulk density of the rape seeds was
measured by the same procedure and calculated as 0.665
g/cm3. The volume of the cookies was calculated:
Wseeds = Wtotal - Wcookies – Wcontainer

(10)

Vseeds = Wseeds / ρseeds

(11)

Vcookie = Vcontainer – Vseeds

(12)

Where W represents the weight (g), V is the volume
(cm3);
and
ρ
is
the
density
(g/cm3).
The specific volume was calculated by dividing the
volume of the cookies by its weight;
SVcookie = Vcookie/ Wcookie

(13)

2.8.3 Textural profile analysis (hardness)
The textural characteristics of the cookies were
determined by Pareyt et al. (2008) using textural
analyzer (Stable Micron Systems TA.XT plus, USA). In
this test, two beams at a known distance support the
product. A third beam was brought down through the
product at a point equidistant from both support beams.
With a blade (70 mm wide and 3 mm thick), a downward
movement of the top beam was exerted until the product
eISSN: 2550-2166

2.8.4 Color measurement.

(14)
(15)

WI = 100 - [(100 –L*) 2 + a*2 +b*2] ½

(16)

The total color change, ΔE of the cookies from the
reference is:

ΔE = ((L0- L)2 + (a0 - a)2 + (b0 - b)2)½

(17)

Where L0 = 100, a0 = 0 and b0 = 0
2.9 Sensory evaluation
The sensory evaluation was carried out using 7-point
hedonic scale according to (Lawless and Heymann,
1999).The sensory assessments were conducted by 30
panelists, who had been randomly selected from
Haramaya University Department of Food Technology
and Process Engineering with no addiction problem.
They were requested to evaluate sensory attributes such
as visual color, taste, aroma, crispiness and overall
acceptability of the cookies. Orientations were given to
the panelists on the procedure of sensory evaluation and
instructed to rinse their mouth with water after tasting
each cookies sample.
2.10 Statistical data analysis
All the data collected were analyzed using analysis
of variance (ANOVA) using SAS 9.1 software package
(SAS Institute Inc., Cary, NC). The differences between
means were compared using Fisher’s least significant
difference (LSD) at a probability level of 5%.

© 2020 The Authors. Published by Rynnye Lyan Resources
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3. Results and discussion

Physical properties of granular solids play a
significant role in their flow behavior and storage and
thus are essential to design appropriate, efficient,
economic bulk handling and storage equipment.
3.1.1 Moisture content
The moisture content of Anchote and wheat flour
were 7.68% and 10.78% respectively on wet basis with
significant (p<0.05) difference between them (Table 2).
Similar findings were reported by Habtamu (2011) and
Demelash (2016) were the moisture content value of
Anchote flour was 9.78 and 7.28% respectively.
Composite flours of 10, 15 and 20% of Anchote had
moisture content values 10.33, 9.77 and 9.00%,
respectively, with a significant (p<0.05) difference
between the highest and the lowest values. This can be
explained by the fact that Anchote flour contained less
water (7.68%). This result was in line with the findings
reported by Temesgen et al. (2015), there was a decrease
in the moisture content with increase the proportion of
orange fleshed sweet potato (OFSP) flour in wheat orange fleshed sweet potato composite flours, which was
attributed to the less moisture content of OFSP (7.36%)
than soft wheat flour (10.5%). The decrease in moisture
level with an increase in the level of substitution might
serve as an indication of increasing storage stability of
the composite flours. The lower moisture contents of
composite flours implied better shelf life and denser
nutrient composition.
3.1.2 Crude fiber
The mean values of crude fiber content for wheat
and Anchote flour were 0.85% and 2.93% respectively
with significant (p<0.05) difference between them (Table
2). There were significant (p<0.05) differences in the
crude fiber content for composite flours due to various
blending ratios. The crude fiber content of the composite
flours increased from 0.85% in control whole wheat
flour sample to 0.99, 1.17 and 1.38% in the composite
flours with the increase in ratio of Anchote in the order

of 10, 15 and 20%, respectively. Similarly, result was
reported by previous researcher Demelash (2016),
showing the fiber content increment with increasing
substitution level of Anchote flour in wheat-Anchote
composite flours for bread making. According to the
author, Anchote tuber was relatively higher in both ash
and fiber content. Also, this study was in line with the
finding reported by Abebe et al. (2018), who showed
that the fiber content increased with increasing level of
incorporation of Anchote flour in wheat-Anchotesoybean composite flours.
The values of the fiber content of Anchote flour in
this study agreed with the findings reported by Habtamu
(2014), who noticed comparable crude fiber content
(2.58%) but, much higher than 1.7% reported by Agren
and Gibson (1969). Also, other study was reported by
Beruk et al. (2015) the crude fiber contents were
between 4.28 - 8.91% in Dicho accessions grown in
Hawassa and Wondo Genet and 3.94 % as indicated by
Abebe et al. (2018). Crude fiber is derived from tuber
extractions and may vary in a greater extent due to the
techniques and sieves that used for the removal of
fibrous material.
3.1.3 Angle of repose
The mean values of Angle of repose were 31.23° for
Anchote and 37.93° for wheat flour with significant
(p<0.05) difference among them (Table 2). Ogunsana et
al. (2016) reported that the angle of repose for cassava,
white yam and cocoyam flours were in the range from
31.43° to 32.94°, while for sorghum and wheat it was
39.65 and 38.83°, respectively. These results indicate
that root and tuber crop flour have a lower angle of
repose than cereal flours.
The angle of repose of the composite flours
significantly (p<0.05) decreased as the Anchote flour
incorporation increased in composite flours. The values
of angle of repose reduced to 37.49, 36.14 and 35.96° as
the Anchote blending ratio increased to 10, 15 and 20%,
respectively. This was due to the fact that Anchote flour
had a higher proportion (65%) of larger particle size
(≥150 µ) and lower moisture content (7.68%) than wheat

Table 2. Physical properties of wheat, Anchote and composite flours
Treatments
Moisture (wb%)
Crude Fiber (%) (wb%) Angle Repose (°)
Bulk Density (g/mL)
W
10.78±0.84a
0.85±0.01e
37.93±0.37a
0.66±0.01d
d
a
d
A
7.68±0.50
2.93±0.01
31.23±0.59
0.82±0.02a
10.33±0.00ab
0.99±0.09d
37.49±1.10ab
0.68±0.01cd
B1
bc
c
bc
9.77±0.50
1.17±0.03
36.14±1.07
0.70±0.01c
B2
c
b
c
9.00±0.33
1.38±0.05
35.96±0.62
0.73±0.01b
B3
LSD
0.93
0.09
1.47
0.03
CV%
5.53
3.43
2.26
2.52
Values are expressed as means ± SD. Values in the same column with different superscript letters are significantly different from
each other (p<0.05).
eISSN: 2550-2166
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flour. Higher moisture content reduces movement of
particles, hence flow of particulate materials leading to a
greater angle of repose and vice versa. Smaller particle
size results in more contact surface area thus more
friction between particles leading to a larger angle of
repose and vice versa. A comparable result was observed
by Mateusz et al. (2013) that compared the angle of
repose for maize starch (36°), wheat starch (from 42 to
56°) and potato starch (33.65°) flour. The larger particle
size of the potato starch resulted in less angle of repose.
Additionally, Jan et al. (2015) finding reported the angle
of repose for commercial rice flour was found to be
66.57°. For this reason, the parameter is important in
proper design of hoppers to maintain the continuous flow
of the rice flour, which must be larger than the angle of
repose of rice flour. The angle of repose above 50° is an
indication of poor flow characteristics of powder
(Adebayo and Itiola, 2003).
3.1.4 Bulk density
Bulk density mean values were 0.66 g/mL for wheat
flour and 0.82 g/mL for Anchote flour with significance
(p<0.05) differences between them (Table 2). The
recorded bulk density values of the composite flours
were 0.68, 0.70 and 0.73 g/mL for Anchote blending
ratios of 10, 15 and 20%, respectively, with significance
(p<0.05) difference between the highest and the lowest
values. This was due to the higher (0.82 g/mL) bulk
density of the Anchote flour. According to findings
reported by Habtamu (2013), the bulk density value of
Anchote flour ranged from 0.73 to 0.83 g/mL. This
variation in bulk density outcome between different
treatments of the flour was due to the bulk density of
flours are affected by the particle size and density of the
flour (Ajanaku et al., 2012). Flours with high bulk
density have been known to be good for mixing purposes
whereas those with lower bulk density may find a better
usage in the baby food industry. Low bulk density of the
ﬂours may be considered advantageous when
determining transportation cost and space requirement;
as less space will be required for packaging of the ﬂours.
3.2 Functional properties of wheat, Anchote and
composite flours
3.2.1 Water absorption capacity (WAC)
Table 3 depicts the water absorption capacity data of
wheat, Anchote and their composite flours. The water
absorption capacity values were 1.84g/g for wheat and
2.44 g/g for Anchote flour with a significant (p<0.05)
difference between them. Earlier researcher Habtamu
(2013) reported a comparable result for the WAC of
Anchote flour, which ranged from 1.93 to 2.13 g/g while,
as a comparison, the WAC for sweet potato and cassava
flour were 2.37 g/g and 1.66 g/g respectively (Eriksson
eISSN: 2550-2166

et al., 2014; Ehimen et al., 2017).
As the blending ratio of Anchote flour increased for
the composite flours, from 10, 15 and 20% the WAC
values increased from 1.86, 2.04 and 2.13 g/g,
respectively, with a significant (p<0.05) difference
between the highest and the lowest values. This could
indicative of the fact that addition of Anchote flour to
wheat flour confers high water binding capacity to the
composite flour, which in turn improves the
reconstitution ability (Ajanaku et al., 2012) and textural
properties of dough obtainable from wheat–Anchote
composite flours. The same trend for WAC was reported
by Eriksson et al. (2014), who showed that as the
substitution level of cassava flour increased the water
holding capacity of wheat-cassava composite flours
increased. According to Adetuyi et al. (2009), the flour
with higher water absorption capacity could be used as
thickener in liquid and semi-liquid foods since the flour
has the ability to absorb water and swell for improved
consistency in food. Hence, the Anchote flour has high
water holding capacity it is best to select as raw material
for the bakery products and others.
3.2.2 Oil absorption capacity (OAC)
The values of oil absorption capacity were 1.92 mL/
g for Anchote and 2.18 mL/g for wheat with a significant
(p<0.05) difference between them. Significant (p<0.05)
differences were also observed in OAC of the composite
flours due to various blending ratios. The values for the
composite flours decreased from 2.18 mL/g for whole
wheat flour sample to 2.14, 2.10 and 2.08 mL/g in the
composite flours with the increase in the ratio of Anchote
flour in the order of 10, 15 and 20%, respectively. The
higher the oil absorption capacity of a flour sample, the
better the cookie quality. The same trend pattern was
reported by Adeleke and Odedeji (2010) who showed
that the fat absorption capacity decreased as more and
more sweet potatoes was incorporated in wheat - sweet
potato composite flours, indicating the diluting effect of
sweet potato flour on wheat flour fat absorption capacity.
Oil absorption index was important since oil acts as
flavor retainer and increases the mouth feel of foods,
improvement of palatability and extension of shelf life
particularly in the bakery where fat absorptions are
desired (Julianti et al., 2015).
3.2.3 Swelling power of flours
The mean values were 9.08 g/g for wheat and 11.48
g/g for Anchote flour with significant (p<0.05) difference
between the two. The high swelling power of Anchote
flour could be in fact attributed to its low protein and
high carbohydrate content; hence, swelling power of
flours is often related to their protein and starch contents
© 2020 The Authors. Published by Rynnye Lyan Resources
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In case of the composite flour, there was no
significant (p>0.05) differences observed among the
values of the three composite flours and yet numerically
the values increased with increase in Anchote blending
ratio. The higher the substitution levels the higher the
rate at which the flour swell. Similar trend result was
reported by earlier researcher Eriksson et al. (2014) who
showed that the swelling power of blended flours
increased with increase cassava flour in wheat – cassava
blended flours.
3.2.4 Solubility
The solubility values for the control sample and
composite flours are displayed in Table 3. The values
were 35.87% for wheat flour and 41.53% for Anchote
flour with a significant (p<0.05) difference between
them. According to a study reported by Habtamu (2013),
the solubility values for Anchote flour ranged from 48.10
to 54.23%. Also, Chiemela et al. (2013) showed that the
solubility values ranged from 3.95 to 32.19% for cassava
starch. In this study the solubility of the composite flours
significantly (p<0.05) increased as the Anchote flour
incorporation increased in composite flours. The values
increased to 36.75, 37.33 and 38.40% as the Anchote
blending ratio increased to 10, 15 and 20%, respectively.
High solubility implies high leaching. The solubility of
the starch is believed to be affected by factors such as
inter- associative forces, swelling power, presence of
surfactants and other associative compounds (Sibanda
and Sychawska, 2000). Flour with a very high solubility
may result in a soggy and less cohesive dough when
applied in baking.

3.2.5 Dispersibility
The dispersibility value for Anchote and wheat flour
were 67.33 and 73.66%, respectively, with significant
(p<0.05) difference from each other. For comparison, a
similar result was reported by Ogunisina et al. (2016)
who showed that the dispersibility for cassava, yam,
maize and wheat were 69.00, 65.00, 68.1 and 71.1%,
respectively. The dispersibility value for 100% wheat
flour was higher than wheat-Anchote composite flours
samples. The dispersibility of the composite flours
indicated that the increase in the blending ratio of the
Anchote flour resulted in a decreased dispersibility of the
composite flours. Composite flours of 10, 15 and 20%
Anchote had dispersibility values of 72.33, 71.66 and
70.00%, respectively, with a significant (p<0.05)
difference between the highest and the lowest values.
The same trend was reported by previous work of
Oluwakemi et al. (2017) that showed that the
dispersibility of composite flours decreased with
increasing the ratio of high - quality cassava (HQCF) in
wheat- HQCF-mushroom flour which ranged from 62.10
to 72.00%. Dispersibility is an index of the ease of
reconstitution of flour into a fine consistency paste
during stirring (Adebowale et al., 2008). Flour
dispersibility can also give an indication of particles
suspensibility in water, which is a useful functional
parameter in various food products formulations.
3.3 Physical properties of cookies

3.3.1 Spread ratio
The spread ratio is an important characteristic for
determining the quality of cookies. The spread factors of
cookies had significant (p<0.05) differences due to
blending ratio and baking temperature but no significant
(p>0.05) difference due to the interaction as shown in
Table 4. The highest spread ratio 9.47 was for cookies
with 20% Anchote and baked at 200°C and lowest values
7.99 for cookies prepared from whole wheat and baked
at 160°C. Both factors of the blending ratios and baking
temperatures had an equal effect on the spread ratio of
cookies.

Cookies with higher spread ratios are considered the
Table 3. Functional properties of wheat, Anchote and composite flours
Treatments Water Absorption (g/g) Oil Absorption (mL/g) Swelling power (g/g)
Solubility (%)
Dispersibility (%)
W
1.84±0.01c
2.18±0.01a
9.08±0.08c
35.87±0.82d
73.66±0.57a
a
e
a
a
A
2.44±0.00
1.92±0.01
11.48±0.87
41.53±0.81
67.33±0.57d
1.86±0.09c
2.14±0.00b
9.19±0.05bc
36.75±0.81cd
72.33±1.15ab
B1
b
c
bc
bc
2.04±0.06
2.10±0.01
9.58±0.15
37.33±0.57
71.66±1.52bc
B2
b
d
b
b
2.13±0.04
2.08±0.01
9.83±0.16
38.40±0.35
70.00±1.00c
B3
LSD
0.12
0.02
0.73
1.27
1.87
CV%
3.39
0.64
4.10
1.84
2.14
Values are expressed as means ± SD. Values in the same column with different superscript letters are significantly different from
each other (p<0.05).
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(Woolfe, 1992). A similar finding was reported by
Habtamu (2013), which ranged from 9.36 to 12.58 g/g.
As a comparison, the swelling power of cassava flour
was 7.38 to 12.04% as reported by Eriksson et al. (2014),
swelling power values of starches from rice cultivar were
in the range of 2.11 to 3.68% and swelling power of
wheat flour were in the range of 7.5 to 10.8% (Ashogbon
and Akintayo, 2012).
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most desirable (Ayo et al., 2007). The increase in the
spread ratio could be attributed to the increased number
of hydrophilic sites in the dough mixture leading to
increased water absorption and swelling index. This may
be due to the higher fiber and solid matter content and
also high-water holding capacity of the Anchote flour.
The similar trend increment was reported by Olapade
and Adeyemo (2014) that showed that the spread ratio of
the composite flours increased with increase the
substitution of cassava flour in wheat - cassava - cowpea
composite flours cookies.
Table 4. Effect of interaction of Anchote blending and baking
temperature interaction on the physical property of cookies.
Code
WT1
WT2
WT3
B 1T 1
B 1T 2
B 1T 3
B 2T 1
B 2T 2
B 2T 3
B 3T 1
B 3T 2
B 3T 3
LSD

Spread ratio Specific volume (cm3/g)
7.99± 0.15c
2.03±0.02a
8.06±0.09bc
1.92±0.01b
8.07±0.13bc
1.68±0.04de
bc
8.01±0.02
1.98±0.01ab
8.37±0.06abc
1.82±0.09c
8.50±0.16abc
1.70±0.05de
abc
8.61±0.36
1.75±0.05cd
8.93±0.14ab
1.71±0.04de
9.24±0.27ab
1.58±0.06f
ab
8.88±0.60
1.73±0.08cd
9.45±0.18a
1.63±0.04ef
9.47±0.34a
0.97

1.56±0.07f
0.09

Hardness (N)
4.13±0.02i
5.98±0.25h
9.00±0.37g
6.56±0.39h
9.13±0.40g
11.51±0.12e
10.52±0.14f
11.52±0.98e
14.25±0.81d
16.95±0.13b
15.71±0.65c
19.98±0.16a
0.79

Values are expressed as means ± SD. Values in the same
column with different superscript letters are significantly
different from each other (p<0.05).

3.3.2 Specific volume of the cookies
The results of the effect of blending ratio and baking
temperature on specific volume are presented in Table 4.
The specific volume was significantly (p<0.05) affected
by the blending ratio, baking temperature and their
interaction. The specific volume of the composite
cookies decreased as the substitution level of Anchote
flour increased. This could be due to the presence of high
fiber content in the Anchote ﬂour, which might interfere
in the structure of the matrix, diminishing the gas
retention capacity in the dough and due to low protein
(gluten) content in Anchote replaced. This study was in
line with the study conducted by Jemziya and
Mahendran (2015), who stated that as substitution level
of sweet potato flour increased in wheat-sweet potato
composite cookies the specific volume of samples would
decrease.
The specific volume values for control cookies
exhibiting significant higher (2.09 to 1.68 cm3/g) as
compared to the lower values (1.73 to 1.56 cm3/g)
having 20% Anchote flour. It can be seen that the
eISSN: 2550-2166

Anchote blend reduced the gluten content, which makes
gas retention in the dough. Similarly, the specific volume
of cookies decreases as the baking temperature of
cookies increased. The specific volume of cookies was
equally influenced by both factors.
3.3.3 Textural profile (hardness)
The breaking strength refers to the force required to
break the cookies. Hardness is measured by peak force to
break the cookie. The breaking force was found to be an
indicator of the crispness of cookies. Lower breaking
force corresponds to higher crispness while the greater
breaking strength indicates the greater hardness of
cookies structure (Anis et al., 2014). The hardness of
cookies was highly significantly (p<0.05) different due
to various blending ratio, baking temperature and their
interaction. However, increasing the substitution ratio of
Anchote resulted in increased hardness of cookies. This
increment in hardness and fracturability during
increasing replacement level of Anchote flour in
composite flours may be due to the lesser fat content of
Anchote than that of wheat and also the fiber content in
Anchote flour would compact the structure of the dough.
Similar, results were also reported by Singh et al. (2011)
who stated that high-fat content increases brittleness due
to migration of moisture from the center to the surface
that causes breakage. The hardness of cookies
significantly (p<0.05) increased as the baking
temperature of cookies increased. This is maybe due to
high baking temperature remove more amount of water
from the cookies during baking.
3.3.4 Colour of cookies
Colour, certainly is an indispensable sensorial
attribute for characterizing food and judging its quality.
Color of the cookie samples, expressed in terms of tristimulus attributes, L*, a* and b* values, as presented in
Table 5 and Figure 2.
The L* value which shows lightness of the products
were significantly (p<0.05) different due to blending
ratio and baking temperatures. The interaction between
blending ratios and baking temperatures did not bring
significant (p>0.05) difference on the L* values of
cookies, as shown in Table 5. However, reduction in the
values of L* indicated that the composite cookies are not
as white as those of the control sample. This study was in
line with the study conducted by Chauhan et al. (2016),
who showed that the L* value for cookies made from
wheat-amaranth composite flours decreased as the
incorporation level of amaranth flour increased.
The baking temperatures also had significant
(p<0.05) effect on the lightness of the flour. This means
© 2020 The Authors. Published by Rynnye Lyan Resources
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Figure 2. Wheat-Anchote cookies

The a* values are indicative of the red or green color
(positive
value
indicates
red
and
negative
value indicates green) and are shown in Table 5. The a*
was significantly (p<0.05) affected by the blending ratio
and baking temperature but, their interaction was not
influenced. The a* value of wheat-Anchote composite
flours cookies increased as the incorporation level of
Anchote flour increased. Similarly, the a* value of the
cookies increased as the baking temperatures of the
cookies increased. The baking temperature were

inversely proportional with the L* value but, a* and b*
values are directly proportional to baking temperature.
This is mainly due to the fact that the rate of brown
pigment formation increases with temperature (Das et
al., 2012).
The b* color value indicates the yellow or blue
colors (a positive value indicates yellow and negative
value indicates blue) are shown in Table 5. The b*
values were significantly (p<0.05) different due to
blending ratio, baking temperature and their interaction.
The cookies containing Anchote flour had significantly
(p<0.05) higher b* values than the control cookies. The
b* value of wheat-Anchote composite flours cookies
increased as the baking temperature of the cookies
increased. Generally, baking temperature exhibited a
kind of domination during interaction with the blending
ratio in that similar trend persisted among the cookies
with different baking temperature. The b* values ranged
from 23.24 for cookies with whole Anchote and baked at
160°C to 28.65 for cookies with 20% Anchote and baked
at 200°C, with statistically (p<0.05) difference between
them.
Whiteness indices (WI) are widely measured to yield
numbers correlating closely with consumers’ preferences
for white colors. The WI represents the overall whiteness
of food products that may indicate the extent of
discoloration during the drying process (Hsu et al.,
2003). WI indicates the degree of whiteness. The
recorded values of WI ranged from 67.64 to 73.77, as
shown in Table 5, with significant (p<0.05) difference
due to blending ratio, baking temperature and their
interaction. The cookies having Anchote flour had lower
WI than the control cookies. The WI of cookies
decreased as the baking temperature increased.

Table 5. Effect of Anchote blend and baking temperature interaction on the color of cookies
Code
L*
a*
b*
WI
ΔE
WT1

66.24±0.74a

10.64±0.78c

23.24±2.24c

73.77±2.16a

42.36±1.68d

WT2

65.20±0.94ab

11.05±0.45bc

26.00±1.57bc

70.22±1.59bcd

45.42±1.44d

WT3

63.75±1.91bc

11.91±0.93bc

26.20±0.54ab

70.58±0.16bc

46.29±1.48cd

B1T1

64.25±1.07bc

10.95±0.55bc

25.58±0.17bc

71.53±0.10ab

45.30±0.93d

B1T2

63.41±0.43

bcd

bc

ab

bcd

46.64±0.70bcd

B1T3

63.90±0.13bc

12.85±0.42ab

27.25±0.70ab

69.26±0.44bcd

47.02±0.23bcd

B2T1

64.33±1.21bc

11.75±0.59bc

26.33±0.28ab

70.55±0.11bc

45.86±1.00cd

B2T2

63.88±0.47bc

12.11±1.41abc

27.01±0.68ab

69.76±0.70bcd

46.71±0.65bdc

B2T3

63.46±1.0bcd

12.82±1.50ab

28.46±0.56ab

67.64±0.57d

48.43±0.50ab

B3T1

62.88±0.88cd

11.99±1.63bc

27.68±0.91ab

69.20±1.37bcd

47.85±0.98abc

B3T2

62.87±1.09cd

14.07±1.55a

26.56±4.14ab

69.25±3.61bcd

47.89±1.98abc

B3T3

61.80±1.56d

12.68±2.04ab

28.65±2.79a

68.04±3.26cd

49.49±0.25a

12.02±0.58

26.30±0.87

70.44±0.59

LSD
1.80
1.97
2.91
2.85
1.94
Values are expressed as means ± SD. Values in the same column with different superscript letters are significantly different from
each other (p<0.05).
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the L* value of blended flour cookies decreased as the
baking temperature of the cookies increased. This may
be attributed to the interaction of protein and sugar
during baking resulting in a higher degree of Maillard
reaction (Chefel et al., 1989), and caramelization which
is a direct degradation of sugars due to high temperature.
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Total color difference (ΔE) indicates the magnitude
of color difference between stored and control samples
(Patras et al., 2011). The values of ΔE were significant
(p<0.05) difference due to the blending ratio and baking
temperature. The ΔE color value for cookies increased as
incorporation level of Anchote flour increased similarly
ΔE of cookies significantly (p<0.05) increased as baking
temperature of cookies increased. The total color change
(ΔE) of cookies did not exhibit significant (p>0.05)
differences due to the interaction between blending ratios
and baking temperatures (Table 5). In fact, the cookies
samples with 20% Anchote proportion baked at three
baking temperature had ΔE values of 47.85 to 49.49 with
significant (p<0.05) difference from 42.36 to 46.29 for
control. On the other hand, the sample with 10% Anchote
and whole wheat had the lowest ΔE ranging from 42.36
to 46.71 with no statistically (p>0.05) difference from
each other.

lead to cookies of lower color acceptability scores.
However, replacing 10% Anchote flour in composite
cookies did not cause significant (p>0.05) difference
from the control cookies. Thus, the score for color
indicates various levels of liking in the 7- point hedonic
scale. The color acceptability of cookies was more
dominantly affected by baking temperature. The cookies
baked at moderate temperature (180°C) significantly
higher color acceptable scores than that of the cookies
baked at the 160 and 200°C baking temperatures. The
darker color may be due to the Maillard reaction between
reducing sugars and protein, which is normally
encountered and desirable in baked goods (Dhingra and
Jood, 2000).
3.4.2 Taste

Taste is the primary factor that determines the
acceptability of any product, which has the highest
impact as far as the market success of the baking
3.4 Sensory evaluation of cookies
product, is concerned. There were significant (p<0.05)
A seven-point hedonic scale was used to evaluate the differences due to blending proportions and baking
acceptability of cookies in the sensory attributes. The temperatures. The interaction between blending ratios
results of the sensory evaluation such as color, taste, and baking temperatures did not bring significance
aroma, crispness and overall acceptability of cookies (p>0.05) difference on taste score of cookies as shown in
sample were judged by panelists as shown in Table 6.
Table 5. The taste acceptability scores decreased as the
Anchote incorporation increased. Another author, Alam
3.4.1 Colour
et al. (2007) reported similar results for cookies for a
Colour is an important sensory attribute of any food decrease in taste score as the amount of sweet potato
because of its influence on acceptability. It also shows supplementation increased in wheat flour.In addition, the
the suitable raw material used for the preparation, aroma score was more influenced by baking temperature
provides information about the formation and quality of rather than that of blending ratios. The highest score,
the product. The color scores of the cookies significantly 6.53, was for cookies prepared from whole wheat flour
(p<0.05) different due to blending ratios, baking and baked at 160°C and the lowest score, 5.23, was for
temperatures and their interaction (Figure 2). The result cookies with 20% Anchote and baked at 200°C.
indicated that cookies prepared from much Anchote flour
Table 6. Effect of interaction of Anchote blend and baking temperature on the sensory acceptability of cookies
Code
Color
Taste
Aroma
Crispness
Overall Acceptability
WT1

5.76±0.62c

6.56±0.50a

6.53±0.50a

6.46±0.50a

6.50±0.50a

WT2

6.70±0.46a

6.06±0.44b

6.23±0.50a

6.10±0.54b

6.40±0.49ab

WT3

5.73±0.63c

5.96±0.55b

5.93±0.36b

5.80±0.55de

5.96±0.66cd

B 1T 1

5.70±0.87c

6.36±0.49ab

6.40±0.49a

6.36±0.55ab

6.16±0.46bc

B 1T 2

6.16±0.53

b

b

ab

6.06±0.36

5.86±0.62

ce

6.53±0.50a

B 1T 3

5.73±0.69c

5.83±0.59bcd

5.86±0.57ab

5.83±0.64edf

5.60±0.62e

B 2T 1

5.56±0.56cd

5.93±0.58bc

6.00±0.64ab

5.93±0.52c

5.70±0.65ed

B 2T 2

6.33±0.83ab

5.93±0.52bc

5.33±0.71c

5.96±0.56c

6.43±0.64ab

B 2T 3

5.20±0.92d

5.60±0.56ed

5.53±0.68bc

5.63±0.55de

5.53±0.57e

B 3T 1

5.23±0.85d

5.66±0.54cde

5.83±0.64b

5.80±0.55ef

5.46±0.86e

B 3T 2

5.63±0.80c

5.43±0.56e

5.46±0.77bc

5.56±0.72e

5.93±0.58cd

B 3T 3

4.80±0.80e

5.46±0.57e

5.23±0.67c

5.23±0.62f

5.60±1.00e

5.96±0.55

LSD
0.37
0.27
0.38
0.29
0.32
Values are expressed as means ± SD. Values in the same column with different superscript letters are significantly different from
each other (p<0.05).
eISSN: 2550-2166

© 2020 The Authors. Published by Rynnye Lyan Resources

Melese et al. / Food Research 5 (1) (2021) 252 - 265

3.4.3 Aroma

3.4.4 Crispness
Crispiness is defined as the force and noise with
which a product breaks or fractures rather than deforms
when chewed with the molar teeth (King, 2005).
Significant (p<0.05) differences were noted among
blending proportions and baking temperatures. The data
in Table 5 indicate that the interaction effect of Anchote
blending ratios and baking temperatures has been exhibit
significant (p>0.05) difference on the crispness. The
scores for the crispness of cookies were influenced by
both factors equally. Also, during analyzing the hardness
of cookies using an instrument, both blending ratios and
the baking temperature had significant (p<0.05) effect on
the hardness of the cookies. The score for crispiness
ranged from 5.23 for cookies with 20% Anchote and
200°C of baking temperature to 6.46 for cookies
prepared from whole wheat and 160°C of baking
temperature, with statistically (p>0.05) different from
each other. However, their differences were among very
few samples and the majorities are not different from
each other.
3.4.5 Overall acceptability
The data regarding the overall acceptability of
control and composite flours cookies are shown in Table
5. The result was significant (p<0.05) differences among
acceptability scores due to blending proportions of
Anchote and baking temperatures and their interaction
(Figure 2). The scores regarding overall acceptability
ranged from 5.66 to 6.5 that means all the scores
achieved above 5 in 7-point hedonic scale indicated
moderate liking and above. No significant (p>0.05)
difference on the overall acceptability of cookies was
observed between samples of whole wheat flour and
eISSN: 2550-2166

those with 15% substituted Anchote flour.
However, all the wheat – Anchote composite flours
cookies were accepted by consumer having a sensory
scored for overall acceptability more than five. Knuckles
et al. (1997) reported that in sensory evaluation, products
with a score value of more than five for overall
acceptability can be considered as a good quality
product. Substituting the Anchote flour up to 15% for
cookies preparation did not bring statistical (p<0.05)
difference from the control cookies prepared from whole
wheat flour in sensory attributes.
4. Conclusion
Anchote is one of the indigenous tuber crops with
wonderful nutritional and economical resources in south
and southwestern part of Ethiopia. The use of Anchote
flour to supplement wheat flour on the baking could
substantially reduce wheat flour imports and increase the
value of Anchote. The Anchote flour prepared from
Anchote tuber was blended with wheat flour at different
blending proportions (10, 15 and 20%) for preparing
composite flour cookies. This study revealed that baked
products which contained Anchote exhibited good
physical properties. The cookies containing 15%
Anchote flour and baked at moderate temperature (180°
C) were highly acceptable in terms of organoleptic
qualities compared to other tested products. This could
lead to the development of fiber content and gluten-free
cookies. Anchote is one of the best tuber crops in respect
of protein and another nutrient source. Therefore, it is
recommendable to incorporate Anchote in new products
for diversification and simultaneously for increasing
Anchote value chain is very important.
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