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Abstract
Biscuit is a ready-to-eat, convenient, and inexpensive food product. It is one of many
baked products often make with wheat flour. Nonetheless, people with gluten intolerance
cannot consume wheat flour. In this research, gluten-free biscuits made with a composite
flour of cassava and cowpea with different ratio (90:10, 80:20, and 70:30). The result has
shown that gluten-free biscuits with 70:30 gave the highest dietary fibre content
(20.54±0.32%). The combination of 70:30 cassava flour (CF) and cowpea flour (CPF)
gave lightness (L*) value 60.58±1.22 means darker colour to biscuits with 4.13±0.07% of
moisture content. From the scoring test, the panellists were perceived F3 as having less
crunchy texture (3.51±1.20), less intensity of foreign aroma (2.60±0.87), brown colour
(4.37±1.10), and slight foreign taste detected (3.01±1.10). From the hedonic test result, the
panellists were neutral in the acceptances of texture (4.44±1.37), foreign aroma
(4.94±1.20), and colour (4.96±1.2). The panellists have slightly liked the overall
acceptance and foreign taste of gluten-free biscuits within the value of 5.01±0.97 and
5.04±1.20. Thus, the study suggests that F3 consist of 70:30 CF and CPF is selected as the
best formulation to make gluten-free biscuits.

1. Introduction

is widely consumed due to low manufacturing cost and
convenience (Nilugin et al., 2015). However, the gluten
Cassava is one of the most cultivated plants in in wheat flour limits its consumption, especially for
Indonesia. It has been categorized as a good source of people who suffer from gluten intolerance. Furthermore,
carbohydrates due to its higher starch content (65-70%). wheat flour also has low fibre content. The recent trend
However, the freshly harvested cassava has a limited has shown an increase in dietary fibre consumption and
shelf life due to higher moisture content (40-70%). Thus, gluten-free products (Gibson et al., 2019). This research
it will limit the utilization of the cassava itself. The began with the composite flour making of cassava and
processing of cassava into flour could enhance stability cowpea into three different ratios and subjected to the
and long-term storage (Uchechukwu-Agua et al., 2015). biscuit’s formulations. This research aimed to determine
Soedirga et al. (2018) reported that the drying method the preferred formulation toward physicochemical
could increase several nutritional components in cassava, characteristics and sensory properties of gluten-free
such as dietary fibre. Cassava flour (CF) obtained from biscuits.
an oven drying method at 60°C for 24 hrs have
13.72±0.53 % of dietary fibre content, which is
significantly higher, compared to CF obtained from 2. Materials and methods
cabinet drying method (9.05±0.49%) and microwave- 2.1 Materials
oven drying method (7.00±0.11%). Aside from cassava,
The primary materials used were cowpea obtained
cowpea is one of the legumes which have higher fibre from Tangerang, Indonesia, and cassava flour obtained
content. According to the USDA (2016), fresh cowpeas from previous research conducted by Soedirga et al.
contain 10.6 g of food fibre in 100 g of material. (2018). The cassava was dried by using an oven method
Although it is rich in nutrients, the utilization of cowpea for 24 hrs at 60°C. The dried cassava was grounded
itself is still limited.
using a dry blender and sifted (80-mesh) to obtain
Biscuit is one of the wheat flour-based products and
*Corresponding author.
Email: lucia.soedirga@uph.edu

cassava flour. While the supporting materials were
granulated sugar, salt, egg, margarine, skim milk
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powder, distilled water, vanilla essence, and baking
powder.

kneaded for 5 mins. The dough was rolled to 0.2 cm
thickness using a rolling pin. Round-shape biscuits were
cut using a ring cutter and baked on greased pans for 15
The materials used for the analyses were phosphate mins at 160°C in an oven.
buffer pH 7 (Sigma Aldrich), alpha-amylase enzyme
(CAS No.9000-90-2, Sigma Aldrich), Hydrochloric acid
Table 1. Gluten-free biscuits formulations
(1M, 37%, p.a, Merck), pepsin enzyme (CAS No.9001Ingredients
Composition (g)
75-6, Sigma Aldrich), sodium hydroxide (0.1 N, 3.5%,
Composite Flour (CF: CPF)
100*
p.a, Merck), beta-amylase enzyme (CAS No.9000-91-3,
Sugar
34
Sigma Aldrich), ethanol (99.7%, p.a, Smart Lab),
Margarine
36
acetone (99.5%, p.a, Smart Lab). While the equipment
Skim Milk Powder
6
used were cabinet dryer (Wangdi W), oven (Memmert
Egg
32
UNB 500), dry blender (Phillips), sieve shaker (Retsch),
Salt
0.3
mixer (Phillips), rolling pin, round ring cutter, analytical
Baking powder
0.5
balances (Ohaus U-1800 AR 2140), furnace
Vanilla essence
0.5
(Thermolyne 62700), glassware (Iwaki Pyrex),
*Ratio CF: CPF = 90:10; 80:20; 70:30
desiccator (Duran), chromameter (Konica Minolta CRSource: Ashaye et al. (2015) and Olapade et al. (2011) with
400), and granular-materials attachment (Konica Minolta modifications
CR-A50).
After baking, the biscuits were cooled at room
2.2 Research method
temperature before being subjected to several analyses
In this experiment, different ratios of CF and CPF such as moisture content, dietary fibre content, lightness
were subjected to three different formulations of biscuits, value (L*), organoleptic properties (scoring and hedonic
namely F1 (90:10), F2 (80:20), and F3 (70:30). This test). The calculation of moisture and dietary fibre
content uses the same method and formula for moisture
experiment used 3 replications.
and dietary fibre content for CPF. The biscuits analysed
2.2.1 Cowpea flour (CPF) making
for their L* by using chromameter. The value of L*
shown the degree of lightness which ranging from 0-100
Cowpea flour (CPF) is made according to Phebean et (0 = black, 100 = white).
al. (2017) and Oladunmoye et al. (2010) with
modifications. Fresh cowpea was sorted, washed, then
The sensory properties of the gluten-free biscuits
soaked in distilled water (1:10, w/v). After 2 hrs of determine by performing an organoleptic test which
soaking, the skin of the cowpea peeled. The skinless included scoring and a hedonic test to a total of 70
cowpea was then boiled for 15 mins, dried using a untrained panellists from Universitas Pelita Harapan with
cabinet dryer at 60°C for 8 hrs. The dried cowpea was the age range of 17-20. The scoring test intended to
grounded using a dry blender and sifted (80-mesh) to determine the intensity level of colour, aroma, taste, and
obtain CPF. The moisture and dietary fibre content were texture toward the different formulations of gluten-free
analysed by using the oven method (AOAC, 2005) and biscuits. The scoring test scale ranges from 1 (the least
the multienzyme method (AOAC, 1995). Yield, moisture intense level) to 6 (the most intense level). Meanwhile,
content, and the dietary fibre content of CPF calculated the hedonic test aimed to determine the degree of
using the formula as follow:
acceptance from panellists towards colour, aroma,
texture, taste, and overall acceptance of gluten-free
biscuits. The hedonic test scales range from 1 (extremely
-dislike) to 7 (extremely-like) (Meilgaard et al., 2015).
2.2.3 Data analysis
2.2.2 Gluten-free biscuits making
The making of gluten-free biscuits refers to Ashaye
et al. (2015) and Olapade et al. (2011) with
modifications. The biscuits’ formulation is mentioned in
Table 1. Sugar and margarine were mixed, then the
composite flour, skim milk powder, salt, baking powder,
and vanilla essence were added to prepare the dough.
The egg was added, and the dough was thoroughly
eISSN: 2550-2166

The data were analysed by SPSS version 16 which
include analysis of variance (ANOVA) and Duncan post
hoc test.
3. Results and discussion
3.1 Characteristics of CF and CPF
The result displayed in Table 2 has shown that CPF
has a higher dietary fibre content (21.87±0.31%) than CF
© 2021 The Authors. Published by Rynnye Lyan Resources
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Table 2. Characteristics of CF and CPF
Components
CF#
Moisture content (%)
4.72±0.22
Fat content (%)
0.86±0.04
Dietary fibre content (%) 13.72±0.53
Yield (%)
44.96 ±1.73
Lightness value (L*)
90.03±0.12

CPF
7.15±0.02
2.15±0.10
21.87±0.31
62.19±0.63
79.27±0.62

#

Soedirga et al. (2018)

3.2 The effect of different formulations on the dietary
fibre and moisture content of gluten-free biscuits.
As shown in Figure 1, the F1 exhibit significantly
lower (p<0.05) dietary fibre content which reached
18.69±0.44%, while F2 and F3 were not significantly
different within the value of 20.10±0.43% and
20.54±0.32%, respectively. The CPF itself has a higher
dietary fibre content compared to CF (Table 2). Thus, a
higher substitution of CPF will lead to an increasing
value of dietary fibre content. It is supported by Olapade
and Adeyemo (2014), who reported that the cookies
made with a higher substitution of CPF exhibit a higher
dietary fibre content.

Figure 1. Dietary fibre content of gluten-free biscuits from
different formulations (F1 = 90 CF: 10 CPF; F2 = 80 CF: 20
CPF; F3 = 70 CF-30 CPF). Values are presented as
mean±SD. Bars with different superscript notations indicate
significant difference (p<0.05).

Meanwhile, different formulations of gluten-free
biscuits did not significantly affect the moisture content.
The F1, F2, and F3 have moisture content within the
eISSN: 2550-2166

value of 4.06±0.06%; 4.09±0.14% and 4.13±0.07%,
respectively. The result is in line with what was
previously reported by Han et al. (2017),
Jongaroontaprangsee et al. (2007), and Benito et al.
(2013). The dietary fibre can lower water retention
capacity. It means that the moisture content is inversely
correlated with the dietary fibre content. The lower the
moisture content, the higher the dietary fibre content as
presented in Figure 1.
3.3 The effect of different formulations toward the
lightness (L*) value of gluten-free biscuits
The differences in L* value between formulations
were statistically significant (p<0.05) as presented in
Figure 2. L* value of F1 significantly higher
(66.19±2.14) compared to F2 (63.97±1.22) and F3
(60.58±1.22). This result concludes that substitution of
CF with CPF in a higher ratio produced gluten-free
biscuits with the darkest colour. CPF itself has a lower
L* value compared to CF (Table 2). Thus, the result
obtained is also supported by this characteristic.

Figure 2. Lightness (L*) value of gluten-free biscuits from
different formulations (F1 = 90 CF: 10 CPF; F2 = 80 CF: 20
CPF; F3 = 70 CF-30 CPF). Values are presented as
mean±SD. Bars with different superscript notations indicate
significant difference (p<0.05).

The incorporation of apple pomace that was
categorized as fibre-rich material into baked products
resulted in a darker colour. It has shown a combination
of higher dietary content and baking process contributed
to the dark colour of the products. During the baking
process, the high temperature was subjected to, could
destroy the integrity of cells. Therefore, several enzymes
such as PPO may be released and promote the Maillard
reactions which play a role in the browning process,
leading to a brown and dull colour (Han et al., 2017;
Kapreliants and Zhurlova, 2017).
3.4 The effect of different formulations toward the
sensory properties of gluten-free biscuits
Different formulations did not significantly affect
(p>0.05) the intensity of gluten-free biscuit’ aroma. The
© 2021 The Authors. Published by Rynnye Lyan Resources
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(13.72±0.53%). The dietary fibre content of fresh raw
material could affect the obtained product. Fresh cassava
and fresh cowpea have 1.8% and 18.2% dietary fibre
content, respectively (Khan et al., 2007; Montagnac et
al., 2009). Thus, it has supported the higher dietary fibre
content of the CPF obtained in this research. Moreover,
the CPF has higher fat content (2.15±0.10%) than CF
(0.86±0.04%). Fresh cowpea has a 2.3% fat content
while fresh cassava consists of 1% fat which explained
the higher fat content in the CPF obtained (Montagnac et
al., 2009; Sreerama et al., 2012)
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scoring value of gluten-free biscuits’ aroma was
2.46±0.97, 2.59±0.99, and 2.60±0.87, respectively, for
F1, F2, and F3. This result means a higher substitution of
CPF produced a less intense foreign aroma on the glutenfree biscuits. Moreover, the aroma assessment’s hedonic
result showed no significant difference (p>0.05) for all
the sample treatments. The hedonic value ranges from
4.94±1.20 to 5.23±1.18, which falls in the range from
neutral (4) to slightly like (5).
There was no significant difference (p>0.05) in
terms of taste intensity and taste acceptance between
gluten-free biscuits. The scoring value of the gluten-free
biscuits’ taste incorporated with different ratios of
composite flour was in the range from 2.96±1.08 to
3.01±1.17, which indicates that the gluten-free biscuits
had a slight foreign taste. The taste assessment’s hedonic
value was 5.13±1.10, 5.11±1.10, and 5.04±1.20,
respectively, for F1, F2, and F3, which falls into the
category slightly like.
Different formulations did not significantly affect
(p>0.05) the scoring and hedonic value of gluten-free
biscuits’ texture. The higher incorporation of CPF in the
formulations produced less crunchy gluten-free biscuits
within the value of 3.63±0.97 (F1), 3.61±1.0 (F2), and
3.51±1.2 (F3). It was happened due to higher dietary
fibre content (Figure 1). It is supported by Olapade et al.
(2014), who reported that cookies produced from the
higher substitution of CF with CPF scored least in terms
of crispiness (4.78). It happened due to the ability of CPF
to absorb the fat, thus leading to a less crunchy texture.
Consequently, the degree of acceptance of panellists was
neutral toward these biscuits (4.79±1.3, 4.79±1.2,
4,44±1.4 for F1, F2, and F3).
The statistical analysis showed a significant (p<0.05)
effect of different formulations towards the gluten-free
biscuits in terms of colour intensity. The result of the
scoring test in terms of colour is shown in Figure 3. It
implies that a higher substitution of CF with CPF in the
gluten-free biscuits resulted in a browner colour
(4.37±1.1). These are in line with the result presented in
Figure 2. The higher the substitution of CPF resulted in a
darker colour. Although there was a significant
difference in terms of colour intensity due to different
formulations, the hedonic test result showed the other
way around. The hedonic value for the colour assessment
ranges from 4 (4.96±1.2) to 5 (5.27±1.2) without any
significant differences, which inferred that the panellists
had a neutral (4) to slightly like (5) likeness towards the
gluten-free biscuits.

(5.36±0.89). It might be related to the less crunchy
texture of gluten-free biscuits. Despite this fact, the
panellists slightly like the overall acceptance of glutenfree biscuits.

Figure 3. Scoring value for colour of gluten-free biscuits
from different formulations (F1 = 90 CF: 10 CPF; F2 = 80
CF: 20 CPF; F3 = 70 CF-30 CPF). Scale 1 (very yellow)- 6
(very brown). Values are presented as mean±SD. Bars with
different superscript notations indicate significant difference
(p<0.05).

Figure 4. Hedonic value for overall acceptance of gluten-free
biscuits from different formulations (F1 = 90 CF: 10 CPF; F2
= 80 CF: 20 CPF; F3 = 70 CF-30 CPF). Values are presented
as mean±SD. Bars with different superscript notations indicate significant difference (p<0.05). Scale 1 (extremely dislike) – 7 (extremely like)

4. Conclusion

F3 that consists of CF and CPF with a ratio 70:30
was selected as the preferred formulation to make glutenfree biscuits. Although the different formulations did not
significantly affect the scoring and hedonic scores of
biscuit textures, there was a decrease in the crunchiness
of the biscuits with the higher CPF ratio. CPF has a
higher fat content than CF. This high-fat content is
related to a reduction in the level of crunchiness;
therefore, it is necessary to produce defatted CPF before
being used in the biscuit formulation. Thus, it can
improve the panellist's assessment crispness.

Figure 4 shows that a higher substitution of CPF in
F3 (5.01±0.97) could significantly decrease the overall
acceptance of gluten-free biscuits compare to F1
eISSN: 2550-2166
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