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Abstract 
Background: Protein-energy malnutrition and vitamin A deficiency 
(VAD) are the most important public health issues, and a food-based 
strategy is crucial to combat those health problems among the 
vulnerable group of people. 
Methods: Composite biscuits were made with 100:0:0, 90:5:5, 
80:10:10, 70:15:15, 60:20:20, and 50:25:25 percent wheat, haricot 
bean, and orange-fleshed sweet potato (OFSP) flours.Standard 
methods were used to evaluate the proximate compositions, β-
carotene, physical properties, functional properties, and sensory 
acceptability. A one-way analysis of variance model was used to 
statistically evaluate the data using the statistical analysis system 
software package, version 9.0 standard methods. 
Results: The results showed that partially replacing wheat with 
haricot beans and OFSP increased the β-carotene and proximate 
compositions significantly. When wheat was replaced with haricot 
beans and OFSP, the physical characteristics of the biscuits did not 
vary significantly from those of biscuits made entirely of wheat flour. 
Sensory acceptability (appearance, color, flavor, taste and overall 
acceptability) was higher in the composite biscuits with up to 40% 
wheat substitution than in the 100% wheat flour biscuits. 
Conclusion: Based on the findings of this report, replacing wheat with 
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OFSP and haricot beans in biscuit formulation appears to be 
promising in improving nutritional quality, sensory acceptability, and 
beta carotene. It is proposed that these products can mitigate food 
insecurity and deficiency of vitamin A.
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1. Introduction
Protein malnutrition and vitamin deficiencies are the most prevalent and serious public health issues, particularly among
pregnant and lactating mothers, as well as children.1,2 VAD is amajor public health issue in Ethiopia.2 In countries where
people eat a monotonous diet, VAD has always been a severe problem.3 Food-based policies are important for combating
malnutrition, and attractive food characteristics include high nutrient density, low size, and the use of low-cost, locally
available crops. Early adoptionwill be ensured at home and in the village and is essential for physical andmental growth.4

In Sub-Saharan Africa, especially among resource-poor households, diets are often low in variety and dominated
by staple crops such as maize, rice, cassava, sorghum, millet, bananas, and sweet potatoes, all of which are low in
micronutrients, resulting in widespread micronutrient deficiencies.5 Root crops that contain pro-vitamins have been
shown to be an effective way to treat and reduce VAD. OFSP (Ipomoea Batatas L.) is a naturally bio-fortified crop and it
has great potential to be used in food-based intervention programs, especially in developing countries, to address VAD,
which causes illness and death and is considered a significant dietary resource of VA carotenoids and non-provitamin A
carotenoids.6–9 The introduction of OFSP in an integrated agriculture and nutrition intervention resulted in improvements
in VA stored in the liver, dietary VA intake, and serum retinol concentrations.10,11 An impact case study suggested that
replacing the current white-fleshed varieties with new orange-fleshed varieties that are high in β-carotene content would
benefit individuals who are currently at risk of VAD.12 However, animal and plant VA-rich foods are only seasonally
available, unpalatable to children, and often absent from the diets of low-income households. OFSP is an exception crop
that is a promising solution to VAD because it is high in beta-carotene and absorbs it much better than other leaves and
vegetables.13 It can give energy and vitamins and minerals for our daily needs, such as β-carotene, thiamin, iron, and
vitamin C. However, it is often low in protein, ranging from 1-8.5%.14,15

Compared to animal-based foods, pulses, in general, an important food category for humans, have high protein content,
and thus, can help to improve the protein content of meals, especially for low-income households.16 The protein content
of most pulses is between 20-30 g/100 g, twice as much protein as cereals.17 They are also rich sources of complex
carbohydrates, vitamins, and minerals.18 Biscuits made from wheat flour are one of the most widely-eaten consumer
products in the world. They are an affordable product, and they have good taste and a long shelf life.19 Unfortunately,
biscuits usually contain high levels of easily digested starch, sugar, and butter, and low levels of dietary fiber, which
nutritionists suggest makes them a rather unhealthy constituent of our diet. Bakers are well aware of these issues, and they
have shown some interest in developing biscuits, which can be regarded as functional foods containing less butter.20–22

So far, bakery research has attempted to make more healthy products by incorporating new ingredients into biscuit mixes
to increase their nutritional and textural qualities.19 In considering the development of a new product, it is important to use
locally sourced ingredients whose tastes are appreciated by the ethnic groups the products are intended for.23 This study
aimed to investigate formulations for a series of biscuits using novel ingredients, including OFSP and haricot bean
(Phaseolus vulgaris L.) flour. The aim was to produce a balanced, low-cost, and healthy snack product. Considering the
potential health benefits of OFSP and haricot bean flour and the increasing consumption of healthy foods, the objective of
the present study was to prepare nutritious biscuits to deliver a nutritious and healthy product.

REVISED Amendments from Version 1

According to the comments raised by the reviewers, the following corrections are made in order to increase the quality of
the paper: As a result, background information and the conclusion of the abstract are narrated in a way that is adequate to
provide the necessary information to the readers. The rationality of the problem is clearly indicated in the background part
of the paper. Furthermore, nutritional and food science perspectives are discussed, with a focus on biscuit production,
recent discrepancies, and the use of beans and pulses in the food industry. Consistency in terms of OFSP and haricot bean
(powder for OFSP and flour for haricot bean) is considered. The presentation of the recipes is done using a table. Some
pictures of the raw materials and blended biscuits are incorporated. From the beginning, texture was intended as a study
variable. Methodological observation with respect to beta carotene content is combined. The sensory test was done using
the guidelines of the school of nutrition, food science, and technology at Hawassa University, which was pre-determined to
have 30 panelists. The modification to increase the impressiveness of the result is completed. There are also some ideas
added in the result and discussion parts because the title has been changed and we have adjusted accordingly. Only
statistically significant values were indicated both in the tables and in the document. An effort was made in order to make
the comparison point impressive and adequate. In addition, the title change and the inclusion of those changeswill not only
address previous comments raised by the reviewers but also ensure the quality of the study. Furthermore, grammatical
errors, referencing, and citation correction were considered. Order and coherence were also adequately maintained
throughout the document.

Any further responses from the reviewers can be found at the end of the article
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2. Methods
2.1 Raw materials
An orange-fleshed sweet potato of the Alamura variety was collected from Hawassa International Potato Center,
Ethiopia. Soft wheat flour was obtained from the Hawassa flour factory, and haricot bean seed (Nasir) was obtained
from the Hawassa Agricultural Research Center’s Southern Agricultural Research Institute.

2.2 Preparation of OFSP and haricot bean flour
The method described by Nshimiyimana24 was used to prepare OFSP flour. The orange-fleshed sweet potato was peeled
by hand after being sorted and washed with tap water. Peeled OFSP were sliced with a slicer machine (Model-CL
30, Robot@Couple, Germany) and blanched in a water bath at 65°C for 10-minutes. The treated slices were drained and
dried at 50°C in the oven for 24 hours. Then, haricot bean flour was prepared using themethod of Kaur andKapoor.25 The
seeds of the bean were sorted, washed, and soaked in distilled water in a water bath at 25°C for 24 hours at a ratio of 1:10
(w/v). The soaked seeds of the bean were washed twice in water, then rinsed with distilled water before being dried at
60°C in the oven for 48 hours. The dried OFSP flakes and dehulled beans were then milled into flour using a laboratory
grinder (Model R 23, Robot @ Couple, Germany), and sieved with a 500 μm sieve size. Then the flour of each raw
material was packed in a polyethylene plastic bag and held in a cool, dark place until further study (Figure 1).

2.3 Development of OFSP and haricot bean flour enriched biscuits
The formulation and development of biscuits are clearly presented in the current study. Accordingly, orange-fleshed
sweet potato flour and haricot bean flour were blended into wheat flour at varying percentages of 5%, 10 %, 15%, 20%,
25%, and 30% (Table 1 and Figure 2).

Table 1. Formulation of biscuits with orange-fleshed sweet potato and haricot bean flour.

Code Blends

Ingredients

Baking
powder(g)

Cooking
oil(g)

Sugar
(g)

Salt
(g)

Water
(ml)

P0 Control (100% wheat flour) 1.12 28 5 1 48

P1 W90%, H5%, OF5% 1.12 28 5 1 48

P2 W80%, H10%, OF10% 1.12 28 5 1 48

P3 W70%, H15%, OF15% 1.12 28 5 1 48

P4 W60%, H20%, OF20% 1.12 28 5 1 48

P5 W50%, H25%, OF25% 1.12 28 5 1 48

P6 W40%, H30%, OF30% 1.12 28 5 1 48

Where, W = Wheat, HBF = Haricot bean, OF = Orange fleshed sweet potato.

Figure 1. Flour of the raw materials.
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The biscuit dough was made following a commercial recipe and baking procedures.26 Ingredients required to make
biscuits were added in a similar amount to the different treatments in the experiment [baking powder (1.12 g/100 g),
cooking oil (28 g/100 g), sugar (5 g/100 g), salt (1 g/100 g), and 48 ml of water] and mixed thoroughly (Table 1). The
biscuit dough was made by hand, and the total time spent mixing was 20-minutes. After the dough was prepared, it was
manually sheeted to a thickness of 5 mm. The biscuits were then formed and cut to a diameter of 48 mm before being
placed on a lightly greased baking tray. In a baking oven, the biscuits were baked for 12-minutes at a temperature of
200°C. The baking temperature was chosen based on some key evidence, such as the fact that carotene is susceptible to
heat degradation and that a temperature of 200°C for 12-minutes exposure period results in better beta-carotene retention.

Figure 2. Diagrammatic pictures of biscuits prepared from blending of wheat, OFSP and Haricot bean with
different ratios.
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2.4 Chemical analysis
2.4.1 Functional properties of flours

Bulk density

The bulk density of composite flour was determined using the method described by Oladele and Aina.27 In a 50 ml
measuring cylinder, 10 g of sample flour was placed. The cylinder was tapped repeatedly until the volume remained
unchanged. The sample’s bulk density (g/ml) was determined by dividing the weight of the sample by the volume of the
sample.

Bulk density
g
ml

� �
¼ weight of sample ðgÞ
volume of sample ðmlÞ (1)

Dispersibility

The method described by Kulkarni et al.28 was used to assess dispersibility. Water was applied to each volume of 100 ml
after 10 g of flour sample was weighed into a 100 ml measuring cylinder. The setup was vigorously stirred and left for
three hours. The volume of settled particles was recorded and subtracted from 100. The difference was reported as
percentage dispersibility.

% of dispersibility ¼  100� the volume of the settled particle (2)

Water absorption capacity (WAC)

The water absorption capacity of the flour samples was determined according to Aremu et al.29 In a centrifuge tube, 1g of
flour sample was mixed with 10 ml of distilled water and allowed to stand at room temperature for 30-minutes. The
supernatant was collected in a 10 ml graduated cylinder after centrifugation at 5,000 rpm for 30 minutes. The amount of
water absorbed per gram of flour sample was measured as ml of water absorbed per gram of flour sample.

WAC mlð Þ¼w3� w1þw2ð Þ
w1

(3)

Where w1 = weight of the sample, w2 = weight of the tube, w3 = weight of the sample after centrifugation.

Oil absorption capacity (OAC)

The oil absorption capacity of the flour samples was determined according to Aremu et al.29 In a centrifuge tube, 1 g of
flour sample was mixed with 10 ml of oil and allowed to sit at room temperature for 30-minute. It was centrifuged for
30 minutes at 5,000 rpm, with the supernatant collected in a 10 ml graduated cylinder. The amount of oil absorbed per
gram of flour sample was measured as ml of oil absorbed per gram of flour sample.

OAC mlð Þ¼w3� w1þw2ð Þ
w1

(4)

Where w1 = weight of the sample, w2 = weight of the tube, w3 = weight of the sample after centrifugation.

2.4.2 Proximate and beta-carotene analyses of flour and biscuits

The standard methods of the Association of Official Analytical Chemists30 were used to assess proximate analyses.
The Kjeldahl approach was used to calculate total nitrogen (TN). The crude protein content wasmeasured bymultiplying
TN by a conversion factor of 6.25 (% protein = TN � 6.25), and the crude fat, crude fiber, ash content, and moisture
content of the sample were determined according to the Association of Official Analytical Chemists.30 The difference
between 100 and (ash + protein + fiber + fat + moisture) was used to calculate the utilizable carbohydrate material. Using
Atwater’s conversion factors, the energy content in kcal/100 gwas calculated bymultiplying the percentages of crude fat,
crude protein, and carbohydrate by factors of 9, 4, and 4, respectively. Furthermore, the beta-carotene content of the
sample was measured according to Muchoki et al.31 In a 50 ml extraction conical centrifuge tube, 1 g of sample was
weighed in duplicate and combined with 40 ml of acetone (High-Performance Liquid Chromatography grade). The
samples were centrifuged for 60 seconds before being filtered through a Buchner funnel with suction. In a separating
funnel, about 40 ml of petroleum ether was applied to the acetone extract. To prevent emulsion formation, distilled water
was added slowly along the neck wall without shaking. Then, the two phases were separated, and the lower aqueous layer
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was discarded. To extract residual acetone, the sample was washed 3-4 times with distilled water (approximately 200 ml)
each time. The upper layer was then collected into a 50 ml volumetric flask and residual water was removed using an
anhydrous sodium sulfate filter arrangement. Using a UV-visible spectrophotometer, the absorbance of the ethereal
extract was measured at 450 nm (Janeway, 96500, UK). The following formula was used to measure the concentration of
β-carotene content.

Beta carotene μ
g
g

� �
¼A∗V∗10,000

A1∗P
(5)

Where A = Absorbance; V = Total extract volume (ml); P = Sample weight; A1 = 2592*β carotene extinction coefficient
in petroleum ether.

2.4.3 Determination of physical properties of biscuit

The spread factor (SF), diameter (D), and thickness (T) of the biscuit were calculated using different methods.32 The
diameters of the biscuits were determined by putting six biscuits horizontally edge-to-edge and rotating at a 90° angle for
a duplicate measurement. The thickness of biscuits was determined by piling six biscuits on top of one another, then
taking a duplicate reading by shuffling the biscuits. All of the measurements were performed in duplicates of six biscuits
each, and the values per biscuit were calculated by dividing the total readings by six.

SF¼D=T (6)

2.4.4 Sensory acceptability

Panelists measured the sensory acceptability of biscuits based on their willingness to engage in the study.33With the help
of the School of Nutrition, Food Science and Technology familiar assistance, around thirty consumer panelists were
chosen randomly from food science students to test the sensory characteristics, such as appearance, taste, scent,
crispiness, color, flavor, and overall acceptability, using a duplication experiment. A five-point hedonic scale was used
(1 = very much hate, 2 = dislike, 3 = neither like nor dislike, 4 = like, and 5 = like very much).

2.4.5 Statistical data analysis

The experimental data were subjected to one-way analysis of variance, and Duncan’s multiple range tests were used to
detect the difference (p≤ 0.05) between the mean values. Statistical analyses were performed with the statistical analysis
system software package, version 9.0 standard methods (RRID: SCR_008567), and the data were presented as mean and
standard deviation.

3. Results and Discussion
3.1 Functional properties of OFSP, wheat, and haricot bean flours
The bulk density, water absorption capacity, oil absorption capacity, and dispersibility of OFSP, wheat, and haricot bean
flours are shown in Table 2. OFSP flour had a bulk density that was slightly higher than wheat and haricot bean flours.
However, the water absorption capacity, oil absorption capacity, and dispersibility of the three flours were found to be
significantly different from each other. Wheat flour had the highest, while OFSP flour had the lowest oil absorption
capacity and dispersibility. Wheat flour had the lowest water absorption potential, while haricot bean flour had the
highest.

Table 2. Functional properties of OFSP, wheat, and haricot bean flours.

Flour sample BD (g/ml) WAC (%) OAC (%) DESP (%)

WF 0.74 � 0.03b 16.2 � 0.56c 21.3 � 0.14a 77.5 � 2.12a

HBF 0.86 � 0.01b 23.9 � 0.98a 18.7 � 0.14b 65.5 � 0.70b

OFSPF 1.05 � 0.06a 19.2 � 0.70b 17.85 � 0.35c 45.5 � 2.12c

Where, BD = Bulk density, WAC =Water absorption capacity, OAC = Oil absorption capacity, DESP = Dispersibility, WF =Wheat flour, HBF =
Haricot bean flour, OFSPF = Orange fleshed sweet potato flour. Values with the same column with different superscript letters are
significantly different from each other (p < 0.05) and values are averages of duplicate readings (mean � SD, n = 2).
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In this analysis, the bulk density of OFSP (Alamura variety) flour is higher than that recorded by Tiruneh34 for the Kulfo
and Tulla varieties (0.74-0.62). The bulk density of haricot bean flour is higher than that of red kidney bean flour (0.51-
0.55 g/ml), as stated by Khalil et al.35 Wheat flour has a bulk density of 0.75 g/ml, which is almost identical to that stated
by Biniyam.36 This disparity may be due to varietal differences. The high bulk density of flour suggests that it is suitable
for use in food preparations. However, the low bulk density of complementary foods would be advantageous.37 Both
haricot bean flour and OFSP flour have a higher bulk density than wheat flour, so adding haricot bean and OFSP flour to
the composite flour would increase the bulk density of the composite flour as compared to wheat flour. The manufacture
of confectioneries such as cakes, sweet pastries, doughnuts, and cookies benefits from an increase in flour bulk density.38

This means that the flour’s heaviness and suitability for confectionery production are both positive. A rise in bulk density
improves packaging performance. As a result, a larger amount may be packed into a smaller volume.39

The water absorption capacity of haricot bean flour was higher than the value (17.3-16.8%) recorded by Shimelis et al.40

on various haricot bean flour varieties. TheWAC of the OFSP flour is lower than the values recorded by Tiruneh34 for the
Kulfo and Tulla varieties. The WAC of wheat flour is much higher than the value recorded by Biniyam36 (8.5%). Many
hydrophilic elements, such as carbohydrates and proteins (polar amino acid residues), have a strong affinity for water and
contribute to the high WAC value.41 Water absorption is reduced in flours with a lower proportion of polar amino acids
and a higher proportion of nonpolar amino acids.42 As a result, the observed differences in different flours may be due to
differences in protein concentration, water interaction, and conformational characteristics.43

Both haricot bean flour and OFSP flour have a higher WAC than wheat flour, so adding haricot bean and OFSP to the
composite flour would improve the WAC of the composite flour compared with wheat flour. Increased water absorption
weakens the dough and causes it to lose its development and stability. The ability to absorb water is essential for product
consistency and bulking, as well as in baking applications.44 Higher water absorption capacities, as suggested by
Doescher et al.45 and cited by Vieira et al.,46 may have contributed to the lower spread ratio. The oil absorption of wheat
flour is higher than the values recorded by Baljeet et al.47 and Suresh and Samsher38 (16.9% and 14.6%, respectively).
According to Shimelis et al.40 the oil absorption capacity of haricot bean flour (18.7%) is lower than the values observed
for various haricot bean varieties (24.9-35.2%). The oil absorption capacity of OFSP flour in this study is comparable to
that reported by Tiruneh (16.8-18.4%) for Tulla and Kulfo varieties.34

Due to the lipophilic quality of its constituents, wheat flour has a higher oil absorption capacity than OFSP flour and
haricot bean flou.48 Protein conformation, amino acid compositions, and surface polarity or hydrophobicity all play a role
in lipophilicity.38 Wheat flour has a higher OAC than OFSP and haricot bean flour, so adding haricot bean and OFSP to
the composite flour would lower the OAC compared to wheat flour. When the OAC of composite flour is reduced, the
taste andmouthfeel of the biscuits suffer. Dispersibility is a keymetric for determining howwell flour or flour blends will
rehydrate with water without forming lumps. In this report, wheat flour had a substantially higher dispersibility than
haricot bean and OFSP flour in this regard. The higher the dispersibility, the stronger the reconstitution property, and it’s
what’s used tomake a fine dough consistency duringmixing. The property of dispersibility also defines flour’s propensity
to detach from water molecules, exposing its hydrophobic behavior. Wheat flour has a higher dispersibility than OFSP
and haricot bean flours, and the addition of haricot bean and OFSP will reduce the composite flour’s dispersibility as
compared to wheat flour. Significantly lower dispersion of composite flour contributes to decreased dough consistency
during mixing.

3.2 Proximate compositions and β-carotene content of OFSP, wheat, and haricot bean flours
Table 3 shows the proximate compositions and beta carotene of OFSP, wheat, and haricot bean flours. Moisture, protein,
ash, fiber, and carbohydrate content were found to be substantially different between the three flours. Haricot bean flour
has a slightly higher fat content than wheat and OFSP flour, which did not vary significantly. Wheat flour had the highest
moisture content, while OFSP flour had the lowest. Haricot bean flour had the most protein, ash, fiber, and fat, while
OFSP flour had the least protein and wheat flour had the least ash, fiber, and fat. The highest carbohydrate content was
contained in OFSP flour, followed by wheat flour. Furthermore, the energy content of OFSP flour was substantially
higher than that of haricot bean flour.

In terms of protein, ash (mineral), fiber, and fat content, haricot bean flour appears to have an advantage over wheat flour.
The addition of OFSP flour appears to improve the fiber and ash content as well. According to Biniyam,36 the product
contains 13% moisture, 11% protein, 0.69% ash, 2% crude fiber, 2% fat, 71.3% carbohydrate, and 347.2 kcal/g energy.
This research had higher moisture, crude fiber, and fat content than the current study and comparable protein content, but
lower carbohydrate and energy content than the current study. Varietal disparities andmeasurement processes may be the
reasons for these variations. For eight different haricot bean varieties grown in Ethiopia, researchers recorded 11.1-11.4%
moisture, 18.0-22.1% protein, 2.9-4.3% ash, 4-5.9% crude fiber, 1.3-2.8% fat, 56.5-61.6% carbohydrate, and 330-343.2
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kcal/g energy content.49 Except for the higher moisture content of this sample, whichmay be attributed to dryingmethods
or determination methods, all of the findings are consistent with the current study. For OFSP flour pretreated and dried
with variousmethods, the results showed 4-8%moisture, 4-5.8% protein, 4.2-7.5% ash, 3.7-7.3% crude fiber, 0.9-2% fat,
and 80-83.7% carbohydrate content.50 Except for the lower ash content in this study, these findings are consistent with the
current study. This inconsistency may be due to discrepancies in varietals, drying methods, and measurement methods.
The addition of OFSP flour to biscuits appears to increase the overall β-carotene content. This study’s beta carotene
finding is consistent with Takahata et al.51 who found that the β-carotene content of sweet potato varieties varied between
0.1-266 g/g. The content of β-carotene in deep orange sweet potatoes ranged from 42.9-185.5 g/g.52 In comparison to this
analysis, other researchers recorded low values. Carotene levels in sweet potato varieties ranged from 16.8-18.5 g/g,
according to Leighton.53 The difference in OFSP is influenced by varieties, and there are high and low values of this
nutrient. Variations in β-carotene content can be caused by variations in varieties, growing conditions, stages of maturity,
harvesting and post-harvest handling, processing, and storage of OFSP.54,55 Environmental influences, genetic factors,
crop age, high irrigation levels, and cultivation management strategies may all have a major impact on a variety’s
β-carotene content.56

3.3 Effect of blending ratio of composite flour on proximate compositions and β-carotene content of
biscuits
Table 4 shows the approximate composition and beta-carotene content of biscuits. The moisture, protein, ash, fiber, and
fat content of the biscuit increased as the percentage of haricot bean flour and OFSP flour increased, as shown in Table 4.
However, when 15% haricot bean flour and 15%OFSP flour are added to 100%wheat flour biscuits, the rise in proximate
composition becomes most noticeable (control). However, when compared with the other proximate elements, carbo-
hydrate content, and energy value showed the opposite trend. Both the carbohydrate content and energy value decreased
as the proportion of wheat flour was reduced and the proportion of haricot bean and OFSP flour was increased. The
addition of 15% haricot bean and 15%OFSP flour resulted in a significant decrease in carbohydrate content, whereas the
addition of 25% haricot bean and 25% OFSP flour resulted in a significant decrease in energy value. Besides, wheat
biscuits do not contain any β-carotene. As the proportion of haricot bean and OFSP flour increased, and β-carotene
content in the composite flour biscuits increased significantly (p < 0.05).

Since OFSP and haricot bean flour have a higher water absorption ability and fiber content than wheat flour, the increase
in moisture content in this study may be due to increasing the percentage of OFSP and haricot bean flour to wheat flour.
This study confirmed the results of Biniyam,36 who found that cookiesmadewithwheat, quality proteinmaize, and carrot
composite flour retained more moisture than cookies made with wheat flour. The latter two flours have higher fiber and
water absorption abilities than wheat flour. According to Khaliduzzaman et al.57 they replaced wheat flour with 20%
potato flour while making biscuits, and the addition of potato flour increased the moisture content.

The results of this study agreed with those of Vieira,46 who found that blending wheat flour with residue from king palm
processing, which has a higher fiber content than wheat flour, results in a higher fiber content than wheat flour. According
toWang et al., the hydroxyl group present in the fiber structure allows the higher total fiber in non-wheat flour to interact
reasonably well with a large amount of water.58 Since haricot bean flour has higher protein content than wheat flour, the
rise in protein content in this study may be due to switching from haricot bean flour to wheat flour. The current study’s
findings are consistent with those of Abayomi et al.59 who recorded increased protein content in cookies madewith sweet
potato and fermented soybean flours, with the percentage of fermented soybean flour increasing the protein content of
cookies. Cookies made with 30% soybean supplementation had a high protein content of 21.65%, while cookies made
with 100% sweet potato flour had lower protein content.

According to Ndife et al.60 the increased protein content in cookies from wheat and soya bean flours increased the
percentage of soya bean flour, which increased the protein content of cookies by 8.75-24.65%. A similar finding was
reported in a research study that showed an improvement in protein content in biscuit production from cassava-wheat-
bambara flour blends with corresponding increases in the proportion of Bambara flour supplementation.61 Since haricot
bean andOFSP flour have higher ash content than wheat flour, the increase in the ash content of biscuits in this studymay
be due to increasing the percentage of haricot bean flour and the high dry matter content of OFSP flour to wheat flour.

The current study’s findings are consistent with those of Ndife et al.60 who found that raising the percentage of soya bean
flour in cookies increased the ash content of cookies by 2.15-2.95%, which is lower than the current study’s findings.
Another study reported that cookies made from sweet potato and fermented soybean flour showed that raising the
percentage of soya bean flour raised the ash content in cookies, with cookies made with 30% soybean supplementation
having a high ash content of 2.57% and cookies made with 100% sweet potato flour having a lower ash content of
2.20%.59 Similar findings were reported to increase the amount of ash content in cookies made from wheat and OFSP
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flour composite flours by increasing the percentage of OFSP flour in the composite flour by 1.05-1.17%, which is lower
than the current research.62 BecauseOFSP and haricot bean flour containmore fiber thanwheat flour, the increase in fiber
content in this study could be attributed to increasing the percentage of OFSP and haricot bean flour to wheat flour.

The result of the current study is consistent with Ndife et al.60 who found that increased fiber content in cookies from
wheat and soya bean flours increased the percentage of soya bean flour increased the fiber content of cookies by 3.29-
5.73%. Biniyam36 recorded higher fiber content in cookies made with wheat, quality protein maize, and carrot composite
flours, the latter two having more fiber than wheat flour. The results of this study agree with those of Vieira et al.46 who
found that blending wheat flour with residue from king palm processing, which has a higher fiber content than wheat
flour, results in a higher fiber content than wheat flour. Increased fiber content can help with waste passage by expanding
the inside walls of the colon, making anti-constipation more efficient, lowering cholesterol levels in the blood, and
lowering the risk of various cancers.63

Since haricot bean flour has a higher fat content than wheat flour, the rise in crude fat content in this study may be
attributed to increasing the ratio of haricot bean flour to wheat flour. The current results are consistent with those of
Abayomi et al.59 which showed an improvement in fat content in cookies made with sweet potato and fermented soybean
flours while the amount of soya bean flour was increased. Cookies made with 30% soybean supplementation had a high-
fat content of 5.25%,while cookiesmadewith 100% sweet potato flour had a lower fat content of 1.22%. This findingwas
made in a research study by Biniyam36 who found that cookies made with wheat, quality protein maize, and carrot
composite flours had higher fat content than cookies made with wheat flour. The current study’s findings are consistent
with Ndife et al.60 reports of increased fat in cookies made with wheat and soya bean flours, where increasing the
percentage of soya bean flour increased the fat content of cookies by 4.50-7.13%. Furthermore, Singh et al.64 recorded a
similar pattern in biscuit production from cassava-wheat-Bambara flour blends, with an increase in fat content and a
corresponding increase in the proportion of Bambara flour supplementation.

The decrease in carbohydrate content of the cookie may be due to a rise in moisture, fat, ash, and fiber content as the
proportion of OFSP and haricot bean flour in the formulation was increased, resulting in a decrease in carbohydrate
content because carbohydrate is measured by difference. The current result was consistent with the results of Biniyam,36

who found that cookies made from wheat, quality protein maize, and carrot composite flour had lower carbohydrate
content and were higher in moisture, fat, ash, and fiber content. Furthermore, Vieira et al.46 reported a reduction in the
carbohydrate content of cookies by combining wheat flour with residue from king palm processing, which has a higher
fiber, ash, and fat content than wheat flour. The energy content of the cookies follows the pattern of the carbohydrate
content, as carbohydrate is the primary source of energy throughout the cookies. Based on Singh et al.64 the
recommended minimum daily energy requirement for an average Ethiopian man is 1820 kilocalories per person per
day. Biscuits made in this study can provide about 18.56-20.13% of an average man’s daily energy requirements, with
higher protein, and fiber content than wheat-based biscuits.

Consumption of β-carotene-rich foods, such as OFSP, which are also readily available in the home garden, can help to
boost VA intake and alleviate VAD.65 The increase in β-carotene content in the composite flour biscuits due to increasing
the proportion of haricot bean and OFSP flour could be due to the OFSP flour. Thus, OFSP flour contains 126.64 g/g
β-carotene, while wheat and haricot bean flour contain no β-carotene. According to the World Health Organization,
the daily recommended dietary allowance of VA for pregnant/lactating women and children (6-59 months) is 800 μg
and 400 μg, respectively.66 Based on the United States Institute of Medicine, 1 retinol equivalence is equal to 12 μg
β-carotene.67 The results of the present study ranged from 2.47-5.37 μg/g VA retinol equivalence. Thus, the daily
recommended dietary allowance of VA can be achieved by the consumption of 323.88 g biscuits (biscuits with the lowest
OFSP), 148.98 g biscuits (biscuits with the highest OFSP) for pregnant/lactating women; and 161.94 g biscuits (biscuits
with the lowest OFSP), and 74.49 g biscuits (biscuits with the highest OFSP) for children (6-59 months). This study's
β-carotene content is significantly higher than that found by Laelago et al.62 who discovered that increasing the
proportion of OFSP flour in composite flour increased the beta-carotene content of biscuits made from wheat and OFSP
flour by 0.55-13.11 g/g. According toAndualem et al.68 biscuits made fromOFSP andwheat flour contained 6.01 g/g and
2.86 g/g β-carotene, respectively, at baking temperatures of 200 and 220°C. Even though β-carotene content rises as
OFSP content rises, the values vary from product to product. Since β-carotene is susceptible to heat degradation, the
explanation may be due to varieties, growing conditions, stages of maturity, harvesting and post-harvest handling,
processing, and storage of OFSP.55,56,69

3.4 Effect of blending ratio of composite flour on physical characteristics of biscuits
Table 5 displays the physical characteristics of biscuits (diameter, thickness, and spread factor). The physical charac-
teristics of biscuits did not improve significantly (p < 0.05) when haricot bean and OFSP flour were added. However,
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when compared with the control, the diameter, thickness, and spread factor decrease slightly when the proportion of
haricot bean andOFSP flour is increased. The only exceptionwas the diameter of biscuits producedwith 40%wheat, 30%
haricot bean, and 30% OFSP flour, which was slightly lower (p < 0.05) than the control (100% wheat flour).

With the addition ofOFSP, different studies recorded a decrease in the diameter,62,64 thicknesses,64,70,71 and spread factor
62,72 of wheat cookies. These findings are consistent with the fact that the addition of haricot bean andOFSP flour reduced
the diameter, thickness, and spread ratio of biscuits in the current report. The addition of haricot bean flour in addition to
the OFSP flour may have resulted in a small decrease in the diameter, thickness, and spread ratio of the biscuits in this
report. The haricot bean’s higher protein content may have some gluten-substituting properties. The haricot bean’s higher
dispersibility than OFSP may have a secondary effect of lowering the spread ratio. Rapid partitioning of free water to
hydrophilic sites duringmixing increased dough viscosity, restricting biscuit spread.73 As a result of the addition ofOFSP
and haricot bean flour to cookies, the distribution of the cookies is reduced.

3.5 Effect of blending ratio of composite flour on sensory acceptability of biscuits
Table 6 demonstrates the sensory acceptability of biscuits (color, shape, flavor, taste, texture, crispiness, and overall
acceptability). Except for the one with the highest haricot bean and OFSP flour (W40%, H30%, and OF30%), the
appearance of the composite flour biscuits did not display a substantial difference (p < 0.05) compared with the 100%
wheat flour biscuits (control). The color of all the composite biscuits did not vary significantly from the control (p < 0.05).
The crispiness of composite flour biscuits containing 20, 25, and 30% haricot bean flour and OFSP flour was slightly
lower (p < 0.05) than that of biscuits made entirely of wheat. All of the composite flour biscuits, except W60%, H20%,
OF20%, andW40%, H30%, OF30%, tasted and were accepted in the sameway as the 100%wheat flour cookies in terms
of flavor, taste, and overall acceptability.

In comparison with 100%wheat flour biscuits, the appearance, color, flavor, taste, and overall acceptability scores of the
biscuits improved with the addition of haricot bean and OFSP flour up to H20%, OF20%. The crispiness of the biscuits,
on the other hand, decreased as haricot bean and OFSP flour were added. Despite this, the crispiness of the composite
flour biscuits is not substantially different from the control up to the addition of 15% haricot and 15% OFSP. The most
critical quality attributes that can affect the acceptability of a food product and a consumer’s buying decision are its
appearance and color.74 The current study’s appearance results are consistent with the findings of,68 which found that
biscuits made from composite flours containing 70% wheat and 30% OFSP flour had a higher appearance value. The
attractive color of OFSP may have contributed to the composite flour biscuits’ increased color acceptability.75 The color
acceptability of the current study agrees with the results of,57 who found that biscuits made with 70% wheat and 30%
OFSP composite flour had higher color acceptability. Similarly,75 discovered that the color acceptability pattern of
biscuits made from composite wheat and OFSP flour increased over time. The addition of haricot bean and OFSP flour
increased the taste acceptability score of the cookies, which may be attributed to the sweetness of the OFSP flour.

The current study’s taste results are consistent with the findings of Afework et al.68 who recorded a higher taste
acceptability score for biscuits made with 70% wheat and 30% OFSP composite flours. According to Onabanjo and
Ighere, the taste acceptability score of biscuits made fromwheat andOFSP composite flours improved in the sameway.75

A food product’s flavor is a mixture of taste and aroma, as well as other sensory qualities. The improvement in the flavor
of the cookies with increased haricot bean and OFSP may be attributed to the sweetness of the OFSP, similar to the taste
attribute. According to Terefe, the same trend of increasing flavor acceptability scores was observed in flatbread made

Table 5. Effect of blending ratios on physical characteristics of biscuits.

Blends Diameter (cm) Thickness (cm) Spread factor

W100% 4.87 � 0.07a 0.51 � 0.77a 9.56 � 1.29a

W90%, H5%, OF5% 4.77 � 0.03ab 0.50 � 0.77ab 9.55 � 1.38a

W80%, H10%, OF10% 4.65 � 0.07ab 0.49 � 0.77a 9.50 � 1.33a

W70%, H15%, OF15% 4.54 � 0.21ab 0.48 � 0.77a 9.45 � 1.06a

W60%, H20%, OF20% 4.44 � 0.36ab 0.47 � 0.77a 9.41 � 0.78a

W50%, H25%, OF25% 4.32 � 0.45ab 0.46 � 0.77a 9.34 � 0.57a

W40%, H30%, OF30% 4.14 � 0.34b 0.45 � 0.70a 9.26 � 0.68a

Where, W = wheat flour, H = Haricot bean flour, OF = orange fleshed sweet potato flour. Values with the same column with different
superscript letters are significantly different from each other (p < 0.05) and values are averages of duplicate readings (mean � SD, n = 2).
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from wheat and OFSP composite flours.76 Crispiness is one of the most important textural characteristics of dry snack
foods, indicating freshness and high quality. A crisp product should, in general, be strong and snap easily when bent,
emitting a crunchy sound.77 The decrease in biscuit crispiness as the proportion of haricot bean flour and OFSP flour is
increased may be attributed to the increased moisture content of the biscuits as the proportion of haricot bean and OFSP
flour is increased. The decrease in biscuit crispiness as the proportion of haricot bean and OFSP flour is increased may be
attributed to the increased moisture content of the biscuits as the proportion of haricot bean and OFSP flour is increased.
According to Manley,78 a biscuit’s structure will not be crisp at higher moisture levels. Finally, overall acceptability is a
metric that assesses a product’s overall acceptance. Except for crispiness, the overall acceptability of the biscuits
improved as the haricot bean and OFSP flour content increased. With the addition of OFSP flour to wheat flour,
Onabanjo and Ighere75 recorded an improvement in overall biscuit acceptability. In the end, all of the composite flour
biscuits, except for the W40%, H30%, and OF30% were as good as or better than the 100% wheat biscuits in terms of
acceptability.

4. Conclusion
Based on the findings of the current study, blendingwheatwithOFSP and haricot bean during biscuit formulation appears
to be promising in improving nutritional quality, sensory acceptability, and physical and chemical properties. Biscuits
from wheat, haricot bean, and OFSP composite flours had increased protein content where their compositions could
alleviate protein-energy malnutrition. The inclusion of OFSP in the composite biscuit also significantly increased the
amount of beta carotene. It is anticipated that these foodstuffs can lessen food insecurity and VAD. Furthermore, the
composite flour biscuits had better sensory acceptability than biscuits produced from 100% wheat.

Data availability
OSF: Underlying data for “Effect of blending ratio of wheat, orange fleshed sweet potato and haricot bean flour on
proximate compositions, β-carotene, physicochemical properties and sensory acceptability of biscuits”; https://doi.org/
10.17605/OSF.IO/Y3ANX.79

Data is available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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○

Introduction
The Introduction section needs revisions; it should specifically focus on issues of 
malnutrition in Ethiopia and also its coherence/logical flow needs revisiting. 
 

○

The rationale of the work is not clearly indicated. As to me, the rationale can still be made 
stronger by adding other ideas such as the contribution of OSFP to fight vitamin A 
deficiency. 

○

Methods
The Methods section also needs a thorough revision: repetition of ideas and also re-
ordering of the sub-sections and editorial things on these sections is required. 
 

○

It is not clear from where the OFSP was collected. 
 

○

Sections 2.2 and 2.4 should be merged as they refer to the same thing.○

Results and Discussion
The Results and Discussion section is relatively well written. However, tables (Results) 
should normally appear immediately after the first mention; this is not the case in this 
manuscript. Kindly edit accordingly. 
 

○

Values of both results of the research and those of cited reports (for comparison purposes) 
are not shown. This should be made so as to make things clear to the reader and also 
improve the quality of the article. 
 

○

Statistical significance has not been shown in most of the reports of the results. Only mere 
reports were made. To my knowledge, this should be corrected; otherwise, the possibility of 
indexing would be reduced.

○

Conclusion
In the conclusion section, the phrase ".....with more OFSP supplementation....." is not clear. 
In the first place, the work was not supplementation.

○
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Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Partly

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Complementary food processing, food quality and safety

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 25 Feb 2022
Gesessew L. Kibr, Shambu Campus, Wollega University, Shambu Town, Ethiopia 

The title has been modified to make it shorter and more precise. The background 
information and abstract conclusion are narrated while taking into account both protein 
energy malnutrition and vitamin A deficiency. The contribution of OFSP clearly indicates the 
logical flow of the idea concerning malnutrition and the rationality of the problem. 
Nutritional and food science perspectives are also discussed. OFSP's origin is stated in the 
study setting. The merging of related sub-headings and re-ordering of subsections were 
done carefully. The enhancement to increase the impressiveness of the result has been 
completed. Only statistically significant values were indicated in the discussion section. A 
concerted effort was made to ensure that the comparison point was both impressive and 
adequate. To bring the study's work to a close, paraphrasing was used in the conclusion 
section. Grammatical errors, referencing, and citation correction were all considered. Order 
and coherence were also maintained adequately throughout the document.  

Competing Interests: No competing interests were disclosed.

Reviewer Report 24 August 2021
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Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
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Elisa Julianti   
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The paper investigates the proximate composition, physical properties and sensory acceptability 
of biscuits made from wheat, orange-fleshed sweet potato (OFSP) powder and haricot bean flour. 
The authors explain the societal and economic value by substituting imported wheat flour with 
domestic crops in the production of food products such as biscuits. The content of the paper is in 
line with the scope of the journal and addresses an important research question. No doubt about 
that. However, in my point of view, the paper does need some revision before indexing. Please 
find my specific comments below:

The authors used different terms for OFSP and haricot bean (powder for OFSP and flour for 
haricot bean), please make a justification about these terms. 
 

○

In the introduction, the authors state that from the results of the study it is expected that a 
good blend of wheat, OFSP, and haricot bean flours will produce nutritionally enriched 
biscuits, while in the methodology, the observations are only made on the proximate 
composition of biscuits. No observations on micronutrients. 
 

○

There was no observation of the color and texture of the biscuit. The addition of OFSP and 
haricot bean flour must have a great effect on these two parameters. Observation of these 
two parameters would highly improve the credibility of the manuscript. This can also justify 
the assessment results from the panelists because the consumer acceptance test is only 
carried out by 30 panelists. 
 

○

In Table 3, the unit of energy should be kcal/100g. 
 

○

Does it cite the current literature? Partly, as only about 33% of the references are within the 
last 10 years.

○

 
Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes
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Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Food process technology

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 25 Feb 2022
Gesessew L. Kibr, Shambu Campus, Wollega University, Shambu Town, Ethiopia 

The consistency of OFSP and haricot bean (powder for OFSP and flour for haricot bean) is 
taken into account. Methodological observations on beta carotene content are combined. 
The sensory test was carried out in accordance with the guidelines of Hawassa University's 
school of nutrition, food science, and technology, with a panel of 30 panelists. Texture was 
never intended to be a study variable from the start. Furthermore, a more detailed 
explanation of the color is being considered. In Table 3, Kcal/100g is used as a correction. To 
update the manuscript, recently published papers are reviewed and comparisons was done 
accordingly.  

Competing Interests: No competing interests were disclosed.

Reviewer Report 05 August 2021
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© 2021 Klunklin W. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Warinporn Klunklin   
School of Agro-Industry, Faculty of Agro-Industry, Chiang Mai University, Chiang Mai, Thailand 

This manuscript studied the blending ratio of different types of flour substituted in wheat flour for 
biscuit preparation. 
 
The recommendations are listed below. 

The information in the Introduction section was explained in the nutrition field while the 
Methods were not determined by any nutrition factors after changing the ingredients of the 

○
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fortified biscuits. 
 
This manuscript was more like in the food science field. The authors need to rewrite the 
whole Introduction by adding some new studies of biscuit production, the gap of recent 
works, and the use of beans and pulses in the food industry.  
 

○

The biscuit preparation can be easily understood by adding all recipes to a separate table.  
 

○

The sensory test was inappropriate to interpret the results due to the use of a small group 
of panellists that were involved with this study (only 30 people). Normally, the sensory test 
was acceptable at 100 untrained panellists. The researchers also used only a 5-point 
hedonic scale which is too rough. It is quite hard to believe the results from this part.  
 

○

The results were unclear and must be improved. It is better to take a photo of OFSF and 
haricot bean flour and also the composited flour. I do believe that the colour of biscuits 
should interfere with orange sweet potato flour colour. Moreover, varying the composition 
of flour in the biscuit formula normally changes the texture of biscuits affecting consumers 
liking scores. This parameter should be evaluated. That's why this manuscript can't ensure 
reproducibility. 
 

○

The Conclusion was inadequate to summarise the whole work.○

 
Is the work clearly and accurately presented and does it cite the current literature?
Partly

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Partly

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Development of biscuits, utilisation of agricultural waste, chitosan extraction

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
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significant reservations, as outlined above.

Author Response 24 Feb 2022
Gesessew L. Kibr, Shambu Campus, Wollega University, Shambu Town, Ethiopia 

The information in the introduction section describes the nutritional concepts and their 
application from an ingredients' perspective in the methodology part as well. Additionally, 
nutritional and food science perspectives are discussed, with an emphasis on biscuit 
production, recent discrepancies, and the use of beans and pulses in the food industry. A 
separate table is used for presenting the recipes. The manuscript includes photographs of 
the raw materials and blended biscuits. The sensory test was carried out in accordance with 
the guidelines of Hawassa University's school of nutrition, food science, and technology, 
with a panel of 30 panelists. Texture was never intended to be a study variable from the 
start. Corrections were made as much as possible in the conclusion section to summarize 
the work of the study.  

Competing Interests: No competing interests were disclosed.
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