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Abstract

AIM: This study aimed to evaluate the quality of biscuits formulated using chayote and mung bean flours to be used
as health food products.

METHODS: The thermogravimetric method was used to analyses proximate evaluation for moisture content, the dry
ashing method was used to analyses ash content, and the Soxhlet method was used to analyses fat content. Crude
protein was measured using the spectrophotometric method, while mineral content was measured using the atomic
absorption spectrophotometric method.

RESULTS: Proximate analysis obtained the highest water content value in F3 (5.298%) and the lowest in F5
(2.118%). The highest value of ash content was in F1 (2.87%) and the lowest was in F5 (1.42%). The highest value
of carbohydrate content was in F5 (59.88%) and the lowest was in F2 (53.68). The highest value of fat content was
in F1 (32.64%), and the lowest was in F5 (24.33%). The highest amount of protein content was in F5 (12.25%) and
the lowest was in F1 (5.65%). Mineral analysis obtained the highest value of potassium content in F5 (429.12%) and
the lowest in F1 (142.22%). The highest value of calcium levels was in F5 (69%) and the lowest was in F2 (26.8%).
The highest amount of sodium levels was in F5 (417.39%). The highest iron content value was in F5 (14.06).

CONCLUSIONS: The quality of the biscuit products made from chayote flour, green bean flour, and both formulations
are in the good category with indicators that are acceptable for human consumption because they have high
macronutrients and minerals.

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Biscuits are the most common dried food
product consumed by the public. The consumption of
biscuits per capita in Indonesia continues to increase;
in 2015, the rate was 18.406 ounces/0.1 kg, and in
2018 it was 24.22 ounces/0.1 kg, with the number of
consumers estimated at around 5%—8% of the entire
population [1], [2]. The development of biscuit products
to be used as health foods could help to prevent various
degenerative diseases and improve public health [3].
Chayote and mung beans in flour form could replace
whole wheat flour used to make biscuits to increase
health benefits and reduce dependence on imported
processed food products such as wheat flour [4], [5].

Chayote is an abundant source of nutrients,
including dietary fiber, essential minerals, vitamins, and
amino acids [6]. Mung beans are a source of vegetable
protein. Furthermore, every 100 g contains 323 kcal
of energy, 22.9 g of protein (19.5-33.1%), 1.5 g of fat,
56.8 g of carbohydrates, 223 mg of calcium, 319 mg of

phosphorus, 7.5 mg of iron, 223 ug of total carotene,
0.46 mg of thiamine, 0.15 mg of riboflavin, 1.5 mg niacin,
and 10 mg Vitamin C [7], [8]. Innovation is required to
manufacture processed food products while preserving
the high nutritional content of chayote and mung beans
and managing their short storage capacity. Moreover,
ideally, these products should be both ready-to-eat and
contribute to disease prevention [9], [10].

Mung bean flour has a high nutritional
composition including carbohydrates (56.43 + 0.16%),
fiber (4.95 + 0.08%) fat (1.53 + 0.04%), and protein
(23.84 + 0.04%) [11]. The nutritional composition of
chayote flourincludes ash (4.49+0.17%), carbohydrates
(73.35 £ 0.47%), fat (3.49 + 0.29%), and protein (15.10
1 0.27%) [12]. Their high nutritional composition makes
them ideal for developing as products or processing into
flour for use in other products. This innovation involves
a simple food process that results in raw material for
making biscuit products.

Chayote and mung beans are high-quality
ingredients, and their flour may be used to produce
biscuits with special health-enhancing characteristics.
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Determining the physical and chemical properties of a
new food product is an essential part of the development
process. The basic determination of carbohydrates,
fats, proteins, ash, and mineral content indicates their
nutritional value. It should be noted, however, that
this changes value depending on the mixture of raw
materials used to make the product. Materials and
processing methods may also change the nutritional
composition of biscuits that use this flour as a substitute
for wheat flour [13], [14], [15].

The nutritional quality evaluation of chayote and
mung bean biscuits as a new food formulation is related
to nutrition guidelines and food intake requirements. Due
to their high nutritional properties, these biscuits may be
used as part of a feeding program in disaster situations
such as famine or earthquakes [15]. Determination of
nutritional quality is inexpensive and relatively easy to
do using processes such as proximate or macro nutrition
analysis, which will assess the main components of the
biscuits, including ash, water, carbohydrates, fat, and
protein. Mineral or micronutrient analysis can also be
performed to evaluate levels of potassium, sodium,
calcium, and iron [16].

Methods

This research was pre-experimental. The
biscuit samples were divided into five formulations
based on the ratio of chayote flour and mung bean flour
(%) (Table 1). This research has four different stages of
work, including preparing the chayote flour, preparing
the mung bean flour, and making the biscuits. Finally,
proximate and mineral analyses on the final product
were then carried out.

Table 1: Biscuit formulation made from chayote and mung
beans flour

Ingredients Product formulation
F1(100:0) F2(75:25) F3(50:50) F4 (25:75) F5 (0:100)

Chayote flour (g) 100 75 50 25 0
Mung beans flour (g) 0 25 50 75 100
Butter 170 170 170 170 170
Sucralose (Diabetasol Zero 100 100 100 100 100
Calorie Sweetener) (g)
Milk powder (g) 30 30 30 30 30
Vanilla synthetic Y2 Ya Ve V2 Y
powder (tsp)
Eggs 1 1 1 1 1

Flour preparation

The materials used in this process were chayote
and mung beans (obtained from smallholder plantations
in Central Sulawesi) and clean water. The process of
preparing the chayote flour was begun by removing the
chayote skin, washing it, and cutting into small pieces. The
mung beans were soaked for 1 x 24 h and then placed
in an oven at 105°C for 2 x 24 h. After this, they were
powdered and sieved using an 80-mesh stainless filter.

Preparation for making biscuits

The main ingredients of the product formulation
were chayote and mung bean flour. Additional
components included butter, Sucralose, powdered milk,
vanilla, chicken eggs, and water (Table 1).

Biscuit formulation development

Two hundred grams of flour (chayote and mung
bean flour with the formulation of 100:0, 75:25, 50:50,
25:75, 0:100) were sifted. Thirty grams of powdered
milk were added to the same container, stirring until
flour and powdered milk were mixed. One hundred
seventy grams butter, 100 g powdered Sucralose, one
egg yolk, and % teaspoon vanilla powder were then
added. All ingredients were thoroughly mixed using an
electric mixer. The dough was shaped, placed on an
oven plate that had been smeared with margarine. The
dough was heated in an oven at 160°C for 15-20 min,
taken out, and cooled. Biscuits made of chayote and
mung bean flour were then ready for proximate analysis
(moisture, ash, carbohydrate, fat, and protein content)
and mineral analysis (sodium, potassium, calcium, and
iron content).

Proximate analysis

Evaluation of the proximate composition,
that is, moisture content, was conducted using
the thermogravimetric method, the ash content
was analyzed using the dry ashing method, and
the fat content was evaluated using the Soxhlet
method. Protein analysis was analyzed using the
ultraviolet-visible  spectrophotometric  method.
The total carbohydrate content measurement in a
sample was calculated based on the calculation (in
%). Furthermore, the percentage of carbohydrate
content was calculated by 100% minus the
cumulative percentage of protein, fat, ash, and
water content [4].

Mineral analysis

Evaluation of the mineral composition,
including Potassium (K), Calcium (Ca), Sodium
(Na), and Iron (Fe), was carried out using the atomic
absorption spectrophotometer method. First, 1 mL of
the sample solution was made. It was then diluted
with water in a 50 mL volumetric flask until the mark
limit. The potassium, calcium, sodium, and iron
levels in the sample solution were determined by
measuring their absorption with an atomic absorption
spectrophotometer. Potassium was measured at a
wavelength of 766.5 nm, calcium was measured at
a wavelength of 589 nm, sodium was measured at a
wavelength of 285.2 nm, and ferrous was measured at
a wavelength 6280 nm [4].
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Results and Discussion

Proximate composition

Proximate analysis of chayote and mung bean
biscuit formulations (Table 2) obtained the lowest and
highest water contents of 2.118% and 5.298% for F5
and F3, respectively. The formula (50:50) of chayote
and mung beans increased water content due to the
biscuits’ high protein content. The highest ash content
obtained was 2.87% in F1 (100% biscuits from chayote
flour) and the lowest was 1.42% in F5 (100% biscuits
from mung bean flour). The highest carbohydrate
content obtained was 59.88% in F5 and the lowest was
53.68% in F2. The highest fat content obtained was
32.64% in F1 and the lowest was 24.33% in F5. The
highest protein content obtained was 12.25% in F5 and
the lowest was 5.65% in F1.

Table 2: Proximate composition of biscuit products

Parameters Biscuit formulation of chayote and mung bean flours (g/100 g)

F1(100:0) F2 (75:25) F3 (50:50) F4 (25:75) F5 (0:100)
Water 268+0.01 491+029 530+060 5.16+0.01 212+0.00
Ash 287+0.01 256+003 202+0.02 196+0.04 142x0.03
Carbohydrate 56.16 £0.06 53.68+0.32 55.62+0.44 59.01+0.29 59.88+0.65
Fat 3264+039 28.22+0.14 27.63+0.00 26.13+0.08 24.33+0.29
Protein 565+0.32 10.62+0.14 9.44+0.14 7.75+035 12.25+0.34

“Mean + SD for 2 replications.

The water composition in a portion of food is
an indicator of quality; high water content leads food
products to have a short shelf life due to microbes or
microorganisms [17], [18], [19]. The chayote and mung
bean formulated biscuits have a low moisture content,
which indicates that they would have a long shelf
life. Based on the Indonesian national standard, the
maximum ash content of biscuits is 1.6%. The mung
bean biscuits met these requirements, so it would be
advisable to heat to 525-550°C to obtain good quality
biscuits with a high mineral content [20], [21].

The highest value of carbohydrate content
was in F5 due to the higher carbohydrate content in
mung bean flour than in chayote flour. In this study,
the carbohydrate content of the biscuits decreased
by replacing wheat flour with mung bean and chayote
flours. The low carbohydrate content of chayote flour
was the reason for the decreasing of the carbohydrate
content in the biscuits. Mung beans are a primary
source of carbohydrates after rice and wheat and have
a low glycemic index [22]. Consuming mung bean
biscuits may control the incidence of type 2 diabetes
mellitus [23]. This study also supports mung bean flour
biscuits as a better CHO source for irritable bowel
syndrome patients. They are more likely to help to
prevent the occurrence of diabetes mellitus compared
to rice and wheat [23], [24].

The high-fat content of chayote was the reason
for the high-fat content in the biscuits formulated with
chayote and mung bean flour. Chayote flour and mung
bean flour each contain 3.49% [12] and 1.43% [25] of
fat, respectively. Biscuits with low-fat content contribute

to energy density and are significantly affected by food
processing [26]. Biscuits made from mung bean flour
or a 100% formulation of mung bean flour as a basic
ingredient contained high protein as mung beans are a
plant-based food that is rich in protein [27]. The protein
content in mung bean flour affects the dough’s strength,
meaning that biscuit products with an interesting
texture and appearance would be obtained [22]. The
protein content (5.65-12.25%) of chayote and mung
bean biscuits added value to these food products,
with protein content sufficient enough that these
biscuits could increase protein intake in children and
adults [28], [29].

Mineral evaluation of biscuits

The mineral analysis of chayote and mung
bean biscuit formulation (Table 3) obtained the highest
potassium content of 429.12% in F5, while the lowest
was 142.22% in F1. The highest calcium content
obtained was 69% in F5 (100% biscuits from mung
bean flour), and the lowest was 26.8% in F2. The
highest sodium content obtained was 417.39% in F5
and the lowest was 169.68% in F1. The highest iron
content obtained was 14.06% in F5 and the lowest was
0.73% in F1.

Table 3: Mineral composition of biscuit formulations

Parameter Biscuit formulation of chayote and mung beans flour (g/100 g)

F1(100:0) F2 (75:25) F3 (50:50) F4 (25:75) F5 (0:100)
Potassium (K) 142.22 + 15.50 312.03 + 1.79 353.17 + 2.69 379.12 + 2.69 429.12 + 1.79
Calcium (Ca) 36.80+0.57 26.80+0.57 34.00+0.57 39.40+0.57 69.00+0.28
Sodium (Na) 169.68 + 1.01 265.37 + 0.20 341.09 + 1.22 382.04 + 2.23 417.39 + 1.42
Iron (Fe) 0.73+0.15 261+0.15 4.38+0.30 9.06+0.14 14.06 +0.44

“Mean + SD for 2 replications.

In the mineral analysis, potassium was
found to have the highest levels in the formulation
of chayote and mung bean biscuits (1:1) at 353.17%
compared to sodium (341.09%), calcium (34.0%),
and iron (4.38%). The high value of potassium levels
in all biscuit formulations makes the development of
biscuit products potentially suitable as a health food
to prevent hypertension [30], [31]. Potassium is the
most intracellular electrolyte solution and plays a role
in fluid balance and osmotic pressure [32]. Potassium
and sodium are necessary to transmit nerve impulses
and muscle contractions. Deficiency symptoms
include diarrhea, vomiting, diabetic acidosis, and
severe malnutrition [33]. Sodium is the second most
abundant mineral in chayote and mung bean biscuits.
The sodium value contribution in the biscuits (1:1)
comes from the basic ingredient of mung bean flour,
which has a sodium content value of 5.47% [34].
The calcium and iron content of the biscuits (1:1)
formulated with chayote and mung beans were 34.0%
and 4.38%, respectively. Compared to the results
reported by Onwurafor et al. [35], this value was higher
in biscuits formulated with mung beans and unripe
Raja banana flour at 32.34% and 3.98%, respectively.
Instant powdered nutritional content qualified by the
Indonesian National Standard nutrient was protein,
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fiber, and water content. Energy and fat were lower,
but carbohydrates were high [36].

Conclusions

Chayote and mung bean flours could be used

as a substitute for wheat flour in making biscuits. The
quality of the biscuit products made from chayote flour,
green bean flour, and both formulations are in the good
category with indicators that are acceptable for human
consumption because they have high macronutrients
and minerals. This also makes it suitable as a healthy
food to prevent degenerative diseases.
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