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Abstract

Biscuits made from roselle calyces and chitosan can be used as food ingredients to
complement food needs and are nutritious for health. Roselle calyces contain
anthocyanins, which have anti-hypercholesterolemic properties. Chitosan was also able to
reduce fat levels in plasma and the liver, thereby reducing cholesterol levels. This study
aimed to analyze the total anthocyanin content, determine the optimal formula, evaluate
sensory acceptance, and test the anti-hypercholesterolemic of biscuits containing
anthocyanins made from roselle (Hibiscus sabdariffa L.) flour and chitosan. The study
used a completely randomized design with four different proportions of the main
ingredients used to make biscuits containing roselle flour and chitosan, respectively; F0/
control negative (0:0)%; F1(4.5:0.5)%; F2(4:1)%; and F3(3.5:1.5)% and positive control
(Simvastatin drug). The findings revealed that the analysis of the differential pH method
on the total anthocyanin content of the four biscuit formulas showed a significant
difference (P<0.05). F3 with roselle 3.5% and chitosan 1.5% showed anthocyanin content
of 236.454+0.03 mg/kg higher than the others. Likewise, the evaluation of consumer
acceptance shows that F3 was better in assessing taste, texture, and overall compared to
F1 and F2. The in vivo analysis of the effectiveness of biscuits in lowering serum
cholesterol after consuming biscuit samples for twenty-one days showed that there was a
significant decrease in cholesterol levels with a decrease in total cholesterol and LDL by
33.72+1.39% and 35.87+£2.29%, respectively in Formula 3 and followed by a decrease in
Formula 2 total cholesterol (30.34+1.79%) and LDL (27.31£2.60%).

1. Introduction

serve an essential role in enhancing the value of dietary

A common habit is in consuming snacks that are
high in cholesterol and low in fiber but are not balanced
with sufficient activity. One type of small sweet snack
that can be enjoyed by people of all ages is a biscuit
(Singh et al., 2015). In addition, it is physically prepared
for consumption, has a longer shelf life, has a good
density composition, and has a variety of flavors
(Mahloko et al., 2019). The main ingredients used to
make biscuits are still cereals from grains, which
continue to dominate the market (Adedara and Taylor,
2021). However, because very few non-cereals
ingredients were used, the amount of dietary fiber in the
biscuits was minimal. Efforts to vary biscuit products
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fiber and lowering the cholesterol level. Roselle
(Hibiscus sabdariffa L.) could be used as a component in
producing biscuits other than cereals which include fiber
and was processed into flour or extracts.

Fresh or dried roselle petals are widely used in the
manufacture of functional drinks (Kusnadi et al., 2022),
fermented beverages, jams, ice cream, chocolate,
flavoring agents, and puddings (Ogundele et al., 2016;
Kamdaeng and Singkaew, 2021). Although roselle is
used in several food products, it has not been used in the
production of biscuits. The main compounds found in
roselle petals are organic acids, especially malic acid,
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anthocyanins, flavonoids, polyphenols, and fiber (Jabeur
et al., 2017; Ningrum et al, 2019; Kusnadi and
Purgiyanti, 2021). Roselle calyx anthocyanins, especially
delphinidin-3-sambubioside and cyanidin-3-
sambubioside are the main active compounds that play a
role in  antioxidant, anti-hypercholesterolemic,
antihypertensive and their amount is relatively high
(Kusnadi ef al., 2022; Yang et al., 2022). Anthocyanins
are bioactive compounds from the flavonoid group that
function as anti-hypercholesterolemic substances so that
they could reduce total cholesterol and LDL (Low-
Density Lipoprotein) levels in the blood (Zhu et al.,
2013; Hopkins et al., 2013).

Tests of the anti-hypercholesterolemic activity of
anthocyanin compounds have also been reported by
several studies, including anthocyanins in black carrot
flour (Sreerekha et al., 2021), cornelian cherry (Sozanski
et al., 2019), blue honeysuckle (Lee et al., 2022), and
anthocyanin capsules (Zhu et al., 2013). Anthocyanins
were also commonly used in the food industry as a
substitute for synthetic dyes because of their bright and
attractive color and high solubility in water, making
them possible to be applied to food systems (Ficco et al.,
2018). Research on anthocyanin substances applied in
food products has been reported, including the
manufacture of biscuits from black soybeans
(Pramitasari et al., 2021), Cookies from black bean seed
shells (Chavez-Santoscoy et al., 2016), and cookies from
corn flour (Zili¢ et al, 2016). However, the use of
anthocyanins in roselle calyces for biscuit products has
not been studied previously.

In addition to roselle, another anti-
hypercholesterolemic component used in the production
of flour-based biscuits is chitosan. Chitosan is not
harmful by nature, has biological activity, is
biocompatible, biodegradable, and may be chemically
and physically altered (Chattopadhyay et al., 2019;
Afonso et al. 2019). Chitosan has antioxidant,
antibacterial, and anti-hypercholesterolemic properties
(Hafsa et al., 2016; Wang et al., 2017). Chitosan can
function as an anti-hypercholesterolemic substance
because it can absorb fat and increase its excretion into
the feces, resulting in lower absorption (Dhawane et al.,
2019). Chitosan was also used as a food preservative
such as in processed fish, fruits, fruit juice purifiers, and
edible film (Vimaladevi et al, 2015; Afonso et al,
2019). However, the use of chitosan as an additional
supplement in biscuits has never been studied before.
Chitosan is also used as an elicitor by inducing and
increasing the content of secondary metabolites such as
saponins, flavonoids, and polyphenols (Portu et al,
2016; Gutiérrez-Gamboa et al., 2019). Chitosan could
also bind the tannin content and is heat resistant, so it can
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improve the appearance, and texture of a product, and
increase overall sensory acceptance (Zhou et al., 2015).

Therefore, this study aimed to evaluate the sensory
acceptability of biscuits made from roselle flour and
chitosan containing anthocyanins and to test the activity
of reducing total cholesterol and LDL. The provision of
chitosan and roselle flour in biscuit preparations was also
expected to increase the value of anthocyanin content,
and the value of sensory acceptance, and test anti-
hypercholesterolemic activity.

2. Materials and methods
2.1 Materials

The red roselle (Hibiscus sabdariffa L.) calyces were
obtained from roselle farmers in Yogyakarta Regency.
Commercial chitosan with a deacetylation rate of 84%
and pH of 6.8 used in this study was obtained from
CHIM-Pharmacy Store in Surabaya, Indonesia. All other
additives such as wheat flour, skim milk, egg yolk, quail
egg yolk, cornstarch, margarine, and baking soda were
purchased at the local Carrefour supermarket in Tegal
City. All analytical materials were Simvastatin,
methanol, hydrochloric acid, potassium chloride, and
buffer solutions of pH 1.0 and pH 4.5. Analysis of anti-
hypercholesterolemia test by in vivo method using
cholesterol kit and LDL kit. In addition,
spectrophotometers, and other equipment such as a
magnetic stirrer, 50-mesh sieve, oven, desiccator, and
analytical Ohaus were used in the study (NV2201).

2.2 Statement of ethics

This research obtained ethical approval with Ethical
Clearance No. 0716/EA/KEPK/2022 From the Health
Research Ethics Committee of Poltekkes Kemenkes
Semarang, Indonesia.

2.3 Preparation of roselle calyces flour

The method used in the manufacture of roselle
calyces was the blanching method described by Wang et
al. (2022), with some modifications. The clean roselle
calyces were blanched for 3 mins at 80°C. The next stage
was drying the petals for 4 hrs in the sun. The dried
roselle calyces were then sieved using an 80-mesh sieve,
wrapped in aluminum foil, placed in a watertight plastic
container, and stored at room temperature. Roselle
calyces were then ground using a stainless-steel flour
machine.

2.4 Biscuit preparation

Table 1 presents the biscuit recipes using roselle
flour and chitosan. Margarine, sugar, and other
ingredients were blended into a smooth cream in a mixer

© 2024 The Authors. Published by Rynnye Lyan Resources



Kusnadi et al. / Food Research 8 (5) (2024) 262 - 270

as the first step in baking the biscuits. During the cream-
making process, it was essential to whisk the mixture at a
medium speed after adding the skim milk. The recipes
instructed to manually mix the mixture before adding the
roselle flour and chitosan in the final stage and proceed
to stir the dough until it rose and became smooth.
Afterwards, the biscuits underwent a 25-minute baking
process at 150°C. This technique modified recipes by
Choudhury et al. (2015) to produce biscuits.

Table 1. The formulation of biscuits.

Ingredients (g) FO F1 F2 F3
Wheat flour 45 40 40 40
Roselle flour 0 4.5 4 3.5

Chitosan 0 0.5 1.5
Skim milk 14 14 14 14
Sugar 20 20 20 20
Margarine 15 15 15 15
Cornstarch 5 5 5 5
Baking powder 1 | 1 1
Total 100 100 100 100

FO: roselle/chitosan (0:0)%, F1: roselle/chitosan (4.5:0.5)%,
F2: roselle/chitosan (4:1)%, F3: Roselle/ chitosan (3.5:1.5)%.

Chitosan was added to the biscuit formula in the
amount of 0.5%, 1%, and 1.5% of 100 g of the total
ingredients used to make the biscuit dough, i.e., 0.5 g, 1
g, and 1.5 g, respectively. The use of chitosan in this
study refers to Talon ef al. (2017) for information on the
use of chitosan in making edible films containing
polyphenols, who reported on the use of 1 to 2 g of
chitosan. The experiment concluded that the amount of
roselle flour used was 3.5 g, 4 g, and 4.5 g, depending on
the amount of wheat flour in the dough. The provision of
roselle flour as much as 3.5 to 4 g in the biscuit
formulation also refers to the study by Zannou et al
(2020) on the manufacture of hot and cold drinks
containing roselle. This study used a completely
randomized design, with four factors each containing red
roselle flour and chitosan; FO = roselle/chitosan (0:0)%;
F1 = roselle/chitosan (4.5:0.5)%, F2 = roselle/chitosan
(4:1)%; and F3 = roselle/chitosan (4.5:0.5)%.

2.5 Analysis of total anthocyanin content

The extraction of anthocyanin content using the
differential pH method as proposed by Shao et al. (2014)
was slightly modified. To determine the total
anthocyanin content (TAC), two buffer solutions were
prepared at pH 1.0 (1.49% potassium chloride water
buffer, acidified with hydrochloric acid), and at pH 4.5
(1.64% sodium acetate water buffer, acidified with
hydrochloric acid. Hydrochloric acid and methanol
solutions were used to extract anthocyanins from four
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biscuit formulas. Four conical tubes containing 1 g of
material were used for extraction. The samples were
crushed and extracted using 10 mL of 80% (v/v)
methanol and 0.02 mL of 37% (v/v) concentrated
hydrochloric acid per 1 g sample. An orbital shaker
(Thermo Fisher, USA) was used to stir the mixture for 1
hr at room temperature while operating in complete
darkness at 120 rpm. The mixture was then put in a
centrifuge for 15 mins at a speed of 1500 rpm. The
anthocyanin extract from the supernatant was filtered
using filter paper no. 1. (Whatman, UK). A rotary
evaporator (Buchi R-300, Germany) was then used to
evaporate the solvent at a temperature of 40°C.

Using a spectrophotometer, the absorbance of each
solution was determined at wavelengths of 510 and 700
nm, with pH 1 and 4.5 buffers serving as blanks.
Calculating the difference in pH 1.0 absorbance at
wavelengths 510 and 700 minus the difference in pH 4.5
absorbance at wavelengths 510 and 700 yielded the
absorbance of the dissolved sample (A). The absorbance
was established using Equation (1):

A =[(A520 nm — A700 nm) pH 1.0] - [ ((A520 nm — A700 nm) pH4.5] (1)

Equation (2) is used to determine the total amount of
anthocyanin monomer as mg of cyanidin-3-glucoside
equivalent per g dry weight:

A *x MW = DF = 1000
e xL

Where A = value of measured absorbance (A = (Asy
nm — Azp nm) pH 1.0] — [(Asyo nm — Aypp nm) pH 4.5).
MW = stands for cyanidin-3-glucoside's molecular
weight (449.2 g/mol), DF = dilution factor, € = cyanidin-
3-glucoside's molar absorbance unit (26.900 L/
(cm.mol), L = cuvette length (1 cm), and 1000 for the
conversion factor from milliliters to liters.

2

Total anthocyanin content =

2.6 Sensory acceptability evaluation test

A total of twenty panelists evaluated a sensory
acceptance test at the Department of Pharmacy of
Polytechnic Harapan Bersama, Tegal, Indonesia. The test
procedure was carried out by randomly distributing
biscuits with and without chitosan and roselle flour, as
well as biscuits with the addition of chitosan and roselle
flour in varying amounts. The selected code was a code
that did not provide information to the panelists about
the exam. The panelists were instructed to drink the
water the researchers provided before testing the second
sample after they had finished tasting the first. Aspects
of aroma, color, texture, taste, aftertaste, and overall
acceptability, were some of the sensory acceptability
evaluated depending on the level of preferences. The
sensory acceptance of the sample was evaluated on a
hedonic scale with a value category of 7 points (1 =
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strongly dislike; 4 = dislike or neither like; 7 = strongly
like) (Pramitasari et al., 2021).

2.7 Analysis of anti-hypercholesterolemic activity

In vivo testing method was conducted to determine
the effectiveness of providing biscuit products in
lowering blood cholesterol referred to Patrignani et al.
(2016). The experiment was carried out for 5 weeks with
an adaptation period of 7 days followed by being
induced by feeding a high-cholesterol diet twice a day
for 7 days. The test product was administered up to 2
mL/200 g/day and the -cholesterol-lowering drug
Simvastatin 10 mg/kg orally for 21 days. There were 5
treatment groups, namely FO (negative control or roselle/
chitosan (0:0)), positive control (Simvastatin drug 10
mg/kg rat weight per oral), and test biscuit products,
each F1 = roselle/chitosan (4.5:0.5)%, F2 = roselle/
chitosan (4:1)%; and F3 = roselle/chitosan (4.5:0.5)%.
Each group consisted of 3 male white rats.

The process of making high-cholesterol feed was
done by preparing 10 g of egg yolk and quail egg yolk in
a 50 mL volumetric flask and then adding 25 mL of
distilled water. This feed was given to mice 2 times a day
for 7 consecutive days and feeding was done orally using
an oral probe (Anggraini and Fathrah, 2018). Cholesterol
levels were measured in the morning before treatment.
Measurement of blood cholesterol levels was carried out
using a cholesterol kit and an LDL kit. Blood was taken
from the tail of the mice using a cotton swab that was
extended and cut approximately 1 mm from the tip of the
tail using sterile scissors. Afterwards, blood dripped onto
the strip. The cholesterol levels of mice were measured
automatically in which the results were expressed on the
monitor numerically.

2.8 Statistical analysis

All findings were presented as the mean standard
deviation of three separate trials done in triplicate. By

using a one-way analysis of variance, the total
anthocyanin content (TAC) and anti-
hypercholesterolemic activity data were evaluated

(ANOVA). The Statistical Package for Social Sciences
(SPSS) software determined that the mean values were
substantially different when the p-value was <0.05. The
Kruskal-Wallis non-parametric test was employed to
evaluate sensory acceptability, and the results were
significant at a p-value < 0.05 if the mean values were
projected to differ.

3. Results and discussion
3.1 Total anthocyanin content of biscuit

Table 2 shows that the anthocyanin content of the
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four samples with roselle calyces flour as a whole was
significantly different from each other. This may appear
as a result of the manufacturing process used to make the
biscuit. The anthocyanin content decreases when baked
at 150°C in the manufacture of these biscuits, this was
due to anthocyanins being degraded at 50°C and stable at
4°C (Rakkimuthu et al, 2016). Biscuit samples in F3
(3.5% roselle flour and 1.5% chitosan) showed a
significant value (p<0.05) with the highest anthocyanin
value of 236.45+0.02 mg/kg, followed by F2 of
198.64+0.05 mg/kg, and the smallest in control FO of
24.88+0.02 mg/kg. The presence of chitosan as a
polysaccharide compound functions as an elicitor by
binding and increasing the content of anthocyanin
secondary metabolites in biscuits (Ebrahimi Tirtashi et
al., 2019). This was also supported in the report by Portu
et al. (2016) on the use of chitosan, which could increase
the phenolic and anthocyanin content in grapefruit
extract.

Table 2. Data analysis of total anthocyanin content.

Sample Total anthocyanin content (mg/kg)
FO (control) 14.46+0.06*
Formula 1 173.82+0.04°
Formula 2 198.64+0.05¢
Formula 3 236.45+0.03¢
Roselle calyces flour 682.8+0.02°

Values are presented as meantSD. Values with different
superscripts within the same column are statistically
significantly different (P<0.05).

3.2 Biscuit products

Qualitatively, the four types of biscuits can be
clearly distinguished from each other based on the colors
to the naked eye. Biscuit products in F3 containing
roselle (3.5%) and chitosan (1.5%) produced a darker
color compared to other formulas. Table 3 shows the
presence of a darker hue with a higher anthocyanin
content than the others, resulting in a yellow-black hue.
This was due to the Maillard reaction between the amino
acid groups in chitosan and reducing sugars, which
creates a brown polymer called melanoidin, and the
thermal degradation of anthocyanins (Fu et al., 2019).
High baking temperatures have also changed the color of
the dough, turning it into a darker brown color
(Patrignani et al., 2016). This was influenced by the
amount of chitosan in F3 which had a larger amount than
the others so that the function of chitosan as an elicitor
was maximized by inducing and increasing the content
of secondary metabolites of polyphenolic anthocyanins
(Gutiérrez-Gamboa ef al., 2019).

3.3 Sensory acceptance

To assess the acceptability of the biscuits, several
sensory components of the biscuits were assessed,
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Table 3. Evaluation of biscuit sensory acceptance.
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Biscuit formulation Aroma Color Texture Taste Overall
F0/control 4.98+0.01° 5.62+0.05" 6.0240.03° 6.12+0.01° 6.13£0.01°
Formula 1 5.5440.05" 5.53+0.03" 5.22+0.01° 5.36+0.11° 5.35+0.04°
Formula 2 5.43+0.01° 5.32+0.11° 5.46+0.04° 5.48+0.03° 5.42+0.02°
Formula 3 5.2240.02° 4.92+0.04° 5.82+0.03° 5.81+0.21° 5.68+0.21°

Values are presented as meantSD. Values with different superscripts within the same column are statistically significantly

different (P<0.05).

including the aroma, color, taste, and texture. The
objective of product sensory testing was to provide an
assessment of how favorable the products were (Silva et
al., 2018). Table 3 shows that the panelists preferred the
aroma of biscuit products at F1 to F3 with the addition of
chitosan and roselle flour which gave a significant
difference (p<0.05) compared to biscuits without roselle
and chitosan additions at FO. Assessment of color in F1
(4.5% roselle flour and 0.5% chitosan) produced better
results than other formulas, 0.5% chitosan may be more
effective in absorbing roselle tannin content than the 1%
and 1.5% ones to produce a brighter color. However, F3
was better at assessing taste, texture, and overall
performance than other formulas (F1 and F2). The ability
of chitosan to bind tannins caused the final color of the
biscuits to be lighter than the control samples (Lu et al.,
2016). Due to the binding of tannins and other pigments
in biscuit dough with a greater concentration of chitosan,
the color becomes pale and dark, so the panelists'
acceptance of the product decreases (Agnolucci et al.,
2020). The texture, taste, and overall rating showed that
the FO formula was higher than the others, but the aroma
acceptance of the F1 to F3 formulas was better than FO
and the color assessment gave relatively the same rating
on FO to F2. The use of rosella flour and chitosan which
contain anthocyanin pigments in the formula could
provide added value to the acceptance of biscuit aroma
and had the potential to prevent degenerative diseases.
The addition of chitosan in higher amounts which
functions as an elicitor in formulas can also increase the
anthocyanin content in biscuit products resulting in a
darker color (Lucini et al., 2018).

3.4 Anti-hypercholesterolemic activity

The results revealed that the biscuit products
developed for the trial can lower blood cholesterol.
When the biscuits were tested for their ability to lower
blood cholesterol using an in vivo method, it was
established that consuming up to 2 g/200 g of the product
daily for 21 days reduced total cholesterol and LDL
levels. Figure 1 for total cholesterol and Figure 2 for
LDL show the results of tests performed using the in vivo
approach. Along with the use of the test biscuit product
formulations, there was also a decrease in total
cholesterol and LDL. Giving formula biscuits increased
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the lipid profile to normal with total cholesterol in the
range of 125-200 mg/dL and LDL less than 100 mg/dL
(Made et al., 2021).

Administration of the commonly used commercial
drug Simvastatin can still produce an effect that is
superior to that produced by formulated biscuits. This
study was also in agreement with research on the use of
Simvastatin was more effective in lowering cholesterol
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than herbal drink products from okra and green tea
(Cornelia and Anggraini, 2020). Between the group
receiving biscuit therapy and the group receiving
Simvastatin, there was a significant difference (p<0.05)
in the amount of reduction in total and LDL cholesterol
levels. However, Figure 2 shows the biscuit product in
formula 3 (roselle flour 3.5% and chitosan 1.5%) with
anthocyanin levels of 236.45+0.03 mg/kg more
significantly (p<0.05) able to reduce total cholesterol and
LDL levels greater than the others.

Chamnansilpa et al. (2020) reported that polyphenol
anthocyanin compounds have a mechanism for lowering
total cholesterol and LDL in the body that is nearly
equivalent to that of statin class anti-hyperlipidemic
drugs. Anthocyanins work by inhibiting HMG Co-A
reductase and inhibiting HMG Co-A reductase
preventing the synthesis of mevalonate, which prevents
the synthesis of cholesterol in the blood (Zhu et al.,
2013). Giving 1.5% chitosan in biscuits was also more
effective in increasing the anthocyanin content and
lowering total cholesterol and LDL levels. Chitosan was
able to reduce fat levels in plasma and the liver, as well
as absorb fat and increase its excretion rate into feces,
resulting in lower absorption. Studies have reported that
chitosan administration can reduce blood lipid levels,
hypercholesterolemia, and weight loss (Harisa et al.,
2017).

4. Conclusion

The total anthocyanin content of the four biscuit
formulas showed significant differences. F3 (3.5%
roselle and 1.5% chitosan) showed that the anthocyanin
content was 236.45+0.03 mg/kg higher than the others.
Likewise, the evaluation of consumer acceptance showed
that F3 was better at assessing the taste, the texture, and
the overall performance than other formulas (F1 and F2).
Biscuit sample testing for 21 days also had a significant
effect on reducing cholesterol levels with a decrease in
cholesterol total and LDL by 33.72+1.39% and
35.8742.29%, respectively, in Formula 3 and followed
by a decrease in total cholesterol in Formula 2
(30.34+1.79%) and LDL (27.314£2.60%). These biscuits
can be used as an alternative snack that has benefits as a
healthy snack to lower cholesterol levels and has high
nutritional value, therefore it was useful for reducing the
danger of degenerative diseases.
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