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Abstract

Jelly drink is a hydrocolloid-based drink with a low gel consistency, making it easy to
consume. Dyes are food additives often added to jelly drinks to increase attractiveness.
However, synthetic dyes are known to negatively affect health. Caulerpa sp. macroalgae
are rich in chlorophyll pigment and have functional properties such as antioxidants and
can be used as an organic dye, replacing synthetic dyes. The purpose of this study was to
determine the effect of Caulerpa sp. microcapsules as a natural dye on the physical and
chemical properties of seaweed jelly drinks and to recommend concentrations. This study
used chlorophyll from Caulerpa sp. in microcapsules that were added to jelly drinks with
0-4,000 ppm concentrations with 1,000 ppm intervals. The drinks’ physical properties
were analyzed based on color, viscosity, dissolved solids, and syneresis level. The
chemical properties analysis covered sugar, dietary fiber, chlorophyll, and total phenol
levels, and antioxidant and organoleptic activity. The transition temperature of the jelly
drinks was analyzed using Differential Scanning Calorimetry. A higher concentration of
Caulerpa sp. microcapsules affected the characteristics of jelly drinks. The highest
addition of Caulerpa sp. microcapsules resulted in increased chemical characteristics,
however, lowered the soluble solids, degree of syneresis and panelist's acceptance. The
best concentration was found at 2000 ppm. The Caulerpa sp. microcapsules has the
potential as a natural colorant and improves product characteristics.

1. Introduction

Red algae are macroalgae and a
hydrocolloid-based products like carrageenan and agar,

2017). However, according to Dafallah et al. (2015),
synthetic dyes affect our health. They found that
synthetic dyes can reduce HDL cholesterol and
glutathione secretion and weaken the immune system.

source of

which function as a thickener and gelling agent.
Hydrocolloid products are used in food because of their
ability to increase aqueous solution viscosity, to form a
film, and gel with different hardness levels (Kiling ef al.,
2013). A jelly drink is a hydrocolloid beverage with
sugar and other food additives (usually dyes). The weak
consistency of the drink causes the gel to crumble easily
when aspirated (Winarti et al., 2018).

The consumer appeal in the food and beverage
industry is often influenced by adding dyes, especially
synthetic ones. Colored foods may influence consumers’
choices regarding food and increase their appetite.
Synthetic dyes are common because they are economical
and produce stable and attractive colors, especially under
storage conditions such as humidity, temperature, air and
easy to obtain (Kumari and Meghwal, 2016; Zahra et al.,
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Synthetic dyes may also lead to increased blood glucose,
LDL cholesterol, and lipid peroxidase levels. Merinas-
Amo et al. (2019) reported that, based on in vivo tests,
daily consumption of synthetic dyes may result in
increased tumor cell growth, but did not cause DNA
modification or damage. According to Kobylewski and
Jacobson (2012), some synthetic dyes exert carcinogenic
and cancer-causing effects in animals.

Natural dyes are a potentially less harmful
alternative colorant for food and beverages because they
have antioxidant and anti-inflammatory functional
properties and can strengthen the immune system
(Okafor et al., 2016). Other sources of natural dyes are
vegetables, fruits, and seeds that contain pigments,
including chlorophyll, anthocyanins, and carotenoids
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(Mohamad et al., 2019). Macroalgae that contain
chlorophyll pigment are another source of natural dyes,
such as the Caulerpa sp. According to Othman et al.
(2018), the chlorophyll content in Caulerpa sp. is higher
(7.29 ng/g) than in Gracilaria (2.80 pg/g) and Euchema
(2.97 ng/g) seaweeds. The high chlorophyll content in
Caulerpa sp. makes it a potentially viable source of
natural dyes for foods and beverages. However,
chlorophyll is a natural green pigment that does have
weaknesses, namely an unstable reaction to heat, light,
and  oxygen  (Haryatfrehni et al,  2015).
Microencapsulation helps maintain chlorophyll stability
during storage. It is a process to stabilize the functional
properties and physicochemical characteristics by
providing a barrier between the coated material. The
resulting microcapsule product is easy to apply and
stable during storage (Bakry et al., 2016; Corréa-Filho et
al., 2019).

Natural dyes are commonly used in jelly drinks.
Tensiska et al. (2017) added anthocyanin microcapsules
from purple sweet potato with different concentrations to
jelly drinks. The jelly drinks with 3,000 ppm added were
less popular among panelists because of their red color
with low intensity. Trilaksani et al. (2015) reported that
an increased concentration of Spirulina platensis
decreased the panelists' acceptance of the color and
aspirated power of jelly drinks. However, it did results in
increased antioxidant activity in the jelly drinks. Besides,
Suryani et al. (2017) added 1% Rosella natural dye to
jelly drinks, resulting in a slightly dark red product
which affected the panelists’ acceptance. Research into
Caulerpa sp. microcapsules added to jelly drinks has not
yet been done. Hence, this study is the first to do so. This
study aimed to determine the effect different
concentrations of Caulerpa sp. microcapsules have on
the physical and chemical characteristics of seaweed
jelly drinks and to determine the best concentration of
Caulerpa sp. microcapsules to jelly drinks.

2. Materials and methods
2.1 Materials

The macroalgae, Caulerpa sp. were obtained fresh
from Jepara, Central Java, Indonesia. Other materials
were ethanol 96%, gum arabic, carrageenan, gelatin,
tween 80 (Merck, Germany), agar (Swallow, Indonesia),
sugar (Gulaku), and mineral water (Aqua (Indonesia)).

2.2 Chlorophyll extraction from Caulerpa sp.

Chlorophyll was extracted from Caulerpa sp. as
described by Derrien et al. (2017) with some
modification by drying fresh Caulerpa sp. at room
temperature for 48 hrs and subsequently shredding it in a
blender (Maspion, Indonesia). Caulerpa sp. was then
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soaked with 1:5 ethanol for 24 hrs after which the filtrate
was separated from the pulp using a filter cloth. The
solvent then was subject to rotary evaporation. The

extract obtained was put in a dark bottle and stored at 5°
C.

2.3 Chlorophyll microencapsulation

Chlorophyll microencapsulation followed the freeze-
drying (Ningbo Yinzhou Sjia Lab Equipment Co., LTD)
based on the method described by Yamashita et al.
(2017) and involved dissolving 10% chlorophyll extract
in distilled water by adding 1% tween 80. Then, gelatin
(2%) and gum Arabic (8%) was added and homogenized
using Ultra Turrax at 10,000 rpm for 3 mins to act as the
coating material. Next, the mixture was freeze-dried for
24 hrs at -35°C. The resulting chlorophyll microcapsules
were packed in polypropylene plastic, placed in an
airtight jar, and stored at 5°C.

2.4 Jelly drinks production

Making the jelly drinks involved dissolving 0.2%
carrageenan, 0.1% agar, and 10% sucrose in mineral
water to which the chlorophyll microcapsules with
0 ppm (A), 1,000 ppm (B), 2,000 ppm (C), 3,000 ppm
(D), and 4,000 ppm (E) were added. The homogenous
mixture was heated to a boil for 5 mins and poured into a
glass bottle to be stored at room temperature.

2.5 Color

The color was measured with a Chromameter
Minolta CR 400 with the result expressed as L*, a*, and
b* values (Anthonissen et al., 2018). The L* represents
brightness, a*(+) represents red hue, a*(-) represents
green hue, b*(+) represents yellow hue, and b*(-)
represents blue hue.

2.6 Viscosity

The viscosity was measured by the method described
by Mohan et al. (2020), with a viscometer (Brookfield
Engineering Laboratories, USA). The viscometer was
used to analyze 50 mL samples at 100 rpm.

2.7 Dissolved solids

Dissolved solids were analyzed based on AOAC
(2010), by homogenizing a 0.5 g sample with 6 mL of
distilled water heated for 5 mins in a water bath
(Memmert, Germany). The samples were then cooled
and distilled water was added to the tera limit and
filtered. Next, 5 mL of the filtrate was placed on a
porcelain plate and weighed (A). The filtrate was then
evaporated in an oven at 105°C until dry and reached a
constant weight temperature (B). The proportion of
dissolved solids is measured and expressed in dry

weight.
& © 2023 The Authors. Published by Rynnye Lyan Resources
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2.8 Syneresis rate

The syneresis rate was analyzed based on the method
described by Gani et al. (2014). A jelly drink was poured
into a plastic cup and stored at 5°C for 72 hrs. The
syneresis rate is the difference between the initial weight
and final weight divided by the initial weight and
multiplied by 100%. The final weight is of the gel
contained in a jelly drink separate from the water.

2.9 Total sugar

The total sugar was analyzed following the method
described by Permana et al. (2020), by using a
refractometer to detect and measure it (Atago Co, Ltd,
Japan).

2.10 Dietary fiber

First, the crude fiber was measured gravimetrically
according to AOAC (2017), with a 0.5 g sample, added
with 0.1 mL alpha-amylase enzyme, and heated and
stirred at 100°C for 15 mins. The cooled sample was
then added with 20 mL distilled water, 1 mL of 1%
pepsin enzyme, and was subsequently reheated in a
water bath for 1 hr. Next, 5 mL 1 N NaOH and 0.1 mL
beta amylase enzyme were added, and heated for 1 hr.
The sample was then separated and washed twice using
10 mL acetone and ethanol and dried in an oven at 105°
C for 24 hrs as crude fiber. To create a suspension,
400 mL of 95% ethanol was added to 100 mL filtrate.
The filtrate was once again filtered with free ash filter
paper and washed with acetone and ethanol. Finally, the
filtrate was dried in an oven at 105°C for 24 hrs after
which it was weighed as a soluble crude fiber.

2.11 Chlorophyll analysis

The chlorophyll content was measured according to
the method described by Guo et al. (2015), from the
samples dissolved in pure acetone (Merck) and
homogenized for 5 mins. The sample was then filtered
with Whatman filter paper No. 1 (Merck). A
spectrophotometer (Shimadzu, Japan) at 663 nm was
used to measure the absorbance of chlorophyll-a and
chlorophyll-b at 645 nm. The content of both types was
measured using the following equation and with the total
chlorophyll expressed in mg/1:

Total Chlorophyll =8.02 A663 +20.21 A645
2.12 Total phenols

The total phenols were determined based on the
method described by Nurjanah et al. (2019), where a
2 mL sample was mixed with 1 mL Folin-Ciocalteu
(Merck) reagent and homogenized. A 3 mL of 3%
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sodium carbonate solution was then added to the
homogenized solution and was subsequently set aside for
30 min while stirred. A UV-Vis spectrophotometer
(Shimadzu, Japan) at 760 nm was used to measure the
absorbance. The total phenols were expressed as
microgram gallic acid per milligram of the dry sample
using gallic acid standard curves.

2.13 Antioxidant activity

The antioxidant activity was measured according to
Sihono et al. (2018) with modification. A 2,2-diphenyl-1
-picrylhydrazil (DPPH) (Merck) and a 1 mL sample of
chlorophyll microcapsule solution in methanol were
mixed with 2 mL of DPPH in methanol (0.1 mm) and
homogenized and stored in the dark at room temperature
for 25 mins. The absorbance was measured with a UV-
Vis spectrophotometer (Shimadzu, Japan) at 760 nm.
The percentage of DPPH free radicals was calculated by
dividing the difference between the absorbance of the
sample with that of the control multiplied by 100%. The
control was the pure DPPH solution.

2.14 Sensory analysis

The sensory analysis was based on Solicha et al.
(2021) using a hedonic shore sheet by 30 trained
panelists. The parameter includes appearance, odor,
texture, and taste, using a scale of 1-9, with a scale of 1
representing very unlikely to 9 very likely.

2.15 Differential scanning calorimetry

The differential scanning calorimetry was measured
based on the method described by Gorska et al. (2020),
with a DSC-60Plus and Flow Control Unit (Shimadzu,
Japan). The sample was heated to 30-300°C using an
aluminum seal that flowed nitrogen at 10 mL/min.

2.16 Statistical analysis

The statistical analysis consisted of triplicate
samples analyzed in ANOVA. If there was a significant
difference (a0 < 0.05), Tukey tests were performed. The
data were analyzed with SPSS 23 software.

3. Results and discussion
3.1 Color

Table 1 shows that Caulerpa sp. microcapsules
affected the jelly drink’s color which turned a darker
green as more microcapsules were added. The
microcapsules made the drinks darker (decreased L¥*)
and shifted the hue towards green (increased a*(-)) and
yellow (increased b*). They also increased the
chlorophyll content of jelly drinks. Chlorophyll consists
of chlorophyll a and b, where chlorophyll a has a green-

© 2023 The Authors. Published by Rynnye Lyan Resources



4 Dewi et al./ Food Research 7 (Suppl. 3) (2023) 1 - 11

blue color intensity and chlorophyll b has a green-yellow
color intensity (Paciulli ef a/., 2017). The decreased L* is
likely linked to the heat during the jelly beverage
processing affecting chlorophyll. High temperatures
cause chlorophyll to turn brown because magnesium ions
are released and replaced by hydrogen ions, resulting in
the formation of pheophytin components (Kwartiningsih
et al., 2021). The treatment of E jelly drink has a highest
green dark color. The darkening of the jelly drinks was
also a result of the Maillard reaction between sugar and
amino acids from gelatin contained in Caulerpa sp.
microcapsules. The results are in agreement with Cano-
Lamadrid et al. (2020), who added pomegranate to jelly
candy resulting in a darkening effect as a result of the
Maillard reaction.

Table 1. The color of the jelly drinks.

Sample L A B
A 58.60+0.21°  -0.50+0.03" 5.8440.08%
B 46.81£0.43¢  -0.03+1.91° 11.09+0.22°
C 40.0240.12*  -2.35+0.01° 16.74+0.01°
D 53.7140.08°  -2.42+0.03° 18.38+0.26°
E 43.40+£0.18"  -3.78+0.09¢ 21.37+0.07¢

Values are presented as mean+SD. Values with different
superscript within the same column are statistically
significantly different at 5%.

3.2 Viscosity

The viscosity test results are shown in Table 2 and
showed that the higher the concentration of Caulerpa sp.
microcapsules, the higher the viscosity of the jelly
drinks. Viscosity is influenced by several factors. Gomaa
and Ayoub (2021) reported that the addition of gum
tragacanth to jelly could increase viscosity. According to
Elshafeey and El-Dahmy (2022), viscosity is linked to
the polymer used. It is also affected by carrageenan and
gelatin which have gelling agent properties and can when
combined, produce an elastic gel (Saha and
Bhattacharya, 2010) and can therefore increase the
viscosity of jelly drinks.

Table 2. Physical characteristics of the jelly drinks.

Sample Viscosity (cP) g)llsifi:lzi’z(; Synezg/i;s rate
A 15.65+0.05° 5.45+0.05° 10.82+0.06°
B 44.30+0.10° 6.30+£0.01° 8.93+0.10¢
C 56.60+0.30° 6.56+0.04¢ 7.324+0.05°¢
D 57.55+0.05° 7.49+0.18¢ 5.810.02°
E 72.90+2.50¢ 9.24+0.01° 3.66+0.02°

Values are presented as mean+SD. Values with different

superscript within the same column are statistically

significantly different at 5%.
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3.3 Dissolved solids

Dissolved solids increased with the concentration of
Caulerpa sp. microcapsules (Table 2) and ranged from
5.45-9.24% in the jelly drinks. Dissolved solids relate to
components that can dissolve in a solution, especially
sugar and other soluble components (Azlan ef al., 2020;
Wei et al., 2020). Dewi et al. (2021) reported that the use
of gelatin and gum arabic as a coating material in
chlorophyll microencapsulation caused an increase in the
solubility of microcapsules in water. Gelatin and gum
arabic are easily soluble in water because the former
contains hydrophilic amino acids and the latter is a
carbohydrate that acts as an emulsifier (Alkarib et al.,
2016; Felix et al., 2016). Dissolved solids were shown to
increase by Azlan et al. (2020) who added gum arabic to
rosella juice. Montenegro et al. (2012) explained this as
gum arabic being a polysaccharide consisting of D-
galactose, D-glucuronic acid, and L-arabinose which are
easily soluble in water.

3.4 Syneresis

Syneresis is a condition in which a liquid with a low
molecular weight separates from the gel surface during
storage due to the formation of new intermolecular
bonds. This condition causes the gel structure to go
through an imbalance so that the liquid is released (Park
et al., 2021). The results of the syneresis analysis are
shown in Table 2 and show that increased concentrations
of Caulerpa sp. in the jelly drink resulted in decreased
syneresis. Carrageenan and chlorophyll microcapsules
were able to form a strong matrix because of the ability
of gelatin as a coating material to form an elastic gel
when combined with carrageenan (Saha and
Bhattacharya, 2010). In addition, gelatin can bind water
to the matrix structure. It acts as a stabilizer that can
increase the ability to bind water (Dimitrellou ef al.,
2020; Bahar et al., 2021). Pancapalaga and Ashari
(2020) reported that the higher the gelatin in the material,
the more matrix capable of binding water is formed. As
more gelatin is introduced to the drinks, water is released
less and the syneresis value is therefore reduced. The
syneresis values in this study were 3.66—10.82% which
are better than in Shi et al. (2017), who made yogurt
with the addition of 0.1% gelatin resulting in a syneresis
value of 31.5%.

3.5 Total sugar

The more Caulerpa sp. microcapsules were added to
the jelly drink, the higher the total sugar rose (Table 3).
Total sugar is the number of monosaccharides and
disaccharides in a food (Erickson and Slavin, 2015). The
sugar in this study was the basic ingredient for the jelly
drinks and was sourced from sucrose sugar
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(disaccharide). The total sugar value for the control jelly
drink (A) was 3.66%. The highest total sugar value of
10.82% was in jelly drink E. During the process of
cooking the jelly drinks, Caulerpa sp. in the
microcapsules separates from the gelatin and gum arabic
coating material. The hydrolysis of gum arabic produces
L-arabinose and D-galactose in the form of free sugars
(Li et al., 2018), which explains the raised total sugar
levels.

3.6 Dietary fiber

The dietary fiber increased as Caulerpa sp.
microcapsules were added (Table 3). Dietary fiber is a
plant material that contains cellulose and polysaccharides
that cannot be digested by digestive enzymes (Dhingra et
al., 2012). The dietary fiber in this study was sourced
from carrageenan and gum arabic. Carrageenan acted as
the main ingredient in the manufacturing process of jelly
drinks. Hernawati et al. (2013) explained that Eucheuma
sp. seaweed is a source of dietary fiber and that
carrageenan is its main polysaccharide. The dietary fiber
value of the control jelly drink (A) was 0.43% and
increased as Caulerpa sp. microcapsules were added and
also increased because of the gum arabic coating
material. Mariod (2018) reported that gum arabic is an
exudate from the acacia tree and contains more than 80%
fiber. The Caulerpa sp. microcapsules increased the
dietary fiber content of the jelly drinks and jelly drink E
contained 0.96% dietary fiber. The results in this study
are similar to Praseptiangga et al. (2016), who reported
that the addition of gum arabic to jackfruit leather
increased its fiber content by up to 58%.

3.7 Chlorophyll

Caulerpa sp. contains chlorophyll, which is a green
pigment, and is a single-celled alga with a green thallus
and is therefore a green alga. Its green color is caused by
chlorophylls a and b contained in algal plastids for
photosynthesis (Tapotubun et al., 2020). The results of
the total chlorophyll analysis are shown in Table 3 and
the chlorophyll content was 0.07—0.10 ppm. The more
Caulerpa sp. microcapsules were added to the jelly
drinks, the higher the chlorophyll content became. The
chlorophyll presence was also reflected by the color of
the jelly drinks because they turned dark green, which

Table 3. Chemical characteristics of the jelly drinks

indicates that chlorophyll survived the heating process.
These results are in agreement with Nurbaya ef al.
(2021), who applied betacyanin microcapsules to a
beverage model to produce betacyanin that persisted and
survived 10 min of heating. Dewi et al. (2018) applied
phycocyanin microcapsules to jelly candies turning them
blue, which indicates that the phycocyanin survived
processing.

3.8 Total phenol

As shown in Table 3, the total phenol content of the
jelly drinks ranged from 2.24-17.39%. It increased as
microcapsules were added to the drinks and there were
five times higher total phenol determination on control
compared to the addition of 4,000 ppm microcapsules
Caulerpa sp. The rise in total phenol content was linked
to the chlorophyll content in jelly drinks. Novelina et al.
(2015) reported that the chlorophyll extract was detected
to contain phenolic components, alkaloids, flavonoids,
and steroids. The research concurred with the research of
Siddiqui et al. (2017) on the Nepeta bracteata flower.
The phenolic compound in Caulerpa sp. is very
important since it belongs to a group with scavenging
properties.

3.9 Antioxidant

The results of antioxidant testing in Table 3 show
that the higher the concentration of Caulerpa sp. in the
jelly drinks, the higher the antioxidant value. This is
likely a direct result of the Caulerpa sp. addition.
According to Marraskuranto et al. (2020), Caulerpa sp.
contains bioactive and phenolic compounds with
antioxidant activity. According to Tanna et al. (2018),
Caulerpa sp. seaweed is rich in total antioxidants
compared to other seaweeds. The antioxidant value of
Caulerpa sp. is 150.8+£5.7% and that of Ulva sp. is 67%.
Antioxidant activity may also be affected by the
microencapsulation method used on Caulerpa sp., as it
can maintain the bioactive compounds and increase
stability and antioxidant value (Dewi et al., 2022; Saini
etal., 2022).

3.10 Differential scanning calorimetry

The thermal analysis results of the jelly drinks with

Sample  Total sugar (%)  Dietary fiber (%) Chlorophyll (ppm) Total phenol (ppm) Antioxidants (%)
A 3.66+0.02° 0.43+0.02° 0.07-0.00° 2.24+0.06° 3.79+0.07°
B 5.81+0.02° 0.53+0.02° 0.08+0.00° 5.14+0.13° 14.84+0.13°
C 7.3240.05° 0.72+0.00° 0.08+0.00° 10.72+0.12° 18.62+0.26°
D 8.93+010¢ 0.85+0.03¢ 0.09:£0.00° 14.05+0.13¢ 26.50+0.07¢
E 10.82+0.06° 0.96+0.00° 0.10:£0.00¢ 17.39+0.06° 31.1240.13¢

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

different at 5%.
https://doi.org/10.26656/1r.2017.7(S3).1
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the addition of Caulerpa sp. microcapsules are shown in
Figure 1. The Caulerpa sp. can be mixed until
homogeneous, as indicated by the appearance of one
peak in the five jelly drink samples. Dewi ef al. (2021)
reported that the appearance of a peak in the Caulerpa
sp. microcapsules indicated an interaction between the
coating material and that the enthalpy temperature of
gelatin measured was >200°C, while that of gum arabic
was 122°C. In the control jelly drink (A) the enthalpy
temperature was 139°C and in the jelly drink with added
Caulerpa sp. the enthalpy reached 155-169°C. These
results are in agreement with Ang et al. (2019) who
reported that the enthalpy temperature change of
curcumin increased after the microencapsulation process
with gelatin was carried out. This indicates a cross-
linking between curcumin and gelatin. Furthermore,
Jamaludin et al. (2017) mentioned that the temperature

(A)

Thermal Analysis Result

§20 0.0% 2020-10-12 09-58 Chi toc DEC

Thermal Analysis Result

930 0.2% 2020-10-09 10-15 Ch1 tac DSC

Thermal Analysis Result

930 0 4% 2020-10-09 08-53 Chitac DSC

L

©)

of film enthalpy of carrageenan and gum arabic ranged
from 100-200°C, which is in agreement with this study.

3.11 Sensory analysis

The average value of the hedonic test on appearance
ranged from 3.87 to 7.80 and differed significantly
between treatments. The highest value on the appearance
parameter was for the jelly drink with 0.1% Caulerpa sp.
added. This indicates that the panelists preferred the
appearance of a jelly drink with a lighter color and a
lower concentration of Caulerpa sp. According to
Tapotubun et al. (2020), Caulerpa sp. contains the
pigments chlorophyll, beta carotene, and Caulerpin.
Caulerpa sp. produces a green pigment,

The aroma assessment in the hedonic test was likely

primarily influenced by the distinctive aroma of
Thermal Analysis Result (B)
(D)

Thermal Analysis Result

930 0.3% 2020-10-12 O7-34 Chi.tac DSC

(E)

B - ’ 350.00

Figure 1. Differential calorimetry scans of the jelly drink without chlorophyll microcapsules (A), jelly drink 1000 ppm
chlorophyll microcapsules (B), jelly drink 2000 ppm chlorophyll microcapsules (C), jelly drink 3000 ppm chlorophyll
microcapsules (D) and jelly drink 4000 ppm chlorophyll microcapsules (E)

https://doi.org/10.26656/1r.2017.7(S3).1
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Table 4. Sensory properties of the jelly drinks

Samples Appearance Odor Texture Taste
A 5.30+0.88° 5.57+0.63°  4.60£1.04%  4.80+1.27°
B 7.80+0.92° 7.07+0.91° 7.80+0.92° 7.2041.03°
C 5.70£0.99° 5.97+0.79° 6.00+0.79¢ 6.40+0.89"
D 4.00+1.05¢ 4.17+1.26° 5.83+0.91° 4.67+1.09¢
E 3.87+1.01° 3.17+1.12¢ 6.23+0.68° 3.50+1.20°

Values are presented as mean+SD. Values with different superscript within the same column are statistically significantly

different at 5%.

seaweed. Therefore, at higher concentrations, the smell
will be stronger. Scoring ranged from low to high
defined as dislike to like respectively. The average score
ranged from 3.17 to 7.07. Caulerpa sp. has a fishy-
marine odor which was unpopular among the panelists.
The most-liked sample was that with 0.1% Caulerpa sp.
added to it, most likely because of a relatively subtle
smell from a lower Caulerpa sp. and higher water
concentration. According to Jonathan et al. (2022), a
difference in the ratio of water and natural dye extracts in
the process will result in a different aroma for each
treatment because the water dilutes the distinctive aroma.

The average value of the panelists’ preference was in
the range of 4.60 to 7.80, which stands for neutral to
like. The Kruskal-Wallis test showed a significant
difference in the preference for texture. The panelists
preferred the texture with the lowest concentration
Caulerpa sp. of 0.1%, which was less chewy and easier
to drink. According to Nurjanah et al. (2018), Caulerpa
sp. is seaweed and a potential source of fiber.

Taste is the most important parameter in consumer
acceptance of a product (Fiorentini et al., 2020). The
level of preference for the panelists to the taste
parameters ranged from 3.50 to 7.20 (somewhat dislike
to like). The Kruskal-Wallis test showed that the
concentration of Caulerpa sp. significantly influenced
the panelists’ preference regarding taste, likely due to the
additional sugar. The taste was additionally influenced
by chemical compounds, temperature, and interactions
with other components. The sweet taste came from
aliphatic organic compounds containing OH--groups
such as alcohol, several amino acids, and glycerol. The
main source of sweetness was sugar.

4. Conclusion

Adding a Caulerpa microcapsule on the jelly drink
significantly affects all the tested parameters. As the
higher concentration, the physical and chemical
characteristics were improved; however, the panellist
acceptance decreased. The best concentration was found
at 2000 ppm. The Caulerpa microcapsules has the
potential as a natural food colorant.
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