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Abstract
Developing functional food products from sustainable bio resources 
has gained growing interest, particularly in addressing lifestyle-
related diseases such as dyslipidemia. This study aimed to formulate 
and optimize a composite syrup incorporating pectin extracted from 
watermelon (Citrullus lanatus) albedo and fucoidan isolated from 
brown seaweed (Sargassum crassifolium), two biopolymers with known 
lipid-lowering potential. Three formulation ratios of pectin to fucoidan 
(66.67:33.33, 83.33:16.67, and 100:0) were evaluated for their effects on 
the syrup’s physicochemical (viscosity, total dissolved solids, pH, colour) 
and sensory (taste, texture, colour, and overall acceptability) properties. 
The results showed that increasing pectin content significantly enhanced 
viscosity and pH (p<0.05), while higher fucoidan content increased 
total dissolved solids and altered the colour profile. Sensory evaluation 
revealed that the formulation containing 83.33% pectin and 16.67% 
fucoidan achieved the highest overall acceptance (p<0.05). These 
findings highlight the potential of integrating agro-waste and marine-
derived biopolymers in a functional syrup matrix, offering a sustainable 
and consumer-acceptable candidate for nutraceutical development. 
Nevertheless, the present study is limited to physicochemical and 
sensory assessments; further investigations on bioactivity, nutritional 
profile, microbiological stability, and long-term storage are required to 
substantiate its efficacy and practical application.
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Introduction
Dyslipidemia is still a major health problem in 
Indonesia. Dyslipidemia is a condition where 
the cholesterol level in the blood exceeds the 
standard limit (>200 mg/dl).1 As many as 35% of 
Indonesians and 45% of the world's population have 
dyslipidemia,2 which, if not treated properly, can lead 
to the development of atherosclerotic plaque and 
increase the risk of cardiovascular diseases such 
as stroke, coronary heart disease, and various other 
circulatory disorders.3,4 Statins are widely used as 
first-line therapy; however, their long-term use can 
be limited by intolerance, resistance, and adverse 
effects such as hepatotoxicity and elevated diabetes 
risk.5,6 Several studies have also shown potential 
side effects of long-term statin consumption, namely 
liver problems due to hepatotoxicity, increased risk of 
diabetes mellitus, and hair loss.7 These drawbacks 
have prompted increasing interest in safe, natural 
alternatives that can be consumed regularly in the 
form of functional foods or nutraceuticals.

Fucoidan is known to have potential as an anti-
dyslipidemia with its ability to reduce the expression 
of mature SREBP-2 protein and then reduce the 
expression of the HMG-CoA-R gene in the liver 
related to cholesterol synthesis.8 The activity of 
fucoidan in lowering total cholesterol, triglycerides, 
and LDL levels in the blood has been shown.8,9 

Fucoidan is abundant in brown seaweed in the 
Indonesian Ocean.10,11 Another compound that has 
potential as an anti-dyslipidemia is pectin which 
is abundant in fruit skin.12 Pectin also plays a role 
in inhibiting cholesterol synthesis and preventing 
cholesterol absorption.13 One potential source of 
pectin widely found in Indonesia is watermelon 
albedo, which contains 21.03%.14 Kendalagung 
Village, Rembang Regency, Central Java, is one of 
the largest watermelon producers in Central Java.
Previous studies have extensively explored 
the utilization of pectin in various functional 
systems, including its role as a stabilizing agent in 
emulsion matrices and as a structural component 
in composite materials.15 In biomedical research, 
pectin has frequently been combined with other 
biopolymers to enhance mechanical strength, 
biodegradability, and targeted delivery properties, 
underscoring its versatility beyond conventional 
food applications.16 Fucoidan, on the other hand, 
has been predominantly examined as a single 
bioactive compound, with evidence supporting its 

individual roles in cardiovascular protection, anti-
inflammatory modulation, immune-regulation, and 
anticancer activities across diverse pharmaceutical 
and nutraceutical platforms.17,18

While previous studies have investigated fucoidan- 
or pectin-based formulations individually, no prior 
research has examined their integration into a 
single composite matrix. The rationale is that 
combining biopolymers with distinct functional 
and structural properties may produce synergistic 
effects, enhancing physicochemical stability, sensory 
quality, and potential bioactivity. Such an approach 
could generate innovative nutraceutical beverages 
with improved acceptability and efficacy compared 
to single-polymer formulations. A composite is a 
mixed system of two or more types of materials 
with different properties.19 Compared to a single 
formula, a composite formula can increase solubility, 
reduce toxicity in the body, increase pharmacological 
activity, increase stability, increase biodegradability, 
and provide superior properties to the preparation.20 
This study aims to determine the best pectin fucoidan 
composite syrup formulation based on its physical 
and sensory characteristics. This work highlights 
the novelty of integrating agro-waste-derived 
and marine-derived biopolymers into a functional 
syrup matrix and addresses the existing gap in 
the literature regarding composite hydrocolloid 
applications in nutraceutical development.

Materials and Methods
Pectin was extracted from watermelon (Citrullus 
lanatus) albedo collected from Central Java, 
Indonesia, following a modified acid extraction 
method by (Baghdadi et al., 2023).21 Briefly, the 
albedo was dried, ground, and extracted in 0.05 
M citric acid (solid-to-liquid ratio 1:20 w/v) at 85 °C 
for 90 min, followed by ethanol precipitation (95%), 
filtration, and freeze-drying. The extracted pectin was 
characterized and found to contain 6.42% methoxyl 
content and 47.27% galacturonic acid, indicating a 
moderately esterified pectin suitable for functional 
food formulation.

Fucoidan was isolated from brown seaweed 
(Sargassum crassifolium) obtained from Sulawesi, 
Indonesia, using hydrothermal-assisted extraction 
(HAE) with 0.1 N HCl at 120 °C for 62 min and a 
solid-to-liquid ratio of 1:30 (w/v). The crude extract 
was subsequently purified through a three-step 
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process involving ethanol and CaCl2 precipitation, 
ultrafiltration with a 10 kDa MWCO membrane, 
and solid-phase extraction to obtain a high-purity 
fucoidan fraction. The purified fucoidan was freeze-
dried and stored at 4 °C until further use.22 The 
extraction process produced a fucoidan yield of 
0.88% (w/w) containing 18.2% of sulphate content, 
and ready to use as the syrup formulation.

Optimization of Pectin-Fucoidan Composite 
Formulation
Isolated watermelon albedo pectin (WAP) and brown 
seaweed fucoidan (BSF) are mixed into a composite 
with several percentage variations, which are shown 
in Table 1.

homogeneous and at the desired temperature 
(typically 25°C). Choose an appropriate spindle 
(usually LV or RV for syrup) and attach it to 
the viscometer. Calibrate the device as per the 
manufacturer's instructions. Submerge the spindle 
in the syrup without touching the container sides 
and set the desired RPM. Record the viscosity 
once readings stabilize, and express the results in 
centipoise (cP).25

Total Dissolved Solids
Analysing the total dissolved solids (TDS) in syrup 
using a Refractometer (Atago PAL-1). The analysis 
begins by calibrating the TDS meter as per the 
manufacturer's instructions. The syrup sample was 
homogenized and then centrifuged at 4,000 rpm 
for 10 minutes at room temperature to obtain a 
clear supernatant. The supernatant was carefully 
collected and used for °Brix determination using 
a digital refractometer previously calibrated with 
distilled water.26

Colour Analysis
Colour analysis was done by colour reader L*a*b*. 
First, calibrate the device with a white reference 
tile to perform a colour analysis of syrup using 
a colour reader in the Lab* colour space. Then, 
prepare the syrup by ensuring it is homogeneous 
and free of bubbles, and place it in a transparent 
container. Position the sensor of the colour reader 
on the container and take the reading. The device 
will display L* (lightness), a* (green to red), and b* 
(blue to yellow) values, which represent the syrup's 
colour. Record these values for further analysis or 
comparison.

Sensory Analysis
Sensory analysis was conducted using the hedonic 
method to see the level of panellist acceptance 
of the sensory characteristics of the composite 
syrup. The hedonic test was conducted on 25 
untrained panellists. The test was conducted on the 
characteristics of taste, colour, texture (thickness), 
and overall with four scales (1: very dislike, 2: dislike, 
3: like, 4: very like).

Statistical Analysis
Data will be analysed using the variance analysis 
(ANOVA) test, which uses a significance level of 
5%. If the results of the analysis of ANOVA show 
the effect of the treatment, then further tests with 

Table 1. Composite Formulation (total 
composite 3 gr)

Composite Formula	 WAP (%)	 BSF (%)

K1	 66,67	 33,33
K2	 83,33	 16,67
K3	 100	 0

Composite Syrup Making
Three composite formulations were prepared with 
varying pectin-to-fucoidan ratios (66.67:33.33, 
83.33:16.67, and 100:0 w/w). The syrup base 
consisted of WAP-BSF composite (3 g), citric acid 
(0.9 g), propylene glycol (3 mL) to incorporate as a 
humectant and co-solvent to enhance the solubility 
of active components and maintain moisture stability 
in the Fucopect syrup,23 carboxymethyl cellulose 
(0.2 g) as a viscosity modifier and stabilizing 
agent, improving the texture and preventing phase 
separation in the Fucopect syrup formulation,24 
honey (80 mL) as sweetener, lychee essence  
(5 mL), and distilled water (until 400 mL of solution). 
Pectin was dissolved in the aqueous phase at 60 
°C, cooled to room temperature, and subsequently 
fucoidan was incorporated under constant stirring 
until homogeneity was achieved. The total volume 
of syrup prepared for each formulation was 
approximately 400 mL. All formulations were 
prepared in triplicate from independent batches to 
ensure reproducibility. 

Viscosity Analysis
Analysing the viscosity of syrup using a Brookfield 
viscometer begins by ensuring the syrup is 
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Duncan’s multiple range test (DMRT) will be carried 
out to determine the differences between treatments. 
Data analysis was performed using the SPSS 26.0 
application for Windows. Organoleptic test data 
from this study will be analysed using the Kruskal-
Wallis test with a significance level of 5%. When the 
results of the Kruskal-Wallis test show the effect of 
the treatment, further tests will be carried out with 
the Mann-Whitney test.

Future Scope
Although the present study establishes the 
physicochemical and sensory basis of pectin–
fucoidan syrup, future investigations should assess 
bioactivity through in vivo and clinical validation, 

microbiological stability, nutritional composition, 
solubility, swelling capacity, and advanced structural 
characterization of fucoidan–pectin interactions.

Results 
Composite syrup's physical and chemical 
characteristics, including viscosity, total dissolved 
solids (TDS), pH, and colour, have been analyzed. 
The physical quality of syrup, especially viscosity 
and Total Dissolved Solids (TDS), must be tested 
in the syrup production process. These parameters 
determine the level of consumer acceptance. The 
pH parameter is related to the safety of the syrup, 
ensuring that the syrup is within a safe pH range and 
under the established standards.27

Table 2: Viscosity, Total Dissolved Solids (TDS), and pH of composite syrup

Composite Syrup Formula	 Viscosity (cP)	 Total Dissolved Solids (°Brix)	 pH

K1	 9.67±1.15b	 23.70±0.10a	 3.10±0.01b

K2	 11.00±1.00b	 23.37±0.15b	 3.13±0.01a

K3	 13.67±0.58a	 22.00±0.20c	 3.14±0.01a

*Data are presented as mean ± standard deviation (n = 3). Different superscripts in the same column and 
row indicate significant differences (p < 0.05).

Syrup viscosity, which measures a liquid's thickness 
and flow, directly influences texture, taste, and 
consumer experience. Viscosity testing was 
performed using rotational viscometry with a 
Brookfield viscometer. Rotational viscometry is 
one of the most commonly chosen methods due 
to its accuracy in measuring the torsion required to 
overco (Ciursa and Oroian, 2021) instance.28 Data 
are presented in Table 2.

The physicochemical analyses demonstrated 
that increasing the proportion of watermelon 
albedo pectin (WAP) significantly enhanced syrup 
viscosity (p = 0.012, η² = 0.42) and pH (p = 0.037, 
η² = 0.28), whereas higher concentrations of brown 
seaweed fucoidan (BSF) contributed to elevated 
total dissolved solids (TDS) (p = 0.009, η² = 0.47) 
and a darker colour profile (reduction in L* values, 
p < 0.05). 

The viscosity of the composite syrup varied 
significantly (p < 0.05) among formulations, ranging 

from 9.67 ± 1.15 cP to 13.67 ± 0.58 cP (Table 2). 
The highest viscosity was recorded in formulation 
K3 (100% pectin), while K1 (66.67% pectin: 33.33% 
fucoidan) showed the lowest value. This increase 
in viscosity with higher pectin concentration 
indicates that pectin contributed more effectively to 
the formation of a cohesive and structured matrix 
through hydrogen bonding and water-binding 
interactions.29 The total dissolved solids (TDS) or 
°Brix values of the composite syrup decreased with 
increasing proportions of watermelon albedo pectin 
(WAP) and decreasing brown seaweed fucoidan 
(BSF), demonstrating that the compositional ratio 
of polysaccharides affects the soluble solid fraction. 
This result aligns with the principle of refract metric 
measurement, where the °Brix value reflects the 
refractive index determined by the concentration of 
optically active solutes in solution.30 The pH of the 
composite syrup ranged from 3.10 ± 0.01 to 3.14 
± 0.01, showing significant differences (p < 0.05) 
among formulations. The lowest pH was observed 
in K1 (3.10 ± 0.01) with the highest fucoidan content, 
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while higher pectin levels in K2 and K3 slightly 
increased the ph. This trend indicates that pectin’s 

weaker acidity compared to fucoidan’s sulphate 
groups results in a less acidic environment.31

Table 3: Colour  of composite syrup

Composite Syrup Formula	 L*	 a*	 b*

K1	 45.00±0,10c	 1.47±0,15a	 12.07±0,40
K2	 49.23±0,25b	 1.40±0,10a	 12.83±0,11
K3	 55.06±0,64a	 1.07±0,15b	 12.23±0,56

*Data are presented as mean ± standard deviation (n = 3). Different superscripts in the same column and 
row indicate significant differences (p < 0.05).

The colour parameters (L*, a*, b*) of the composite 
syrup formulations are presented in Table 3. 
The L* values, representing lightness, ranged 
from 45.00 ± 0.10 to 55.06 ± 0.64 and showed 
significant differences (p < 0.05) among treatments. 
Formulation K3 (100% pectin) exhibited the highest 
brightness (L* = 55.06 ± 0.64), whereas K1 (66.67% 
pectin: 33.33% fucoidan) showed the lowest (L* = 
45.00 ± 0.10). The a* value, indicating the red–green 

spectrum, decreased slightly with increasing pectin 
concentration, from 1.47 ± 0.15 in K1 to 1.07 ± 
0.15 in K3. Meanwhile, the b* values, representing 
the yellow–blue component, ranged narrowly from 
12.07 ± 0.40 to 12.83 ± 0.11, showing no significant 
variation. These results indicate that higher fucoidan 
levels produced darker syrup with more intense red 
tones, while higher pectin concentrations yielded 
lighter-coloured formulations.

Table 4: Sensory hedonic test of composite syrup 

Composite Syrup Formula	 Colour 	 Taste	 Viscosity	 Over all

K1	 2.72±0,73	 2.60±0,82b	 2.72±0,84	 2.84±0,85b

K2	 2.84±0,80	 3.08±0,76a	 3.04±0,73	 3.08±0,70a

K3	 2.96±0,61	 3.08±0,76a	 3.04±0,88	 3.40±0,71ab

*Data are presented as mean ± standard deviation (n = 3). Different superscripts in the same column 
and row indicate significant differences (p < 0.05).

The sensory hedonic evaluation of the composite 
syrup formulations is summarized in Table 4. The 
attributes assessed included colour, taste, viscosity, 
and overall acceptability. The mean scores for colour 
ranged from 2.72 ± 0.73 to 2.96 ± 0.61, showing no 
significant difference (p > 0.05) among treatments. 
In contrast, significant variations (p < 0.05) were 
observed in taste and overall acceptability. The 
K1 formulation (66.67% pectin: 33.33% fucoidan) 
received the lowest scores for taste (2.60 ± 0.82) 
and overall preference (2.84 ± 0.85), while K2 
(83.33% pectin : 16.67% fucoidan) achieved higher 
ratings for both taste (3.08 ± 0.76) and overall 
acceptability (3.08 ± 0.70). The K3 formulation (100% 
pectin) showed the highest overall mean score  

(3.40 ± 0.71), although the difference from K2 was 
not statistically significant. Viscosity scores ranged 
narrowly between 2.72 ± 0.84 and 3.04 ± 0.88, with 
no significant differences among samples. These 
results indicate that the syrup containing 83.33% 
pectin and 16.67% fucoidan (K2) provided the 
most balanced sensory profile and was generally 
preferred by panelists in terms of taste and overall 
acceptability.

Discussion
The overall findings of this study reveal that 
variations in the ratio of watermelon albedo 
pectin (WAP) and brown seaweed fucoidan (BSF) 
substantially influenced the physicochemical and 
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sensory characteristics of the composite syrup  
(Table 2, 3, and 4). The interaction between WAP 
and BSF suggests possible synergistic effects 
on viscosity, where the combination of neutral 
polysaccharide backbones (pectin) and negatively 
charged sulphate groups (fucoidan) may enhance 
intermolecular hydrogen bonding and electrostatic 
interactions.32,33 This could explain the observed 
improvements in textural consistency and the 
balanced sensory profile of the composite syrup, 
especially with the highest WAP content (K3). 
Similar synergistic behaviour has been documented 
in hydrocolloid composites, where structural 
complementarity contributes to improved rheological 
and functional properties.34 These findings are also 
consistent with previous reports by Arioui et al., 
(2017),35 which indicates that increasing pectin 
concentration results in higher viscosity in various 
food products, including syrups and gels. 

Fucoidan, a sulphated polysaccharide composed 
of fructose, galactose, and bound sulphate groups, 
exhibits high solubility and ionic character, which 
increases the refractive index due to the presence 
of low-molecular-weight, light-interacting solutes.26 
Consequently, formulations with higher fucoidan 
content (K1) display higher °Brix values. In contrast, 
WAP is rich in galacturonic acid and characterized by 
high hydrophilicity tends to form a polymeric network 
that binds water molecules and entraps some sugar 
components, reducing the concentration of freely 
dissolved solutes detectable by the refractometer.36 
The replacement of fucoidan with pectin therefore 
decreases ionic interactions and solute mobility, 
leading to lower TDS readings. Overall, the 
decrease in °Brix with increasing WAP content 
reflects not only reduced free sugar and soluble 
solid concentration but also differences in molecular 
hydration and optical properties, emphasizing that 
the balance between sulphated and carboxylated 
polysaccharides governs the physicochemical 
behaviour of the composite syrup system.

The more WAP added, the higher the composite 
syrup's pH value. This is related to the acidic 
condition of pectin-containing carboxyl groups 
(-COOH), which can release H+ ions in solution.37 
Studies have shown that the pH of pectin solutions 
plays a crucial role in affecting their viscosity and 
gel-forming properties, with lower pH levels typically 
leading to increased viscosity as gel networks are 

formed.38 Meanwhile, the connection between 
pH and viscosity directly influences the texture 
and mouthfeel of syrups and their stability and 
shelf life. Research indicates that pectin solutions 
demonstrate shear-thinning behaviour, where the 
viscosity decreases with increasing shear rate, 
which is affected by pH levels.39 Moreover, pH 
influences the electrostatic interactions among 
pectin molecules, further impacting syrups' viscosity 
and overall rheological properties.40

The colour analysis results showed that the difference 
in WAP and BSF concentrations significantly affected 
the composite syrup's brightness (L*) and red-green 
colour spectrum (b*). The more BSF added, the 
smaller the brightness value of the composite syrup. 
This is likely due to the dark-brown colour of BSF, 
which is getting darker. Research has also shown 
that adding darker ingredients can significantly alter 
the colour  profile of food products, leading to lower 
brightness values.41 The results showed that the 
higher the BSF concentration, the higher the intensity 
of the red colour. This is related to the higher red 
spectrum in the composite syrup with higher BSF. 
The red colour  from the BSF raw material increases 
the intensity of the red colour  spectrum of the 
composite syrup42 This observation is consistent 
with studies indicating that darker syrups typically 
display lower brightness and greater red spectrum 
intensity due to the presence of phenolic compounds 
and other colour -contributing substances, especially 
on BSF.43

Hedonic sensory testing is crucial in evaluating 
consumer acceptance of functional syrups 
formulated with Brown Seaweed Fucoidan (BSF) and 
Watermelon Albedo Pectin (WAP) for dyslipidemia. 
This testing aims to assess various sensory 
attributes, including colour, taste, viscosity, and 
overall, significantly influencing consumer choice. 
The results of the study showed that overall, the 
composite syrup that the panellists most preferred 
was the composite syrup with the addition of PAS 
83.33% and FRLC 16.67% of the total composite (p 
= 0.021, r = 0.36). The hedonic sensory values for 
colour and viscosity were not significantly different, 
suggesting that the amounts of WAP and BSF 
added were too low to be perceived distinctly by 
human senses. WAP and BSF do not have any 
specific sensory characteristics and tend to be 
bland.44 The neutral characteristics of WAP and BSF 
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likely contribute to their limited impact on sensory 
perception. Pectin, for example, is commonly 
described as having a mild, neutral flavour, making 
it less noticeable in formulations unless used in 
high concentrations.45 Similarly, fucoidan, despite its 
functional benefits, lacks strong sensory traits that 
would significantly influence consumer preferences 
unless applied in more significant quantities.46 

This supports the idea that food products' sensory 
attributes are shaped by their specific ingredients' 
specific qualities, with neutral ingredients contributing 
little to enhancing the overall sensory experience.47

Overall, the results confirm that the integration of agro-
waste-derived pectin and marine-derived fucoidan in 
a syrup matrix is technically feasible and produces 
formulations with acceptable physicochemical 
and sensory attributes. The identified optimal ratio 
(83.33% pectin and 16.67% fucoidan) offers a strong 
basis for subsequent investigations into bioactivity 
validation, nutritional profiling, stability testing, and 
benchmarking against commercial functional syrups.

Despite these promising outcomes, the present 
study was l imited to physicochemical and 
sensory characterization. Critical aspects such as 
microbiological stability, nutritional composition, 
solubility dynamics, swelling, and advanced 
characterization of molecular interactions (e.g., 
FTIR, NMR, or rheological modelling) would further 
clarify the mechanisms underlying the synergistic 
effects observed.

Conclusion
This study demonstrated the feasibility of developing 
a functional syrup by integrating pectin from 
watermelon albedo and fucoidan from brown seaweed 
into a composite matrix. The ratio of 83.33% pectin 
to 16.67% fucoidan produced the most favourable 
physicochemical and sensory characteristics, with 
significant improvements in viscosity, pH, and overall 
consumer acceptance. These findings highlight 
the potential of combining agro-waste–derived 
and marine-derived biopolymers as sustainable 
ingredients for nutraceutical applications. However, 
the present work was limited to physicochemical 
and sensory evaluations, and therefore the product 
should be considered a promising candidate rather 
than a validated nutraceutical. Future studies are 
warranted to investigate bioactivity in in vivo and 
clinical models, assess microbiological stability 

and nutritional properties, and perform advanced 
characterization of fucoidan–pectin interactions. 

Acknowledgement
This research was funded by the Directorate of 
Research, Technology, and Community Service, 
Ministry of Education, Culture, Research, and 
Technology of the Republic of Indonesia through the 
Basic Research Scheme – Fundamental Research 
Grant 2024. The authors also sincerely thank the 
Food Chemistry and Nutrition Laboratory, Faculty 
of Animal and Agricultural Sciences, Diponegoro 
University, for the technical support and facilities 
provided throughout this study.

Funding Sources
The Ministry of Education, Culture, Research, and 
Technology of the Republic of Indonesia provides 
financial support through the Basic Research 
Scheme – Fundamental Research 2024 (Contract 
No. 047/E5/PG.02.00.PL/2024) under the Directorate 
of Research, Technology, and Community Service.

Conflict of Interest
The authors do not have any conflicts of interest.

Data Availability Statement
All data generated or analysed during this study 
are included in this published article. The datasets 
supporting the findings, including raw data for 
physicochemical measurements and sensory 
evaluations, are available upon reasonable request 
from the corresponding author. No proprietary or 
restricted-access data were used. This ensures 
complete transparency and allows other researchers 
to replicate or further explore the study’s results.

Ethics Statement
This research does not involve any clinical trials that 
requires ethical approval.

Informed Consent Statement
This study did not involve human participants, and 
therefore, informed consent was not required.

Clinical Trial Registration
This research does not involve any clinical trials.

Permission to Reproduce Material from Other 
Sources
Not Applicable.



1180SUSANTI et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(3) 1173-1182 (2025)

Author Contributions
•	 Siti Susanti: conceptualization, supervision, 

and manuscript writing. 
•	 Ulfah Amalia: conducting the research and 

data collection
•	 Ima Wijayanti: data processing and analysis. 
•	 Yasmin Aulia Rachma:  wri t ing and 

corresponding author

References

1.	 Bezerra C. Dyslipidemia: what it is, how 
to identify, causes and treatment. Braz 
J Implantol Health Sci. 2023;5(1):66-72. 
doi:10.36557/2674-8169.2023v5n1p66-72

2.	 Bambona NRB, Haniarti H, Nurlinda N. The 
relationship between dietary patterns and 
total blood cholesterol levels at lecturers 
Muhammadiyah University of Parepare. 
Indones Heal th J.  2022;1(2):70-77. 
doi:10.58344/ihj.v1i2.20

3.	 Benito-Vicente A, Uribe KB, Jebari S, et al. 
Familial hypercholesterolemia: The most 
frequent cholesterol metabolism disorder 
caused disease. Int J Mol Sci. 2018;19(11). 
doi:10.3390/ijms19113426

4.	 Wong B, Kruse G, Kutikova L, et al. 
Cardiovascular disease risk associated 
with familial hypercholesterolemia: A 
systematic review of the literature. Clin 
Ther. 2016;38(7):1696-1709. doi:10.1016/j.
clinthera.2016.05.006

5.	 Bove M, Cicero AFG, Borghi C. Emerging drugs 
for the treatment of hypercholesterolemia. 
Expert Opin Emerg Drugs. 2019;24(1):63-69. 
doi:10.1080/14728214.2019.1591372

6.	 Wa t t s  GF,  Ca tapano  AL ,  Masana 
L,  et a l .  Hypercholesterolemia and 
cardiovascular disease: Focus on high 
cardiovascular risk patients. Atheroscler 
Suppl. 2020;42:e30-e34. doi:10.1016/j.
atherosclerosissup.2021.01.006

7.	 Adhyaru BB, Jacobson TA. Safety and 
efficacy of statin therapy. Nat Rev Cardiol. 
2018;15(12):757-769. doi:10.1038/s41569-
018-0098-5

8.	 W a n g  K ,  X u  X ,  W e i  Q ,  e t  a l . 
Application of fucoidan as treatment 
for cardiovascular and cerebrovascular 
diseases. Ther Adv Chronic Dis. 2022;13. 
doi:10.1177/20406223221076891

9.	 Méndez-del Villar M, Pérez-Rubio KG, 
Hernández-Corona DM, Cortez-Navarrete M. 

Therapeutic effect of fucoidan on metabolic 
diseases: Experimental data and clinical 
evidence. J Med Food. 2022;25(11):1011-
1020. doi:10.1089/jmf.2022.0005

10.	 André R, Pacheco R, Bourbon M, Serralheiro 
ML. Brown algae potential as a functional 
food against  hypercholesterolemia: 
Review. Foods. 2021;10(2). doi:10.3390/
foods10020234

11.	 Kumaran T, Yahya S, Sudhandiran G, 
Shanmugam P, Kathiravan K. Isolation, 
structural characterization, and anti-lung 
cancer evaluation of fucoidan isolated from 
the brown seaweed Turbinaria decurrens. 
Appl Phycol. 2024;5(1):12-23. doi:10.1080/
26388081.2024.2365467

12.	 Indahsar i  NK,  Ar is tan to  A,  R io  R. 
Potential of pectin in lemon’s and Bali 
orange’s peel as antidislipidemia and 
antioxidant in hypercholesterolemia rats 
(Rattus novergicus). Berk Kedokteran. 
2020;16(2):149. doi:10.20527/jbk.v16i2.9275

13.	 Tan H, Nie S. Deciphering diet-gut microbiota-
host interplay: Investigations of pectin. 
Trends Food Sci Technol. 2020;106:171-181. 
doi:10.1016/j.tifs.2020.10.010

14.	 Nuraeni I, Sustriawan B, Proverawati A. 
Content of dietary fiber and vitamin A in slice 
jam of tamarillo (Solanum betaceum Cav.) 
and watermelon albedo as complementary 
foods for school-age children. IOP Conf 
Ser Earth Environ Sci. 2019;250:012009. 
doi:10.1088/1755-1315/250/1/012009

15.	 Akkaya S, Ozel B, Oztop MH, Yanik DK, 
Gogus F. Physical characterization of high 
methoxyl pectin and sunflower oil wax 
emulsions: A low-field ¹H NMR relaxometry 
study. J Food Sci. 2021;86(1):120-128. 
doi:10.1111/1750-3841.15560

16.	 Sultana N. Biological properties and 
biomedical applications of pectin and 
pect in-based composites:  A review. 



1181SUSANTI et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(3) 1173-1182 (2025)

Molecules. 2023;28(24):7974. doi:10.3390/
molecules28247974

17.	 Zhang X, Wei Z, Xue C. Physicochemical 
properties of fucoidan and its applications 
as bui ld ing b locks of  nutraceut ica l 
delivery systems. Crit Rev Food Sci Nutr. 
2022;62(32):8935-8953. doi:10.1080/10408
398.2021.1937042

18.	 Haggag Y, Abd Elrahman A, Ulber R, Zayed 
A. Fucoidan in pharmaceutical formulations: 
A comprehensive review for smart drug 
delivery systems. Mar Drugs. 2023;21(2):112. 
doi:10.3390/md21020112

19.	 Satpute MS, Rajeshkumar US. The 
fundamentals of epoxy composites with filler 
for different applications: A review. Int J Sci 
Res Sci Technol. 2022;88-100. doi:10.32628/
IJSRST229113

20.	 Verma A, Sharma K. Application of novel 
drug delivery system for herbal formulations. 
Int J Pharm Sci Rev Res. 2021;69(2). 
doi:10.47583/ijpsrr.2021.v69i02.007

21.	 Baghdadi F, Nayebzadeh K, Aminifar M, 
Mortazavian AM. Pectin purification from plant 
materials. Macromol Res. 2023;31(8):753-
770. doi:10.1007/s13233-023-00167-0

22.	 Rajauria G, Ravindran R, Garcia-Vaquero 
M, et al .  Purif icat ion and molecular 
characterization of fucoidan isolated from 
Ascophyllum nodosum brown seaweed 
grown in Ireland. Mar Drugs. 2023;21(5):315. 
doi:10.3390/md21050315

23.	 Adi VA, Darmawan G, Azahra RDS, Jelita 
FD. Gel formulation from pineapple leaf 
waste with propylene glycol variations for 
burn wound healing. Res Chem Eng (RiCE). 
2024;3(2):56-62. doi:10.30595/rice.v3i2.223

24.	 Tong Q, Yi Z, Ma L, et al. Influences of 
carboxymethyl chitosan upon stabilization 
and gelation of O/W Pickering emulsions in 
the presence of inorganic salts. Carbohydr 
Polym. 2024;331:121902. doi:10.1016/j.
carbpol.2024.121902

25.	 Mischenko SV, Mordasov MM, Savenkov 
AP, Sychev VA. Analysis of the influence 
of sizes of a vessel with a liquid on the 
readings of Brookfield viscometer. Meas 
Tech. 2020;63(4):288-294. doi:10.1007/
s11018-020-01784-2

26.	 Ahmed M, Taha GA, Khalil I, Mohamed M, Zeen 
Elabedeen H. Evaluation of digital brixmeter 

performance for brix measurement in raw 
sugar solution. J Eng Sci (JES). 2022;0(0):0-
0. doi:10.21608/jesaun.2022.115375.1108

27.	 Fragedakis N, Skinner CR, Shriner M, et al. 
Modeling the formulation pH of elderberry 
syrup with multiple weak acids. J Food Sci. 
2023;88(8):3373-3383. doi:10.1111/1750-
3841.16664

28.	 Ciursa P, Oroian M. Rheological behavior of 
honey adulterated with agave, maple, corn, 
rice, and inverted sugar syrups. Sci Rep. 
2021;11(1):23408. doi:10.1038/s41598-021-
02951-3

29.	 Gawkowska D, Cybulska J, Zdunek A. 
Structure-related gelling of pectins and 
linking with other natural compounds: A 
review. Polymers (Basel). 2018;10(7):762. 
doi:10.3390/polym10070762

30.	 Miller WJW, Torres-Ruedas K, Waxman SM, et 
al. Using a handheld refractometer in remote 
environments to measure the refractive 
indices of a variety of solutions: sucrose, 
coffee, methanol/water, and 2-propanol/
water. J Chem Educ. 2021;98(8):2730-2734. 
doi:10.1021/acs.jchemed.1c00012

31.	 Wang SH, Huang CY, Chen CY, et al. 
Structure and biological activity analysis of 
fucoidan isolated from Sargassum siliquosum. 
ACS Omega. 2020;5(50):32447-32455. 
doi:10.1021/acsomega.0c04591

32.	 Ferreira-Anta T, Torres MD, Dominguez H, 
Flórez-Fernández N. Formulation of polymeric 
microparticles using eco-friendly extracted 
crude fucoidans from edible brown seaweed 
Undaria pinnatifida. Foods. 2023;12(9):1859. 
doi:10.3390/foods12091859

33.	 Fernando IPS, Sanjeewa KKA, Lee HG, 
et al. Fucoidan purified from Sargassum 
polycystum induces apoptosis through 
mitochondria-mediated pathway in HL-60 
and MCF-7 cells. Mar Drugs. 2020;18(4):196. 
doi:10.3390/md18040196

34.	 Fan Z, Cheng P, Zhang P, Zhang G, Han 
J. Rheological insight of polysaccharide/
protein-based hydrogels in recent food 
and biomedical f ields: A review. Int 
J Biol Macromol. 2022;222:1642-1664. 
doi:10.1016/j.ijbiomac.2022.10.082

35.	 Arioui F, Ait Saada D, Cheriguene A. 
Physicochemical and sensory quality of 
yogurt incorporated with pectin from peel of 



1182SUSANTI et al., Curr. Res. Nutr Food Sci Jour., Vol. 13(3) 1173-1182 (2025)

Citrus sinensis. Food Sci Nutr. 2017;5(2):358-
364. doi:10.1002/fsn3.400

36.	 Lara-Espinoza C, Carvajal-Mil lán E, 
Balandrán-Quintana R, et al. Pectin and 
pectin-based composite materials: Beyond 
food texture. Molecules. 2018;23(4):942. 
doi:10.3390/molecules23040942

37.	 Baghdadi F, Nayebzadeh K, Aminifar M, 
Mortazavian AM. Pectin purification from plant 
materials. Macromol Res. 2023;31(8):753-
770. doi:10.1007/s13233-023-00167-0

38.	 Arias D, Rodríguez J, López B, Méndez 
P. Evaluation of the physicochemical 
properties of pectin extracted from Musa 
paradisiaca banana peels at different pH 
conditions in the formation of nanoparticles. 
Heliyon. 2021;7(1):e06059. doi:10.1016/j.
heliyon.2021.e06059

39.	 Pinkaew T, Inthachat W, Khemthong C, et al. 
High pectin recovery from cocoa husks using 
an autoclave approach: An analysis of its 
physicochemical, structural, and genotoxicity 
proper t ies.  Foods.  2024;13(5) :669. 
doi:10.3390/foods13050669

40.	 Asamo S, Luangtana-Anan M, Sriamornsak 
P, et al. Influence of pH on solution and 
solid-state properties of citrus pectin. J 
Appl Sci. 2017;16(Special issue):112-117. 
doi:10.14416/j.appsci.2017.10.S17

41.	 Yamamoto T, Sato K, Kubota Y, et al. 
Effect of dark-colour ed maple syrup on 
cell proliferation of human gastrointestinal 
cancer cell. Biomed Rep. 2017;7(1):6-10. 

doi:10.3892/br.2017.910
42.	 Sun Q, Xing Y, Qiu C, Xiong L. The pasting 

and gel textural properties of corn starch in 
glucose, fructose, and maltose syrup. PLoS 
One. 2014;9(4):e95862. doi:10.1371/journal.
pone.0095862

43.	 Surin S, Thakeow P, Seesuriyachan P, et 
al. Effect of extraction and concentration 
processes on properties of longan syrup. J 
Food Sci Technol. 2014;51(9):2062-2069. 
doi:10.1007/s13197-013-1249-7

44.	 Venkatesan J, Murugan SS, Seong GH. 
Fucoidan-based nanoparticles: Preparations 
and applications. Int J Biol Macromol. 
2 0 2 2 ; 2 1 7 : 6 5 2 - 6 6 7 .  d o i : 1 0 . 1 0 1 6 / j .
ijbiomac.2022.07.068

45.	 Firdaus F, Desmiarti R, Praputri E, Amir A. 
Production of cocoa pulp syrup by utilizing 
local sugar sources. J Appl Agric Sci Technol. 
2022;6(2):149-161. doi:10.55043/jaast.
v6i2.70

46.	 Julai K, Sridonpai P, Ngampeerapong C, 
et al. Effects of extraction and evaporation 
methods on physico-chemical, functional, 
and nutritional properties of syrups from 
Barhi dates (Phoenix dactylifera L.). 
Foods. 2023;12(6):1268. doi:10.3390/
foods12061268

47.	 He Q, Shen M, Tong F, et al. Differential 
gene expression in primary cultured sensory 
and motor nerve fibroblasts. Front Neurosci. 
2019;12. doi:10.3389/fnins.2018.01016


