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Introduction
Malaysia, renowned for its rich and diverse 
tropical landscape has fostered the development 
of a wide variety of tropical fruits, plants, and 
wildlife. However, numerous indigenous fruits 
remain either undiscovered or underutilised 
by consumers. Liposu (Baccaurea lanceolata) 
is a fruit native to Southeast Asia, including 
Malaysia, Thailand, Indonesia, and the 
Philippines (Mojulat & Surugau, 2021a; John et 
al., 2025). It is known by various names such as 
limpasu, kalampesu, and lampaong in different 
regions (Lim, 2012; Mojulat & Surugau, 2021a). 
The fruit grows in clusters on tree branches, 

starting off green or purple and maturing to light 
brown or whitish yellow. Its flesh is translucent, 
white, and notably sour (John et al., 2025). 
Despite extensive research on commonly eaten 
fruits, there is limited information available 
about liposu. Notably, a study by Abu Bakar 
et al. (2014b) revealed that liposu possesses 
antioxidant properties, with its flesh exhibiting 
the highest free radical scavenging activity, 
highlighting its potential health benefits.

The consumption of fruits rich in 
antioxidants and phytochemicals is widely 
acknowledged to have protective effects 
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Liposu (Baccaurea lanceolata) is an underutilised tropical fruit with potential 
health benefits that have not been extensively studied. Despite its promise, 
the nutritional composition and functional properties of liposu remain poorly 
understood. With rising obesity rates and the increasing need for natural 
alternatives, this study aimed to characterise the nutritional composition, 
phytochemical content, and enzymatic activities of liposu pulp to evaluate 
its potential anti-obesity effects. Proximate analysis revealed a high moisture 
content (93.67 ± 0.20%) and dietary fibre (61.69%), but minimal fat (0.00%) 
and carbohydrates (0.82 ± 0.18%), indicating low caloric density. Its high 
acidity (pH 2.51) contributes to its sour taste. Liposu exhibited strong 
antioxidant activity (90.71 ± 0.25% DPPH inhibition) and high phenolic and 
flavonoid contents but showed moderate pancreatic lipase inhibition (22.20 
± 0.42%). The unique nutritional and phytochemical composition of liposu 
suggests its potential use in low-calorie functional foods. Combined with 
other food sources, liposu could serve as a functional, fibre-rich ingredient for 
promoting health and supporting anti-obesity interventions.
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against chronic diseases such as cardiovascular 
diseases, hypertension, and type 2 diabetes 
(Ofori, 2024). Generally, fruits are composed of 
carbohydrates, contributing to their sweetness, 
and contain minimal lipids and proteins. They 
are rich in dietary fibre, as well as vitamins 
C, E, and B, all of which possess essential 
antioxidant properties. Although fruits typically 
have low mineral content, they are crucial 
sources of various nutrients. According to Hoe 
and Siong (1999), the nutrient composition of 
liposu fruit per 100 g of edible portion includes 
significant amounts of water, carbohydrates, and 
dietary fibre, along with essential minerals and 
vitamins, indicating its potential as a nutritious 
food source.

Phytochemicals or secondary metabolites 
found in plants are natural bioactive compounds 
that promote health and prevent diseases 
(Kaushik et al., 2021). These compounds possess 
pharmacological activities that can produce 
fewer side effects compared to modern medicine 
(Blahova et al., 2021). Phytochemicals in fruits 
and vegetables have been shown to stimulate 
the immune system, slow cancer cell growth, 
and prevent DNA damage, among other health 
benefits (Alzate-Yepes et al., 2023). Given its 
potential richness in phytochemicals, further 
research into liposu could unveil significant 
health benefits, making it a promising candidate 
for commercialisation and inclusion in diets.

The underutilisation of indigenous fruits 
like liposu leads to a lack of dietary diversity 
and missed opportunities for improving food 
and nutrition security. The sour taste of liposu 
has limited its consumption and commercial 
value. Moreover, there is scant information on 
its nutritional and phytochemical properties, 
making it difficult to evaluate its potential 
contributions to diet and health. This 
underutilisation represents a missed opportunity 
for enhancing food and nutrition security. 
Limited information on liposu’s phytochemical, 
nutritional, and enzymatic characteristics 
further hampers its utilisation. Thus, exploring 
these aspects could significantly contribute to 
dietary adequacy and offer new nutritional and 
medicinal benefits.

Liposu is a readily available indigenous 
fruit in East Malaysia with potential nutritional 
and medicinal benefits. Indigenous fruits play a 
crucial role in enhancing food security, nutrition, 
health, and income in rural communities 
(Suwardi et al., 2020). However, detailed 
knowledge about liposu’s composition and health 
benefits remains fragmented. Understanding its 
nutritional profile, phytochemical contents, and 
enzymatic activities is essential for promoting 
its utilisation and commercialisation, ultimately 
contributing to food security and income 
generation.

Obesity has become a global health crisis, 
with its prevalence increasing at an alarming 
rate. The World Health Organisation (WHO) 
classifies obesity as a chronic disease associated 
with severe metabolic disorders such as 
type 2 diabetes, cardiovascular diseases, and 
hypertension. In Malaysia, obesity rates have 
reached concerning levels, with the National 
Health and Morbidity Survey (NHMS) reporting 
a significant rise in overweight and obese 
individuals in recent years. Lifestyle changes, 
poor dietary habits, and excessive consumption 
of high-calorie, processed foods have 
exacerbated this issue. Current pharmacological 
treatments for obesity often come with side 
effects, including gastrointestinal discomfort, 
liver toxicity, and dependency risks, limiting 
their long-term use.

Given these challenges, there is an urgent 
need for alternative, natural interventions 
to manage obesity safely and effectively. 
Functional foods and bioactive compounds 
derived from natural sources have gained 
attention for their potential role in weight 
management. Liposu fruit, being rich in bioactive 
compounds may offer therapeutic benefits by 
modulating metabolic pathways involved in fat 
accumulation and energy balance. Investigating 
its anti-obesity potential, alongside its overall 
nutritional and phytochemical properties could 
provide valuable insights into developing 
functional foods or nutraceuticals that support 
weight management while promoting overall 
health.
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The objective of this study is to explore the 
potential health benefits and nutritional value 
of liposu fruit (Baccaurea lanceolata) as an 
underutilised fruit by determining its phenolic 
and flavonoid content, analysing its nutritional 
composition, and investigating its enzymatic 
activity with potential anti-obesity effects.

Materials and Methods
Raw Material
Mature liposu fruits (Baccaurea lanceolata) (3 
kg), characterised by their creamy white skin 
and uniform size and shape were sourced from 
Kampung Lasau Tintapon in Kota Belud, Sabah, 
Malaysia. According to Mojulat and Surugau 
(2021a), the maturity classification of liposu fruit 
is categorised into three stages: Young, maturing, 
and mature. These stages are distinguished by 
variations in fruit skin coloration. Young fruits 
exhibit a purple skin while maturing or mid-
developing fruits display a green skin. Fruits 
with a creamy white or yellowish-white skin 
are classified as mature, whereas those with a 
light brown or brown skin are considered fully 
matured. The fruits were refrigerated at -18°C 
and used within one month. 

Chemicals and Reagents
Various chemicals and reagents were used for 
phytochemical screening, nutritional profiling, 
and enzymatic activity assays. These included 
glacial acetic acid (Merck, Germany), Folin-
Ciocalteu’s reagent (Sigma-Aldrich, USA), 
sodium hydroxide (Fisher Chemical, UK), 
sodium carbonate (R&M Chemicals, Malaysia), 
gallic acid (Sigma-Aldrich, USA), aluminium 
chloride (R&M Chemicals, Malaysia), 
potassium acetate (Sigma-Aldrich, USA), 
rutin (MedChemExpress, USA), 2,2-diphenyl-
1-picrylhydrazyl (DPPH) (Sigma-Aldrich, 
USA), Trolox (Sigma-Aldrich, USA), and 
other analytical-grade chemicals sourced from 
reputable suppliers, including Merck, Sigma-
Aldrich, R&M Chemicals, MedChemExpress, 
Lab Scan, Fisher Chemical, and Megazyme.

Sample Preparation
Selected liposu fruits were rinsed, peeled, and 
deseeded. The flesh was used for nutritional 
profiling, a portion was lyophilised, ground into 
a fine powder, and stored at -20°C for extraction 
and analysis.

Sample Extraction
Adapted from Abu Bakar et al. (2014b), 
80% methanol was used to extract the liposu 
fruit powder at a ratio of 1:20. The mixture 
was shaken for 12 hours at 200 rpm at room 
temperature, then, filtered using Whatman No. 
1 filter paper. The extract was used for phenolic, 
flavonoid, DPPH, and Porcine Pancreatic Lipase 
(PPL) assays.

Experimental Design
The study conducted at the Faculty of Food 
Science and Nutrition, Universiti Malaysia 
Sabah (UMS), from March 2023 to February 
2024, involved laboratory-based phytochemical 
screening, nutritional profiling, and enzymatic 
activity assays of liposu pulp. The pulp was 
chosen due to its high phytochemical content 
and antioxidant activity, as reported by Abu 
Bakar et al. (2014b).

Phytochemical Screening
Phenolic Content 
The phenolic content of liposu pulp extracts was 
determined using the Folin-Ciocalteu reagent, 
following the method described by Abu Bakar 
et al. (2014a), Mojulat and Surugau (2021b), 
and Jaradat et al. (2021a). The samples were 
mixed with 10% Folin-Ciocalteu reagent and 
7.5% sodium carbonate, incubated, and the 
absorbance was measured at 765 nm using 
a spectrophotometer. The determination 
of phenolic content involved constructing 
a calibration curve for gallic acid through 
serial dilutions. The results were expressed as 
milligrams of Gallic Acid Equivalent (GAE) per 
gram of sample.
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Flavonoid Content
The phenolic compounds were quantified using 
the Folin-Ciocalteu reagent, following the 
method described by Abu Bakar et al. (2014a), 
Mojulat and Surugau (2021b), and Jaradat 
et al. (2021a). The samples were mixed with 
10% Folin-Ciocalteu reagent and 7.5% sodium 
carbonate, followed by incubation, and the 
absorbance was measured at 765 nm using a 
spectrophotometer. The results were expressed 
as milligrams of Gallic Acid Equivalent (GAE) 
per gram of sample.

The determination of flavonoid content 
involved the construction of a calibration curve 
for quercetin through serial dilutions. Working 
solutions were prepared by mixing each sample 
with methanol, 10% aluminium chloride (AlCl3), 
1 M potassium acetate, and distilled water, 
followed by incubation at room temperature for 
30 minutes. The absorbance was recorded at 
415 nm using a blank solution as a reference. 
The flavonoid content was calculated using 
the calibration curve of rutin and expressed 
as milligrams of rutin equivalent per gram of 
sample (mg RUE/g).

DPPH Scavenging Activity Assay
Adapted from Jaradat et al. (2021b), the DPPH 
radical scavenging assay involved diluting 
liposu pulp extract and mixing it with a DPPH 
solution. The mixture was incubated in the dark 
and absorbance was measured at 517 nm. The 
percentage of inhibition was calculated using 
Equation (1).

% DPPH inhibition = (AB−AE)/AB × 100% 	 (1)

where AB represents the recorded absorbance 
of the control solution and AE represents the 
recorded absorbance of the liposu sample 
solution. This equation was used in the analytical 
study to determine the percentage of DPPH 
inhibition.

Nutritional Profiling
Total Soluble Solids, pH, and Titratable Acidity
The physicochemical properties of liposu fruit 
(Baccaurea lanceolata) were evaluated by 

measuring Total Soluble Solids (TSS), pH, and 
Titratable Acidity (TA). TSS was determined 
using a digital refractometer (e.g., Atago PAL-
1, Japan) and expressed in degrees Brix (°Brix), 
indicating the concentration of dissolved sugars 
and other soluble solids in the fruit pulp (Abu 
Bakar et al., 2014b; Mojulat & Surugau, 2021b).

The pH of the liposu pulp was measured 
using a digital pH meter (e.g., Mettler Toledo 
FiveEasy Plus), which was calibrated with 
standard buffer solutions (pH 4.0 and 7.0) 
before analysis to ensure accuracy (Jaradat 
et al., 2021a). pH is an important parameter 
influencing fruit quality, acidity perception, and 
microbial stability.

TA was assessed through titration with 
0.1 M sodium hydroxide (NaOH) using 
phenolphthalein as an indicator. The endpoint 
was determined by a persistent light pink 
colour, indicating the neutralisation of organic 
acids present in the fruit. TA was expressed as 
a percentage of citric acid equivalent per 100 
g of sample (AOAC, 2023). This measurement 
provides insight into the acidity level of liposu 
fruit, which affects flavour, stability, and 
potential applications in food products.

Ash Content
Ash content was determined using the AOAC 
(2023) method 923.03, which employs the 
dry ashing method. In brief, a crucible was 
preheated to 105°C for 3 hours, then, cooled 
in a desiccator, weighed, and marked as (a). A 
sample of 2 g was placed into the crucible and 
weighed (b). The sample was incinerated in a 
cold muffle furnace set at 550°C for at least 3 
hours, until a whitish/greyish ash was obtained. 
The weight of the crucible containing the ash 
was recorded as (c). The ash content (%) was 
calculated using Equation (2). 

Ash content (%) =   x 100             (2)

a = 	weight of empty preheated crucible (g)
b = 	weight of crucible with sample before 

heating (g)
c = 	weight of crucible with sample after heating (g)

c - b
b - a
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Carbohydrate Content
The carbohydrate content was determined 
following the AOAC (2023) by difference 
method, using Equation (3).

Carbohydrate content (%)  = 100% - (a + b + c + d)	
		  (3)

a = moisture content
b = ash content
c = protein content
d = fat content

Fat Content
Fat content was determined according to the 
AOAC (2023) method using the Soxhlet 
extraction method with the Soxtec™ 2050 
Automatic System (FOSS). Briefly, a 2 g sample 
was placed into a cellulose thimble, covered 
with wool, and weighed (a). The extraction 
was performed in the Soxtec™ 2050 Automatic 
System (FOSS) using petroleum ether for 10 
hours. After extraction, the flask was removed 
from the Soxtec machine and placed in a hot air 
oven at 105°C for 30 minutes, then, cooled in a 
desiccator, and the weight was recorded (b). The 
fat content (%) was calculated using Equation 
(4).

        Fat content, % =   x 100%           (4)

a 	 = 	weight of flask with sample before 
extraction

b 	= 	weight of flask with sample after extraction 
(g) 

c 	 = 	weight of sample (g)

Moisture Content
The determination of moisture content was 
conducted according to the AOAC (2023) hot air 
oven method. An empty crucible was placed in 
a hot air oven at 105°C overnight. The crucible 
was then transferred to a desiccator to cool. 
Once cooled, the crucible was weighed and 
recorded as (a). A 2 g sample was placed into 
the crucible, weighed, and recorded as (b). The 
crucible containing the sample was then placed 
back in the oven at 105°C overnight. After this, 
the crucible was weighed again and recorded as 

b - a
c

b - c
b - a

(c). The moisture content was calculated using 
Equation (5).

Moisture content, % =     x 100%	 (5)

a 	= 	weight of empty preheated crucible (g)
b 	= 	weight of crucible with sample before 

heating (g)
c 	= 	weight of crucible with sample after heating 

(g)

Protein Content
The protein content of the sample was determined 
based on the principle of the Kjeldahl method 
(AOAC, 2023). Liposu samples were weighed 
accordingly and placed into a digestion tube. 
Concentrated sulphuric acid (H2SO4) was then 
added to the digestion tube, which was heated 
at the highest temperature for 1 hour and 30 
minutes or until the solution became clear. 

Afterwards, the distillation and titration 
processes were carried out using the Kjeltec™ 
2300 Analyser Unit (FOSS). NaOH solution 
was used in the distillation process with boric 
acid (H3BO3), followed by titration with 
hydrochloric acid. All chemical reagents were 
prepared and kept in the solution tank together 
with the KJELTEC instrument. To convert the 
measured nitrogen content to protein content, a 
conversion factor of 6.25 was used. The protein 
content (%) was calculated using Equation (6).

Protein content (%) 

=   	 (6)

a = 	 volume of HCl in sample titration (mL)
b = 	 volume of HCl in titration without sample 

(mL)
N = 	HCl normality
w = 	weight of the sample 
14.0 = 	nitrogen atomic mass
6.25 = 	nitrogen conversion factor

Total Dietary Fibre
The determination of dietary fibre content was 
carried out using the Enzymatic – Gravimetric 
method, adapted from Baenas et al. (2020). A 
duplicate set of 1 g liposu pulp samples was 
weighed in a 50 mL phosphate buffer solution, 

(a - b)ml x N x 1.40 x 6.25 x 100
w(g) x 1000
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ensuring a pH of 6.0 ± 0.1. Sequential enzymatic 
digestion was performed on the samples, 
beginning with the addition of 50 μL of heat-
stable α-amylase, followed by incubation at 
95°C for 30 minutes. 

Once the solution cooled to room 
temperature, the pH was adjusted to 7.5 ± 0.1 
by adding 10 mL of 0.275N NaOH solution, 
and the pH was verified. Subsequently, 100 μL 
of protease was introduced and the mixture was 
incubated at 60°C with continuous agitation 
for 30 minutes. The solution was then allowed 
to cool and 10 mL of 0.325N HCl solution was 
added to adjust the pH to 4.5 ± 0.2, followed by 
a final pH verification.

Next, 200 μL of amyloglucosidase was 
added to the mixture and incubated at 60°C 
for 30 minutes to complete the enzymatic 
digestion. Following digestion, 280 mL of 
95% ethanol, preheated to 60°C was added to 
facilitate precipitation, which occurred at room 
temperature. A blank crucible was weighed and 
1 g of Celite 545 was added as a filtration aid. 

The Celite was then wetted with 78% 
ethanol using the Fibertec filtering aid system. 
Suction was applied to ensure the formation 
of a uniform Celite mat. The precipitated fibre 
was filtered using the Fibertec system and the 
residue was sequentially washed with three 20 
mL portions of 78% ethanol, followed by two 10 
mL portions of 95% ethanol, and finally two 10 
mL portions of acetone. The crucible containing 
the residue was then dried overnight in a 105°C 
air oven. After drying, the residue was cooled 
in a desiccator and subsequently weighed to 
determine the final mass.

The weight of the residue was calculated 
by subtracting the weights of the crucible and 
Celite. One portion of the sample was analysed 
for protein and the other was incinerated at 
525°C for ash content determination.

Determination of the blank:

Blank (B) (mg) = weight residue – PB – AB       (7)

weight residue = average of residue weights 
(mg) for duplicate blank determinations

PB = weight of protein

AB = weight of ash

Total Dietary Fibre (%)  

=   x 100	 (8)

weight residue = average of weight (mg) for 
duplicate blank determination

P  = 	weight of Protein (in first and second 
sample residues)

A = weight of Ash (in first and second sample 
residues)

weight sample = average of 2 sample weights  
(mg)

Porcine Pancreatic Lipase Inhibitory Assay
The porcine pancreatic lipase inhibitory assay was 
adapted from Jaradat et al. (2021b). To prepare 
the plant extract fractions, a stock solution of 
500 µg/mL was made in 10% dimethylsulfoxide 
(DMSO) and then five different solutions were 
prepared with concentrations of 50 µg/mL , 
100 µg/mL, 200 µg/mL, 300 µg/mL, and 400 
µg/mL. A stock solution of porcine pancreatic 
lipase enzyme was prepared at a concentration 
of 1 mg/mL in Tris-HCl buffer. The substrate 
used in the study was p-nitrophenyl butyrate 
(PNPB), which was prepared by dissolving 20.9 
mg in 2 mL of acetonitrile. 

For each working test tube, 0.1 mL of the 
enzyme solution was mixed with 0.2 mL of each 
diluted plant extract fraction. The mixture was 
brought to a total volume of 1 mL with Tris-HCl 
solution and incubated at 37°C for 15 minutes. 
After the incubation period, 0.1 mL of PNPB 
solution was added to each test tube, which 
was then incubated for another 30 minutes 
at 37°C. The activity of the pancreatic lipase 
was determined by measuring the hydrolysis 
of PNPB into p-nitrophenolate ions at 410 nm 
using a UV spectrophotometer. Orlistat was used 
as a standard reference compound and the same 
procedure was repeated with it. The equation 
used in this analytical study is shown below:

% Lipase inhibition = (AB − AE)/AB × 100%     (9)

AB is the recorded absorbance of the blank 
solution; AE is the recorded absorbance of the 
liposu sample solution.

(weight residue - P - A - B)
weight sample
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Statistical Analysis
Experiments were conducted in triplicate and 
the results were expressed as mean values ± 
standard deviation (mean ± SD). Statistical 
analysis was performed using IBM Statistical 
Package for the Social Sciences (SPSS) version 
26, where the mean and standard deviation were 
calculated to assess data variability. Descriptive 
statistics were applied to summarise the data, 
ensuring the accuracy and reproducibility of the 
findings.

Results and Discussion
Phytochemical Screening
Phenolic and Flavonoid Content
Phytochemical analysis revealed that the 
phenolic content was 6.34 ± 0.05 mg GAE/g 
while the flavonoid content was 5.47 ± 0.15 mg 
RUE/g in liposu pulp (Table 1). These values 
were higher than those reported in previous 
findings by Abu Bakar et al. (2014b). The 
differences in phenolic and flavonoid content 
may be attributed to variations in fruit ripeness, 
as the maturity stage significantly influences 
the accumulation of bioactive compounds. In 
this study, mature liposu fruits, characterised 
by creamy white skin were used for analysis. 
However, Abu Bakar et al. (2014b) did not 
specify the ripeness stage of the fruit used in their 
study, which may contribute to discrepancies 
in the reported phytochemical content. Future 
studies should standardise the ripeness condition 
to allow for more accurate comparisons.

The calculations were based on the gallic 
acid and quercetin standard curves. Although 
the concentrations are relatively moderate, 

they possess health-promoting effects such 
as lowering the risk of cancer, cardiovascular 
diseases, and diabetes (Hadidi et al., 2024). 

These compounds are known for their 
antioxidant, anti-inflammatory, and antimicrobial 
properties. The differences in phytochemical 
content could be due to environmental factors 
such as soil quality, water availability, and 
sunlight exposure (Cruz-Carrión et al., 2023).

In the current research, liposu fruit was 
sourced from Kota Belud, whereas the liposu 
fruits studied by Abu Bakar et al. (2014b) 
were obtained from Beaufort. Although both 
belong to the same species, differences in 
growing regions may influence the synthesis 
of phenolic compounds in the fruit. Various 
environmental factors, including sunlight 
exposure, temperature, and soil nutrition can 
significantly impact the production of secondary 
metabolites, leading to variations in nutritional 
and phenolic composition (Pant et al., 2021; 
Qaderi et al., 2023). Liposu is a fruit that thrives 
in diverse habitats, including rainforests, slopes, 
and riverine forests, these varying ecological 
conditions may contribute to differences in its 
phytochemical profile.

Additionally, the ripeness of the fruit 
plays a crucial role in determining its phenolic 
content. As the fruit matures, phenolic 
compounds typically accumulate, reaching 
peak levels before gradually declining as over-
ripening progresses and chlorophyll degradation 
occurs. This trend has been observed in several 
fruits, where phenolic content decreases with 
advanced maturity, as reported in date palm 
(Phoenix dactylifera), strawberry (Fragaria × 

Table 1: Phenolic and flavonoid content of liposu pulp

Analysis y=mx+c
(Standard Curve)

Baccaurea lanceolata
(80% Methanol)

Phenolic content y= 6.3466x + 0.0103 6.34 ± 0.05
Flavonoid content y= 1.0449x + 0.0182 5.47 ± 0.15

Result of phenolic content is expressed as (mg GAE/g sample).
Result of flavonoid content is expressed as (mg RUE/g sample).
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ananassa), and mulberry (Morus spp.) (O’Brien 
et al., 2021; Abdalla et al., 2022).

The changes in phenolic content in 
fruits during maturation are related to the 
synthesis of polyphenols, which occurs in the 
phenylpropanoid metabolic pathway under 
enzymatic control (Khedr & Khedr, 2024). This 
is because the synthesis of these compounds 
changes according to the maturation stage of the 
fruits, as enzyme activity also changes during 
the different phases of growth and development 
of the fruits (Topcu et al., 2022).

DPPH Scavenging Activity
Liposu pulp exhibited high DPPH scavenging 
activity at 90.71 ± 0.25% (Table 2), indicating 
strong antioxidant capacity similar to previous 
reports by Abu Bakar et al. (2014b), which 
recorded 94.36 ± 0.02%. 

This suggests that liposu is rich in bioactive 
compounds highly capable of neutralising free 
radicals and protecting against oxidative stress. 
It possesses characteristics that enable it to 
exert synergistic effects in reducing the risk of 
chronic diseases, particularly diabetes mellitus 
and obesity (Chaudhary et al., 2023). This high 
DPPH activity also indicates that liposu is rich 
in bioactive compounds, including phenolic 
acids, flavonoids, and vitamins. 

Thus, consuming liposu fruit would 
also bring benefits such as countering lipid 
peroxidation, DNA damage, inflammation, and 
other oxidative stressors associated with chronic 
disease (Chaudhary et al., 2023). According 
to Shen et al. (2022) and Lupu et al. (2024), 
fruits with high antioxidant properties not only 
increase the antioxidant capacity of human blood 

but also can counterbalance the negative effects 
of high-fat and carbohydrate meals, decreasing 
the risk of developing diseases, which results in 
a significant advantage for patients with diabetes 
and obesity. Fruits with high antioxidant 
properties are also shown to significantly reduce 
cancer, Alzheimer’s disease, diabetes, and heart 
diseases (Rahaman et al., 2023). Thus, liposu 
might be able to contribute as a potential anti-
obesity agent.

However, fruits and vegetables primarily 
serve as a source of phytochemicals only when 
they are in their raw and unprocessed state. If 
they undergo processing, their phytochemical 
bioavailability might decrease (Jideani et 
al., 2021). Liposu (Baccaurea lanceolata) is 
traditionally utilised in the preparation of local 
chili paste, known as sambal (John et al., 2025). 
However, the process of blending liposu into 
sambal may lead to a reduction in its antioxidant 
capacity. 

This decline is likely due to the degradation 
of heat-sensitive antioxidants during the cooking 
process, as well as potential interactions with 
other ingredients that can affect the stability of 
these compounds (Mojulat & Surugau, 2021b). 
While specific studies on liposu’s antioxidant 
retention in sambal are limited, similar trends 
have been observed in other fruits where 
processing methods impact their phytochemical 
content. Therefore, further research is warranted 
to quantify the extent of antioxidant loss in 
liposu when incorporated into sambal and to 
explore strategies for preserving its beneficial 
properties during food processing and culinary 
applications such as in yogurt production 
(Ismanto et al., 2022).

Table 2: Calculation of antioxidant activity of liposu pulp

Sample Antioxidant Activity 
(%) Mean SD

I 90.47 90.71 0.25
II 90.96
III 90.70
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Nutritional Profiling of Liposu
Total Soluble Solids, pH, and Total Titratable 
Acidity
TSS measure the combined content of all soluble 
components in the liquid portion of the fruit. It 
indicates the concentration of sugars, acids, 
vitamins, amino acids, and other water-soluble 
compounds present. The TSS of liposu pulps 
is 2.7 °Brix, suggesting that the fruit contains 
very low levels of sugars and sugar alcohols, as 
fruits with a high Brix value typically consist of 
approximately 85% sugars (sucrose, glucose, 
and fructose) and sugar alcohols such as sorbitol 
and mannitol. Nearly 75% to 85% of the TSS 
of juice is made up of sugars and higher TSS 
values correspond with increased sweetness (El-
Hadary et al., 2023). Therefore, the sour taste 
of liposu may be attributed to its lack of sugars, 
which results in it being underutilised as a native 
fruit due to its unpleasant taste (bland and sour). 
However, TSS may not always align with the 
sensory sweetness of certain fruits, as some 
studies have reported a low association between 
soluble solids and sweetness in fruits.

The titratable acidity of liposu is 28.2 ± 
0.85, indicating a high concentration of acidic 
protons that can be neutralised by titration with 
sodium hydroxide. The low pH value of 2.54 
confirms that liposu is a highly acidic fruit. This 
acidic nature is likely due to the presence of 
organic acids within the fruit (Table 3). The high 
acidity of liposu pulp may explain why this fruit 
has a very sour taste, as sourness is triggered 
by low pH. The high acidity suggests that 
liposu could be applicable as a food acidulant 
or acidity regulator, similar to indigenous fruits 
such as Garcinia indica, Emblica officinalis, 
and Tamarindus indica, which also have low pH 

and high antioxidant capacity (Tripathi, 2021; 
Chattopadhyay et al., 2023). 

Ash Content
The ash content of liposu pulp was determined 
to be 0.50 ± 0.03%, which is comparable to 
the findings reported by Mojulat and Surugau 
(2021b). A low ash content indicates a minimal 
presence of minerals and metal residues 
remaining after combustion. Although liposu 
pulp has a low ash content, this may suggest that 
it possesses a relatively mild flavour profile aside 
from its inherent sourness. Minerals present in 
ash can contribute to the overall taste of fruits, 
influencing their flavour complexity (Vicente et 
al., 2022).

Therefore, low mineral levels in fruits can 
lead to diminished flavour profiles and less 
vibrant coloration. Minerals play a crucial role in 
the synthesis and stability of flavour compounds 
and pigments. For instance, a study on guava 
cultivars demonstrated that variations in mineral 
content significantly influenced postharvest 
quality attributes, including flavour and colour 
intensity (Kumari et al., 2020). Additionally, 
research indicates that the biosynthesis of 
pigments such as carotenoids and anthocyanins  
responsible for fruit colouration is affected by 
mineral nutrition, with deficiencies leading to 
paler hues (Swami et al., 2020; Kapoor et al., 
2022). Therefore, insufficient mineral levels 
can result in fruits with less appealing flavours 
and subdued coloration, potentially reducing 
consumer acceptance.

Table 3: Physicochemical properties of liposu pulp

Nutritional Parameters Mean ± SD
pH 2.51 ± 0.00

Total soluble solid (°Brix) 2.7 ± 0.46
Titratable acidity 28.2 ± 0.85

		  The value is expressed in the mean ± the standard deviation (n=3).
		  *n: triplicate on three reading.
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The ash content of liposu, measured at 
0.50% is comparable to other high-moisture 
fruits such as watermelon (0.36%) and 
pomegranate (0.60%). This suggests that liposu 
pulp likely shares similar mineral composition 
characteristics, with relatively low levels 
of essential minerals such as iron, calcium, 
magnesium, and chloride (Subedi, 2023). 
The combination of high moisture content 
and low ash percentage indicates that liposu 
is predominantly composed of water, with 
minimal dissolved solids or salts contributing to 
its overall ash content.

Carbohydrate Content
The carbohydrate content of liposu is also shown 
to be very low, at a value of 0.82 ± 0.18%. 
According to the review by Hoe and Siong 
(1999), liposu contains 3.7% carbohydrate, 
which is not in agreement with the current 
findings. Nonetheless, the value of 0.82 ± 
0.18% indicates that liposu contains very few 
components that supply energy, including sugars 
and other starches. This is also reflected in the 
low Total Soluble Solids (TSS) value in liposu. 
While it has an extremely low carbohydrate 
content, it means that liposu would have very 
low caloric density and glycaemic impact.

Therefore, it would not produce significant 
spikes in blood glucose after consumption. This 
is particularly important for liposu as a potential 
fruit for the treatment of obese patients, as it has 
the potential to be applied in specialty diets and 
low-calorie formulations. The low carbohydrate 
value also highlights the opportunities for liposu 
to aid in diabetes management and obesity. 
According to the study by Alalwan et al. (2020), 
consuming low glycaemic index fruits can help 
control lipid profiles and fasting blood glucose 
levels in overweight adults. Another study by 
Chiavaroli et al. (2021) also demonstrated that 
increasing the intake of low glycaemic index 
fruit can lead to reductions in haemoglobin A1c, 
blood pressure, and coronary heart disease risk 
in type 2 diabetes patients.

Fat Content
The fat content of liposu pulps is 0.01 ± 0.00%. 
This indicates that the fruit has very little fat, 
which is negligible. In the review by Mojulat 
and Surugau (2021b), a similar value was 
reported, with liposu containing only 0.2% fat. 
Therefore, based on this value, liposu is very 
low in calories, making it a potentially healthier 
choice for diabetic or obese patients, as it is 
unlikely to contribute significant calories.

The lowfat content also suggests that the fruit 
lacks a smooth or creamy texture. Instead, the 
texture of liposu is waterier and crunchier, rather 
than rich and indulgent, which can be attributed 
to its high moisture and low-fat content. This 
aligns with the high moisture content of liposu, 
which is watery in nature and lacks the creamy 
texture found in fruits like durian. Additionally, 
the pulps of liposu taste bland and sour, likely 
due to their low fat content, as fat contributes 
to flavour, texture, and aroma compounds such 
as esters. Consequently, low-fat fruits tend to 
possess a relatively simple flavour profile.

Moisture Content
Table 4 shows the nutritional profiling of liposu 
(Baccaurea lanceolata). When compared to the 
ash, carbohydrate, and fat content, which all 
have values below 1%, the moisture content 
accounts for nearly the entirety of the fruit. 
The moisture content of liposu is similar to the 
finding by Mojulat and Surugau (2021b), which 
reported a value of 92.4%.

The current study focuses on the mature 
form of the liposu fruit. A mature liposu contains 
a higher moisture content, as it accumulates 
more water during the ripening process. This 
high moisture content refers to the amount of 
water present in the fruit relative to its total 
weight, meaning that a significant portion of the 
fruit’s weight is due to moisture. 

While this high moisture content affects 
the texture, juiciness, and overall sensory 
experience of the fruit, it also results in a sourer 
taste as the fruit reaches maturity. This sourness 
can be attributed to the moisture levels in the 



ANTI-OBESITY POTENTIAL OF LIPOSU PULP	 365

Journal of Sustainability Science and Management Volume 21 Number 2, February 2026: 355-371

fruit. Furthermore, research on other fruits 
such as oranges has shown that maturation is 
associated with changes in physicochemical and 
sensory characteristics, including an increase in 
juice content and the TSS/acid ratio (Habibi et 
al., 2021).

Studies have also indicated that the moisture 
content of fruits increases as they approach 
maturity (Ameen et al., 2023). This suggests that 
the more mature the fruit, the wetter it becomes. 
When storing liposu, it is important to avoid 
high-humidity conditions, as high-moisture 
fruits, including mangoes are prone to spoilage 
under such conditions (Hussen, 2021). Although 
high humidity can delay weight loss and prevent 
shrivelling, it can also lead to quicker cracking 
and browning of the fruit.

Protein Content
Liposu pulp has a protein content of 5.01 ± 
0.03%. The protein constitutes a relatively small 
portion of the fruit’s overall value. However, 
the findings by Hoe and Siong (1999) indicated 
that the protein content of Baccaurea lanceolata 
is 0.2%, which does not correspond with the 
results obtained in this study. This discrepancy 
may be attributed to factors such as the ripeness 
of the fruit and the conditions under which the 
fruit is grown. For example, since the fruit in the 
current research is mature, it may have a higher 
protein content due to its advanced ripeness 
level. 

Studies have also shown that various fruits, 
including Asian pears, pineapples, tomatoes, 

and elderberries consistently exhibit an increase 
in protein content as they mature (Huang et al., 
2024). Thus, the phenomenon of increasing 
protein content with maturity is observed in 
many fruits.

Additionally, the liposu pulp reported by 
Hoe and Siong (1999) was sourced from Sarawak  
while the liposu in this study is grown in Sabah. 
Therefore, the nutritional content of liposu 
may be influenced by the soil characteristics 
of different geographical regions, including 
variations in soil environment and cultivar 
differences within the same fruit species.

 Total Dietary Fibre
The total dietary fibre content of liposu pulp is 
61.69%, suggesting that it can be an excellent 
source of dietary fibre. This has important 
nutritional implications, as it provides both 
insoluble and soluble fibre in the diet, requiring 
only small servings to meet fibre needs. With its 
high dietary fibre value, liposu has the potential 
to mitigate issues for patients with obesity. 
According to Snauwaert (2023), dietary fibre can 
assist with obesity by protecting the body against 
various conditions that may correlate with it 
such as cardiovascular disease, diverticulosis, 
constipation, irritable bowel syndrome, colon 
cancer, and diabetes. 

Additionally, fibre that acts as prebiotics 
can support gut health, promote satiety, and 
maintain a balanced gut microbiota. Indigestible 
dietary fibres are fermented in the intestine, 
resulting in the production of metabolites that 

Table 4: Nutritional composition of liposu pulp

Nutritional Parameters (%) Mean ± SD
Ash content 0.50 ± 0.03

Moisture content 93.67 ± 0.20
Available carbohydrate 0.82 ± 0.18

Fat content 0.00 ± 0.00
Protein content 5.01 ± 0.03

Total dietary fibre 61.69
The value is expressed in the mean ± the standard deviation (n=3).

		  *n: triplicate on three reading.
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can help support a healthy body weight and 
prevent dysbiosis associated with obesity. 
Furthermore, benefits such as improved insulin 
sensitivity, a lower risk of depression, and a 
reduced mortality rate have been linked to a 
high dietary fibre intake (Barber et al., 2020). 

Regular consumption of a high-fibre diet 
has been strongly associated with a reduced 
risk of inflammatory diseases due to its role 
in modulating gut microbiota, improving 
glycaemic control, and reducing systemic 
inflammation. Given that liposu is a rich 
source of dietary fibre, it has the potential to 
contribute to these health benefits. Additionally, 
the presence of other bioactive compounds  
such as phenolics and flavonoids may further 
enhance its anti-inflammatory and antioxidant 
properties, making it a suitable dietary option 
for individuals managing diabetes and obesity.

Anti-obesity Activity
Porcine Pancreatic Lipase Inhibitory Assay
Based on Table 5, pancreatic lipase is a digestive 
enzyme that breaks down triglycerides into fatty 
acids and glycerol. When pancreatic lipase 
is inhibited, fat absorption is reduced. The 
concentration of the PPL solution in the current 
experiment is 0.1 mL. Based on the results 
obtained, liposu pulps exhibit an inhibitory 
effect of 22.20 ± 0.42%. This suggests that 
liposu has the capability to inhibit pancreatic 
lipase, although the level of inhibition is not 
high. This may be attributed to the polyphenol 
content present in liposu pulp, as the phenolic 
and flavonoid content is not high. 

According to He et al. (2023), fruits with 
high polyphenol content, particularly flavonoids  
have a strong effect on pancreatic inhibition, 
which is linked to improved lipid metabolism by 

reducing cholesterol and inhibiting pancreatic 
lipase enzymatic activity. Numerous studies 
have also found that phenolic acids possess a 
high ability to inhibit pancreatic lipase activity; 
for example, ligands such as vanillic acid 
contain a high number of hydroxyl groups that 
facilitate interaction with pancreatic lipase 
(He et al., 2023; Nabil-Adam et al., 2023). 
Therefore, pancreatic lipase inhibitory activity 
is highly correlated with the polyphenol content 
in fruits, resulting in the comparatively low PPL 
inhibition levels observed in liposu pulps.

Nonetheless, based on the study by Huang 
et al. (2020), the phenolic acids in the citrus 
fruits studied did not contribute to the lipase 
inhibitory effects. Hence, flavonoids, including 
anthocyanins, hesperidin, and caffeic acid 
glycosides may be more responsible for the PPL 
inhibitory effects that demonstrate inhibitory 
activity (He et al., 2023). Further studies 
are needed to establish a clearer relationship 
between the polyphenolic compounds present 
in liposu and their potential to inhibit pancreatic 
lipase, a key enzyme in dietary fat digestion. 

Pancreatic lipase inhibitors have been 
widely studied as therapeutic agents for obesity 
management, as they reduce fat absorption and 
promote lipid excretion, ultimately leading to 
weight loss and improved metabolic health. The 
presence of multiple polyphenolic compounds in 
liposu, including flavonoids and phenolics may 
act synergistically to enhance lipase inhibition, 
potentially regulating lipid metabolism and 
reducing adipogenesis. 

Additionally, these bioactive compounds 
have demonstrated antioxidant and anti-
inflammatory properties, which can further 
mitigate obesity-related complications such 
as insulin resistance, oxidative stress, and 
chronic low-grade inflammation. Therefore, 

Table 5: Calculation of PPL inhibition of liposu pulp

Sample PPL Inhibition (%) Mean SD
I 22.67 22.2 0.42
II 21.87
III 22.06



ANTI-OBESITY POTENTIAL OF LIPOSU PULP	 367

Journal of Sustainability Science and Management Volume 21 Number 2, February 2026: 355-371

incorporating liposu into the diet may not 
only contribute to weight management but 
also provide protective effects against obesity-
associated metabolic disorders, including type 2 
diabetes and cardiovascular diseases. However, 
further in-depth mechanistic and clinical 
studies are required to validate these potential 
health benefits and to determine the optimal 
bioavailability and effective dosage of liposu 
polyphenols for therapeutic applications.

The inhibitory effects of liposu on 
pancreatic lipase may be influenced by the levels 
of phenolic and flavonoid compounds present 
in the fruit. Typically, phenolic and flavonoid 
content above 10 mg GAE/g and 8 mg RUE/g, 
respectively are considered high and have been 
associated with significant enzyme inhibition 
(Alkowni et al., 2023). However, the phenolic 
and flavonoid content in liposu falls below 
these thresholds, which may explain the lower 
inhibitory effects observed. 

This finding aligns with previous studies 
indicating that higher concentrations of these 
bioactive compounds correlate with stronger 
enzyme inhibition. Therefore, while liposu 
contains polyphenols, their levels may not 
be sufficient to exert a pronounced inhibitory 
effect on pancreatic lipase, necessitating further 
studies to explore their functional properties in 
greater detail.

Conclusions
Liposu fruit (Baccaurea lanceolata) is a 
promising underutilised fruit containing 
bioactive compounds that may enhance 
metabolic health. Its high dietary fibre content 
suggests potential benefits for regulating 
glycaemic control, reducing fat absorption, 
and promoting satiety—mechanisms that could 
support weight management and aid in diabetes 
prevention. Additionally, the fruit’s antioxidant 
properties may help mitigate oxidative stress, 
which is associated with obesity-related 
inflammation and insulin resistance.

Beyond its role in metabolic health, the 
bioactive compounds in liposu could be explored 

for applications in nutraceuticals, functional 
foods, and pharmaceuticals. Future research 
should focus on elucidating its anti-obesity 
and anti-diabetic mechanisms, particularly 
concerning its effects on lipid metabolism, 
glucose homeostasis, and gut microbiota 
modulation. Investigating additional bioactive 
compounds such as saponins, tannins, and 
carotenoids could further reveal its therapeutic 
potential across various health domains. Clinical 
trials are necessary to validate its efficacy as a 
supplemental food or natural therapeutic agent 
for obesity and diabetes.
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