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ABSTRACT

Liposu (Baccaurea lanceolata) is an endemic fruit native to the Borneo region,
particularly valued by the Dusun community of Sabah. This study explores the potential
of Liposu fruit in the development of a novel sauce formulation. Three formulations
were prepared and evaluated through sensory analysis involving 52 semi-trained
panelists, utilizing both ranking and hedonic scoring methods. Based on the sensory
data, Formulation III (9.2% Liposu) was identified as the most preferred variant.
Subsequent proximate analysis revealed that the major components of the optimized
formulation included water (39.0% w/w), vegetable oil (10.1% w/w), and
carbohydrates derived from gum Arabic (8.5% w/w), carboxymethyl cellulose (0.4%
w/w), and pectin released during processing. Literature-supported interpretation of ash
content (3.60% =+ 0.00) indicated the presence of essential minerals such as
potassium, magnesium, zinc, calcium, and phosphorus. Furthermore, the intrinsic
acidity of the Liposu fruit, attributed primarily to acetic acid, contributed to a final
. . product pH of 4.32 £ 0.01. These findings highlight the potential of Liposu fruit as a
Received: 9 April 2025 . . g
Accepted: 6 August 2025 func’qonal apd sensory-_a_ppeallng ba;e for sauce development, with favorable
Published: 30 September 2025 physicochemical and nutritional properties.

DOI: https://10.51200/ijf.v2i2.6308

Keywords: liposu; proximate; sambal; sensory

1. Introduction

Baccaurea lanceolata, commonly known as Liposu among the Dusun ethnic group in Sabah, is a tropical
plant native to the rainforests of Borneo, Peninsular Malaysia, the Philippines, Thailand, and Sumatra
(Mojulat & Surugau, 2021). Traditionally valued for its edible fruit and timber, Liposu has also been used
by the Dayak community as a hunting indicator (Mojulat & Surugau, 2021). Despite its ability to fruit year-
round, the species is largely under-cultivated, with most occurrences found growing wild near homes rather
than in formal agricultural settings (Awang et a/,, 2018). The fruit’s pericarp is typically consumed raw with
sugar or salt to counterbalance its intense sourness (Walter, 2004), and it is occasionally processed into
traditional products such as sun-dried slices, juice, or sambal (Mojulat & Surugau, 2021).
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Recent studies have drawn attention to Liposu's phytochemical and antioxidative potential,
suggesting its value not only in traditional diets but also in pharmaceutical and nutraceutical applications
(Abu Bakar et al., 2014; Gruere et al., 2006). Members of the Baccaurea genus are notably rich in phenolic
compounds and antioxidants, particularly in their rind, pericarp, and pulp (Abu Bakar et a/,, 2014; Astuti et
al., 2020; Ismanto et al., 2022). Bioactive constituents such as saponins, tannins, flavonoids, and alkaloids
present in the fruit exhibit antimicrobial properties, which, when combined with its naturally low pH (ranging
from 4.2 to 4.38), position Liposu as a promising candidate for use in food preservation (Fitriansyah et al.,
2018; Galappathie et al., 2014).

In the culinary context, sauces play an essential role in enhancing sensory attributes such as taste,
aroma, and texture. Typically composed of plant- or animal-derived ingredients, sauces can take the form
of liquids, pastes, emulsions, or suspensions (da Silva et a/., 2021), and are commonly used to complement
dishes ranging from meats to vegetables (Cardenas-Castro et a/., 2019). The Malaysian Food Regulations
(1985) define a sauce as a liquid or semi-liquid savory preparation that may or may not contain spices and
is intended to be consumed with food, including products such as soy sauce, fish sauce, mayonnaise, and
hydrolyzed vegetable protein-based condiments. More recently, fruit-based sauces have been recognized
as functional foods, owing to their high content of bioactive compounds including antioxidants, vitamins,
and minerals (Csapd et al, 2019). Studies have demonstrated that fruit incorporation into sauces can
enhance the nutritional profile of the final product. For instance, the addition of strawberry pulp in ketchup
formulations increased phenolic and flavonoid content without negatively affecting sensory acceptability
(Ahouagi et al, 2021), while macauba pulp sauces showed improved antioxidant activity and shelf life
through the inclusion of gum arabic and xanthan gum (Fonseca et a/, 2021). Similarly, persimmon-based
cake formulations exhibited high levels of total phenolics and antioxidant activity while offering a low-fat
alternative to traditional baking ingredients (Dipti et al., 2023).

Although Liposu is recognized as a culturally significant and potentially valuable fruit, its market
presence remains limited due to a lack of public awareness and minimal commercial development (Gunawan
et al., 2023). Its consumption is largely restricted to indigenous communities, particularly the Dusun of
Sabah, who traditionally use it in fermented or acidic preparations such as sambal (Mojulat & Surugau,
2021). Given the widespread Malaysian preference for sour and spicy flavors—evident in dishes such as
tempoyak, asam laksa, and jeruk—the development of Liposu-based condiments aligns well with national
taste preferences (Ajibola et al., 2023).

Moreover, traditional preparations such as sambal Liposu often include local ingredients such as
dried anchovies (ikan bilis) and tuhau (Etlingera coccinea), a wild ginger herb endemic to Borneo (Mahdavi
et al., 2017). This highlights Liposu's potential for value-added product development, particularly in the
form of packaged condiments or souvenirs that can promote local culinary heritage. Despite its promising
attributes, current innovations involving Liposu remain scarce. Most studies focus on the conservation of
the species due to ecological threats such as deforestation, rather than exploring its potential for
commercialization and economic sustainability among local communities. Traditional processing methods
and small-scale production further limit its scalability and competitiveness in broader food markets.

This study aims to formulate and develop a sauce derived from Liposu fruit, with sambal Liposu
serving as the conceptual foundation. The objective is to create a commercially viable product that reflects
familiar Malaysian flavor profiles while harnessing the functional and nutritional benefits of the fruit. The
most acceptable formulation, based on sensory analysis, will be further analyzed to determine its
physicochemical properties and potential for commercial application.

2. Materials and Methods

2.1 Sauce Formulation

The wild Liposu fruit (acquired from supplier - unripe) was washed, peeled, and deseeded, with the pulp
diced and weighed into required batches. The same batches were used throughout this study and kept in
refrigeration about 7°C until further usage. Other ingredients such as ginger, garlic, onion, and red chili
were also diced and weighed according to the formulations. Seasonings (salt and sugar) and additives
(carboxymethyl cellulose, gum Arabic, and soy lecithin) were measured and prepared.
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To begin the cooking process, anchovies (/kan bilis) were toasted until golden brown and set aside.
The Liposu fruit, bird’s-eye chili, onion, garlic, and ginger were sautéed to enhance flavor through
caramelization and the Maillard reaction. Salt and sugar were gradually added to balance the flavor. After
10 minutes, the mixture was allowed to cool for homogenization.

For homogenization, the sautéed mixture and toasted anchovies were blended with the remaining
seasoning and soy lecithin until smooth. The mixture was then sieved to remove plant fibers. Carboxymethyl
cellulose (0.4% w/w) and gum Arabic (8.6% w/w) were added gradually, and the sauce was blended until
fully emulsified. The final product was transferred into heat-treated glass bottles (boiled for 15 minutes
between 95°C to 100°C) and stored for further analysis.

Table 1. Ingredients of liposu sauce formulation according to weightage in percentage

] Weightage (w/w)

Type of Ingredient I(Control) II III v v
Liposu fruit 0.0% 46% 9.2% 11.4% 15.6%
Onion 8.7% 8.7% 8.8% 87% 8.7%
Garlic 1.4% 1.4% 1.4% 1.4% 1.4%
Ginger 1.4% 1.4% 1.4% 1.4% 1.4%
Red Chilli 15.6% 11.4% 6.0% 4.6% 0.0%
Bird’s eye chilli 4.6% 46% 4.6% 4.6% 4.6%
Vegetable oil 10.1% 10.1% 10.1% 10.1% 10.1%
Tkan bilis 4.6% 46% 4.6% 4.6% 4.6%
Potable water 39.0%  38.8% 39.2% 38.8% 39.0%
Salt 1.7% 1.7% 1.7% 1.7% 1.7%
Sugar 3.4% 34% 3.4% 3.4% 3.4%
Gum Arabic 8.5% 8.6% 85% 86% 8.5%
Soy lecithin 0.5% 05% 0.5% 0.5% 0.5%
Carboxy Methy! Cellulose 0.4% 04% 04% 0.4% 0.4%

2.2 Sensory Analysis

A completely randomized design (CRD) was employed following Dipti ef a/ (2023). The study was
conducted in two stages: the first assessed the acceptability of Liposu sauce formulation, and the second
identified the preferred formulation. Five formulations (including one control with 0% Liposu juice) were
used for the acceptability test, while three formulations were tested for preference. Fifty semi-trained
panelists from the Faculty of Food Science and Nutrition at UMS evaluated one control formulation and four
Liposu sauce formulations in each stage. Each 5-gram sample was presented in a plastic cup with a three-
digit random code. A nine-point hedonic scale (1 = "extremely dislike", 9 = "extremely like") was used to
assess attributes including color, taste, aroma, texture, and overall acceptability. Cucumber strips served
as the sauce carrier to reduce bias.

2.3 Proximate Analysis

The proximate analysis of the Liposu sauce was conducted to determine its nutritional composition,
including the content of ash, moisture, protein, fat, crude fiber, carbohydrates, and pH value. The analysis
followed the AOAC (2000) standard methods. The energy value of each sample was calculated based on
the caloric contribution of carbohydrates, proteins, and fats. The total carbohydrate content was derived
by subtracting the sum of all other macronutrients from 100%. Each analysis was performed in triplicate
to minimize instrumental errors and ensure the reliability of the results. The pH value of the Liposu sauce
was measured with a pH meter (Model 340, Mettler-Toledo, Switzerland) with a dilution ratio of 1:1 of
Liposu sauce to distilled water.
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2.4 Statistical Analysis

Statistical analyses were performed using the Real Statistics add-in for Microsoft Excel 2020. All data were
reported as mean * standard deviation, with a significance level set at p=0.05. A one-way ANOVA was
used to analyze the proximate data. If the null hypothesis was rejected, post-hoc comparisons were
conducted using the Tukey HSD test. To determine the optimal Liposu sauce formulation, the Kruskal-
Wallis ANOVA was employed to analyze the ranking data from the sensory evaluation. If the null hypothesis
was rejected, pairwise comparisons were made using the Dunn-Bonferroni test at a 95% confidence level.
The Friedman nonparametric ANOVA was applied to the sensory evaluation data from the 9-point hedonic
scale, followed by the Friedman-Nemenyi post-hoc test to identify significant differences between sample
groups, with p=0.05 used to evaluate significance.

3. Results and Discussion

In this study, five Liposu sauce formulations were developed for sensory evaluation. During the initial
phase, various combinations of sambal-based Liposu sauces were tested to identify the optimal base
formulation. The objective of this study was to determine the best Liposu sauce formulation through
sensory analysis. The weight of Liposu fruit and red chili in each variation served as the manipulated
variables, aiming to identify the most preferred formulation based on panelist feedback, as detailed in the
following section. The ingredients used in the final sauce production are listed in Table 1.

Table 2 presents the results of the ranking test conducted during the sensory evaluation of Liposu
sauce. This test aimed to identify the most preferred formulation, with the sample showing the lowest
average + standard deviation value being selected as the "best formulation." Among the five samples,
Sample III had the lowest value (2.13 + 1.60), indicating it was the most preferred, followed by Sample
IV (2.25 = 1.56), Sample II (2.29 + 1.60), Sample I (2.48 + 1.92), and Sample V (2.96 = 1.92).

However, it is important to note that despite the clear preference for Sample III, the Kruskal-Wallis
ANOVA revealed no statistically significant differences between the samples at a 95% confidence level
(a=0.05). This suggests that while panelists showed a slight preference for Sample III, the differences
between formulations may not be substantial enough to warrant a definitive conclusion. The perceived
difference in preference could be attributed to sensory fatigue, as all formulations contained similar levels
of chili-based spice (red chili and bird’s eye chili). Capsaicin, the compound responsible for the spiciness,
stimulates the TRPV-1 receptor, which can lead to desensitization of the sensory neurons, thereby
influencing panelists' ability to distinguish between subtle differences in formulation (Ringkamp & Meyer,
2008).

Table 2. Statistical results of ranking of liposu sauce samples according to rank in
average * standard deviation.

Sample Type Liposu content Ranking

I 0% 248+ 1.92
II 4.6% 2.29 + 1.60
III 9.2% 213 £ 1.60
v 11.4% 225+ 1.56
Vv 15.6% 296 + 1.92

Note: All ranking results were analyzed with the Kruskal-Wallis ANOVA at confidence level of 95%,
a=0.05. All sample types were found to be statistically insignificant, the Dunn-
Bonferonni Post Hoc test was not performed.
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Despite the statistical insignificance found, the feedback consistently identified Sample III as the
most preferred formulation, suggesting that the overall flavor profile, despite being perceived as “spicy” or
“very spicy,” resonated better with the panelists. Therefore, while statistical analysis did not reveal strong
differentiation, the clear preference for Sample III in the ranking test justifies its selection for further
laboratory analysis, alongside Sample I as the control.

Table 3 presents the results of the hedonic scoring for each Liposu sauce sample, including average
* standard deviation, Friedman’s nonparametric ANOVA, and statistical significance interpretation.
Statistical significance was found between all Liposu sauce samples (pcal < 0.05), leading to the rejection
of the null hypothesis. To further investigate these results, the Friedman-Nemenyi Post Hoc test was
conducted to assess the significance between sample groups at a 95% confidence level (a=0.05). Among
all samples, the control sample (Sample I) and Sample II received the highest scores for color (7.83 %
1.44), aroma (7.27 + 1.43), taste (7.00 £ 1.57), and overall acceptance (7.17 £ 1.41), suggesting that
panelists preferred a Liposu sauce with more intense color and milder spiciness.

The color attribute exhibited statistical significance between sample groups, as detailed in Table 3.
Variations in the concentration of red chili (Capsicum sp.), rich in carotenoids such as capsanthin and
capsorubin, contributed to the observed red-orange pigmentation in the sauces (Schieber & Weber, 2016).
Decreased red chili content in formulations I, III, and V resulted in a significant difference in perceived
color. Red color, associated with sweetness, is naturally preferred by humans (Drewnowski et al., 2012;
Velasco et al, 2023). Panelists showed a preference for formulations with higher red chili content
(Formulation I), followed by Formulation III, confirming that the intensity of the red hue influenced their
preferences.

The aroma attribute also showed statistical significance between the samples (Table 3). This result
was unexpected, as similar ingredients were used across all formulations (Table 8). One plausible
explanation could be the influence of visual cues, as color can impact the perception of aroma (Spence,
2015). Formulation V, which had the least red chili content and a more orange hue, may have contributed
to the differences in aroma perception, as the reduced red pigmentation led to lower sensory scores in this
formulation. For the overall acceptance attribute, statistical significance was observed, particularly for
Formulation V, which received the lowest scores for color (5.29 + 1.87), taste (6.21 £ 1.91), aroma (5.96
+ 1.83), and texture (6.58 £ 1.80). These findings align with previous studies suggesting that the red color,
associated with sweetness, is inherently favored by consumers (Drewnowski et al, 2012; Spence, 2015;
Velasco et al, 2023). The reduced redness in Formulation V likely contributed to its lower acceptance among
panelists.

Table 3. Scores of hedonic attributes from panelists in average + standard deviation.

Sample Color Taste Aroma Texture Overall
Acceptance
I 7.83 + 1.4411V 6,69 + 1.82 7.27 + 1.56" 6.96 + 1.73 6.88 + 1.72V
II 7.69 + 098"  7.00+ 1.57 7.21 + 1.43v 7.19 + 1.48 717 + 1.41v
III 712 £ 1.37%V  6.60 + 1.86 7.06 + 1.32 7.13+ 143 7.00 £ 1.71
v 7.19 + 147V 6.88 + 1.75 6.96 + 1.67V 7.25+ 1.33 7.13 + 1.57v
\" 5.29 + 6.21+ 191 5.96 + 6.58 + 1.80 6.19 +
1.87LILILIV 1.83LILIV 1.78LIL1Y

Superscripted sample group: Significance found between sample groups of Liposu sauce via Freidman-

Nemenyi test.

In conclusion, the hedonic attribute scores were analyzed using Friedman’s nonparametric ANOVA,
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with further examination through the Friedman-Nemenyi Post Hoc test. Statistical significance was found
for color, aroma, and overall acceptance between Liposu sauce formulations. The contribution of capsanthin
and capsorubin from red chili was critical in shaping the perceived taste, aroma, and overall profile of the
sauces. Given that formulations I, II, and IV exhibited similar sensory attributes with statistical
insignificance, and considering the ranking results, Formulation III emerged as the best Liposu sauce due
to its favorable red hue and comparable taste, aroma, and texture to other top formulations.

Table 4 presents the results of the proximate analysis, which aimed to determine the
physicochemical properties of the best Liposu sauce formulation identified in the previous sensory
evaluation. In this study, Sample III, containing 9.2% w/w Liposu fruit, was selected as the best formulation
and was compared to Sample I (control), which contained 0% Liposu fruit, for comparative analysis.

Table 4. Results of proximate analysis in average + standard deviation between
sample I and sample III.

Type of Analysis I III

Carbohydrate content
Protein content

Fat content

Crude fiber content
Ash content

Moisture content

14.32% £ 0.02
3.36% £ 0.00
16.65% + 0.02
0.78% =+ 0.002b
3.66% =+ 0.002b

61.23% =+ 0.01

10.47% + 0.08
3.26% £ 0.00
17.03% £ 0.08
1.98% + 0.01eb
3.60% =+ 0.002b

63.66% =+ 0.04

Total energy (kcal/5g) 11.03 +0.63

pH value 4.88 + 0.03ab

1041 £ 2.17
432 + 0.01ab

a ; Statistical significance was found between sample types.

b : Statistical significance was found between sample groups.

All results tabulated were analyzed with ANOVA at confidence level of 95%, @ = 0.05.
Tukey’s Post Hoc test was conducted if null hypothesis was rejected

Table 4 present the three major constituents in both Liposu sauce formulations were moisture
(61.23% + 0.01 for Sample I, 63.66% =+ 0.04 for Sample III), fats (16.65% + 0.02 for Sample I, 17.03%
%+ 0.08 for Sample III), and carbohydrates (14.32% =% 0.02 for Sample I, 10.47% =% 0.08 for Sample III).

These findings align with the ingredient composition, as the sauce is an oil-in-water emulsion, where
oil droplets from vegetable oil are dispersed in the continuous water phase (Ren et al., 2022). The primary
source of carbohydrates in the sauce is derived from polysaccharides such as gum Arabic (Tiamiyu et al.,
2023), carboxymethyl cellulose (Huang et al, 2024), and pectin released from the cell walls of fruits,
including chilies and Liposu fruit, during the cooking process (Gunter et al., 2023).

The ash content of Liposu sauce Sample I and Sample III showed statistical significance between
sample types (Table 11), likely due to the inclusion of Liposu fruit and red chili in Sample III. This finding
is consistent with previous proximate analyses of Liposu fruit, which reported high mineral content,
particularly potassium (126 mg/100g), followed by calcium, magnesium, zinc, and phosphorus (Mojulat &
Surugau, 2021). Similarly, a study on red chilies also reported significant levels of phosphorus, magnesium,
and calcium (Ananthan et al,, 2014).

The crude fiber content of Liposu sauce formulations I and III also exhibited statistical significance.
While the results were lower than those reported in previous studies, formulation III still had significantly
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higher fiber content than formulation I, despite the straining process used during production to remove
plant fibers. This discrepancy may be explained by the kitchen sieve used in production, where smaller
plant fiber particles could pass through the mesh due to inconsistent blending during homogenization. For
reference, Liposu fruit contains 2.2% fiber per 100g of edible portion, while chilies range from 4.65% to
6.15% (Ananthan et al., 2014; Mojulat & Surugau, 2021).

The pH value of Liposu sauce Sample I and III also showed statistical significance (Table 11), which
can be attributed to the presence of Liposu fruit in Sample III. Previous studies report that Liposu fruit has
a pH ranging from 3 (Liposu extract) to 4 (Liposu fruit) (Purnomo et al, 2014). Additionally, Liposu fruit
contains 2.739% acetic acid, which contributes to its acidity. Acetic acid, a weak organic acid, dissociates
in water, increasing the concentration of acetate ions as the amount of acetic acid rises in Sample III,
explaining the observed pH difference.

The three primary constituents of both Liposu sauce formulations were water (potable water), oil
(vegetable oil), and carbohydrates (gum Arabic, carboxymethyl cellulose (CMC), and released pectin). The
ash content of Liposu sauce formulation III was predominantly composed of essential elements such as
potassium (K), zinc (Zn), magnesium (Mg), calcium (Ca), and phosphorus (P). The crude fiber content in
formulation III exhibited variability, potentially due to technical factors such as prolonged blending, which
may have reduced the particle size of plant fiber, allowing them to pass through the sieve during filtration.
The lower pH value of Sample III was attributed to the presence of acetic acid in the Liposu fruit, which,
upon the sauce mixture, undergoes partial dissociation in water, thereby lowering the pH.

4. Conclusion

This study demonstrated the potential of Liposu fruit in the development of a novel fruit-based condiment,
with Formulation III identified as the most preferred based on sensory evaluation, nutritional content, and
physicochemical properties. The formulation’s appealing red color, natural acidity from acetic acid, and rich
mineral composition—including potassium, phosphorus, magnesium, and calcium—contribute to both its
sensory quality and nutritional value. Compared to similar fruit-based sauces such as tamarind chutneys or
mango relishes, Liposu sauce shows competitive advantages and promising commercial potential,
particularly as a unique, locally sourced product. Nevertheless, challenges such as emulsion instability,
microbial safety, and limited technical data on the Liposu fruit must be addressed. Future research should
explore the use of natural preservatives, improved homogenization techniques, and expanded sensory
testing involving a wider consumer base. Additionally, microbiological studies could determine the sauce’s
shelf stability and potential antimicrobial effects. Despite these limitations, the findings suggest that Liposu-
based products could support food innovation, promote the use of underutilized local fruits, and offer
economic benefits to rural communities while introducing this exotic ingredient to broader markets.
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