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ARTICLE INFO ABSTRACT

Received: Lai (Durio kutejensis) is an endemic fruit of Kalimantan whose seeds have potential
04 August 2025 as a prebiotic source. This study aimed to identify the types of prebiotics in Lai fruit
Accepted: seeds and evaluate their potential for the growth of lactic acid bacteria. The study was
15 October 2025 conducted using a Completely randomized design (CRD) with four treatments and
Published: six replications. The parameters observed included proximate composition, resistant

starch content, and total bacteria. Proximate analysis was carried out with three
treatments: Lai seed flour (LSF), boiled Lai seeds (BLS), and roasted Lai seeds (RLS). In
vitro tests used cultures of Lactobacillus plantarum and Lactobacillus casei treated with
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LSF at three levels (T1: 1%, T2: 2%, T3: 3%, and T0: without LSF). In conclusion, LSF
has strong potential as a novel prebiotic source due to its resistant starch content and
its ability to promote lactic acid bacterial growth. These preliminary results may serve
as a basis for developing alternatives to antibiotic growth promoters (AGP) in poultry.
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ABSTRAK

Lai merupakan buah endemik khas Kalimantan yang bagian bijinya berpotensi sebagai
sumber prebiotik. Penelitian bertujuan untuk mengkaji jenis prebiotik yang terkandung
dalam biji buah Lai dan mengevaluasi potensinya terhadap bakteri asam laktat. Penelitian
ini menggunakan Rancangan acak lengkap (RAL) dengan empat perlakuan dan enam
ulangan, parameter yang diamati meliputi komposisi proksimat dan kandungan pati
resisten. Analisis proksimat biji buah Lai dengan 3 jenis perlakuan yaitu LSF(tepung
biji Lai), BLS (Biji Lai rebus) dan RLS (Biji Lai Sangrai). Kultur bakteri yang digunakan
untuk uji in vitro adalah bakteri L. plantarum dan L. casei yang diberi perlakuan LSF
dengan 3 taraf pemberian yaitu: T1: 1%, T2: 2%, dan T3: 3% dan TO : kontrol tanpa
LSE Kesimpulannya yaitu LSF berpotensi sebagai sumber prebiotik karena mengandung
pati resisten sebesar 14,35% dan mampu dimanfaatkan oleh bakteri L. plantarum dan L.
casei selama masa inkubasi. Hasil ini merupakan data awal yang dapat digunakan dalam
pengembangan sumber prebiotik terbaru khususnya sebagai alternatif pengganti AGP
pada unggas.

INTRODUCTION

aroma like durian, blunt spines, and attractive
fruit flesh color, which is yellow to reddish orange

Lai (Durio kutejensis) is an endemic
plant that grows very well in Kalimantan,
including East Kalimantan. Lai fruit has similar
properties to durian fruit because both are still
in the same family (Manurung et al.,, 2022). Lai
is a durian native to Kalimantan that has unique
characteristics, including no smell or fragrant
QNOIE

(Antarlina, 2016); (Handayani et al., 2017). Local
people use Lai fruit as a food source, either eaten
directly or processed into processed foods such as
lempok or durian dodol, while its waste has not
been widely utilized. Each Durio kutejensis tree
can produce around 30-50 fruits per season, with
an optimal productivity of 1-2 tons per hectare.

This work is licensed under a Creative Commons Attribution ShareAlike 4.0 International License.
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Its population spread across various districts in
Kalimantan ensures its sustainable availability
(Sunaryo et al., 2019).

About 10-15% of the weight of Lai fruit is
seeds, and only one-third of the consumable parts
of Lai fruit (Rizal et al, 2015). So far, Lai fruit
seeds have not been utilized and are only thrown
away as waste, even though, if explored further
and in depth, it turns out that Lai fruit seeds have
a high carbohydrate content equivalent to other
durio species, which is up to 47.6% and starch
of 25.07% (Aditya et al., 2016; Figtinovri et al,
2020).

The high content of carbohydrates, fiber,
and starch in Lai fruit seeds makes it a potential
source of prebiotics, including oligosaccharide
and polysaccharide compounds. Carbohydrates
that cannot be digested and are known to have
a prebiotic effect because they can selectively
increase the growth of beneficial bacteria in the
intestine (Rusdi et al.,, 2021). In addition, it can be
fermented by digestive tract bacteria into short-
chain fatty acids, especially acetate, propionate,
and butyrate, thus lowering the intestinal pH,
which in turn can inhibit the growth of pathogenic
bacteria, including Salmonella and E. coli (Lam et
al,, 2013; Ricke et al.,, 2020).

Prebioticscommonlygiventopoultryinclude
oligosaccharides such as fructooligosaccharides

(FOS), manooligosaccharides (MOS),
galactooligosaccharides (GOS),
xylooligosaccharides (XOS), raffinose, and

stachyose. Nowadays, prebiotic studies are not
only derived from oligosaccharide components
but have also been widely studied and developed
other candidates that function as prebiotics,
including polysaccharides such as inulin, cellulose,
hemicellulose, pectin, glucomannan, and resistant
starch (Fajrih et al,, 2023).

Research related to the characterization
and evaluation of Lai fruit seeds as prebiotic
candidates has never been reported, so this
study aims to assess the types of prebiotics
contained in Lai fruit seeds and evaluate their
potential in vitro as a source of nutrients for
the growth of lactic acid bacteria. The ban on
the use of antibiotic growth promoters (AGPs)
in poultry due to concerns about antimicrobial
resistance has further highlighted the urgent
need for natural alternatives, such as prebiotics,
to maintain animal health and productivity.
Furthermore, it can be used as preliminary data
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in the development of new prebiotic sources,
especially as an alternative to AGP in poultry. In
addition, to increase the economic value of Lai
fruit seed waste and increase the availability of
prebiotic sources from natural materials.

MATERIALS AND METHODS

Equipment and Materials

The research used Lai fruit seeds, the
main material obtained from the Samarinda city
market in East Kalimantan. The bacterial cultures
used for the in vitro tests were lactic acid bacteria
in the form of Lactobacillus plantarum and
Lactobacillus casei, which are commonly found
in the digestive tract of chickens. The tools used
were analytical scales, a sieve, an autoclave, Petri
dishes, test tubes, a beaker, a measuring flask, an
incubator, an oven, a micropipette, LABtips, and a
laminar air flow.

Procedures for Making Lai Seed Flour

The Lai fruitsused in this study were mature.
The fruits were cut open and separated into their
components, namely the pulp, seeds, and peel,
after which the seeds were collected. The cleaned
seeds were then subjected to three treatments: T1
(dry heating/oven), T2 (wet heating/boiling), and
T3 (dry heating/roasting). For the T1 treatment
(Lai seed flour/LSF), the seeds were thinly sliced
and dried in an oven at 65°C for 24 hours. After
drying, they were ground using a blender, sieved,
and stored in tightly closed containers. For the T2
treatment (boiled Lai seeds/BLS), the seeds were
boiled for 10 minutes, while for the T3 treatment
(roasted Lai seeds/RLS), the seeds were roasted
for 7 minutes. Seeds that had undergone the
heating process, boiled, roasted, or oven-dried,
were then thinly sliced and subjected to proximate
analysis. The experiment was designed using a
Completely randomized design (CRD) consisting
of three treatments with six replications. The
data obtained were analyzed using Analysis of
variance (ANOVA), followed by Duncan’s multiple
range test (DMRT) at a significance level of 0.05 to
determine differences among treatments.

Nutrient Content Analysis of Lai Seeds
Each treatment, namely BLS, RLS, and LSF,
was analyzed for proximate contents, including
moisture, ash, carbohydrate, crude protein,
and crude fat ([AOAC] Association of Official
Analytical Chemists.,, 2012). Carbohydrate
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content was obtained by different methods.
Resistant starch (RS) analysis was conducted
using an enzymatic method with a-amylase
(37°C, 30 min) and amyloglucosidase (60°C,
30-60 min) to hydrolyze the digestible starch
fraction, followed by glucose quantification. The
remaining fraction was calculated as RS, and its
characteristics were further confirmed using
near-infrared spectroscopy (NIR) (Andriani et
al, 2024). The crude fiber content was analyzed
using the Van Soest method. The proximate
results were processed and statistically analyzed
using Analysis of variance (ANOVA), followed by
Duncan’s multiple range test (DMRT) at a 5%
significance level when significant differences
were observed. The experiment was arranged in a
Completely randomized design (CRD) consisting
of three treatments with six replications.

Testing Lai Seed Flour (LSF) on Total Lactic
Acid Bacteria

Testing of LSF containing prebiotics was
carried out using L. plantarum bacteria, which
were assumed to be present in the digestive tract
of chickens. Total LAB count was determined
using the Total plate count (TPC) method based
on the method (Halimatunnisroh et al, 2017).
The TPC analysis was conducted to determine
the number of bacterial colonies contained in
a sample by counting the colonies that grew on
agar media. The TPC test was performed using
three levels of Lai seed flour, namely T1: 1%, T2:
2%, T3: 3%, and TO0: without LSF, each tested on
L. plantarum and L. casei. These two bacterial
strains were selected as they were considered
representative for evaluating the prebiotic
potential of Lai seed compounds, given their role
as key beneficial gut bacteria commonly employed
in prebiotic assessments. The TPC analysis was
conducted using plate count agar (PCA) medium
by inoculating 0.1 ml of sample dilutions into petri
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dishes, which were then incubated for 48 hours
at 35°C. The colony count results were expressed
as colony-forming units (CFU) per ml/g. Colony
counts were performed at dilution series of 107,
1077, and 1078 CFU/ml. Bacterial colonies were
placed on a petri dish in the counting chamber,
and the counting device was adjusted to the zero
position. Colony counting was carried out using a
pointer needle while observing the numbers on
the counting screen. The total number of colonies
was calculated within the range of 30-300
colonies using the formula described by Sutton
(2011). This study was designed as an in vitro
laboratory experiment.

RESULTS AND DISCUSSION

Characteristics and Composition of Lai Fruit
Parts

Based on the results of the study, it was
found that Lai fruit (Durio kutejensis) weighs about
500-600 g per fruit, consisting of skin, flesh, and
seeds. The percentage of fruit parts from highest
to lowest is skin (52.6%), pulp (36.5%), and seeds
(10.8%). In line with Aditya (2016) that Lai has
a portion of fruit meat around 20-40%. While
research Simanjuntak et al. (2024) reported that
the whole Lai fruit produces 75% waste (50% skin
and 25% seeds) in 1 seed. These results indicate
that Lai fruit seeds are in quite a quantity and can
be used to develop food products and animal feed.
The Lai fruit parts are shown in Figure 1.

Nutrient Composition of Lai Fruit Seeds

Table 1 shows the results of the proximate
analysisofLaifruitseedswith differenttreatments.
The nutrient composition of Lai seeds is strongly
influenced by various processing methods. LSF
treatment was significantly (P<0.05) lower than
BLS and RLS treatments (Table 1). According to
Li et al. (2023) when the seeds are boiled, there

Figure 1. Durio kutejensis fruit parts (a) whole fruit, (b) pulp, and (c) seeds
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Table 1. Nutrient composition of Lai fruit seeds oven-dried
treatment (RLS)

Nurul Fajrih et al.

treatment (LSF), boiling treatment (BLS) and roasted

Nutrient composition LSF BLS RLS

Moisture (%) 49.12+0.03° 51.47+0.42P 28.52+0.372
Ash (%) 1.23+0.01°7 3.46+0.08°¢ 1.79+0.04°
Crude fat (%) 6.38+0.05°¢ 2.68+0.12° 3.95+0.06°
Crude protein (%) 20.83+0.06% 23.97+0.05° 28.65+0.07¢
Carbohydrate (%) 64.08+0.02° 56.83+0.172 63.96+0.05°
Crude fiber (%) 7.56+0.16° 3.05+0.07° 1.70£0.02%
Resistant starch (%) 14.35 NA NA

Notes: Different superscripts in the same row indicate significantly different (P<0.05). NA: Not analyzed.

is a process of protein denaturation followed by
the dissolution of water-soluble proteins into the
boiling medium. This dissolved protein is then
wasted with the cooking water, which causes
a reduction in the total protein content in the
seeds. Meanwhile, the RLS roasting treatment
tends to increase the protein content Sun et al.
(2014) explained that this happens because
roasting causes a significant decrease in water
content without losing protein through decay,
thus proportionally increasing the percentage of
protein. In line with Supriana et al. (2020) during
roasting, there is a reduction in moisture content
in the seeds in the absence of aliquid medium that
can dissolve proteins. As a result, proteins remain
trapped in the seed matrix and do not decay
during the boiling process (Lamid et al,, 2015).
The carbohydrate content was significantly
(P<0.05) highest in the LSF and RLS treatments
compared to the BLS treatments (Table 1).
The high carbohydrate content in the LSF or
oven drying treatment is closely related to the
characteristics of the drying process. According
to Paga et al. (2022) during oven drying, there
is a slow and controlled evaporation of water,
increasing the concentration of solids, including
carbohydrates. In addition, the relatively low
drying temperature is effective in reducing the
moisture content so that this process minimizes
carbohydrate degradation. As a result, the
percentage of carbohydrates obtained increased.
Meanwhile, the RLS treatment resulted in smaller
carbohydrate content. According to Fitriani et
al. (2023) during boiling, starch gelatinization
occurs, followed by the dissolution of some
simple carbohydrates and oligosaccharides into
the cooking water. Water as a heating medium
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facilitates the hydrolysis of starch into smaller
units, which can then dissolve and disappear
with the cooking water. Furthermore, Paga et
al. (2022) stated that boiling can also cause cell
walls to break, which allows carbohydrates to
escape from the material matrix. This mechanism
resulted in a smaller carbohydrate content in the
BRL treatment.

The content of crude fiber in the LSF
treatment was also higher than in the BLS and
RLS treatments (Table 1). This occurred because
the temperature used in oven drying does not
cause degradation of fiber components such
as cellulose, hemicellulose, and lignin, which
are the main components of crude fiber. While
boiling treatment causes the cell structure
to become softer and causes chemical bonds
to be broken in the cell wall, containing fiber
components. In this process, parts of the fiber
can be partially broken, especially hemicellulose,
which is more easily hydrolyzed under wet and
hot conditions (Yu et al, 2016). Similar to RLS
treatment, high temperatures in roasting can
cause depolymerization and thermal degradation
of fiber components, especially on the surface of
the material (Li et al, 2023). The result of this
process is a more significant reduction in crude
fiber content compared to oven drying.

Based on the proximate analysis, Lai seed
flour (LSF) showed the highest carbohydrate and
crude fiber content among treatments, indicating
the presence of components that may function
as prebiotics. Subsequent analysis confirmed
the presence of resistant starch (RS) at 14.35%
in LSF. Resistant starch is a starch fraction that
is not hydrolyzed by digestive enzymes but
can be fermented by lactic acid bacteria such
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as Lactobacillus and Bifidobacterium, thereby
potentially supporting gut health (Zhou et
al, 2017; Zeng et al, 2018). Because of its
physiological properties like oligosaccharides,
which are not digested in the small intestine and
can be fermented in the large intestine, resistant
starch is included as a prebiotic candidate
(Lockyer etal., 2017; Khayrah et al., 2022). While
these findings suggest that LSF has promising
prebiotic potential, further in vivo evaluation is
needed to confirm its functional effects. Notably,
the RS content of LSF (14.35%) is comparable to,
or higher than, some commonly studied sources
of resistant starch, such as raw potato starch (6.30
%), maize starch (1.16%), and banana starch
(15.87%) (Setiarto et al., 2015). This quantitative
comparison highlights the potential of LSF as a
novel local source of resistant starch for livestock
feed.

Effect of Lai Fruit Flour on L. plantarum
Bacteria

Figure 2 shows that total L. plantarum
bacteria can grow on media given substrates
from LSF (T1, T2, T3) containing resistant
starch, although higher results were obtained in
the TO treatment. This is because in the control
treatment (TO), L. plantarum bacteria may be
more efficient in utilizing the simple carbon
sources available in the base medium, without the
need to expend additional energy to synthesize
the enzymes needed to degrade resistant starch.
On the other hand, the total L. plantarum in
treatment T3 was higher than in T1 and T2. This
indicates that the higher the concentration of LSF,
the more substrate is available to be utilized by L.

2,8 x 108

2.4 x 108

T1

Bacterial growth (CFU/mL)

TO
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plantarum, although it cannot surpass the growth
efficiency in the control. Furthermore, Wang et
al. (2022) suggested that L. plantarum requires a
longer adaptation period to develop the enzyme
system required in resistant starch metabolism,
which is seen in the lower growth in T1 and T2.

The total bacteria of L. plantarum in this
study was lower than the results of the study
Wang et al. (2022) which reached 9.5 log CFU/mL
in 24 hours when given a substrate of resistant
starch nanoparticles. The results showed that
0.5% resistant starch nanoparticles contained
45% resistant starch content that could continue
to be fermented by L. plantarum until the 70®
hour of the incubation period. In contrast, the
total L. plantarum was only 6.75 log CFU/mL
when the carbon source used was glucose. This
phenomenon indicates that the resistant starch
level in LSF is not enough to increase the total
bacteria of L. plantarum, so the concentration
needs to be increased.

Effect of Lai Fruit Flour on L. casei Bacteria

Based on the results of the study, it was
found that the treatment of Lai seed flour (LSF)
can be utilized by L. casei bacteria for its growth
(Figure 3.). The highest results were obtained
in the T3 treatment with 3% LSF concentration,
which showed the most optimal growth of L. casei
bacteria compared to other treatments. This was
followed by the T2 treatment with a concentration
of 2% which also showed quite good growth
results, although not as high as T3.

The T1 treatment with a concentration
of 1% showed slightly higher growth than the
control, while the lowest results were shown in

2,7 x 10°

2,6 x 108

T2 T3

TO = control (without LSF), T1 = LSF 1%, T2 = LSF 2%, and T3 = LSF 3%

Figure 2. Effect of LSF on total L. plantarum bacteria
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Figure 3. The effect of LSF on total L. casei bacteria

the control treatment (TO) without the addition
of resistant starch (Figure 3). This condition
occurs because LSF contains resistant starch,
which acts as a prebiotic so that it can be utilized
by L. casei bacteria as a source of nutrients for
growth. The higher the concentration of resistant
starch is available, the more substrate that can
be utilized by bacteria to grow and develop.
This result indicates that resistant starch with a
concentration of 3% is the optimal concentration
to support the growth of L. casei bacteria in the
research conducted.

L. casei utilizes LSF containing resistant
starch through the hydrolysis of resistant starch
into smaller sugar units. This is done with the
enzyme amylase made by the bacteria, and then
these simple sugars can be used as a source of
carbon and energy to support the growth and
metabolism of L. casei (Homayouni et al,, 2014).
Furthermore, during the fermentation process,
L. casei produces various metabolites that can
reduce the pH of the environment, which helps its
growth and can prevent the growth of pathogenic
bacteria (Supriana et al., 2020). The growth of L.
casei is influenced by several factors, including the
availability of fermentable carbohydrates, optimal
pH, temperature, and anaerobic conditions that
support its metabolic activity.

CONCLUSIONS

Lai seed flour (LSF) has the potential
as a source of prebiotics because it contains
resistant starch of 14.35% and able to be utilized
by L. plantarum and L. casei bacteria during
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the incubation period in vitro. These results
are preliminary data that can be used in the
development of new prebiotic sources, especially
as an alternative to AGP in poultry. The resistant
starch in Lai fruit seeds is hypothesized to improve
poultry growth performance, improve gut health,
and reduce the colonization of pathogenic
bacteria. Therefore, further research should be
conducted to examine the effect of Lai fruit seeds
containing prebiotics in the form of resistant
starch on poultry growth performance in vivo.
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