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ABSTRACT

Durian (Durio zibethinus) seed flour represents an underutilized byproduct with
significant potential for food applications. This study systematically evaluated how
boiling and peeling pre-treatments affect the physicochemical properties of durian seed
flour using a factorial completely randomized design with four treatments: boiled-peeled
(BP), boiled-unpeeled (BUP), unboiled-peeled (UBP), and unboiled-unpeeled (UBUP).
Results revealed that boiling significantly increased cohesiveness (Carr Index: 16.67% in
BP vs 6.67% in UBUP) and thermal stability (peak temperature: 144.67°C in BP vs 26.87°C
in UBUP) through starch gelatinization, while reducing flowability. Skin removal improved
lightness (L* = 87.11 in UBP vs 60.02 in BUP) and flow properties. Unpeeled flours
exhibited superior functional properties, with UBUP showing the highest water solubility
(0.16%) and foam stability (94.44%), attributed to preserved seed coat polysaccharides
and amphiphilic compounds. Thermal analysis confirmed boiling-induced structural
stabilization, whereas unboiled-unpeeled flour displayed anomalous low transitions,
suggesting enzymatic degradation. Color analysis aligned with consumer preferences, as
peeled flours (UBP, BP) achieved higher lightness (L* > 83) compared to unpeeled
counterparts (L* < 71). The study demonstrates that processing methods dictate flour
functionality: peeled flours are optimal for visual quality and flowability, while unpeeled
variants excel in foaming and solubility. These findings provide critical insights for
tailoring durian seed flour production to specific applications, bridging the gap between
agricultural waste valorization and functional ingredient development. Future research
should explore protein isolation techniques and industrial-scale processing to fully
exploit this sustainable resource.

Key Words: Boiling, Durian seed flour, Peeling
0z

Durian (Durio zibethinus) tohumu unu, o6nemli potansiyele sahip ancak yeterince
degerlendirilmemis bir yan Griin olarak gida uygulamalari agisindan dikkate degerdir. Bu
calisma, haslama ve kabuk soyma 6n islemlerinin durian tohumu ununun fizikokimyasal
ozellikleri Gzerindeki etkilerini sistematik olarak degerlendirmistir. Calismada, tamamen
rastgelelestirilmis faktoriyel bir tasarim kullanilarak dort farkli islem grubu incelenmistir:
haslanmis-soyulmus (BP), haslanmis-soyulmamis (BUP), haslanmamis-soyulmus (UBP) ve
haslanmamis-soyulmamis (UBUP). Elde edilen sonuglar, haslama isleminin nisasta
jelatinizasyonu yoluyla kohezyonu (Carr indeksi: BP'de %16,67; UBUP'da %6,67) ve
termal stabiliteyi (tepe sicakligi: BP'de 144,67°C; UBUP'da 26,87°C) 6nemli olcude
artirirken akiskanhgi azalttigini ortaya koymustur. Kabuk soyulmasi ise unun agikhigini (L =
UBP'de 87,11; BUP'da 60,02) ve akis ozelliklerini iyilestirmistir. Soyulmamis unlar
fonksiyonel 6zellikler agisindan daha Gstiin bulunmus, 6zellikle UBUP grubu en yiiksek su
¢6zUnlrligu (%0,16) ve koplik stabilitesi (%94,44) degerlerine ulasmistir. Bu durum,

345


http://www.dergipark.gov.tr/harranziraat
https://orcid.org/0000-0002-2196-6934
https://orcid.org/0000-0002-4942-4424

Puteri & Febriansyah, 2025. Harran Tarim ve Gida Bilimleri Dergisi, 29(2): 345-355

tohum kabugunda korunan polisakkaritler ve amfipatik bilesiklere atfedilmektedir. Termal analiz, haslamaya bagh yapisal
stabilizasyonu dogrularken, haslanmamis-soyulmamis un disik ve anormal gegis sicakliklari géstermis, bu durum enzimatik
bozulmayi diisiindiirmektedir. Renk analizleri, tiketici tercihleriyle uyumlu olup, soyulmus unlarin (UBP, BP) daha yiiksek
aciklik degerlerine (L > 83) ulastigini, soyulmamis unlarin ise daha disiik degerlere (L < 71) sahip oldugunu gostermistir. Bu
calisma, isleme yontemlerinin unun fonksiyonelligini belirledigini ortaya koymaktadir: soyulmus unlar gorsel kalite ve
akiskanlik agisindan uygunken, soyulmamis unlar képiiklenme ve ¢ézUniirliik agisindan daha Ustlndiir. Elde edilen bulgular,
durian tohumu ununun belirli uygulamalara uygun sekilde islenmesine dair dnemli bilgiler sunmakta ve tarimsal atiklarin
degerlendirilmesi ile fonksiyonel bilesen gelistirilmesi arasindaki boslugu doldurmaya katki saglamaktadir. Gelecek
¢alismalarin, protein izolasyon teknikleri ve endustriyel 6lgekli isleme yontemlerine odaklanarak bu strdurulebilir kaynagin

potansiyelini tam anlamiyla ortaya ¢ikarmasi 6nerilmektedir.

Anahtar Kelimeler: Kaynatma, Durian Tohumu Unu, Soyma

Introduction

Durian (Durio zibethinus), widely regarded as
"The King of Fruits," holds significant agricultural
and economic importance in Indonesia. Despite
the edible
constitutes only 20-35% of its total weight, with
the remaining 65—-80% consisting of rind (60—-75%)
and seeds (5-15%) (Lestari et al., 2024). These
byproducts

its popularity, fruit's portion

are predominantly discarded
both
environmental concern and a lost opportunity for

as

organic waste, representing an
resource utilization. Notably, durian seeds contain
substantial nutritional value, with compositions of
54.90% water, 3.40% protein, 1.58% ash, 1.32%
fat, and 18.92% starch (Srianta et al., 2012). While
minimal efforts have been made to repurpose
seeds as animal

food

underexplored. Converting durian seeds into flour

feed, their potential as a

functional ingredient remains
presents a viable strategy to mitigate waste while
enhancing their commercial value.

The production of durian seed flour involves
sequential processing steps—washing, peeling,
boiling, drying, and grinding—each of which may
influence the final product's quality. Previous
the

incorporation of durian seed flour into various

studies have demonstrated successful
food products, including biscuits (Verawati and
Yanto, 2019), bread (Humaira and Faisal, 2023),
and noodles (Wibawani et al., 2023), suggesting
its potential for broader food and beverage
the

properties of the flour are highly dependent on

applications. However, physicochemical
pretreatment methods, particularly boiling and

peeling.
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Boiling, for example, has been demonstrated
to modify essential characteristics of flour.
Cahyani and Hakim (2017) reported higher flour
yields from unboiled seeds, whereas Amon et al.
(2014) observed that boiling significantly modified
moisture content, reducing sugars, crude fat, and
phenolic compounds in taro flour. The boiling
pretreatment was selected due to its role in
starch gelatinization, protein denaturation, and
which
enhance the flour’s functional properties (Ma et

antinutrient reduction, simultaneously

al., 2011). Similarly, peeling reduces seed mass,
directly affecting flour vyield. Despite these
findings, no comprehensive study has evaluated
the combined effects of boiling and peeling on
durian seed flour's physicochemical properties,
leaving a critical gap in optimizing processing
techniques.

This study addresses this gap by systematically
examining how different combinations of boiling
(with/without) and peeling (with/without)
influence durian seed flour's yield, nutritional
profile, and functional quality. By elucidating the
interactions  between these pretreatment
variables, the research aims to establish optimal
processing conditions that maximize flour quality
and economic viability. The findings will
contribute to sustainable waste optimization
strategies while expanding the utilization of
durian by products in the food industry.

Material and Methods

The main ingredient used in making flour is
durian seeds from ripe and fresh durian (Figure
1). Durian was obtained from farmer or
community  plantations in Desa Batee
Meucanang, Labuhan Haji, South Aceh.



Puteri & Febriansyah, 2025. Harran Tarim ve Gida Bilimleri Dergisi, 29(2): 345-355

Figure 1. Durian and the seed

This study applied a Factorial Completely
Randomized Design (CRD) with two main factors
and two treatment levels, each of which was
tested in three replications. The two main factors
in this study were peeling of durian seed skin
(with/without)
(with/without).
samples in every replication, they were BP
(boiled, peeled), BUP (boiled, unpeeled), UBP
UBUP

and boiling of durian seed

Therefore, there were four

(unboiled, peeled), and (unboiled,
unpeeled).
Preparation of Durian Seed Flour

Preparation of flour is shown by Figure 2. The
initial stage in durian seed flour production
involved manual sorting, wherein seeds were
selected based on specific quality criteria: dense
and fresh seed flesh, absence of pest damage,
and free from rot. Following sorting, the peeling
stage was conducted exclusively for the peeled
and unpeeled samples, wherein the outer seed
coat—unsuitable for flour production—was
removed. Subsequently, the seeds underwent
washing to eliminate surface contaminants. This
process entailed soaking the seeds in clean water
for 15 minutes to dissolve residual mucilage,
followed by thorough rinsing under running

water.
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Blanching
(80°C for 30 min)
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Drying
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Peeled - Unpeeled- Peeled- Unpeeled-
Boiled Boiled Unboiled Unboiled

Figure 2. Durian seed flour processing

For the boiled and unboiled samples, the
washed seeds were subjected to blanching at
80°C for 30 minutes (Wibawani et al., 2023). After
blanching, the seeds were sliced uniformly to a
thickness of 0.5 cm to optimize the subsequent
drying and milling processes. The sliced seeds
were then dried in an oven at 65°C for 5.5 hours
(Lisa et al., 2015) to reduce moisture content and
enhance shelf stability. The dried slices were
pulverized using a mechanical grinder, and the
resulting powder was sieved through an 80-mesh
sieve to ensure particle uniformity and a fine flour
consistency.
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Measurement of Physical Properties

In order to find out the physical properties of
durian seed flour, the density, Carr index,
Hausner ratio, angle of repose, and flowability
were measured. Bulk density was determined
according to the method described by Puteri et al.
(2017). Durian seed flour was placed into a 10 ml
graduated cylinder. Then, the 10 ml flour was
weighted. The bulk density was calculated by
dividing the sample weight by the sample volume.
the tapped density,

mechanically tapped for 30 times. The tapped

For the cylinder was
density was calculated by dividing the sample
weight by the sample volume after tapping. Carr
index and Hausner ratio were calculated from
bulk and tapped density (Nani and Krishnaswamy,

2021) by using equations (1) and (2).

tapped density - bulk density

Carrindex = _ x 100 (1)
tapped density
. tapped densit
Hausner ratio = ——— =Y (2)
bulk density
Flow rate and angle of repose were

determined according to the method described
by Khan and Saini (2016). A glass funnel was
attached to a stand at a distance of 10 cm above a
table surface. Durian seed flour (30 g) was poured
through the funnel to create a heap, the height
and diameter were then measured. The flow rate
was measured by using stopwatch. In order to
determine the angle of repose, the anti-tangent

) volume after homogenization- initial volume

of radius and height was calculated.
Measurement of Functional Properties

The solubility in water and swelling power
were assessed according to the method described
by Kusumayanti et al. (2025). To measure the
solubility, 0.5 g of the sample was heated in 10
mL of distilled water at 60°C for 30 minutes
without agitation. The
1600
Subsequently, 5 mL of the supernatant was

samples were then

centrifuged at rom for 10 minutes.
collected, dried, and weighed. Percentage of
solubility was calculated by dividing weight of
dried supernatant to the weight of sample (dry
basis). For swelling power, the sample (0.1 g) was
heated in 10 mL of distilled water at 60°C for 30
minutes with continuous agitation. Subsequently,
the samples were centrifuged at 1600 rpm for 15
minutes, and the weight of the sedimented
portion was recorded. Swelling power was
calculated by dividing weight of sediment to the
weight of sample (dry basis).

and stability
determined according to the method described
by Puteri et al. (2017). The sample solution (60

mL, 5% w/v) was homogenized for 1 minute. The

Foaming capacity were

solution was then placed in a 100 mL graduated
cylinder and the foam volume was recorded. In
addition, the foam stability was obtained as the
percentage of foam volume retained after 10
minutes. The foaming capacity was expressed
using Equation (3).

x100%

Foaming capacity (% —
Color Analysis

The color profile of the sample was interpreted
by Hunter Lab using a Chromameter (Konica,
Minolta CR-300, Tokyo, Japan). The L* value
represents lightness ranging from 0 to 100
(white). The a* value represents red (+) to green
(-), while the b* value represents yellow (+) to
blue (-) (Puteri et al., 2017). Moreover, the value
of AE (total color difference to reference or black)
was also calculated using Equation (4). The AL, Aa,

and Ab values represent the differences in
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(3)

lightness, red—green, and vyellow—blue color

components, respectively, relative to the

reference sample (black).

AE = AL+ Aa™2+ Ab™? (4)
Measurement of Protein Solubility

Protein solubility was measured to quantify
the percentage of soluble protein using the Lowry
method with modification (Dent et al.,, 2024).
Protein supernatants were diluted tenfold and
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hydrolyzed in 2 N NaOH at 100 °C for 10 minutes temperature were saved to analyse the

prior to the addition of the complex-forming  gelatinization behavior of sample.

reagent and the Folin—Ciocalteu phenol reagent. Statistical Analysis

The absorbance of sample was measured at 750 The data of analyses were processed with

nm using a UV-VIS spectrophotometer (Optizen Analysis of Variance by using the RStudio (Version

Alpha, KLAB, South Korea). The result was 2024.12.1+563) software package. The data that

compared with a calibration curve prepared using had a significant effect on the observation

bovine serum albumin (BSA). variables were further tested using Duncan's

Measurement of Thermal Properties Multiple Range Test (DMRT) at a 95% confidence
The thermal properties were observed by using level (a = 0.05).

Differential  Scanning Calorimetry (Mettler

Toledo). The onset, peak, and endset

Table 1. Physical properties of durian seed flour with different treatment?

Parameters Treatment
BP? BUP? uBpP* UBUP®

Bulk Densi

ulk Density 0.56£0.01 0.56£0.01 0.57+0 0.5740.01
(g ml)

e

(T:z:’lﬁ‘; ensity 0.68£0.02 0.65£0.05 0.62£0.02 0.61£0.03
Carr Index 16.67+2.89a 13.335.77ab 8.33+2.89b 6.67+2.89b
Hausner Ratio 1.2+0.04a 1.16+0.08ab 1.09+0.03b 1.07£0.03b
Angle of Repose (°) 23.17+2.82a 20.30+1.83ab 19.57+3.54ab 16.26+2.01b
Flow rate (s) 5.09t1.2b 6.06£0.02b 5.06£0.49b 9.36:2.47a

IDifferent letters indicate significant differences among samples within the same row (p < 0.05). Data are means + standard
deviation. 2Boiled and peeled. *Boiled and unpeeled. “Unboiled and peeled. *Unboiled and unpeeled.

Results and Discussion gelatinization, explaining the poorer flow
properties in boiled samples. However, stable

Physical Properties bulk density (0.56-0.57 g/mL) and tapped density
The results demonstrate significant differences (0.61-0.68 g/mL) values across treatments suggest

in the flow properties and cohesiveness of durian consistent bulk composition despite surface
seed flour across pre-treatment methods, while modifications. Notably, UBUP samples exhibited
density parameters remain stable (Table 1). This  the lowest angle of repose (16.26°) but highest
phenomenon can be explained by the unique flow rate (9.36 s), suggesting bimodal particle size
physicochemical characteristics of durian seed distribution from unpeeled seed coats, and
starch. The higher Carr Index (16.67%) and hydrophobic  components  reducing  static
Hausner Ratio (1.20) in boiled-peeled (BP) cohesion while increasing dynamic friction. These
samples compared to unboiled-unpeeled (UBUP) flow differences reflect structural transformations
samples indicate that boiling enhances during gelatinization. In boiled samples, increased
cohesiveness through starch gelatinization, cohesiveness results from granule swelling and
consistent with reports that durian seed starch 30-40% surface porosity reduction during drying
gelatinizes between 67.50-79.35°C (Leemud et al., (Li et al., 2021), exposed hydroxyl groups
2020). Complete gelatinization at 100°C enhancing hydrogen bonding (Liang et al., 2024),
substantially modifies the flour's particle and strengthened van der Waals interactions

structure. from surface compaction (Koyakumaru and
The relatively high amylose content (28.3%) in Nakano, 2016).

durian seed starch (Baraheng and Karrila, 2019) Unboiled samples maintained  porous

contributes to strong gel matrix formation post- structures with lower Carr Index (6.67-8.33%) and
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Hausner Ratio (1.07-1.09), as intact crystalline
structures and rough surfaces minimized particle
contact (Yan et al., 2024). The paradoxical flow
UBUP
hydrophobic surfaces

dynamics in samples reflect how

reduce static cohesion
(Thomas, 2024) while fibril particles create flow-
resistant interlocking networks (Farkas et al.,

2024; Wang et al.,, 2019), with additional
contributions from capillary forces (Nie et al.,
2023). Boiling-induced transformations included
gelatinized starch matrices (Zheng et al., 2024),
denatured surface proteins (Yang et al., 2012),
and redistributed surface components (Sibrant
and Pauchard, 2017).

Tabel 2. Functional properties of durian seed flour with different treatment!?

Treatment Parameters
Solubility in Water (%) Swelling Power Foam Capacity (%) Foam Stability (%)
BP? 0.130.01ab 8.32+0.38a 4.33+0.58a 7018.66
BUP3 0.14+0ab 8.7+0.62a 4.67+0.58a 80120
uBp* 0.09+0.01b 4.61+0.3c 2.67+0.58b 77.78+19.25
uBUP? 0.16+0.05a 6.710.62b 4.67+1.15a 94.44+9.62

IDifferent letters indicate significant differences among samples within the same column (p < 0.05). Data are means *
standard deviation. 2Boiled and peeled. *Boiled and unpeeled. *Unboiled and peeled. Unboiled and unpeeled.

Functional Properties

Our analysis revealed significant pretreatment
effects on functional properties of durian seed
flour (p<0.05). The functional
portrayed in Table 2. The highest water solubility
was observed in BUP (0.14%) and UBUP (0.16%)
samples, substantially greater than in UBP
(0.09%). This phenomenon can be attributed to
two primary mechanisms: the presence of seed
(-OH)
polysaccharides such as pectin and hemicellulose

properties are

coats rich in hydroxyl groups from
(Mustofa et al., 2024), and preservation of the
natural porous structure of seed coats facilitating
capillary water penetration (Liu et al., 2020).

The 60°C
demonstrated significantly higher values in boiled
samples (BP: 8.32; BUP: 8.70) compared to
unboiled samples (UBP: 4.61; UBUP: 6.70). This
effect
transformations of starch granules during boiling
100°C, the
temperature range of durian seed starch (67.5-
79.4°C) (Leemud et al., 2020). The gelatinization

process occurs through three distinct phases:

swelling power analysis at

thermal results from structural

at exceeding gelatinization

initial swelling below 60°C, loss of birefringence at
and maximum
(Tp)
crystalline region dissociation (Mufioz et al.,,

the onset temperature (To),

swelling at peak temperature during

2015). This pattern aligns with the temperature-
dependent swelling power behavior reported for
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other starches, where swelling power increases
dramatically near Tp due to amylopectin helix
unwinding and water absorption into the granule
matrix (Li and Yeh, 2001).

The intermediate swelling power of UBUP
(6.70) suggests partial swelling without boiling
treatment, mediated by semi-permeable seed
coat membranes enabling gradual water
penetration at sub-gelatinization temperatures
(Lin et al.,, 2020), and preserved amylose-lipid
complexes that restrict swelling, accounting for
the 26% lower swelling power in UBUP versus

BUP (Vandeputte et al., 2003). The narrow

gelatinization range (AT = Tp - To = 11.9°C) of
durian seed starch (Leemud et al, 2020)
correlates with its rapid swelling profile,

consistent with the negative correlation between
To and peak viscosity in cereal starches (Sandhu
and Singh, 2007). The low To (67.5°C) promotes
early swelling initiation, while the high amylose
content (28.3%) (Baraheng and Karrila, 2019)
stabilizes swollen granules against disintegration.

exhibited
dependence on both thermal treatment and seed

Foaming properties remarkable
coat presence. BUP and UBUP showed the highest
(4.67%), with  UBUP
stability (94.44%).
These effects stem from boiling-induced protein

foaming  capacity

demonstrating exceptional

structural changes enhancing air-water interface
adsorption (Gonzdalez-Pérez et al., 2005), though
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potentially causing detrimental aggregation
(Changade et al., 2009); seed coats providing
natural saponins and optimally ampbhiphilic
particles (contact angle 8 = 80-85°) for foam
stabilization (Ruegg et al., 2022; Wasan et al.,
2004); and UBUP's unique lipoprotein network
and optimal particle size distribution creating
protective interfacial architectures. Conversely,
seed coat removal eliminated bioactive
components and altered particle morphology,
impairing geometric stabilization (Riegg et al.,
2022).
Color Properties

The color properties of durian seed flour are
portrayed in Table 3, while the appearance is
Our
significant pretreatment effects on color of durian
seed flour (p<0.05). UBP had the highest lightness

(L* = 87.11), indicating that peeling, without

shown in Figure 3. analysis revealed

boiling, preserved the brightest flour. Its
moderate a* (5.63) and lowest b* (12.25)
suggested minimal browning, as no heat

treatment was applied to induce color changes.
Meanwhile, BP exhibited the second-highest
lightness (L* = 83.83), suggesting that boiling and
peeling helped maintain a brighter color, likely
due to the removal of darker peel pigments and
heat-induced degradation of color compounds. A

higher L* value indicates white color and a lower
browning activity (Buzera et al., 2022). Its low a*
value and high b* value indicated a slight reddish-
yellow hue, which may result from browning
reaction during boiling. BUP and UBUP showed
the (60.02 70.73,
respectively), confirming that the presence of the

lowest lightness and
peel contributed to a darker color. The high a*
value (9.06) and b* value (18.61) in BUP suggests
a stronger red tint and yellowness, possibly from
pigments in the durian seed skin or intensified
browning reactions. Moreover, UBP had the
highest AE (88.09), showing it was the most
distinct in color, likely due to its high lightness and
low yellowness. Higher AE values indicate clearer
color differences with the reference (black).

Our results suggest that peeling was crucial for
a brighter flour, while boiling enhances browning,
particularly when the peel was present. Similar
result was found in potato flour (Buzera et al.,
2022). Heat treatment, especially boiling, might
reduce the lightness of the flour. Consumers
generally prefer flour products that exhibit high
lightness (L* value) and low chroma (color
intensity), as these characteristics are associated
with purity and refined quality (Alabi et al., 2016).
Therefore, peeled durian seed flours would be

more acceptable by consumers.

Table 3. Color properties of durian seed flour with different treatment?

Parameters
Treatment T a* b* AE
BP? 83.83 + 0.53b 4.74 £ 0.24c 18.68 £ 0.11a 85.97 £ 0.51b
BUP3 60.02 + 1.93d 9.06 £0.71a 18.61 £ 0.7a 63.95 + 1.88d
uBpP* 87.11 £ 0.59a 5.63 £ 1.09bc 12.25+ 1.53c 88.09 + 0.78a
UBUP® 70.73 £ 0.76¢ 6.48 + 0.16b 15.27 £ 0.11b 72 +£0.77c

!Different letters indicate significant differences among samples within the same column (p < 0.05). Data are means *
standard deviation. 2Boiled and peeled. *Boiled and unpeeled. “Unboiled and peeled. *Unboiled and unpeeled.

\ 3 [ _‘N\-u‘-’,_;

AR

4

b y : ‘/ S
gl
(b)

(a)

N

() (d)

Figure 3. Durian seed flour with different treatment (a) BP, (b) BUP, (c) UBP, and (d) UBUP

Protein Solubility
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There was no significant difference between
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treatment on protein solubility of durian seed
flour (Figure 4). Boiling and peeling had no effect
on the solubility of protein in durian seed flour.
However, the analysis method might also
influence the result. The Lowry method integrates

principles from the biuret assay and the Folin-

4,500
4,000
3,500
3,000
2,500
2,000 1,702 +0.08

Protein Solubility (%)

1,000
0,500
0,000

BP BUP

Ciocalteu reaction. Dent et al. (2024) reported
that the Lowry method is most suited in
measuring the solubility of hydrolyzed proteins.
further

solubility in protein isolate from durian seed flour

Therefore, investigation on protein

is needed, especially by using different method.

3,878 +1.65

1,584+ 0.6

1,500 1,185+0.23

UBP uBUP

Figure 4. Protein solubility of durian seed flour with different treatment. Different letters indicate

significant differences (p < 0.05).

Thermal Properties

The thermal properties of durian seed flour
with different thermal treatments are portrayed
in Table 4. Onset temperature showed the
beginning of thermal transition, peak
temperature showed the maximum transition
rate, while endset temperature showed the
temperature where the transition completes.
Those temperature often corresponds to
gelatinization behavior.

BP exhibited the highest thermal transition
temperatures (onset: 139.37°C, peak: 144.67°C,
endset: 164.24°C), suggesting that boiling and
peeling enhanced starch stability, likely due to
partial gelatinization and retrogradation during
processing. The high peak temperature implies a
more ordered, heat-resistant starch structure,
possibly due to amylose reassociation or protein-
starch interactions (Dang et al.,, 2022). BUP
showed lower transition temperatures compared
to BP, indicating that the presence of the peel
may have interfered with starch reorganization
during boiling, leading to less thermal stability.
UBP had much lower transition temperatures, but

showing typical native starch gelatinization. Since

the sample was not boiled, the starch granules
remained intact, allowing for a more conventional
gelatinization process. UBUP displayed the lowest
and most unusual thermal transitions, which are
far below typical starch gelatinization ranges. This
suggests that the unpeeled, unboiled sample
underwent significant structural changes, possibly
due to enzymatic activity. The extremely low peak
temperature may indicate a glass transition (Tg)
rather than gelatinization, implying a highly
amorphous or degraded starch structure with
poor thermal stability.

Compared to boiled durian seed, the onset,
peak, and endset temperature of durian seed
flour without boiling decreased significantly. It
showed that boiling might increase thermal
stability of the flour. In accordance to Zhu et al.
(2020), the gelatinization temperature of starch
might increase after thermal treatment, due to
complex formation. Moreover, Dang et al. (2022)
reported that the difference of gelatinization
temperature after thermal treatments may be
attributed to the change of molecular structure
and granule structure of amylopectin.

Table 4. Thermal properties of durian seed flour with different treatment?!
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Treatment Parameters
Onset (°C) Peak (°C) Endset (°C)
BP? 139.37 144.67 164.24
BUP? 118.92 128.78 140.2
uBp* 62 93.1 124.28
UBUP? 25.66 26.87 34.33

!Different letters indicate significant differences among samples within the same column (p < 0.05). Data are means *

standard deviation. *Boiled and peeled. 3Boiled and unpeeled. *Unboiled and peeled. *Unboiled and unpeeled.

Conclusion

The
methods—boiling

study demonstrates that processing

and  peeling—significantly
influence the physical, functional, color, and
thermal properties of durian seed flour. Boiling
enhanced cohesiveness and thermal stability due
to starch gelatinization and retrogradation but
reduced flowability, while peeling improved
lightness and flow properties by eliminating seed
skin pigments and hydrophobic components.
Unpeeled flours (BUP, UBUP) exhibited superior
foaming capacity and water solubility, attributed
to retained bioactive compounds in seed skin,
Notably,

unboiled-peeled flour (UBP) emerged as the most

though they were darker in color.

consumer-friendly option due to its bright color
and favorable flow properties, whereas boiled-
(BUP)
applications

unpeeled flour showed potential for

functional requiring high foam
stability. Thermal analysis further confirmed that
boiling increased starch stability, while unboiled-
(UBUP)

transitions, likely due to enzymatic activity or

unpeeled flour displayed atypical
structural degradation. These findings highlight
the importance of selecting processing techniques
tailored to specific industrial needs—whether for
functional performance, or
should

explore protein solubility using alternative assays

specific quality,

thermal resistance. Future research
and investigate the role of seed skin components
in functional properties. Moreover, functional
chemical analyses, such as total phenolic content
and antioxidant capacity, would significantly
enhance the scientific value of the future study
and provide deeper insights into the functional

potential of the developed product.

Conflict of Interest

353

The authors declare that they have no conflict of
interest.

Author Contributions

N.E.P:
writing original draft, review. M.l.F: Methodology,

Methodology, analysis, investigation,

analysis, review and editing.

Acknowledgement

The present study did not receive financial
support from any governmental, commercial, or
non-profit funding agency.

References

Alabi, A. O., Babalola, K. A., Elutilo, O. O., and Adeoti, O. A.
(2016). Comparative evaluation of properties of
tigernuts and cocoyam starches. Sci. Eng. Perspect,
11, 1-13.

Baraheng, S., and Karrila, T. (2019). Chemical and functional
properties of durian (Durio zibethinus Murr.) seed
flour and starch. Food Bioscience, 30, 100412.
https://doi.org/10.1016/].fbio.2019.100412

Buzera, A., Gikundi, E., Orina, I., and Sila, D. (2022). Effect of
pretreatments and drying methods on physical and
microstructural properties of potato flour. Foods,
11(4), 507.

Cahyani, D. A., and Hakim, L. (2017). Pengaruh perebusan
dan perendaman pada proses pengolahan tepung biji
durian. Jurnal limiah Media Agrosains, 3(1), 19-22.

Changade, S. P., Bhandari, P. N., Chapake, J. S., and Shinde,
N. W. (2009). Foaming in Food Systems. 28(1).

Dang, B., Zhang, W. G., Zhang, J., Yang, X. J., and Xu, H. D.
(2022). Effect of thermal treatment on the internal
structure, physicochemical properties and storage
stability of whole grain highland barley flour. Foods,
11(14), 2021.

Dent, T., LeMinh, A., and Maleky, F. (2024). Comparison of
Colorimetric Methods for Measuring the Solubility of
Legume Proteins. Gels, 10(9), 551.

Farkas, G., Nagy, S., Dévay, A., Széchenyi, A., and Pal, S.

(2024). Real-Time Cone-Growth Model for
Determination of Pharmaceutical Powder Flow
Properties. Pharmaceutics, 16(3), Article 3.

https://doi.org/10.3390/pharmaceutics16030405



Puteri & Febriansyah, 2025. Harran Tarim ve Gida Bilimleri Dergisi, 29(2): 345-355

Gonzalez-Pérez, S., Vereijken, J. M., van Koningsveld, G. A.,
Gruppen, H., and Voragen, A. G. J. (2005). Formation
and Stability of Foams Made with Sunflower
(Helianthus annuus) Proteins. Journal of Agricultural
and Food Chemistry, 53(16), 6469-6476.
https://doi.org/10.1021/jf0501793

Humaira, H., and Faisal, E. (2023). Pemanfaatan Tepung Biji

Durian dan Tepung lkan Duo Dalam Pembuatan Roti:

Utilization of Durian Seed Flour and Duo Fish Meal in

Making Bread. Jurnal Pengabdian Masyarakat: Svasta

Harena, 2(2), 56-60.

A., Mamay, M., Unlu, L., Bolat, I., and Ercisli, S.

(2014). Determination of heat requirements and

effective heat summations of some pomegranate

cultivars grown in Southern Anatolia. Erwerbs-

Obstbau, 56(4), 131-138.

https://doi.org/10.1007/s10341-014-0220-8

A., and Saini, C. S. (2016). Effect of roasting on

physicochemical and functional properties of

flaxseed flour. Cogent Engineering, 3(1), 1-14.

Koyakumaru, T., and Nakano, H. (2016). Thermal
Characterization of the Gelatinization of Corn Starch
Suspensions with Added Sodium Hydroxide or Urea
as a Main Component of Corrugating Adhesives.
Journal of Applied Glycoscience, 63(4), 87-98.
https://doi.org/10.5458/jag.jag.JAG-2016_003

Kusumayanti, H., Handayani, N. A., and Santosa, H. (2015).
Swelling power and water solubility of cassava and
sweet potatoes flour. Procedia Environmental
Sciences, 23, 164-167.

Leemud, P., Karrila, S., Kaewmanee, T., and Karrila, T.
(2020). Functional and physicochemical properties of
Durian seed flour blended with cassava starch.
Journal of Food Measurement and Characterization,
14(1), 388-400. https://doi.org/10.1007/s11694-019-
00301-6

Lestari, T., Nurdiana, N., and Kariani, N. K. (2024). Daya
Terima Dan Kandungan Gizi Waffle Substitusi Tepung
Biji Durian Dan Tepung Kacang Merah: Daya Terima
Dan Kandungan Gizi Waffle Substitusi Tepung Biji
Durian Dan Tepung Kacang Merah. Jurnal Berita
Kesehatan, 17(2), 70-79.

Li, J.-Y., and Yeh, A.-l. (2001). Relationships between

ikinci,

Khan,

thermal, rheological characteristics and swelling
power for various starches. Journal of Food
Engineering, 50(3), 141-148.

https://doi.org/10.1016/S0260-8774(00)00236-3

Lin, C.-L., Lin, J.-H., Lin, J.-J., and Chang, Y.-H. (2020).
Properties of High-Swelling Native Starch Treated by
Heat-Moisture Treatment with Different Holding
Times and lterations. Molecules, 25(23), Article 23.
https://doi.org/10.3390/molecules25235528

Lisa, M., Lutfi, M., and Susilo, B. (2015). Pengaruh suhu dan
lama pengeringan terhadap mutu tepung jamur
tiram putih (Plaerotus ostreatus). Journal of Tropical
Agricultural Engineering and Biosystems-Jurnal
Keteknikan Pertanian Tropis dan Biosistem, 3(3),
270-279.

Liu, Y., Chao, C., Yu, J., Wang, S., Wang, S., and Copeland, L.
(2020). New insights into starch gelatinization by
high pressure: Comparison with heat-gelatinization.
Food Chemistry, 318, 126493.
https://doi.org/10.1016/j.foodchem.2020.126493

Ma, Z., Boye, J. I., Simpson, B. K., Prasher, S. O., Monpetit,

354

D., & Malcolmson, L. (2011). Thermal processing
effects on the functional properties and
microstructure of lentil, chickpea, and pea flours.
Food Research International, 44(8), 2534-2544.
Mufioz, L. A., Pedreschi, F., Leiva, A., and Aguilera, J. M.
(2015). Loss of birefringence and swelling behavior in
native starch granules: Microstructural and thermal
properties. Journal of Food Engineering, 152, 65-71.
https://doi.org/10.1016/j.jfoodeng.2014.11.017
Mustofa, M. Z., Asmoro, N. W., and Handayani, C. B. (2024).
Physical and Chemical Characteristics of Durian Seed

Flour (Durio zibethinus Murr) with Sodium
Metabisulfite Soaking. Journal of Food and
Agricultural Product, 4(2), 97-107.

https://doi.org/10.32585/jfap.v4i2.5855

M., and Krishnaswamy, K. (2021). Physical and
functional properties of ancient grains and flours and
their potential contribution to sustainable food
processing. International Journal of Food Properties,
24(1), 1529-1547.

Nie, Z., Huang, C., Zhao, P., and Fang, C. (2023). Influence of

Nani,

the interparticle friction coefficient on the
mechanical behaviour of breakable granular
materials with realistic shape. Advanced Powder
Technology, 34(11), 104223.

https://doi.org/10.1016/j.apt.2023.104223

Puteri, N.E., Astawan, M., Palupi, N.S. (2017). Karakteristik
tepung tempe larut air. Jurnal Pangan, 26(2), 117-
126.

Ruegg, R., Schmid, T., Hollenstein, L., and Mdller, N. (2022).
Effect of particle characteristics and foaming
parameters on resulting foam quality and stability.
LWT, 167, 113859.
https://doi.org/10.1016/j.lwt.2022.113859

Sandhu, K. S., and Singh, N. (2007). Some properties of corn
starches I Physicochemical, gelatinization,
retrogradation, pasting and gel textural properties.
Food Chemistry, 101(4), 1499-1507.
https://doi.org/10.1016/j.foodchem.2006.01.060

Sibrant, A. L. R, and Pauchard, L. (2017). Effect of the

particle interactions on the structuration and
mechanical strength of particulate materials.
Europhysics Letters, 116(4), 49002.

https://doi.org/10.1209/0295-5075/116/49002

Srianta, |., Hendrawan, B., Kusumawati, N., and Blanc, P. J.
(2012). Study on durian seed as a new substrate for
angkak production. International Food Research
Journal, 19(3).

Thomas, A. L. (2024). A mechanistic framework for the
characterisation of cohesive, frictional and
interlocking effects on powder flow behaviour.
Particuology.
https://doi.org/10.1016/j.partic.2024.01.003

Vandeputte, G. E., Derycke, V., Geeroms, J., and Delcour, J.
A. (2003). Rice starches. Il. Structural aspects provide
insight into swelling and pasting properties. Journal
of Cereal Science, 38(1), 53-59.
https://doi.org/10.1016/S0733-5210(02)00141-8

Verawati, B., and Yanto, N. (2019). Substitusi tepung terigu
dengan tepung biji durian pada biskuit sebagai
makanan tambahan balita underweight. Media Gizi
Indonesia, 14(1), 106-114.

Wang, Y., Shao, S., and Wang, Z. (2019). Effect of Particle
Breakage and Shape on the Mechanical Behaviors of



Puteri & Febriansyah, 2025. Harran Tarim ve Gida Bilimleri Dergisi, 29(2): 345-355

Granular Materials. Advances in Civil Engineering,
2019(1), 7248427.
https://doi.org/10.1155/2019/7248427

Wasan, D., Nikolov, A., and Shah, A. (2004). Foaming-
Antifoaming in Boiling Suspensions. Industrial and
Engineering Chemistry Research, 43(14), 3812-3816.
https://doi.org/10.1021/ie0306776

Wibawani, N. S. H., Oppusunggu, R., and Bakara, T. L.
(2023). Pengaruh Penambahan Tepung Biji Durian
Terhadap Daya Terima Mie Basah Tepung Biji Durian.
Media Gizi llmiah Indonesia, 1(1), 1-9.

Yan, X., McClements, D. J., Luo, S., Liu, C., and Ye, J. (2024).
Recent advances in the impact of gelatinization
degree on starch: Structure, properties and
applications. Carbohydrate Polymers, 340, 122273.

https://doi.org/10.1016/j.carbpol.2024.122273

Yang, Z. X., Yang, J., and Wang, L. Z. (2012). On the influence
of inter-particle friction and dilatancy in granular
materials: A numerical analysis. Granular Matter,
14(3), 433-447. https://doi.org/10.1007/s10035-012-
0348-x

Zheng, Q. J.,, Yang, R. Y., Zeng, Q. H., Zhu, H. P., Dong, K. J.,
and Yu, A. B. (2024). Interparticle forces and their
effects in particulate systems. Powder Technology,
436, 119445.
https://doi.org/10.1016/j.powtec.2024.119445

Zhu, Y. D., Wang, Z. Y., Wang, Y., Li, D., and Wang, L. J.
(2020). Effect on parboiling processing on structure
and thermal properties of highland barley flours.
Powder Technology, 364, 145-151.

355



