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This paper presents a braking distance waming system design using LIDAR technology to measure
distances when approaching an object. The objective was to study and develop a system for vehicles that provides
warnings before a potential collision occurs. The proposed system was designed for installation in small vehicles
that lack basic driving assistance systems to detect objects in front of the vehicle. The current research divides
the braking distance for testing into four zones: Zone 1 - Safe distance (greater than 700 cm from an object),
Zone 2 - Caution distance (250 - 700 cm), Zone 3 - Brake distance (25 - 250 cm) and Zone 4 - Stop distance
(less than 25 cm). In order to conduct this study, a prototype vehicle was moving toward an object at a constant
speed of 15 km/hr. It was found that when the prototype was positioned 767.67 cm in front of the object, the
warning system would display a green light to indicate a safe distance. When the prototype approached the object
at a distance of 593 cm, it would indicate a yellow light for a caution distance. Once the vehicle reached the object
at a distance of 237.67 cm, a red status indicator for braking distance was shown. Finally, when approaching the
object at a distance of 23 cm, the system would initiate a speed reduction with a deceleration of 0.524 m/s2. This
investigation showed that the proposed system was able to operate according to the specified conditions with a
braking error of 5.77% from the designated distances. The system developed in this work can be applied to larger-

sized vehicles to assist in braking or automatically reduce speed, thereby minimizing the occurrence of accidents.
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Figure 1 Safe braking distance
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Figure 2 Characteristics of a pulse signal (Tsai et al., 2023)

Figure 3 Prototype vehicle for testing warning systems
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Figure 4 Block diagram of a prototype vehicle
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chromatographic method and spectroscopic analysis, two known compounds, dipterocarpolic acid (1) and

bergenin (2), were isolated and identified as a triterpene and a coumarin, respectively. Cholesterol esterase

inhibition activity of dipterocarpolic acid (1) and bergenin (2) at concentration of 1.0 mg/mL was
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at 5.0 mg/mL, compared to orlistat (99.55+0.53%). Therefore, D. intricatus extracts are another alternative

for further studies in herbal medicine and natural product development.
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1. Introduction

Phytochemical constituents are great sources
of therapeutic drugs. These natural bioactive compounds,
often referred as secondary metabolites, are formed
during plant’s normal metabolic processes. Commonly
these chemicals include flavonoids, anthraquinones,
alkaloids, terpenoids, tannins, saponins, steroids and
glycosides. Many secondary metabolites from plants

are widely used as anti-inflammatory, antioxidants,
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anti-diabetic, anti-pancreatic cholesterol esterase and
antibacterial agents. Traditionally, plant crude extracts
or decoctions are commonly used to treat infections. It
is important for the phytochemical constituents to be
determined and tested for their biological activities in
order to support their medicinal use. (Vasanthi et al.,
2014).

Hypercholesterolemia is a genetic disorder,
defined as high levels of cholesterol in the blood

circulation (Ghule et al., 2009; Cho et al., 2006; Sergent

Jaisamut, O., Jaisamut, S., Yanpanya, P., Harinsalai, K., Phuthepkham, S. and Sakunpak, A. 2025. Phytochemical Screening and Study of Cholesterol
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et al., 2012). Low-density lipoproteins (LDL) are the
primary carrier of cholesterol in the blood to liver cells
and throughout the body. High LDL-cholesterol is
associated with an increased risk of cardiovascular
diseases (Handa et al., 2013; Al-Shaer et al., 2004;
Ngamukote et al., 2011).

Pancreatic cholesterol esterase is the only
important enzyme synthesized in the pancreas that
catalyzes the hydrolysis of cholesterol esters to free
cholesterol. The inhibition of pancreatic cholesterol
esterase may provide a method for treating
hypercholesterolemia and atherosclerosis by limiting
the absorption of free cholesterol derived from
cholesterol esters. (Wei et al., 2014). Simvastatin, is
used for decades to lower LDL cholesterol by inhibiting
HMG-CoA reductase required for the biosynthesis of
cholesterol (Endo, 2008). More recently, simvastatin
has been reported to inhibit cholesterol esterase in vitro
and in vivo (Chiou et al., 2006). However, simvastatin
can cause a condition that results in the breakdown of
muscle tissue, potentially leading to renal failure (Endo,
2008). Therefore, the search for a natural, safe and
highly effective cholesterol esterase inhibitor produced
from botanical materials may be beneficial.

Among Dipterocarpaceaeous plants, Dipterocarpus
has been known as the third largest genus with 75
species distributed in tropical regions of Asia,
particularly in Southeast Asia (Ashton, 2014). Many
species in this genus have been used as folk medicine
for treatments of rheumatism, dysmenorrhea (Wibowo
et al., 2012; Pauline, 2000), gonorrhea, urinary gleets,
ulcer, ringworm, and skin diseases (Aslam et al., 2015).
Dipterocarpus intricatus Dyer is a deciduous species,
15 - 25 meters tall, whose habitat is dry deciduous
dipterocarp forest. In Thailand, parts of Dipterocarpus
intricatus have been traditionally used as treatments for
several diseases. Liquid gum is ground and used to
treat gonorrhea and skin diseases. The barks are used
to treat rheumatism. Several groups of active
compounds have been isolated and identified from
Dipterocarpaceaeous plants including sesquiterpenes,
triterpenes and coumarin derivatives as well as their
bioactivities isolated using different solvents (Wibowo et

al., 2012; Aslam et al., 2015). Extracts of Dipterocarpus

plants show many bioactivities. For example, extract
from the flowers of D. intricatus exhibits antibacterial,
antioxidant and cytotoxic activity (Le et al., 2021).
In addition, Bergenin, an isocoumarin derivative in
woody parts of the Dipterocarpaceae family, was
reported to significantly reduced the levels of triglycerides
(TG), total cholesterol (TC), and low-density lipoprotein
cholesterol (LDL-c) while simultaneously increasing
high-density lipoprotein cholesterol (HDL-c) levels in
zebrafish model (Zhang et al., 2023). Oral administration
of bergenin at 10 mg/kg reduced blood glucose level
after 60 and 90 minutes in rat oral glucose tolerance
test. In the same study, administration of 10 mg/kg
bergenin reduced blood glucose levels and improved
lipid profiles in streptozotocin-nicotinamide induced
diabetic rats after 14 days. Kumar et al. (2012), it is
reported that bergenin reduced the lipid profile of diabetic
rats, though not total cholesterol and triglycerides.
Therefore, the study on chemical profiles of D. intricatus
and their bioactivity is required to investigate its
potential for use and development into food, nutraceutical,
and pharmaceutical products. This study is the first to
report anti-pancreatic cholesterol esterase activity of
methanolic extract of D.intricatus and two known
compounds, a triterpene: dipterocarpolic acid (1), and
a coumarins: bergenin (2) isolated from D.intricatus

stems.

2. Materials and Methods
2.1 Extract preparation

Stem of Dipterocarpus intricatus Dyer were
collected from Phrasaeng District, Surat Thani Province,
Thailand in November 2022. It was cut and dried in a
hot air oven at 50°C before being ground. Air-dried
ground stem of D. intricatus (1.2 kg) was macerated
with 10 L methanol for 5 days at room temperature
twice. Crude methanolic extracts were combine and
filtered. It was concentrated using a rotary evaporator
under reduced pressure to give crude extract (71.6 g).

Yield of crude extract from dry weight was 6.0%.
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2.2 Preliminary screening of phytochemical test

The qualitative phytochemical screening tests
were performed to identify the main groups of chemical
constituents (alkaloids, flavonoids, anthraquinones, coumarin,
saponins, tannins, phlobatannins, terpenoids, steroids
and cardiac glycosides) present in the extracts using
the color reactions described elsewhere (Tukiran, 2013;
Bhatt and Dhyani, 2012; Mouafi et al., 2014 and Vittaya
and Chalad, 2016) as follows:

2.2.1 Test for alkaloids

0.2 g of the extract was boiled with 1.0 mL of
10% sulfuric acid for 5 minutes in a water bath, filtered,
and allowed to cool. The filtrate was added 5 drops of
Dragendroff's reagent was added to filtrate and shaken
gently. The formation of a reddish brown precipitate
(with Dragendroff's reagent) was taken as positive for

a test for alkaloids.

2.2.2 Test for alkaloids

Development of a yellow or orange color
appearance after addition of few magnesium turning
followed by dropwise addition of conc. hydrochloric acid
to 0.2 g of the extract to 1.0 mL of distilled 50% Ethanol

indicates the presence of flavonoids.

2.2.3 Test for anthraquinone

0.2 g of the extract was boiled with 1.0 mL of
10% sulfuric acid for 5 minutes in a water bath, filtered,
and allowed to cool. The filtrate was added 0.5 mL of
10% NH;. The formation of a rose pink color in the ammonia

layer indicated the presence of anthraquinone.

2.2.4 Test for coumarin

Development of intense yellow color after
addition of 1.0 mL of 50% EtOH followed by 1.0 mL of
6 M NaOH to 0.2 g of the extract indicates the presence

of coumarin.

2.2.5 Test for saponins

0.2 g of the extract was heated with 5 mL of
water for 5 minutes in a water bath. After filtration, 5
mL of distilled water was added and shaken well. The

formation of froth showed the presence of saponin.

2.2.6 Test for tannins

0.2 g of the extract was boiled with 1.0 mL of
water for 5 minutes in a water bath, filtered, and allowed
to cool. The filtrate was added 5 drops of 1% FeCl; and
shaken. Then, it was observed for brownish green or a

blue black coloration.
2.2.7 Test for phlobatannins

0.2 g of the extract was boiled with 1.0 mL of
water for 5 minutes in a water bath, filtered, and allowed
to cool. The filtrate was added 5 drops of 1% H,SO,
and shaken. The solution was heated for 5 minutes in
a water bath, it was observed for brownish green or a

blue black coloration.
2.2.8 Test for terpenoids

Development of a reddish brown coloration at
the interface after addition of 1.0 mL of chloroform
followed by 0.5 mL of concentrated sulfuric acid to 0.2

g of the extract indicates the presence of terpenoids.

2.2.9 Test for steroids

Development of a dark green or dark blue
color after addition of 1.0 mL of chloroform followed by
further addition of 0.5 mL of glacial acetic acid followed
by further addition of 3 drop of concentrated sulfuric

acid to 0.2 mg of extract indicate the presence of steroids.

2.2.10 Test for cardiac glycosides

Development of a brown ring at the interface
after addition of 2 mL of glacial acetic acid that contained
5 drops of 1% of ferric chloride solution followed by
further addition of 0.5 mL of concentrated sulfuric acid
to 0.2 mg of extract dissolved with 1.0 mL of chloroform

indicate the presence of cardiac glycosides.
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2.3 Chemical isolation and structure elucidation

The crude extract (50.6 g) was dissolved in
methanol and then partitioned by using n-hexane. The
methanol fraction was concentrated by using rotary
evaporator. The crude methanol extract (2.43 g) was
further purified by Quick Column Chromatography on
silica gel using hexane as eluent and increasing polarity
with EtOAc and methanol, successively giving nine
fractions (M1-M9). Fraction M3 (112.9 mg) was purified
by column chromatography (CC) on silica gel using
EtOAc: hexane (3:7) as eluent to give compound 1
(25.4 mg, 0.050% of crude extract: R; = 0.36, EtOAc:
hexane, 3:7). Fraction M7 (354.4 mg) was subjected to
CC on silica gel using EtOAc: acetone: methanol (4:5:1)
to yield compound 2 (39.7 mg, 0.078% of crude extract:
R = 0.72, EtOAc: acetone: methanol, 4:5:1). The
compound was structurally elucidated by using 400
MHz Bruker FTNMR Ultra ShieldTM spectrometers recorded

in deuterochloroform and deuteromethanol, respectively
and were recorded as O value in ppm downfield from TMS

(internal standard 3 0.00 ppm).
2.4 Identifcation of compounds 1 and 2

Compound 1 colorless viscous oil; IR v

max
(KBr) cm ™ ': 3415 (OH), 1686 (C=0); 'H NMR (CDCl,,
400 MHz) & 5.11 (1H, t, J =6.8 Hz, H-24), 2.50 (1H,
ddd, J = 8.4, 9.6, 15.6 Hz, H-2) 2.43 (1H, ddd, J = 4.4,
7.2, 14.4 Hz, H-2), 2.17 (2H, m, H-23), 2.00 (1H, dd, J
= 7.2, 14.4 Hz, H-1), 1.87 (1H, m, H-12), 1.77 (1H, m,
H-17), 1.75 (1H, m, H-16), 1.73 (1H, m, H-13), 1.67
(3H, m, H-27), 1.59 (3H, m, H-26), 1.57 (1H, m, H-6),
1.55 (1H, m, H-5), 1.53 (1H, m, H-11), 1.50 (1H, m, H-
16), 1.47 (1H, m, H-5), 1.47 (1H, m, H-22), 1.46 (1H,
m, H-22), 1.45 (1H, m, H-1), 1.45 (1H, m, H-15), 1.40
(1H, m, H-9), 1.38 (2H, m, H-7), 1.36 (1H, m, H-6), 1.36
(1H, m, H-11), 1.32(1H, m, H-12), 1.13(1H, m, H-15),
1.08 (3H, m, H-29), 1.04 (3H, m, H-28), 0.99 (3H, m,
H-18), 0.94 (3H, m, H-19), 0.86 (3H, m, H-30); 3C NMR
(CDCl,, 100 MHz) & 218.9 (C=0, C-3), 180.8 (COOH,
C-21), 132.7 (C, C-25), 123.4 (CH, C-24), 77.8 (C, C-
20), 55.6 (CH, C-5), 50.1 (CH,, C-7), 50.0 (C, C-14),
48.0 (CH, C-9), 47.6 (CH, C-17), 40.6 (C, C-4), 40.3
(CH, C-13), 40.2 (C, C-8), 38.4 (CH,, C-22), 36.8 (CH,,

C-1), 34.6 (C, C-10), 34.1 (CH,, C-2), 30.5 (CH,, C-15),
29.7 (CH,, C-12), 26.5 (CH,, C-28), 25.7 (CH,, C-27),
23.9 (CH,, C-16), 22.4 (CH,, C-11), 22.1 (CH,, C-23),
21.0 (CH,, C-29), 19.5 (CH,, C-6), 17.6 (CH,, C-26),
16.1 (CHa, C-30), 15.9 (CH,, C-19), 15.3 (CH,, C-18).
Compound 2 colorless viscous oil; IR v, (KBr) cm

max
3381 (OH),1699 (C=0); 'H NMR (CD,0D, 400 MHz) &
7.08 (1H, s, H-2"), 4.97 (1H, d, J = 10.4, Hz, H-1), 4.06
(1H, dd, J = 10.4, 9.6 Hz, H-2), 3.90 (3H, s, OMe), 3.79
(1H, t, J = 9.2 Hz, H-3), 3.72 (1H, m, H-6a), 3.67 (1H,
m, H-5), 3.43 (1H, t, J = 9.2 Hz, H-4), 3.01 (1H, m, H-
6b); '3C NMR (CDCl,, 100 MHz) & 164.4 (C, C-7),
151.0 (C, C-3'), 148.1 (C, C-5'), 141.0 (C, C-4'), 118.0
(C, c-1"),115.9 (C, C-6'), 109.7 (CH, C-2'), 81.7 (CH,
C-5), 80.0 (CH, C-2), 74.2 (CH, C-3), 72.9 (CH, C-1),
70.5 (CH, C-4), 61.3 (CH,, C-6), 59.5 (OCH.).

2.5 Pancreatic cholesterol esterase inhibitory activity

A modification of the method detailed by
Gururaja et al. (2015) was used. Fractions and isolated
compounds were prepared in ethanol as a stock solution
(2 mg/mL) and diluted to 0.2 mg/mL with deionized
water. Twofold serial dilutions were performed for ICg,
determination. The final proportion of ethanol in the
reaction was 2%. Pancreatic cholesterol esterase
solution (2 pg/mL) was dissolved in 100 mM sodium
phosphate buffer (pH 7.0). Various concentrations of the
tested substances (100 pl) were pre-incubated with 50 pl
of pancreatic cholesterol esterase solution at 37 °C for
15 min. p-nitrophenyl butyrate (p-NPB), a substrate, was
used to assay enzyme activity. The substrate solution
was combined with a sodium phosphate buffer (0.1 M,
pH 7.0) containing 1 volume each of 5.16 mM taurocholic
acid sodium salt, 0.2 mM p-NPB, and 100 mM NaCl.
After pre-incubation, the reaction was initiated by adding
50 ul of substrate solution to the mixtures, which were
then continuously incubated at 37 °C for 15 min. The
reaction was stopped with the addition of 100 pl of
ethanol. After incubation, the absorbance of the mixtures
was measured at 405 nm. Orlistat was used as positive

controls.
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Table 1 Qualitative phytochemical analysis in the extract of stem of D. intricatus

Phytoconstituents

Crude methanolic extract

Alkaloids
Flavonoids
Anthraquinones
Coumarins
Saponins
Tannins
Phlobatannins
Terpenoids
Steroids

Cardiac glycosides

Note: + means present and - means absent

3. Results and Discussion

3.1 Phytochemical screening

The qualitative phytochemical screening of
crude methanolic extract of stem of D. intricatus
revealed the presence of some secondary metabolites
or bioactive compounds such as flavonoids, tannins,
and terpenoids as shown in Table 1. These
phytochemical compounds are known to have
medicinal and pharmacological importance (Adebayo
and lIshola, 2009), giving reason for their study as
potential pharmaceuticals. In this work, the stem
contained flavonoid, tannin, and terpenoid compounds,
which are one of the most unique groups of plant

metabolites (Singh et al., 2007)
3.2 Structure elucidation

The methanolic extract of the D. intricatus
stem was purified using silica gel column chromatography,
yielding a terpenoid dipterocarpolic acid (1), and a
coumarin: bergenin (2).

Compound 1 was obtained as a colorless
viscous oil. The IR spectrum showed absorption band
of a hydroxyl group at 3415 cm™ and a carbonyl group
at 1686 cm™'. The "®C and 'H NMR spectra data showed
characteristic of the 3-oxodammarane skeleton. The °C
NMR spectral data (Figure 1) recorded in CDCl,
showed 31 signals for 31 carbons. Analysis of DEPT

90° and DEPT 135° spectra of this compound
suggested the presence of seven methyl
[0 26.5 (C-28), 25.7 (C-27), 21.0 (C-29), 17.6 (C-26),
16.1 (C-30), 15.9 (C-19) and 15.3 (C-18)], two carbonyl
[0 218.9 (C-3), 180.8 (C-21)], two olefinic [0 132.7
(C-25), 123.4 (C-24)] and a oxyquaternary carbons
[5 77.8 (C-20)]. The '"H NMR spectral data (Figure 1)
showed seven methyl singlet signals at O 1.08, 1.04,
0.99, 0.94 and 0.86 including two vinylic methyl at [}
1.67 and 1.59, an olefinic methine proton were shown
at & 5.11 (1H, t, J =6.8 Hz, H-24) and a typical
dammarane 5H -17 proton at 6177 (m). The position
of the hydroxyl group at C-20 was determined through
an HMBC experiment in which the methine proton at
O 1.77 (H-17) showed correlations with C-12 (& 29.7),
c-14 (6 50.0), c-15 (6 30.5), C-20 (O 77.8), c-21 (O
180.8) and C-22 (5 38.4). The position of an olefin
methine proton at C-24 was determined from HMBC
correlation of H-24 (8 5.11) with C-22 (O 38.4), C-26
(6 17.6) and C-27 (8 25.7). These data confirmed the
side chain consisted of a carboxylic acid, a hydroxyl
group as well as one double bond between quaternary
carbon and methine carbon. Thus, on the basis of its
spectroscopic data and comparison of the 'H and '°C
NMR spectral data with the previously reported data of
dipterocarpolic acid (Smirnovaa et al, 2012),

compound 1 was assigned as dipterocarpolic acid.
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dipterocarpolic acid (1)
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Figure 1 The 'H (400 MHz, a) and "*C NMR (100 MHz, b) spectrum of dipterocarpolic acid (1) (in CDCl5)

Compound 2 was obtained as a colorless
viscous oil. The IR spectrum showed absorption band
of a hydroxyl group at 3381 cm™ and a carbonyl group
at 1699 cm™”. The "®C NMR spectral data (Figure 2)
indicated the presence of 14 carbons including six
aromatic, five oxymetine, one oxymethylene, one
methoxyl and one carbonyl carbons. The 'H NMR
spectral data (Figure 2) displayed the presence of
characteristic signal of sugar moiety. The anomeric
proton at O 4.97 (d, J = 10.4 Hz, H-1), was inferred to
B-configuration of sugar moiety based on the value of
the coupling constant. Other proton signal of sugar
moiety were resonances at O 3.01 (m, Hy-6), 3.43
(t, J = 9.2 Hz, H-4), 3.67 (m, H-5), 3.79 (t, J = 9.2 Hz,
H-3), 3.72 (m, H,-6) and 4.06 (dd, J = 10.4, 9.2 Hz,

H-2) and the large vicinal coupling constants (J,

ax,ax

10.4 , 9.2 Hz), confirming the B-C-glucoside ring. The

proton signal displayed the presence of a one proton
singlet at O'7.08 which was assigned as H-2". From the
HMBC experiments, the aromatic proton at O 7.08
(H-2') showed correlations with the carbons at O 72.9
(C-1), 115.9 (C-6"), 118.0 (C-1'), 141.0 (C-4"), 151.0
(C-3') and 164.4 (C-7), the oxymethine proton at 04.06
(H-2) with the carbons at O 72.9 (C-1), 74.2 (C-3),
115.9 (C-6') and 164.4 (C-7), and the anomeric proton
at 0 4.97 (H-1) with the carbons at O 74.2 (C-3), 80.0
(C-2), 81.7 (C-5), 115.9 (C-6), 118.0 (C-1"), 141.0
(C-4') and 148.1 (C-5'). These data suggested an aryl

B-C-glucoside and an aryl O-lactone ring. Therefore,
compound 2 was identified as bergenin (Wang et al.,

2005)
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Figure 2 The 'H (400 MHz, a) and "*C NMR (100 MHz, b) spectrum of bergenin (2) (in CD,0D)

All isolated from the D. intricatus stem were
evaluated for their pancreatic cholesterol esterase
inhibitory activity. The percentage inhibition of this
radical was concentration-dependent. Cholesterol
esterase inhibition of 1.0 mg/mL of dipterocarpolic acid
(1), bergenin (2) and methanolic extract (5.0 mg/mL)
were 35.22+1.44%, 42.01£1.65% and 31.70x1.23%
respectively. The activities of isolated compounds and

methanolic extract were weaker compared with orlistat

(99.55+0.53%) in Figure 3. Bergenin was reported to
reduce the lipid profile of diabetic rats. Significant
reduction in total lipid levels was also observed in
hyperlipidaemic rats given oral berginin for 14 (Jahromi
etal., 1992; Kumar et al., 2012). To our knowledge, this
study is the first to report D. intricatus phytochemical
profile and pancreatic cholesterol esterase inhibitory
activity of the extract, along with dipterocarpolic acid

and bergenin isolated from D. intricatus stems.
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Figure 3 Percentage inhibitory pancreatic cholesterol esterase activity of dipterocarpolic acid (1), bergenin (2),

methanolic extract, and orlistat at concentration of 1.0 mg/mL. Values represent mean + SD (n = 3), p < 0.05.

4. Conclusion

The results of this study revealed that different
medically important phytochemicals were present in
extracts from D. intricatus stem. The result revealed
that terpenoid dipterocarpolic acid (1), and coumarins:
bergenin (2) exhibited moderate activity pancreatic
cholesterol esterase inhibitory. This study has helped in
establishing scientific evidences in the rationality of
traditional use of plants for curing different human
diseases. It has also assisted in exploring the medicinal
values and creating a database of medicinal plants

available in Thailand.
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A New Yeast Strain, Nakaseomyces glabratus DL5, Isolated from a Mangrove
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ABSTRACT

. . This research aimed to search for oleaginous yeasts from mangrove forest resources and primarily
Article history:

investigated their potentials for lipid production. Ten of soil and decaying leaf samples from the Nature
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Revised: 2023-10-16 Education Center for Mangrove Conservation in Chonburi province were collected and used for the isolation
Accepted: 2023-11-13 of yeasts on Yeast extract peptone dextrose medium. A total of 38 yeast strains were isolated in which 11

yeast isolates (DL1-DL11) and 27 yeast isolates (S1-S27) were obtained from decaying leaf and soil

Keywords: samples, respectively. These yeast isolates were screened for their high lipid accumulation by Nile red
oleaginous yeasts; fluorescence assay. Of 38 yeast isolates, five isolates, DL5, S7, S8, S10 and S2, showed the possibility
isolation of yeasts; of being oleaginous strains. Those five isolates of yeast were selected based on their potentials of lipid
mangrove forest; accumulation and further visualized for their ability to accumulate intracellular lipid by Sudan Black B
lipid production staining. Results showed that isolate DL5 obtained from the decaying leaf sample had the most distinct
intracellular lipid accumulation in comparison with the other isolates. Identification of isolate DL5 was found
to be Nakaseomyces glabratus on the basis of ITS1- 5.8S rDNA - ITS2 sequence. Further investigation of
lipid production by N. glabratus DL5 showed that this strain achieved a lipid content of 9.61 + 2.17 % of
dry biomass weight at 120 hours of growth in DMY broth. These results are important preliminary data for

further optimization to improve lipid production and accumulation in the yeast for future applications.
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ladrag19aulsunn 5 n3u adluarnisivad
YEPD (yeast extract 10 nINGafag, peptone 20 N34
#aRaT, dextrose 20 NTUABAAT) UTN1aT 50 Aafday
wazlaaragsmnluldysunm 2 n3u asluarmswan
YEPD 1311613 50 §adang ﬁﬂﬂﬂuﬁqm%gﬁ 30 84en
wralgos LuaT 3 71 laanisiudnaisanuisy 150
Jaudaufl LNat NN UITaEad a1 HalaEnd
LraantwnIztasaliua11niviad YEPD weaz@aat1ann
WBaasluasazasladsuanalsdainuidudn 0.85
Wasidua uaNnae (Spread plate) AIUBAIRIN
811915499 YEPD ﬁuﬁqm%gﬁ 30 B9FALTALD &
o @ o oA = A eda o '
uaan 2 7 aatdanlalafuasdzdndansusuandns
o v ¥ A a%
AuuenlfiduifeuTans laon1s cross streak U
faniinewsuds YEPD sanasmgiwinenveslalad

' a o A d a a o

(U319 anauw veu [ uazilalail) AnTyuuin
2 13uds YEPD 1nuudnwizuinsvasaadadlan
113711 wet mount wazvinalad ldasiagnisldndas
sanmietlaslfiaudlndianidsvee 40X

& a P~ A ed o =

avigndvaslelaaniadiuenled gnifi
Tn Mune1wisuds YEPD NYnDl 4 IFLTALTUR
waLlu stock #ITUlTIuAIITNAaDY WAZLALINENLTE
fadluszozeilaniindadniaodlua1nisivas YEPD
A A A = o o
fgungfl 30 aveaaifoaduiign 2 Tuwwanny
mm:munﬁmaiaalﬁﬁmwL"ﬁwﬁuqﬂﬁm 20

Wasifued LLéﬁﬁﬂﬂLﬁuﬁqmuQﬁ -80 RIALTRLTLR

2.3 msﬂ”@;ﬂmdﬁ@@“lmfugﬂ@ﬂf?ﬁ Nile red

fluorescence assay

ﬁﬁgﬂﬁwml"ﬁLﬁﬂm’mmuﬁ'ﬂﬂmWﬂJadﬁa@i‘
Tunsszanlugulasduds high throughput Ag18130
vnmsnageunuladldassaznaelaloan (Sitepu et
al, 2012) 3ainunzd@nsuinilslunsaansas
Qmauﬂ'ﬁmaaﬁaﬁﬁﬁaami 5% Idlassuannis
wa3puwagelaginlelaanaasdadaindrassduuas
agrnluldfusn'led was Saccharomyces cerevisiae
(qmmuqmaau)‘[mm*ﬁ' olalaiifieeudaclolmnan 9 sz
23 Taladl laasluonmisinas YEPD 10 885503 Uuf
gl 30 aveniwaLTow Wua 24 Falag 1w
ANUL32 150 saudawfl annsiudeadarsunas 1
adfns laaslua1msinas DMY (dextrose 40 NINGD
863, MgS0, .7H,0 0.5 N3udafa7, yeast extract 3 NI
#a8a3, KH,PO, 8 nTudadag) 20 Nafans wnlddad
annd 30 asentwaldoa una 3 74 lasnsiwen

9 U
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fuau32 150 soudawfl 1lativasy 3 S lddhe
\Fodadunlaluoimisinas DMY 10 Gadaas uazdsy
1 5d1a2107U (ODgop o) BuduiAnL 1.0 91w
wispuganasey (lalmanas 3 1) (Sitepu et al., 2012)
Toodiaaasurinassvaslolmanisdidsudinm
%% (ODggo ) AWML 1.0 udUSuas 250
lulasdas waunu DMSO/1w13i#a? DMY (1:1, lag
Usnasdatsunas) Usinas 25 lulasaas aniuidy
a13azany Nile red IWlanuidudugarowianiy 5
lulainiudedadfas uaziaiouganiuquuaaulasld
LIRS UINURBL BT S, cerevisiae unuadudarlolaan
mmfuﬂl,ﬂmsnaﬁl,rmuaawaat%aﬁaﬁ’ﬁﬂuqﬂmaaa
UAZTANILANNANY @rat9az 200 lulasdas laaaly
lu‘ﬂq&l"nad 96-well black microplate LLﬁ?fbﬂvlﬂ@li’Jﬁ]%]
nraeanladuwvesfadlagiadianuiduaasuas
WaaaisaTud Wadsafindsinalaiumelumaddad
A Lﬂ%iél 3 Fluorescence spectrophotometer (Cary

Eclipse, Agilent Technologies, USA) 1asaIfaNNE?

'
A

4 de o v A . 4
ﬂﬂu‘ﬂl"ﬁﬂiz@!u‘ﬂ 530 ‘LL'IIML&IG]T LREATAINNLIINNW

'
A

aeussf 590 wiluwas aatdanleloanvosdadid
AMUTUVDILTINGDOLIRLTUAFINTITAAILANNARL
(S. cerevisiae) ldasragmiyazanladulasnisdand
Sudan Black B gl

a 6 @ = &
24 ﬂ’)?’JLﬂi’)&"lﬁﬂ’J’)JJEWJJ’?iﬂZuﬂ?iﬁzﬁﬂi?f&!u?f@dﬂﬁ@?

@8 35eau& Sudan Black B

o A ed o Y aa .

inlalmandadngnaansasinudlasds Nie
red fluorescence assay 1N158auR Sudan Black B

A A o A @
WaduduanuauITavesdad unsavay luiuniele
A& (Burdon, 1946; Jape et al., 2014) 33U ldlas
Suannnistinbelaanvasdrduassluainisingn
DMY 20 {adaaT Uungangil 30 asmiaaiFos (u
VI8 6 % WIENEIEANLSY 150 TAUGAUNN LALLTAS
A & A ' I o & 5 '
HRANINAUBLNUE LS TauAd AN Iad L[ %
WarlWiNaaSamasd nuurinnsgans 0.3 iwasidud
Sudan Black B fia B lwvinusaawnis N1913 15 wfl &
NIWRITEAIBFT0Y 0.5 tlasidud Safranin O 3NTK
noafday 0.5 1asidud Safranin O 7191 30 Ju1
f9enad8in udulAURS (Burdon, 1946; Jape et
al., 2014) @mﬁ]@aﬂ@@i‘mﬂﬁnﬁaagamsﬂﬁ Tavlsiand
Indianiasuens 100X asagnaazas luduniolu
A e a_ a v A o Ao

LIasdaaTIaTAafmn I NnSadvaIFdan Sudan Black

B uazmululolanasdunfaduasvas Safranin O

2.5 mynaneRmaasyuasnasan lvauvasdselag
MAWIIALILLL Batch

a o X a A A A A€
WwIsurtetrdlasdolalaiiauivasdwd
891181151482 YEPD 10 88805 Liuﬁqm'm.n“ﬁ 30
a I o v <
2IANTALTOR L DULIAN 24 TALNI LWE1GIBANLST
150 SaUGaUT durtalSunas 1 Jadaas adln
81917 1WA DMY 50 Uadaes ﬂuﬁqm%gﬁ 30 9361
VIR LENE8ANLST 150 Sausawf WDuaan 5
) = & < | & '
Tu Auraananualundazwnaizs vlaasluvasa
Lrua3IAL3 arderaslasltinnanlasaito d1uan 2
A31 9 az 20 Hadday i lddwnisafigunnd 4 asen
LAl 5000 x g LDWIAY 10 WIT INBUUDIURDE

¥ < A & o o o o o
LeﬁaaﬂumﬂauaﬂﬂsaLLaauW"lﬂQULL%alug\auawiau

'
:1

(hot air oven) iasnARA 60 BIALTALTUE AU LAHNRHN

9 UG
o

A9t tufintimingauaauds
Birasuisnnanalusu (Castanha et al.,
2013; Tapia et al., 2012) lagl@ua1sasanonsa
lalasaaasn 2 lwans lusanaiu 10:1 lassunasde
tiwin asfsliidunm 1 alue Tuwisedi 6000 x g
{uan 15 wift aniuiuaad ldvusiusaslu
ﬁﬂﬂﬁ'ﬁﬂaam%a, wnuea wazaaaliwasuludanain
4:10:5 TapU5unas Twndoafi 180 x g gl
unen 2 wift tivaeamradluduaas lsWafuanszine
analiwasuaanlirue uanAuaIw ludnutauuialy
douaNian ﬁqmﬂn“ﬁ 60 asmimatfos awldiiniin
ash tindradneladuildinsatiimin duimsdsunm
Tsiuannimsinlasiudlddeysunnsams 1 aas uas
fuasiminlusiuilddatimingranausts 100 n$y

2.6 mﬁi’vuunwﬂ@waoﬁam%ﬂmﬂ“bm”ayaﬁmﬁﬂoﬂﬁ[ﬂ
IndvSiaou ITS1- 5.8S rDNA - ITS2

26.1 MuAsaiTedaauacmanad luldnddwe

L“TjﬂIﬂIaﬁLﬁ'mmaoﬂaﬁ'ﬁ'ayj’uummmﬁa
YEPD a1 2-3 laladl laasluarmisinas YEPD U3unas
25 JaR8aT ﬂﬂvlﬂﬂwﬁqmmgﬁ 30 ad@LTaLTua LuEn
MuANL5? 150 saudaufi tJuIan 1 3% LAULDAS
uanadlufindiduielasldgasiadiduiadiiogy
Nucleic acid extraction kit (Vivantis, Malaysia) INUALEHLE
ﬁ'qm%n“ﬁ 20 ssmaaidos e ltdmsidudisue
FuwlUy (template) lui A58 Polymerase Chain
Reaction (PCR)
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26.2 N1 51ANISuI I8 % ITST- 5.85 IDNA -
ITS2 lae3% PCR

s BusURENEnsUU SN PCR lagiidludn
Adutavasdad 500 wilwniy dudidwaduluy uae
144 Twsiwa¥ ITS1(5- TCCGTAGGTGAACCTGCGG -3)
Lae ITS4 (5- TCCTCCGCTTAT TGATATGC -3)
(White et al., 1990) atnsaz 0.5 lulasluans, 2.5 U Tag
polymerase, 0.2 lulasluans dNTP uas 1.5 Jadluans
MgCl, dtfiud jA5u1 PCR luiaSas Thermal cycler
(T-Gradient, Biometra®, Germany) nﬂﬂlﬁanﬂzﬁ‘dﬁ
94 a3FLTaLTEE 3 1N (1 58U); 94 adFLTaLTuE 45
w17, 53 avrLaaLus 30 w1, 7209 Talbua 45
A (30 30U); WA 72 BIFLTALTER 5 w1fl (1 791)
ATIVFOLYWIAVBINANAANDTDS (PCR product) las
Atermlsmaadianlasinida laold 1.2 wWesidud
azn1limian laudl SYBR® Safe DNA Gel Stain
(Invitrogen, USA) lun1sau@iduie wazld Ve 100 bp
plus DNA ladder 1% marker S1%SULABLIUIAALOWLD
wazlwnszualwidrlasldaanudredndd 8o laad
vHutaan 40 wnfuazdnsarwlasld Omega Fluor

Plus™ Gel Documentation System (Aplegen, USA)

2.6.3 Myaamzidayadrauiandlened

o a Aa I3 ° v A Y
‘LL'INNNN@W‘ITE]']S&J'IYI']IWU?@YIIT@'JU PCR

]
a [

clean-up kit (Vivantis, Malaysia) naw&dbU3tasvnn
faudaadlalng °i|”aQaém”uﬁmﬁiavlmﬁﬁvlﬁgnﬁwm
avamauud lulaslilisunsy BioEdit 7.2 (Hall, 2013)
waath lUAiessdidSoufisuanuasoafenus e
finndlalnduugrutaya Genbank lanldldsunsa
nucleotide BLAST LﬁiaszqLmﬂsﬂaummﬁammﬁugdﬁ
dnw wazdfiunsdhnifivtoysdiay fadlaing
U510 ITS1- 5.85 IDNA - ITS2 vasdaaniansnilu

3Taya Genbank lauil Accession No. OR658437

3. WANIPIVULAZIVNIIMA

3.1 mMaAuaguazmIugndaaainauwsazoinly la

U rean

A€ o . A wa
MnMsuundrdainaragisduiazannly’ldn
ILINNUTI MU T8RN 313 10 @288 NLANSS
lua1vi131waa YEPD ﬂuﬁqmunﬂﬁ 30 2IANLTALT YR

Wuaan 3 31 aeldzniiziagn anniuinaladisun

139919UAZINANAIUUAIMNITUTY YEPD Unngmny i
30 psanLalTus 1Wwan 2 74 euiTneatianlalai
A eda o \ o =
HRANTANHUSUANGIINULKENRITUTI YEPD 148N
lﬁLﬂuL%aﬁqﬂﬂ@Tﬁwm 38 lalaian lapuyadn
dadnuonlaarnainluladdiuin 11 laloan lawd
DL1-DL11 wazdadnuonlaanaudiuiu 27 lalaan
laun $1-527 LilafinwanBmen 19T MgIUINGIVa 9
lalafidadng 38 laloan wuindanwmzlalain
et 7 uny lasnnlalmaniilalafifan fiuuss uas
lolmandadainlng (@aidu 42.11 1asidudaas
laloiandadninaa) dlalafizusrsnaw (circular)
J a v =3 v a
wuluunnfaniamninias (convex) vauiioy
(entire) A7MUNLTBY (smooth) HUYWIAAIUG 2.8-4.0
fadluas (Table 1) uaztlafnwanwamsisasniald
ﬂa”aafgamiﬂﬂmum‘sv‘hﬁmmuﬁ (wet mount) Wu7in
nnlelaaniimfuwuiunyliendoimadionisuan
wo (budding) laloiandrulvg (Aardu 42.11
¢ = & A e Py & oA

wWadidudvasloloaniadninue) dimadyilineg
(ellipsoidal) uazillaloianiadTouas 47.36 vadlalaian
ninuas1unsaasnstduleLfisy (pseudohyphae)
(Table 2) adiduwslandn1sdssdnuuuioasdiasn
1o dNITRANTNITULILTRA LAINITLANRUDLATTRAT
a ' & .. a & o aa ¢
§nTuL I Tada1u2I19 (fission) BNl dadnans

a d’ k3 v v v =) v
sianainsoaTduloniuasiduloifionla
(Satyanarayana and Kunze, 2009) fadaunsany'ld
Nt lurssvranivnunuazluin lagdauntiii
I389unInuisdannaragranatusiaainiang
@ iiw A9ld39 wianlal wazgnlaiiag (Prasatsri,
2006) 62881911 aznawdw vinsas lu'ld aanlal
sl anlu'lal’ (Chankian et al, 2012) i1 du 759
FanwAuintes (Hoondee et al., 2019) aznandn bu
Ha wazs1nniolavesdudunwu (Sonneratia alba)
(Lee et al., 2020) \Judu trwdsinuluns@nsaset
A A € o ' A vA & )
Anudadainalagsduuazanlulinifueiainta
TILAW
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Table 1 Colony morphology of yeasts isolated from soil and decaying leaf samples when grown on YEPD agar at 30°C

for 2 days. Frequency of yeast isolates for each colony morphology are also shown here.

Colony morphology No. of
Frequency of
Form Elevation Margin Surface Color/ Size yeast .
) yeast isolates
Opacity (mm) isolates
circular convex entire smooth white / opaque 28-40 16 4211
circular convex entire glistening white / opaque 2.7-3.0 5 13.16
circular convex entire rough white / opaque 28-33 2 5.26
circular umbonate entire smooth white / opaque 28-35 3 7.89
spindle convex erose rough white / opaque 3.0-35 7 18.42
irregular raised undulate wrinkled white / opaque 40-48 2 5.26
irregular umbonate undulate rough white / opaque 27-40 3 7.89
Total 38 100

Table 2 Microscopic characteristics of isolated yeasts when grown on YEPD agar at 30°C for 2 days. Frequency of

yeast isolates for each cell morphology are also shown here.

Cell shape Presence of Pseudohyphae No. of yeast Frequency of yeast
Budding formation isolates isolates
ellipsoidal + - 16 42.11
ellipsoidal + + 15 39.47
spherical + - 4 10.53
spherical + + 2 5.26
ellipsoidal and + + 1 2.63
spherical
Total 38 100

Note : + means presence, - means absence

o =l 6 o a & a b €A v o
32ni1idansaviad lydugiuaznisdiasizd dszdunsszauloduneluoastadld lagszay
anwawsalumsazaw lvauvesdas AnuduuaITaIFY Y MHgo LTI TUA UL TR UA T

Audsinavlvadumuluesas inlvaunsoaaidanolaoen

ea

Waihsdnuanlawwizaasluaimainad e v
vasdrdnddnuningigalunisazanluinld (Sitepu et

DMY siufiamsnnd 30 aseimatdoa tduwnan 3 5u
9 U
al., 2012)

v i v <3 &a & o a &
ﬂ’]ill@]aﬂ'nzl,“ﬂiﬂ LRAINUITANERANIAANIDILRA

. . , dauflanndadne 5 laloianunianed
v[‘n&lugﬂ@ 839 Nile red fluorescence assay W11131N -

W Le L . anusIsolsmsazad ludunelusadaiunsdand
Hrenivine 38 talaan Jiwed 5 lalaian tawr DLS5,

e e . Sudan Black B lagwindgdaainugiuisn bwn1ssz sy
S7, 88, S10 WAz S26 NAAIFYYIUNYBOLIRLTUG

v o

lusnldazwunisdadndunsadivasftday Sudan

IS

: - LA
q@ﬂ’)”l S. cerevisiae NLUUTAAIUANNAAUD LI

9 9

Black B wazusiimauwniolulalawaradunliinig

o @ a

wadanieaiia (p < 0.05) laslalaian DL5 6

o A a A A
. e a4 a4 D ox, qean luduazfinfuaduas Safranin O TINANINAREIDN
sy mAgoaLIRlawagInga Totdwnisdeddn . S .
Y ol . , lafadiiioslalaian DLS Awunmsazaulasiuaslu
loloian DL5 Sdnsniwlunisezanladuganin o . P B
4 . o LraanTalaunindad laloiandw 9 lasannaanaiin
loloiandu ¢ (Figure 1) 713 Nile red fluorescence o . oA .
. - o ia — ndmzay laustianan @afinduuas Sudan Black B
assay tduinafiaua9n1sl4® Nile red Namandd YL N A
o - . o e L dae 28197aLIW (Figure 2) Sudan Black B Wuidaunian
azanglaluluinuaziSasusald iwnafiasiasnls

Iggmiumadengmiazawladunolweaad laoidud
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w50 Azo dye Rlgdonluswleniviediidnlasndime s
uazWaalWada I@alijaé’omm@mﬂlﬁﬂﬁamammﬁ
LLUUWLLM%:Lﬁﬂ%ﬂ%ﬁﬁ:ﬁyag’luqm:auvlmﬁ'wu 84
LR AAFF1289 Sudan Black B uazuStamaunisley
lolanaadufinduaivad Safranin O (Mokobi, 2022)
fornisedeuninitnlessdredulunis
ﬂ“@nsadﬁamﬂmﬁuga A991891%UBd Amornrattanapan
and Thongthep (2019) 71l #4503 Sudan Black B 3201y
35 Nile red fluorescence assay F#N133LAIIZH
anuswsalumiszanluduneluosddadnuenla
anaedaluliuszduninmthmoey SmiaTay3
wuindgad 7 laloananvisvua 26 lalaan Any
msazaylvdunoluioas 9uIduaad Chomehuen et

vA o

al. (2021) ﬁl“ﬁﬁﬂau Sudan Black B 3241137 Nile red
fluorescence assay lumsﬁﬂﬂsaaﬁamﬂmﬁugoﬁ wan be
NEUUSIIMENIL AL NS FInIaTay3 wuddl
fad 8 laloananviswua 39 lelaanfifidnsninly
msamu"lmfuga WAL Va4 Sriwongchai et al. (2018)
#l#5dan Sudan Black B fawlusiunsluiaasdada
wan'ldanaetrsdumoanluianiaaziuaan

283d5znaing wuinddsd 23 laloananninue 51

e
288.73

1po.00

Relative fluorescence intensity

lalaanAnunisazan luiunoluimad 9uisovas
Berikten et al. (2021) A% Sudan Black B 1#n5
avsaumIszawluduludad 92 auwus wuihddsd

e (nid o L [
62 spWuinddnuniwlunisazan ludunoluisad
WazINWITBY Miranda et al. (2020) 71535 Nile red
fluorescence assay WAIATIIFAUMIFEEN luN U89
Hads1uin 366 lolaan wuindoad 19 lalaanni
anuansalunsazayledugs lap3ald Sudan
Black B &z Nile red hunisamiasaunmisazayloaulu

e eA o o o 1a ) A _ed o
IR DRABIANAFEAARDINULUSN R LN UV RI D RANENG
&4 v =& 1 ad s

DANNINNLTARTILEAIIALARIATIRa e TalFln
NISAANTBIANEATWIUANTEL RN ba N U0 ITRA ba
(Sitepu et al., 2012; Miranda et al., 2020; Jape et al.,
2014) agndlsAanu lidauwidelenSouAeudsals
Sudan Black B was Nile red NU358% 'T% Gas
chromatography lunnsasrasaudSunaludunelu
\a8 L5%8991n35 Gas chromatography LANNZEIRITL
° a & A A o A
i ltlunisiiensrrianazUsuimvasnsalagud
duasdUsznavvesluiunasrslasiad (Schulze et
al., 2014; Berikten et al., 2021)

ok
232.97

o
184.18

o
187.30

ok
167.73

8. cerevisiae

s13 ]'I

s11
812
514
815
s17
s18
519
520
su

510%*
826

Yeast isolates

Figure 1 Relative fluorescence intensity of Nile red-stained isolated yeasts in comparison with that of a negative

control, S. cerevisiae. Symbol ** indicates yeast isolates that showed significantly higher fluorescence intensity than S.

cerevisiae (p < 0.05); Error bar represents the standard deviation of three replicates.
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Figure 2 Microscopic image showing intracellular lipid accumulation in the isolate DL5 that were grown in DMY broth

for 6 days and stained with Sudan Black B. (Total magnification; 1,000X)

M

1,000

500

Figure 3 Agarose gel electrophoresis of PCR amplicon of ITS1- 5.8S rDNA - ITS2 of the isolate DL5. Lane M: VC

100 bp plus DNA ladder; Lane 1: PCR amplicon of ITS1- 5.8S rDNA - ITS2 using genomic DNA of the isolate DL5 as

template; Lane 2: NTC (no template control)

3.3 msfimunﬂrﬂ@wadﬁaﬂ@ﬂ?ﬁmoazy‘iﬁmn

\iosanlaloan DLS usasdnaniwlunis
granloduilaaiduninBadloloianan 9 59ldun
laloian DL5 wn3@suunlasnisiiasiehanay
fradlalnduSiaa ITS1- 588 rDNA - ITS2 Wudn
HandaWGans duuradszuno 850 gLuw (Figure 3)

INMFIATNZANLIUTIIM ITS1- 5.8S rDNA - ITS2

vavlalzian DLs danuaduafagega 100 wasidud

iatfisuny Nakaseomyces glabratus ( Candida
o ¢ = o ga

glabrata) wa1s& 1 oWwTIINDIRIBWwE LT Type

strain ldfuri CBS 138 waz ATCC 2001 (Table 3) 33321

unnoauvaddadtalaoian DL5 1w Nakaseomyces

glabratus (Candida glabrata)
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Table 3 BLAST search results for nucleotide sequence of ITS1- 5.8S rDNA - ITS2 of the isolate DL5 in comparison

with closely related strains in Genbank database.

No. Accession no. Genus / Species / Strains %Coverage %Ildentity

(279 bp)
1 MH545922.1 Nakaseomyces glabratus CBS 138 100 100

CP048130.1 Nakaseomyces glabratus ATCC 2001 100 100
MNG699479.1 Nakaseomyces glabratus isolate ITG22 100 100

A WN

MN540214.1 Nakaseomyces glabratus isolate L-3329/2012 100 100

[ Biomass I Lipid concentration Lipid content
12 4

10

Biomass, Lipid concentration (g/L)
Lipid content (% w/w)
o
1

Nakaseomyces glabratus DLS

Figure 4 Biomass (g/L), lipid concentration (g/L) and lipid content (% of cell dry weight) of N. glabratus DL5 that was
grown in DMY broth for 120 hours under a shaking condition.

Error bar represents the standard deviation of three replicates.

fadlalaoian DL5 3aduunlaidu 3.4 mIAnsmsnAaFinlauasmazan [vauvadae
Nakaseomyces glabratus ﬁ'ﬂa%ﬂu Phylum Ascomycota, Nakaseomyces glabratus DL5

Class Saccharomycetes, Order Saccharomycetales

L - INMTNEFE N. glabratus DL5 ¥ WIZLRDY
U8z Family Saccharomycetaceae Ldanawiniygnin

o 4 . lua1miinas DMY tuflgenndl 30 avauaaifos
Cryptococcus glabrata anuudnLlagwiiu Torulopsis

. _ .. Wuaa 5% aeldaniziugn annuuwAuLTas
glabrata §iauLiw Candida glabrata LLa:ﬂaquuLﬂu

. NIRUANIIATIZRTINIA WU N. glabratus DL5 142
Nakaseomyces glabratus @170 81a U (Kumar et al.,

A 7R YL 4.37 £ 0.82 niudaAaT wanilatii g
2019) N. glabratus (C. glabrata) funanylduim

v 4 o _ wisanana ldulasliiunueauazasalinasy wuin
AuAndoyvesuysd 1w Te9dan nadueIRIg

. N 4 X . fn1sndaloain 041 +0.02 nsudadas uazAaidn
Tainnan Akl wialugaans: Sianavwieuliaglu

= . . Ysurapadlududaiinindiniaudy 9.61 + 217
FIUIARDUNITITNTNG LG (Gabaldon and Fairhead,

. e a . . wasidud asuaadlu Figure 4
2018) Semunsanviadaiailudradisannimean

A A A=
NINWIY AN
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P Ao A= o

J9ruddundnuinisrzanloiuvad

N. glabratus (Candida glabrata) 3178 1ae Berikten et
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Accelerated aging test (AA) has been applied as a technique to evaluate seed vigor and to predict
seed storability. This study evaluated the storability and vigor of Sang Yod Phatthalung, Leb Nok Pattani,
and Chaing Phatthalung rice seeds by the AA. The seeds were subjected to AA at 42, 44, 46, and 48°C
for durations of 48, 72, 96, and 120 h at 100% relative humidity. The seeds were stored in woven plastic
bags at room temperature (28+1°C) for 12 months, and were sampled for physical and physiological quality
tests every two months. The results showed that Sang Yod Phatthalung, Leb Nok Pattani, and Chaing
Phatthalung rice seeds had 94.75-97.25% germination and 9.05-9.98% seed moisture content, and could
be stored in the humid tropics for six months with above 80% germination. It suggests that the appropriate
AA conditions for the evaluation of rice seed storability in the humid tropics should be done at 46°C for
96 h and 100% relative humidity. This aging regime gave seed vigor separation among varieties with a
germination gap of about 10%, while a greater classification (10-30%) occurred after aging at 44°C for
120 h. These AA regimes (46°C for 96 h) serve as a potential tool for predicting the seed storability and

classifying rice seeds by their vigor.
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1. Introduction

begin to deteriorate after physiological maturity and

continue to do so during further storage (Duangpatra,

Nowadays, the adverse planting conditions

1986). The seeds used in the humid tropics of Thailand

resulting from climate change or global warming are of

will require storage up to the next planting season, for

concern to farmers. High-quality seeds are the most

important fundamental

about 5-8 months (Rice Department, 2016). The

factor in rice cultivation,

germination ability of seeds stored in woven plastic

significantly determining the yield and income of

bags under ambient conditions can last for a period

farmers. High emergence capacity and maintenance of

ranging from three months (Sukkaew and

high germination during storage are the two main

Wongvarodom, 2022) to eight months (Alahakoon et al.,

characteristics of high vigor seeds. However, the seeds
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2021). Many seed vigor tests are needed to classify the
vigor of any lot and to assess its relation to storage
(Demir et al., 2020). The accelerated aging (AA) test
was initially employed to assess seed storage potential
and longevity (Delouche and Baskin, 1973) and has
since been utilized as a seed vigor descriptor in various
crops (Hampton and TeKrony, 1995; AOSA, 2002). The
AA test, in which seeds are placed in high relative
humidity and elevated temperature for a specified
duration, is intended to induce seed aging for
subsequent standard germination test (ISTA, 2019).
Different accelerated aging responses have been found
in various crop seeds. Santipracha et al. (1997)
suggested that the accelerated aging conditions of
100% relative humidity at 44°C for 96 h can be used to
evaluate hybrid corn seed quality in the humid tropics.
Accelerated aging at 45°C for 48, 72, and 120 h was
shown to be practicable as a seed vigor test for many
vegetable crops such as aubergine, cucumber, and
melon, respectively (Demir et al., 2004). Also, the
accelerated aging conditions at 44°C for 72 h could be
used in a rice seed vigor test (Chhetri, 2009).
However, accelerated aging studies to assess
the potential of the test in evaluating rice seed’s
storability in the humid tropics and indicating seed vigor
differences are scarce. Therefore, this study aims to
investigate the seed quality after storage under ambient
conditions in the humid tropics, and the responses of

rice seeds and their quality to accelerated aging.

SGI = number of normal seedlings+

days of first count

Seedling growth rate Seedling growth rate tests were
conducted using twenty normal seedlings per replication
from the first count germination evaluation. The shoot
and root lengths were measured and calculated in cm
per seedling. The seedling axis were separately dried
at 80°C for 24 h. Dry seedlings were weighed and

calculated as mg per seedling.

Accelerated aging The test was conducted according
to the procedure described by Hampton and TeKrony

(1995). Seeds were placed on a wire mesh tray inside

2. Materials and Methods

Seeds of Leb Nok Pattani, Chiang Phatthalung,
and Sang Yod Phattalung rice varieties were obtained
from Phatthalung Rice Seed Center (production year
2020/2021). The seed quality test including moisture
content, standard germination, speed of germination,
and seedling growth rate was evaluated using four

replicates (AOSA, 2001 and 2002), as follows.

Moisture content Twenty seeds per replication were
weighed and tested for moisture content by drying them
at 105°C for 24 h. The dry seeds were then weighed,
and their moisture content was calculated as a

percentage of the wet weight.

Standard germination Standard germination test was
performed using one hundred seeds per replication on
top of paper (TP) at 30°C (Kapoor et al., 2011;
Santipracha, 2017 ). First and final counts were
evaluated at 5, 10, and 14 days, respectively (ISTA,
2019).

Speed of germination Seedlings that exhibited normal
growth at 5, 10, and 14 days after germinating in the
standard germination test were used to calculate the
Speed of Germination Index (SGI) (AOSA, 2002), with

the following formula:

+ number of normal seedlings

days of final count

a plastic box over water. The tightly closed plastic
boxes were incubated in an oven at 42, 44, 46, and
48°C. After 48, 72, 96, and 120 h of accelerated aging,
the seed quality was conducted similarly to that for the

unaged seeds.

Seed storage These seeds were contained in woven
plastic bags and stored in ambient conditions (28+1°C)
in a room at the Phatthalung Rice Seed Center’s
warehouse. The average relative humidity and

temperature in the room were 72-81% and 26.3-29.0°C.
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Seven storage durations were evaluated: 0, 2, 4, 6, 8,
10, and 12 months.

Quality indicators between unaged samples
and those after accelerated aging were analyzed using
a completely randomized design. The statistical
significance of means was tested by Duncan’s multiple
range test (DMRT), with a significance level set at

p<0.01 using R software version 4.2.0.

3. Results and Discussion

3.1 Rice seed quality before storage
The rice seeds of Leb Nok Pattani, Chaing
Phatthalung, and Sang Yod Phatthalung varieties, with

moisture content ranging from 9.05% to 9.98%,

exhibited a germination rate in the range of 94.75% to
97.25% (Table 1). There was no significant difference
(p<0.01) among the three varieties in terms of seed
vigor, as indicated by the Speed of Germination Index
(18.68-19.42) or seedling dry weight (3.32-3.66
mg/seedling). However, there were notable variations
in seedling growth concerning shoot and root length,
with significant differences observed among the rice
varieties. The shoot lengths of the varieties before
storage ranged from 2.78 cm (Leb Nok Pattani) to 4.23
cm (Sang Yod Phatthalung), while the root lengths
before storage ranged from 3.34 cm (Chaing Phatthalung)
to 5.24 cm (Sang Yod Phatthalung).

Table 1 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of rice seeds of Leb Nok Pattani, Chaing Phatthalung, and Sang Yod Phatthalung varieties before storage

Seedling
Moisture Speed of Shoot Root
Germination dry weight
Variety content Germination length length
(%) (mg/seedling)
(%) Index
(cm/seedling)

Leb Nok Pattani 9.05 97.25 19.42 278 b 340 b 3.66
Chaing Phatthalung 9.98 96.50 19.28 334 b 334 b 3.32
Sang Yod Phatthalung 9.71 94.75 18.68 423 a 524 a 3.47
F test ns ns ns * > ns
%CV 8.67 2.15 2.14 8.13 9.15 6.36

ns = non-significant; ** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.

3.2 Rice seed quality after storage at room temperature
in the humid tropical conditions

Seed moisture content after storage of Leb
Nok Pattani and Sang Yod Phatthalung significantly
(p<0.01) increased from 9.05-9.71% to 12.00-12.08%,
and varied depending on storage duration (Tables 2, 3,
and 4). In contrast, the seeds of Chaing Phatthalung
variety had no significant change in seed moisture
content (8.35-11.30%). The germination of Leb Nok
Pattani, Chaing Phatthalung, and Sang Yod Phatthalung
decreased after six months of storage. Leb Nok Pattani
(initially 97.25%), Chaing Phatthalung (96.50%) and
Sang Yod Phatthalung (94 .75 % ) could maintain
germination above 80% for six months of storage. Seed

germination rapidly decreased after storage for eight

months. A similar result was found for the Speed of
Germination Index, which drastically declined from the
initial range of 18.68-19.42 to 1.70-6.15 after storage
for eight months. Prolonged storage reduced seedling
growth rates in terms of shoot length, root length, and
seedling dry weight for both Leb Nok Pattani and
Chaing Phatthalung when stored for eight months. In
contrast, those of Sang Yod Phatthalung decreased
after storage for six months (Tables 2, 3, and 4).
Rapid seed deterioration of rice during
storage in the humid tropics is a crucial problem for
seed producers and farmers due to the high relative
humidity (more than 80%) and high temperature
(average 30°C) in a typical ambient storage environment

(Chuthamat et al., 2009). This study found that the rice
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seeds with 9.05-9.98% initial moisture content and
94.75-97.25% germination could be maintained for
germination above 80% only for up to six months. This
result aligns with the earlier reports by Santipracha and
Santipracha (1998) and Choudhury and Rajanna
(2011), who found that rice seeds stored at room
temperature maintained a standard germination rate of
80% after six months, despite the various factors
influencing seed quality during storage (Tang and
Ngome, 2015; Nabila et al., 2016; Songkrairat et al.,
2019; Oke et al., 2020). The severe storage conditions
in the humid tropics cause a raise in seed moisture
content and respiratory activity during storage, which
increases biochemical levels of hydrolytic enzyme

activity, free fatty acids, and enzymes, causing a

speedy rate of deterioration (Perveen et al., 2010;
Sudhakaran, 2020). Moreover, during seed deterioration,
free radicals increase as a result of lipid peroxidation,
stimulating damage to enzymes that are important for
transforming stored reserve in the embryo into a usable
form, thus affecting the production of normal seedlings
(Igbal et al., 2002). The decrease in energy supply
necessary for germination is caused by free radicals
which damage the mitochondrial membrane, thereby
rapidly reducing seed germination (Santipracha, 1997;
Gidrol et al., 1998; Zhang et al., 2021). Therefore,
additional evaluations of appropriate storage protocols
in humid tropics are needed to maintain rice seed

quality under storage until the planting date.

Table 2 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Leb Nok Pattani rice seeds after different storage periods at ambient conditions

Speed of Root Seedling
Storage period Moisture Germination
Germination  Shoot length length dry weight
(months) content (%) (%)
Index (cm/seedling) (mg/seedling)
0 9.05 ¢ 97.25 a 1942 a 278 b 340 ab 3.66 ab
2 12.00 a 95.75 a 19.10 a 4.02 a 3.05 b 3.88 a
4 9.74 bc 9475 a 18.82 a 3.74 a 397 a 342 b
6 10.49 abc 86.00 b 17.02 b 3.65 a 392 a 339 b
8 11.20 ab 14.00 c 238 ¢ 221 ¢ 299 b 208 c
10 11.12 ab 0.00 d 0.00 d 0.00 d 0.00 c 0.00 d
12 11.31 ab 0.00 d 0.00 d 0.00 d 0.00 c 0.00 d
F test k% *k *k *k *k *k
%CV 7.25 3.90 3.81 7.62 12.49 8.84

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.
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Table 3 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Chaing Phatthalung rice seeds after different storage periods at ambient conditions

Storage Speed of Shoot Seedling
Moisture Germination Root length

period Germination length dry weight

content (%) (%)

(months) Index (cm/seedling) (mg/seedling)
0 9.98 96.50 a 19.28 a 334 c 3.34 bc 332 ab
2 10.87 96.00 a 19.20 a 446 a 406 a 3.67 a
4 10.51 91.00 b 1798 b 402 b 293 cd 3.08 b
6 8.35 79.75 ¢ 1584 ¢ 410 ab 3.92 ab 340 ab
8 10.92 850 d 1.70 d 202 d 234 d 187 ¢
10 10.65 0.00 e 0.00 e 0.00 e 0.00 e 0.00 d
12 11.30 0.00 e 0.00 e 0.00 e 0.00 e 0.00 d
FteSt ns *k *% *% *% *%
%CV 13.31 4.59 4.49 7.50 14.21 9.75

ns = non-significant; ** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.

Table 4 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Sang Yod Phatthalung rice seeds after different storage periods at ambient conditions

Shoot :
Storage period Moisture Germination G:::ieni::n length Root length dSeedlllng
(months) content (%) (%) ry welght
Index (cm/seedling) (mg/seedling)
0 9.71 d 94.75 ab 18.68 b 423 c 524 b 347 b
2 9.10 e 97.00 a 1940 a 548 a 6.11 a 420 a
4 10.60 c 956.25 ab 19.05 ab 468 b 469 c 343 b
6 1050 c 91.00 b 1790 ¢ 353 d 3.78 d 275 c
8 1054 c 37.75 ¢ 6.15 d 197 e 280 e 1.86 d
10 12.08 a 0.00 d 0.00 e 0.00 f 0.00 f 0.00 e
12 1094 b 0.00 d 0.00 e 0.00 f 0.00 f 0.00 e
F test o o o wox wox o
%CV 0.89 4.03 3.28 4.40 4.92 5.04

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.
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3.3 Rice seed quality after accelerated aging

The seed moisture content after accelerated
aging had increased from the initial 9.05-9.98% to
16.62-33.97% and differed depending on aging
temperature, duration, and rice variety (Tables 5, 6, and 7).
Response patterns in the germination of rice seeds
after accelerated aging also varied depending on those
factors: aging temperature, duration, and variety. In terms
of seed germination, the Leb Nok Pattani and Chaing
Phatthalung varieties had almost the same responses
to accelerated aging (Tables 5, 6, and 7), while the
Sang Yod Phatthalung variety showed a very strong
response at 4 2 °C with a dramatic reduction in
germination from 94.75% to 71.75-42.00%. However,
as the level of stress was raised (44 and 46°C), the
pattern of germination response to accelerated aging
by Sang Yod Phatthalung was approximately similar to
that of Leb Nok Pattani and Chaing Phatthalung. The
remarkable reduction in germination for all varieties first
started at an accelerated aging temperature of 44°C
over 120 h, mostly falling below 75 % germination.
However, the highest stress at 48°C accelerated aging
temperature led to a sharp decrease in germination for
all rice seed varieties to very low values (Tables 5, 6,
and 7). The same response pattern to accelerated
aging regimes as seen in germination was also found
in the Speed of Germination Index for all rice varieties.
Accelerated aging reduced seedling growth rates in
terms of root length and seedling dry weight for Leb
Nok Pattani, in shoot length and seedling dry weight for
Chaing Phatthalung at 44°C for 120 h, and in shoot
length and seedling dry weight for Sang Yod Phatthalung
at 46°C for 96 h. In addition, all these varieties showed
a marked reduction under the more stressful aging
conditions at 48°C for 96 h.

The results indicate that the response of rice
seeds to accelerated aging depends not only on the

stress conditions (temperature and duration of AA) but

also varies by rice variety (Tables 5, 6 and 7). This
agrees with earlier reports on hybrid corn and Bambara
groundnut (Santipracha et al., 1997; Wongvarodom and
Naulkong, 2006). The results showed that seeds of the
Sang Yod Phatthalung variety initially had a strong
response at 42°C with a dramatic reduction in
germination from 94.75% to 71.75-42.00%, while the
germination abilities of Leb Nok Pattani and Chaing
Phatthalung seeds were still maintained at high levels.
In addition, the rice seeds of all varieties showed a very
mild response to an AA duration of 48 h at most of the
temperature levels tested. However, the same trend of
germination response by all varieties tested, with a
sharp decline in germination, was found at AA 44 and
46°C for 72-120 h. Also, at the highest AA temperature
studied (48°C for 96-120 h), all the seeds lost their
germination ability sharply, dropping to near zero
(Tables 5, 6, and 7). These results indicate that higher
aging temperatures and longer aging durations reduced
seed germination to very low values (Wongvarodom,
1995; Wongvarodom and Naulkong, 2006; Chhetri, 2009).

The results also revealed that the Speed of
Germination Index followed the same trend in response
to AA as the germination percentage (Tables 5, 6, and
7). The Speed of Germination Index exhibited the
strongest response to accelerated aging in hybrid corn
seeds (Santipracha et al., 1997). In contrast to the
Speed of Germination Index, the seedling growth rate
in terms of shoot length, root length, and seedling dry
weight showed pronounced declines at the higher
temperature of 48°C applied for 96 h. The same was
found for all three varieties, Leb Nok Pattani, Chaing
Phatthalung, and Sang Yod Phatthalung, suggesting
that the seedling dry weight could not be used to
indicate the degeneration after AA of rice seeds, as in
groundnut (Wongvarodom, 1995) and Bambara groundnut

seeds (Wongvarodom and Naulkong, 2006).
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Table 5 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Leb Nok Pattani rice seeds after accelerated aging at different temperatures and durations

Accelerate Shoot length  Root length .
d aging Moisture Germination Speed of Seedling
conditions content (%) (%) Germination (cmiseedling) dry wetght
Index (mg/seedling)
°C/h
0/0 9.05 f 97.25 a 1942 a 278 gh 3.40 de 3.66 efg
42/48 21.65 bc 92.00 abc 18.12 ab 3.90 bcd 3.90 b-e 3.55 fg
42/72 22.28 abc 89.00 abc 17.52 bc 3.95 bcd 422 abc 4.00 b-e
42/96 2272 ab 89.75 abc 1762 b 3.72 cde 4.05 bcd 3.62 efg
42/120 2342 a 93.25 ab 18.45 ab 3.35 ef 3.52 cde 3.60 efg
44/48 20.95 ¢ 95.50 ab 19.08 a 425 ab 3.98 b-e 4.18 abc
44172 2212 abc 88.00 bc 17.30 bc 3.80 b-e 3.72 b-e 342 ¢
44/96 2112 ¢ 79.00 de 1492 d 3.58 de 412  bced 3.60 efg
44/120 21.80 bc 55,50 g 9.58 ¢ 292 fg 240 f 278 h
46/48 21.90 bc 93.50 ab 18.65 ab 445 a 4.05 bcd 435 ab
46/72 21.85 bc 88.25 bc 1742 bce 412 abc 440 ab 3.98 b-f
46/96 19.05 d 8450 cd 16.20 c 3.68 cde 4.10 bcd 3.68 dg
46/120 21.02 ¢ 64.50 f 1175 f 3.52 de 4.00 bcd 4.08 bcd
48/48 16.62 e 92.50 abc 18.32 ab 448 a 488 a 452 a
48/72 22.28 abc 7425 e 13.05 e 412 abc 3.78 b-e 3.90 cf
48/96 21.00 ¢ 54.00 g 770 h 242 h 3.25 e 272 h
48/120 23.00 ab 950 h 0.90 i 0.00 i 000 g 0.00 i
F test wox o o - - o
%CV 3.23 5.17 4.42 6.59 9.60 5.75

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.
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Table 6 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Chaing Phatthalung rice seeds after accelerated aging at different temperatures and durations

Accelerated Shoot
Speed of Root length Seedling
aging Moisture Germination length
Germination dry weight
conditions content (%) (%)
Index (cm/seedling) (mg/seedling)
°C/h
0/0 998 e 96.50 ab 19.28 ab 334 f 3.34 cd 3.32  def
42/48 20.74 bcd 87.50 cf 16.38 de 3.68 def 414 ab 3.06 fg
42/72 22.09 abc 8250 d-g 15.64 ef 422 bc 3.49 bcd 3.32  def
42/96 2265 a 87.75 cf 17.22 cd 3.87 cde 3.07 cd 322 ef
42/120 2259 a 89.00 b-e 1742 cd 3.77 de 320 cd 3.57 b-e
44/48 21.40 abc 94.00 abc 18.75 abc 457 ab 346 cd 3.65 bcd
44/72 21.66 abc 91.25 abc 18.05 abc 475 a 3.60 bc 3.54 b-e
44/96 19.75 d 80.25 fgh 15.20 ef 4.23 bc 3.52  bcd 3.56 b-e
44/120 20.93 ad 7425 h 1345 gh 259 ¢ 328 cd 276 ¢
46/48 22.01 abc 97.25 a 1945 a 487 a 337 o 3.65 bcd
46/72 21.99 abc 90.50 a-d 17.75 bcd 476 a 344 cd 3.80 abc
46/96 20.55 cd 81.50 e-h 15.47 ef 411 cd 283 d 392 ab
46/120 21.26 ad 65.75 i 12.08 h 345 ef 3.01 cd 3.50 cde
48/48 2145 abc 92.50 abc 18.38 abc 458 ab 430 a 3.73 bc
48/72 22.16 abc 79.25 gh 14.31 fg 390 cd 468 a 414 a
48/96 21.75 abc 35.00 j 448 i 228 ¢ 1.92 e 206 h
48/120 2229 ab 450 k 043 j 0.00 h 0.00 f 0.00 i
F test wox o o wx - o
%CV 3.73 4.95 5.36 5.74 10.10 5.55

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.
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Table 7 Moisture content, germination, Speed of Germination Index, shoot length, root length, and seedling dry weight

of Sang Yod Phatthalung rice seeds after accelerated aging at different temperatures and durations

Accelerated Speed of Shoot length  Root length Seedling
aging Moisture Germination
conditions content (%) (%) Germination (cm/seedlin dry weight
Index 9) (mg/seedling)

°C/h

0/0 9.71 i 94.75 a 18.68 ab 423 ef 524 ad 3.47 de
42/48 2289 h 7175 b 1419 cd 545 ab 6.27 ab 426 ab
42/72 2409 efg 5375 cd 10.70 e 4.58 cde 548 a-d 3.48 de
42/96 2468 de 56.00 c 11.08 e 492 b-e 5.83 abc 3.62 de
42/120 2481 de 42.00 e 832 f 478 b-e 575 abc 3.53 cde
44/48 2296 h 93.00 a 18.54 ab 563 a 6.39 a 433 a
44/72 2349 gh 78.00 b 15.55 ¢ 5.08 abc 597 abc 3.90 bc
44/96 2442 ef 55.75 ¢ 11.08 e 454 cde 546 a-d 3.23 efg
44/120 2474 de 4575 de 9.08 f 451 cde 6.02 abc 3.30 def
46/48 2366 fgh 9750 a 1942 a 498 ad 567 ad 371 «cd
46/72 2443 ef 9525 a 18.92 ab 463 cde 542 ad 3.56 cde
46/96 2411 efg 9050 a 1759 b 336 g 4.98 bcd 286 gh
46/120 2550 d 74.00 b 1422 cd 3.69 fg 478 cd 3.04 fg
48/48 3121 ¢ 91.00 a 17.68 b 4.32 def 501 ad 3.31  def
48/72 3277 b 7450 b 13.25 d 320 g 433 d 251 hi
48/96 3387 a 23.00 f 269 g 1.01 i 131 f 0.62 j
48/120 3397 a 500 g 0.58 h 2,00 h 287 e 215 i
F test wox o o wx wx wx
%CV 1.71 6.78 6.28 7.84 12.36 6.01

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.
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3.4 Comparison between seed quality after storage and
accelerated aging

Analysis of variance was undertaken to
assess rice seed germination and the Speed of
Germination Index among the AA treatments performed
at 42, 44, 46, and 48°C for 48, 72, 96, and 120 h, and
after six months of storage at room temperature (Table 8).
The seeds treated with accelerated aging at 46 °C for
96 h showed statistically similar germination percentages
and Speed of Germination Indexes as those after room
temperature storage for six months, across all three
varieties tested.

Differences in germination among seeds of
the three varieties are shown in Figures 1, 2 and 3 for
the various treatments. The difference in germination
varied by accelerated aging regime and variety, while
aging at 44°C for 120 h provided a separation among
the Leb Nok Pattani, Chaing Phatthalung, and Sang
Yod Phatthalung varieties with a germination gap of
about 10-30%, similar to aging at 48°C for 96 h.
However, the latter gave a more severe germination

reduction.
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The results show that AA tests carried out on
rice seeds at 46°C for 96 h had the potential to estimate
seed storage longevity (at room temperature for six
months) and distinguish between seed vigor levels
among different varieties. The aging regimes gave seed
vigor classification among varieties with a germination
gap of about 10%. However, a larger separation (10-30%)
took place after aging at 44°C for 120 h. High
temperature and relative humidity caused rapid seed
aging or loss of seed viability (ISTA, 2019). High-vigor
seed lots will tolerate these intense stress conditions
and deteriorate more slowly than low-vigor seed lots.
Therefore, after AA, high-vigor lots maintain high
germination rates, while that of low- vigor lots is
decreased (AOSA, 2002; ISTA, 2019). The germination
test, however, is practical for evaluating seed viability
under favorable conditions (ISTA, 2019). Nevertheless,
the results of the germination test do not necessarily
reflect seed vigor and often fail to correlate with field
establishment under various sowing conditions

(Wongvarodom, 2006).

ACCELERATED AGING (°C/HR)

Leb Nok Pattani === Chaing Phatthalung == Difference

Figure 1 Germination and difference in germination between the varieties Leb Nok Pattani and Chaing Phatthalung

after accelerated aging at different temperatures and durations.
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Figure 2 Germination and difference in germination between the varieties Leb Nok Pattani and Sang Yod Phatthalung

after accelerated aging at different temperatures and durations.

Table 8 Germination and speed germination index of Leb Nok Pattani, Chaing Phatthalung, and Sang Yod Phatthalung

rice seeds stored for six months at ambient room conditions, and over accelerated aging conditions

Leb Nok Pattani Chaing Phatthalung Sang Yod Phatthalung
Treatment Germination Germination Germination
SGl SGI SGl
(%) (%) (%)
6 months
86.00 bcd 17.02 cd 79.75 ef 15.84 d-g 91.00 a 17.90 ab
(ambient)
42/48 92.00 abc 18.12 abc 8750 b-e 16.38 cf 7175 b 1419 cd
42/72 89.00 abc 17.52 bcd 82.50 cf 15.64 efg 53.75 cd 10.70 e
42/96 89.75 abc 17.62 bc 87.75 b-e 1722 b-e 56.00 ¢ 11.08 e
42/120 93.25 abc 1845 abc 89.00 ad 17.42  bcd 42.00 e 832 f
44/48 9550 a 19.08 a 94.00 ab 18.75 ab 93.00 a 18.54 ab
44/72 88.00 abc 17.30 bcd 91.25 ab 18.05 abc 78.00 b 1555 ¢
44/96 79.00 de 1492 e 80.25 ef 15.20 fg 5575 ¢ 11.08 e
44/120 55.50 g 958 h 7425 f 1345 hi 4575 de 9.08 f
46/48 93.50 ab 18.65 ab 9725 a 1945 a 97.50 a 1942 a
46/72 88.25 abc 17.42 bcd 90.50 abc 17.75 abc 9525 a 18.92 ab
46/96 8450 cd 16.20 d 81.50 def 1547 fg 90.50 a 1759 b

46/120 6450 f 1175 g 65.75 g 12.08 i 7400 b 1422 cd
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Table 8 (Continuous)

Leb Nok Pattani

Chaing Phatthalung

Sang Yod Phatthalung

Treatment Germination Germination Germination
SGI SGI SGI
(%) (%) (%)

48/48 9250 abc 18.32 abc 9250 ab 18.38 ab 91.00 a 1768 b
48/72 7425 e 13.05 f 79.25 ef 14.31 gh 7450 b 1325 d
48/96 54.00 g 7.70 i 35.00 h 448 j 23.00 f 269 g
48/120 9.50 h 0.90 j 450 i 043 k 500 g 0.58 h
F test x o wx o wx .

%CV 5.20 4.44 5.21 5.60 6.90 6.40

** = significant at p < 0.01

Different letters in the same column indicate statistically significant differences at p < 0.01 by DMRT.

4. Conclusion

It is concluded that these rice seeds can be stored
for a duration not exceeding six months with seed
germination rates consistently above 80%. The responses
of these seeds to accelerated aging varied by variety.
The Sang Yod Phatthalung and Chaing Phatthalung
varieties were more sensitive to accelerated aging than
Leb Nok Pattani. Seeds of Sang Yod Phatthalung and
Chaing Phatthalung exhibited reduced germination and
vigor after accelerated aging at 42°C for 48 h. However,
subjecting the seeds to the highest stress at 48°C
during accelerated aging resulted in a significant
decrease in germination for all rice seed varieties,
reaching very low values. Accelerated aging to evaluate
rice seed storability in the humid tropics should be
conducted at nearly 100% relative humidity and at 46°C
for 96 h. This aging regime provided seed vigor
separation by variety with a germination gap of about
10%, while a more significant classification (10-30%)
occurred after aging at 44°C for 120 h. These findings
might assist in classifying rice varieties based on their

seed vigor.
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Bang tawa Sub-district, located in Nong Jik District, Pattani Province, is known as an important
fishing ground for "Pla Kulao" (Fourfinger threadfin). The fish caught in this area are primarily processed
for salting. However, there is a lack of statistical data on the quantity of Fourfinger threadfins in this area
and their post- harvest quality. Hence, this research aims to study the quantity and quality of catches, as
well as their storage, during the fishing season. The study revealed that the catch quantity of Fourfinger
threadfin in the Bang tawa Sub-district amounted to 8,366.6 kilograms/year. The highest catch quantity
was recorded in January, with 2,013.6 kilograms/year. The physical and chemical quality of Fourfinger
threadfin with three sizes was studied, and the fish were classified into three weight ranges. Samples were
collected every 3 months, namely in January, April, July, and October. The average protein content for
each weight range was as follows: 19.97%, 22.79%, 24.35%, and 22.99%, respectively. The 1-2 kilograms
Fourfinger threadfin showed the highest protein content in every month (p<0.05). For each weight range,
the average fat content was 2.52%, 2.20%, 2.82%, and 2.84%, respectively. Additionally, the fat content
in female Fourfinger threadfin was 1.32 times higher than that in males. The TVB-N value, which indicates
fish deterioration, had the highest value of 21.51 (mg/100 g)in April. When analyzing the correlation
between chemical properties and freshness score of Fourfinger threadfin, it was found that physical
characteristics were positively correlated with chemical properties (p<0.01). Regarding the preservation of
fresh Fourfinger threadfin for salted fish production, chilling (102 oC) allowed preservation for 3 days,

whereas freezing (-18+2 OC) extended preservation beyond 30 days.
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Figure 1 The capture production of fourfinger threadfin in the area of Bang Tawaa Sub-district, Nong Chik District,

Pattani Province during October 2021 to September 2022.
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Figure 2 Size distribution of fourfinger threadfin fish in Ban Bang Tawaa Sub-district, Nong Chik District,

Pattani Province, during October 2021 to September 2022.
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Table 1 The chemical properties of fresh four finger threadfin with different size in January, June, July, and October 2022.

Month Size (Kg) Chemical properties (MeantSD)

Moisture (%)  Protein (%) Fat (%) TVB-N TBAR pH
(mg/100g) (mg MDA/Kg)

January <1 61.98+4.63 20.03£0.29°  1.20£0.141  13.18+1.43 0.37+0.00° 5.43£0.01"
1-2 61.88+6.44 21.82£0.19¢  2.35+0.41" 18.41+1.50° 0.200.02' 5.90+0.01°
>2 71.42+6.26° 18.07+0.25°  4.01+0.14% 21.47+1.57° 0.55+0.012 6.19+0.01°
total 65.0915.48 19.97+1.87 2.52+1.41 17.68%4.19 0.37+1.07 5.84+0.38

April <1 58.97+2.349 23.48+0.31°  1.06+0.21% 20.16x1.43¢ 0.23£0.01" 5.56+0.019
1-2 59.34+3.179 24.29+0.24°  1.98+0.199 21.23+0.97° 0.3520.02 5.89+0.01°
>2 66.63+3.25° 20.62+0.29°  3.57+0.20° 23.15%1.21° 0.42+0.03¢ 6.0520.02¢

total 61.64%4.32 22.79%1.92 2.20%1.26  21.51%1.51 0.33%0.09 5.8310.84

July <1 60.13+5.129 24.21+0.28°  1.63+0.15'  19.34%0.89 0.2940.01¢ 5.67+0.01'
1-2 59.45+4.74%  2546+0.25° 2.87+0.19° 16.25:0.98"  0.46+0.02° 6.01£0.01°
>2 69.81£3.91° 23.38+0.32°  3.96+0.14° 21.33+1.13° 0.48+0.02° 6.25+0.012

total 63.13%5.79 24.35%+1.07 2.82¥1.16  18.97%+2.55 0.41%0.10 5.97+0.29

October <1 62.7615.34° 19.45£0.26"  1.85:£0.36" 16.67+1.06" 0.35+0.01° 5.56+0.029
1-2 63.28+4.26¢ 20.12+0.18°  2.56+0.25° 15.28+1.24 0.4320.02¢ 6.04+0.01¢
>2 70.37+3.712 17.53£0.19"  4.12#0.16° 19.32+1.16' 0.57+0.012 6.14£0.01°
total 62.7614.25 19.03%1.34 2.84%1.16  17.09%2.05 0.45+0.11 5.91+0.31

Note: Means followed by distinct letters in the same column are significantly different (p < 0.05)
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Table 2 Chemical properties of fresh male and female fourfinger threadfin from Bang Tawaa Sub-district, Nong Jik

District, Pattani Province, and Tak Bai District, Narathiwat Province. (in January 2022.)

Month Gender Chemical properties (Mean*SD)
Moisture (%) Protein (%) Fat (%) TVB-N TBAR pH
(mg/100 g) (mg
MDA/Kg)

Bang Tawa female 62.54+5.31° 22.19+0.17° 3.15£0.28° 20.15£1.43° 0.35+0.02° 5.94£0.01°
Sub-district Male 61.88+6.44¢ 21.82+0.19% 2.35+0.41¢ 13.18+1.43¢ 0.20+0.02¢  5.43+0.01°

Tak Bai female 77.05+0.33% 18.89+0.02° 3.70£0.10° 24.47+1.578 0.44+0.01°  6.1940.01°

District Male 73.65£2.63° 18.22+0.07° 2.83+0.64° 18.41+£1.57° 0.25+0.01° 5.90+£0.01°

Note: Means followed by distinct letters in the same column are significantly different (p < 0.05)
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Figure 3 Characteristics of fourfinger threadfin (A) male and female (B) fillet female (C) fillet male

Table 3 Freshness of fourfinger threadfin with different sizes in January, June, July, and October 2022.

Month Size (Kg) Fish freshness (Score)
eye gills body meat fillet total
January <1 0 0 0 0 0 0
1-2 1 1 1 1 0 5
>2 2 2 1 1 0 6
April <1 2 2 1 1 0 6
1-2 2 4 1 2 0 9
>2 3 4 2 2 1 12
July <1 1 1 0 0 0 2
1-2 2 2 0 1 0 5
>2 2 2 1 1 0 6
October <1 0 0 0 0 0 0
1-2 1 1 1 1 0 4
> 2 1 1 1 1 1 5

Note: Freshest at a score of 0 and freshness decreases as the score increases.
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Table 4 Correlation between chemical properties and physical quality of Fourfinger threadfin

Physical quality Moisture TVB-N TBAR pH
Physical quality 1.000 0.214* 0.729** 0.160* 0.576**
Moisture 1.000 0.487* 0.764** 0.692**
TVB-N 1.000 0.381* 0.535**
TBAR 1.000 0.686**
pH 1.000

Note: * Demonstrating a statistically significant relationship (p < 0.05)

** Demonstrating a statistically significant relationship (p<0.01)

Table 5 Free fatty acid, histamine, and protein content of chilled and frozen Fourfinger threadfin during storage time.

Condition  Storage time Chemical properties of fourfinger threadfin (MeantSD)
(Day) Free fatty acid™ Histamine (mg/kg) pH TVB-N

(mg/100 g) (mg/100 g)

chilled 0 0.01£0.01 9.84+0.01° 5.35+0.03° 12.15+1.01f

1 0.01+0.01 10.03+0.01¢ 5.5620.02¢ 14.56+0.98°

3 0.02+0.01 12.40+0.01° 5.71+0.00° 19.43+1.22°

5 0.02+0.00 28.76+0.01° 5.94+0.00° 25.78+0.95°

7 0.02+0.00 31.84+0.01° 6.02+0.00% 28.32+1.13°

frozen 15 0.02+0.01 24.78+0.01° 5.59+0.00¢ 13.18+1.45°
30 0.02+0.01 26.79+0.01° 5.85+0.01° 16.32+1.36¢

note: Means followed by distinct letters in the same column are significantly different (p < 0.05)

" followed by distinct letters in the same column are non-significantly different (p > 0.05)

Table 6 Moisture content fat content water holding and pH of chilled and frozen Fourfinger threadfin during storage time

Condition  Storage time (Day) Physical and chemical properties of fourfinger threadfin (MeantSD)

Moisture (%) Protein™ Fat (%) Water

(g/100g) holding (%)

chilled 0 68.30+0.23° 20.90+0.01 0.56+0.23° 80.33+0.63°

1 66.53+0.05° 20.89+0.01 0.73+0.16° 79.41+0.49°

3 53.16+0.45¢ 20.84+0.01 1.25+0.13° 72.58+0.68°

5 50.26+1.31° 20.58+0.01 1.64+0.162 66.48+0.28°

7 42.84+0.36' 20.46+0.01 1.73+0.07° 58.54+0.47¢

frozen 15 77.61+£0.15° 22.15+0.01 0.13+0.02¢ 78.77+0.42°

30 77.26+0.08° 22.18+0.01 0.18+0.03¢ 79.71+£1.49°2
91N Table 4 AMNIWNNNBATWIBIUAINLAN Qmmwmamﬁﬁﬁmlﬁu"fuvﬁuﬁu B9 TVB-N ugasfis
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ABSTRACT

This research has developed an analytical method for simultaneously determining two preservatives,

Article history:

namely benzoic acid and sorbic acid, in salad cream and mayonnaise by high performance liquid
Received: 2023-07-25
Revised: 2024-01-09 chromatography (HPLC). The chromatographic separation was performed on a Hypersii GOLD

Accepted: 2024-03-22 (5 micrometers, ID 4.6 mm, length 150 mm) column with gradient elution of 0.02 M aqueous KH2PO4

(pH 5) and acetonitrile with a 1.0 mL/min flow rate and UV detection at 220 nm. For both benzoic acid and
Keywords: sorbic acid, the limit of quantification (LOQ) was 0.02 mg/L, whereas the limits of detection (LOD) were
high performance liquid; 0.007 and 0.006 mgl/L, respectively. Excellent linearity (R2 > 0.9997) was obtained over the concentration
range of 0.02-100 mg/L. The high accuracy of two compounds was presented by % recovery. While the

chromatography;
Benzoic acid: % recovery of benzoic acid and sorbic acid in the salad cream sample was in the range of 89.6-99.4%
Sorbic acid: and 90.6-98.3%, respectively, the % recovery of benzoic acid and sorbic acid in the mayonnaise sample

fat content in food matrix was in the range of 99.4-104.3% and 101.3-103.9%, respectively. For benzoic acid and sorbic acid in salad
cream samples, the repeatability (intra-day) values were 0.1%, and the intermediate precision
(in 3 days) values were 0.2%. In addition, benzoic acid and sorbic acid in mayonnaise samples had
repeatability (intra-day) values of 0.1% and intermediate precision (in 3 days) values of 0.2%. For the
sample preparation method, the study indicates that dispersive liquid-liquid microextraction (DLLME) can
reduce matrix interferences better than liquid-liquid extraction (LLE) does. The matrix effect evaluated by
one-way analysis of variance (ANOVA) from DLLME was significantly different at the 95% confidence level

compared with that from LLE. The advantages of DLLME also include environmental friendliness by

reducing the amount of organic solvent used, simple extraction, low cost, and time efficiency.
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Table 1 Level values of the factors used for DLLME optimization

Factor No. Name Level value / Types of solvent
1 Amount of Carrez | (g) 0.45, 0.60, 0.75
Amount of Carrez Il (g) 0.45, 0.60, 0.75
Amount of NaCl salt (g) 0.65, 0.75, 0.85

2 Dispersive solvent

3 Extracting time (min)
Extracting solvent

4 Dispersive solvent volume (mL)

5 Extracting solvent volume (LLL)

Acetone / Methanol / Ethanol/ Acetonitrile
5,10, 15
Chloroform / Dichloromethane
0.65, 0.75,0.85,0.95,1.05,1.15
150, 200, 250, 300, 350, 400, 450, 500

Aa
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Figure 1 Chromatogram of benzoic acid and sorbic acid from standard (Blue line) salad cream (Green line)

and mayonnaise (Red line)
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Table 2 Result of the optimum amount from factor No. 1
Test No. Amount of Amount of Amount of Concentration (mg/g)
Carrez | (g) Carrez 1 (9) NaCl (9) Benzoic acid Sorbic acid

1127 0.45 0.45 0.65 0.0079 0.0075
2/27 0.45 0.45 0.75 0.0101 0.0088
5/127 0.45 0.60 0.75 0.0064 0.0035
6/27 0.45 0.60 0.85 0.0077 0.0045
7/127 0.45 0.75 0.65 0.0054 0.0021
8/27 0.45 0.75 0.75 0.0085 0.0058
10/27 0.60 0.45 0.65 0.0028 0.0024
11/27 0.60 0.45 0.75 0.0029 0.0035
19/27 0.75 0.45 0.65 0.0020 0.0026
20/27 0.75 0.45 0.75 0.0022 0.0031
23/27 0.75 0.60 0.75 0.0036 0.0032
25/27 0.75 0.75 0.65 0.0079 0.0078
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Figure 2 Effect of different dispersive solvents with the same extraction solvent (Dichloromethane) on concentrations

of benzoic acid and sorbic acid

Table 3 Result of the optimum amount from factor No. 3

Test No. Extracting Type of dispersive solvent and type of Concentration (mg/g)
time (min) extracting solvent Benzoic acid Benzoic acid
1/6 5 Acetone - Chloroform 0.0047 0.0011
2/6 5 Acetone - Dichloromethane 0.0202 0.0130
3/6 10 Acetone - Chloroform 0.0270 0.0194
4/6 10 Acetone - Dichloromethane 0.0527 0.0301
5/6 15 Acetone - Chloroform 0.0179 0.0071
6/6 15 Acetone - Dichloromethane 0.0091 0.0020
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Figure 3 Effect of different dispersive solvent volumes with the same extraction solvent volume (Dichloromethane)

on concentrations of benzoic acid and sorbic acid
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Figure 4 Effect of different extracting solvent volumes with optimum dispersive solvent volumes (0.85 mL)on

concentrations of benzoic acid and sorbic acid
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Figure 5 External standard calibration curve of benzoic acid in methanol and standard addition calibration curve

(Extraction-DLLME) of benzoic acid in salad cream.
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Figure 6 External standard calibration curve of benzoic acid in methanol and standard addition calibration curve

(Extraction-DLLME) of sorbic acid in salad cream.
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Figure 7 External standard calibration curve of benzoic acid in methanol and standard addition calibration curve

(Extraction-DLLME) of benzoic acid in mayonnaise.
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Figure 8 External standard calibration curve of benzoic acid in methanol and standard addition calibration curve

(Extraction-DLLME) of sorbic acid in mayonnaise.

Table 4 Result of studying the matrix effect of salad cream and mayonnaise

Matrix - Preservative Extraction method 1 (LLE) Extraction method 2 (DLLME) F crit
F P-value F P-value
Salad cream —Benzoic acid 534.5789 2.07E-05 2.49763 0.18917 7.70865
Salad cream — Sorbic acid 523.5914 2.16E-05 0.13379 0.73306 7.70865
Mayonnaise — Benzoic acid 531.7789 3.07E-05 2.49763 0.18917 7.70865
Mayonnaise — Sorbic acid 521.7914 3.16E-05 0.13379 0.73306 7.70865
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Table 5 Quantitative characteristics of the proposed method in HPLC

Preservatives LOD, (mg/L) LOQ, (mg/L) Range (mg/L) Linearity R?
Benzoic acid 0.007 0.02 0.02 — 100.0 y = 39554x + 1205.4 0.9997
Sorbic acid 0.006 0.02 0.02 — 100.0 y = 39093x + 4776.3 0.9999

Table 6 Quantitative characteristics of DLLME-HPLC

Preservatives

Precision (%RSD)

Accuracy (% Recovery)

Repeatability Intermediate precision Level-1 Level-2 Level-3
(n=6*) (n=6*3 days) 10 mg/L 20mg/L 30 mg/L

Benzoic acid in salad cream 0.1 0.2 99.4% 89.6% 92.5 %
Sorbic acid in salad cream 0.1 0.2 98.3% 90.6% 91.5 %
Benzoic acid in mayonnaise 0.1 0.2 104.3 % 99.6% 99.4%
Sorbic acid in mayonnaise 0.1 0.2 102.1% 103.9% 101.3%
Criteria (AOAC, 2019) <7.3% <7.3% 80-110%  80-110%  80-110%
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This research aimed to develop a healthy chocolate custard filling product by replacing fat with
avocado and using maltitol to replace sucrose in varying ratios. The study investigated fat replacement
with avocado in products by substituting 25, 50, 75, and 100 of butter by weight. The results showed that
increasing the amount of avocado resulted in lower lightness (L*) and yellowness (b*) values, while redness
(a*) and moisture content were increased (p50.05). The sensory evaluation revealed that the overall liking
score for 100% avocado replacing butter was moderate (7.09+1.41), which reduced butter use in the
chocolate custard filling by 100%. Moreover, the sucrose was replaced with maltitol at levels of 25, 50, 75,
and 100 by weight of the total sucrose. The results showed that increasing the amount of maltitol resulted
in higher values of lightness (L*) and yellowness (b*), moisture content, and water activity. At the same
time, the redness (a*) and spread ratio were decreased (pS0.0S). However, replacing 100% avocado and
100% mailtitol in the chocolate custard filling product showed the highest overall ranking, with scores falling
within a medium range (7.23+1.91). The nutrition values per serving (15 grams) showed that the developed
product consisted of 5 grams of carbohydrates, 1 gram of fat, 1 gram of sugar, and 31 kilocalories of
energy. This provided no more than 40 kilocalories of energy per serving aligning with the criteria set by
the Ministry of Public Health of Thailand (issue182), making this chocolate custard filling, which replaces
butter with avocado, to be classified as a low-calorie. Therefore, this product can be developed into a

healthy food option in the future.
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Table 1 Formulation for chocolate custard filling preparation
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Duncan’s Multiple Range Test (DMRT)

Control recipe

Ratio of maltitol supplement

Ingredients

(%) 25 50 75 100
Condensed Milk 20.72 20.72 20.72 20.72 20.72
Water 20.72 20.72 20.72 20.72 20.72
Whole egg 14.78 14.78 14.78 14.78 14.78
Salt 0.28 0.28 0.28 0.28 0.28
Dark chocolate 5.52 5.52 5.52 5.52 5.52
Corn starch 5.562 5.52 5.562 5.52 5.52
Cocoa powder 2.07 2.07 2.07 2.07 2.07
Salted butter 13.81 - - - -
Avocado - 13.81 13.81 13.81 13.81
Granulated sugar 16.58 12.43 8.29 4.14 -
Sucralose’ - 0.0014 0.0028 0.0041 0.0055
Maltitol powder" - 4.14 8.29 12.43 16.57
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Table 2 Chemical and physical properties of chocolate custard filling products instead of butter with avocado

Ratio Spread Moisture Colors
Butter: Avocado (mm.) (%) B L* a* b*
100:0*(Control) 39.78+0.41° 43.55+0.20° 0.91+0.00° 22.81+0.17 2 5.78%0.04° 11.35+0.15°
75:25 29.15+1.56° 45.40+0.00¢ 0.94+0.00% 21.47+0.24° 9.3040.17° 10.40+0.54°
50:50 32.42+0.87° 48.63+0.02° 0.94+0.00% 20.53+0.01° 9.54+0.06% 9.73+0.21°
25:75 31.09+1.51°  52.64+0.03" 0.93:0.00° 18.36£0.00°  9.81+0.03*  9.83+0.08"
0:100 30.20£1.73° 54.12+0.02% 0.92+0.01°¢ 16.590.07¢ 9.84+0.07° 4.82+0.01°
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Table 3 Sensory acceptance of chocolate custard filling products instead of butter with avocado

Ratio
Color Texture™ Odor™ Taste™ Overall liking™
Butter: Avocado
75:25 6.94+1.84% 6.83+2.09 6.37+2.22 6.77+2.01 7.06+£1.67
50:50 7.66+1.622 7.51£1.75 6.69+1.62 6.91+1.57 7.3911.26
25:75 6.86+1.47% 6.77+1.68 6.40+1.51 6.80+1.82 7.11+1.38
0:100 6.77+1.76° 6.87+1.98 6.13+1.77 6.50+1.93 7.09+1.41
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Table 4 Chemical and physical properties of maltitol at different degree substitution in the chocolate custard filling
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products instead of butter with avocado

Ratio Spread Moisture Colors
Sucrose : Maltitol (mm.) (%) P L* a* b*
100:0(Control) 30.65+0.43° 54.13+0.02° 0.91£0.02° 16.02+0.01° 9.91£0.02° 4.62+0.10°
75:25 32.40£0.44°> 55.40+0.01° 0.92+0.01° 16.23+0.32° 9.90+0.02° 9.2440.05°
50:50 31.59+0.29" 58.30%0.57° 0.93+0.01° 17.61+0.24° 8.35+0.18° 9.92+0.08°
25:75 34.69+0.24% 58.65+0.04% 0.93+0.022 18.52+0.31° 6.61+0.32° 10.37+0.13°
0:100 35.7740.37%  59.17+0.33? 0.93+0.00° 20.42+0.36° 5.23+0.03¢ 10.99+0.36°

a°means + SD in the same columns with difference superscripts are significantly different (pZ0.0S)

Table 5 Sensory acceptance of maltitol at different degree substitution in the chocolate custard filling products instead

of butter with avocado

Ratio
Color™ Texture Odor™ Taste™ Overall liking™
Sucrose : Maltitol
75:25 6.89+1.81 6.49+1.61° 6.40+1.71 6.00+2.23 6.1712.41
50:50 7.51+£1.38 6.77+1.80%° 6.63+£1.91 6.74+2.25 7.00+2.11
25:75 7.37£1.76 7.03+1.46%° 6.23+£1.95 6.23+2.04 6.71+£1.82
0:100 6.94+1.74 7.43+1.06° 6.83+£1.52 6.77+2.14 7.2311.91

3 means + SD in the same columns with difference superscripts are significantly different (p20.05)

" not significantly different (p>0.05)

AINNITNARAUNIIUTEFINFTNN TV I
a o Y & = A9 o a
HAaA U ldaganadanlnuanazlinnlailduaaiines
wmmuﬁﬁmasﬂma NALFAIANI Table 5 WU USuok
VoaNNaaNwaANE1INY INAFAIATLULAIINTOL
maa@waaauluqmé’nwmzﬁmﬁ NAW SRTIA LA
anuTaulausiu (p>0.05) uddSurmmuaafinaad
A & a ' o g o o ' a
VAN WA NRA DAL UUAINNTOUA UL LORNHNEDEN I
o o aa A A a X
wud1ANNEla (p20.05) USumuaafinoatNudn
. . R
aama%muuumaamwamuaglwmwauﬂmﬂma
FOAAFDINUAINITHHVNLAIVDINRAA WA AWLIINT
aaUSuiatianaasasinlvndadusiinsukasuaa s
‘;( l:l g 1 v 1 U dl o
LATAMNTULANYY FInalirIunTaudladnaidania
a o & &2 o 9 A o o
NAAN NI LUIWNTI Favin ik laazuunila FuEE
a X A o &
NN launAaA waing 4 ga3 dazunwanuTay
FUNAN I8T1A warauTaulasIIN agluﬁqaﬁau

3 v = oA 1 [l =
WndasdiTauunas maagiummauﬂmnmdm

gouan lapgasilanzuuuanuseuluniwsauuin

A A x> ¢ « A9 o A

figa Aegavidasaiadonlnuanfiliuaafinaanaunu

ﬁwnagimaiué“mwdau%amz 100 @994 F9LRa0N

a v U o 6 ~ v

dagvaslderarsagtanlnuaaldazlialaunuiuey

Youay 100 wazlduoafinansouas 100 n1ldln
= &,

msAnwudall

a 6 g a o ¥
3.3 mmmm:wqmmmﬂnwmmiﬂyammn Zlm’ﬂﬁ

o & & all o a &
ﬂﬁ@’)’)i@?fﬂﬂ[ﬂua@la:[?ﬂ’l[@ﬂ THNONNNAINALUNUUINTN

HAN1TALaTIzRgmMAIn1IlnTUINITe 9
NAAA U LR aansatanlnuaanaunuwiusaizazlanla
$owaz 100 uazldueafineanaunuinaasosas 100
wui d5mnmanudn Tusdu s i anslulawase
Aaidusasaz 55.08, 4.00, 6.40, 1.12, 33.4 AURIALUAL
Wa997% 207 Alaunaa3/100 N3y aauaasly Table 6 ¥
iagaﬁdﬂ@inmiﬂﬁﬂiagaImju’m’mLuuaia"l.@T@”aLLam
1w Table 7



Recent Science and Technology 17(1) 258849 (2025)

Table 6 Proximate composition of low energy chocolate custard filling product instead of butter with avocado

Nutritional values

amount (100 g)

Total energy (Kcal)

Fat content (g)

Protein content (g)
Carbohydrate content (g)
Moisture content (g)

Ash content (g)

207
6.4
4
33.4
55.09
1.12

Table 7 Nutrition label of low energy chocolate custard filling product instead of butter with avocado

25 servings per container

Serving size 1 tablespoon (15 g)

Nutrition Facts

Amount per serving

Calories 31

TotalFat 1g
2%
Protein <19
Total Carbohydrate 5g
2%
Sugars 19
Sodium 29 mg
2%

% Daily Value *

* The % Daily Value (DV) tells you how much a nutrient in a serving of food contributes to

a daily diet 2,000 calories a day is used for general nutrition advice.
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Table 8 Nutrition value of the developed chocolate custard filling product instead of butter with avocado compared to

commercially available chocolate spread products

Developed chocolate custard filling product

Nutritional values

(15 g / serving size)

Commercial Chocolate Spread

(15 g / serving size)

Protein content (g) <1 <1
Carbohydrate content (g) 5 9
Total sugar (g) 1 8
Total fat (g) 1 4.5
Sodium (mg) 29 5
Total energy (Kcal) 31 80
4. &sd Journal of Scientific and Technology Research

9
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ABSTRACT

3 3 Long-whiskered catfish (Mystus gulio) is attractive and promoted in aquaculture due to consumer demand,
Article history:

but there is a lack of fry. This study emphasizes on good management for offspring production to support
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Revised: 2023-11-11 aquaculture. Therefore, operations should possess sufficient population genetics information to effectively manage
Accepted: 2023-12-01 broodstock for producing the target offspring. Brood-stock samples were collected from a farm located in

Chanthaburi province, Thailand. They were divided into two groups: male and female. Six microsatellite loci

Keywords: developed for M. nemurus were used to assess population genetic variation of M. gulio in the study. The results
Long - whiskered catfish: revealed that the markers could be used for cross-species studies with M. gulio. These microsatellites were
Mystus gulio; polymorphisms. M. gulio males and females showed no significant difference in genetic diversity (p > 0.05), and
microsatellite; the effective population size (N,) was infinite. A bottleneck was detected in males, considering that N, was
genetic variation exceeded. The results indicated that increasing broodstock numbers could enhance genetic diversity. Genetic

differentiation between males and females showed significant values (p < 0.05). Consequently, maintaining genetic
diversity level and phenotype of domesticated stockrequires careful brood- stocks management to prevent
inbreeding, genetic drift, and negative selection. Improvement of broodstock management practices will have a

positive long-term impact of M. gulio production.
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Table 1 Descriptions of primer sequences and annealing temperature (Ta) (°C ) of microsatellite loci analyzed in this study.

' ’ Expect allele Reference
Locus name Primer sequence 5 ----> 3 Ta (°C)
size (bp)
1  MnRmCT6-2 F: TGCAGTCGACCTTAGCACAC 198 55
R: GCATGGACATCACATCTCTC
2  MnRmE11-1 F: ATGTTGATGTTGTGGGATGC 204 60 Usmani et al.
R: GCCCAAAAAGAAACATCTGG (2003)
3 Mns432 F: AGTGCGTTAGTGTGAGTGCTTC 150 60
R: GAACTTTTCCCCTCCCCTTTAT
4  MnBp8-1-30 F: GGCTTATCTGTTGTTGTTG 194 60
R: TGAATCTTTAGCCTGCTTTG
5 MnVj2-1-62 F: TTTGGCAGATACGACCAC 131 55

R: TTCTTCCCCACTCCTCCT

Hoh et al. (2008)

6 MnBp8-4-43b F: CACGTGTGTAAGATAAATAG

R: GCACTGAGAAATGTGAGAAA

317 50

Table 2 Temperature profile of the polymerase chain reaction (PCR) used in this study.

Step Temperature (°C) Time Cycle
1 94 2 minutes 1
2 94 30 seconds
3 50, 55, 60 30 seconds
4 72 30 seconds Back to step 2 for 40 cycles
5 72 5 minutes 1
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Table 3 Average allelic variability at 6 microsatellite loci of M. gulio. The indices included the sample size (N), number

of alleles per locus (A), effective number of alleles (A,), allelic richness (A,), observed heterozygosity (H,),

expected heterozygosity (H,) and fixation index (F)

Sample Locus N A A H, H, Fs

Male Mns432 46.00 9.00 4.59 9.00 0.63 0.78 0.19
MnRmE11-1 46.00 3.00 2.04 2.98 0.33 0.51 0.36
MnBp8-1-30 46.00 11.00 6.31 10.96 0.33 0.84 0.61
MnVj2-1-62 46.00 11.00 2.70 10.96 0.33 0.63 0.48
MnRmCT6-2 47.00 17.00 4.29 17.62 0.40 0.77 0.47
MnBp8-4-43b 45.00 12.00 4.48 12.00 0.38 0.78 0.51
Average 46.00 10.50 4.07 10.59 0.40 0.72 0.44
SD 0.63 4.55 1.51 4.74 0.12 0.12 0.14
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Table 3 (Continuous)

Sample Locus N A A, A H, H, Fs

Female Mns432 48.00 9.00 4.22 8.96 0.67 0.76 0.13
MnRmE11-1 48.00 2.00 1.97 2.00 0.46 0.49 0.07
MnBp8-1-30 48.00 9.00 4.80 8.98 0.50 0.79 0.37
MnVj2-1-62 48.00 9.00 2.31 8.94 0.23 0.57 0.60
MnRmCT6-2 48.00 17.00 4.10 16.89 0.42 0.76 0.45
MnBp8-4-43b 48.00 8.00 2.76 7.96 0.40 0.64 0.38
Average 48.00 9.00 3.36 8.96 0.44 0.67 0.33
SD 0.00 4.77 1.16 4.74 0.14 0.05 0.08

Total Average 47.00 9.75 3.71 9.77 0.42 0.69 0.39
SD 1.13 4.52 1.34 4.60 0.13 0.12 0.17

Note: F values and probability of significant deviation from Hardy-Weinberg equilibrium (p) are given for each population
and locus. Values underlined indicate statistical significance, p < 0.0042, after Bonferroni correction = 0.05/12
(Rice, 1989)

Table 4 Average allelic variability of M. gulio in this study compare with M. nemurus in previous study at same microsatellite
loci. The indices included the sample size (N), number of alleles per locus (A), observed heterozygosity (H,) and

expected heterozygosity (H,)

Locus
This research Mns432 MnRmE11-1  MnRmCT6-2  MnBp8-1- MnVj2-1-62  MnBp8-4-43b
(M. gulio) 30
N 47 47 47 47 47 47
A 9.00 2.50 17.00 10.00 10.00 10.00
H, 0.65 0.40 0.41 0.42 0.28 0.39
H, 0.77 0.50 0.77 0.82 0.60 0.71
Usmani et al.
(2003)
(M. nemurus)
N 24 24 24 - - -
A 9.00 10.00 8.00 - - -
H, 0.66 0.76 0.72 - - -
H, 0.73 0.83 0.75 - - -
Hoh et al. (2008)
(M. nemurus)
N - - - 90 90 90
A - - - 9.00 6.00 12.00
H, - - - 0.3429 0.6167 0.6279
H, - - - 0.6288 0.7232 0.8317
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Table 5 Estimates and 95% confidence intervals of contemporary effective population size (N,) and the detection

of bottlenecks based on Wilcoxon’s test for two population samples at 6 microsatellite loci.

Effective population size

Bottleneck test

Samples
N, Lower bound Upper bound TPM (p-value)
Male Infinite Infinite Infinite 0.015
Female Infinite Infinite Infinite 0.11
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This study applies solar energy-assisted heat pumpdryer for Krajood. The prototype solar-
assisted heat pump drying system was designed to evaluate heat transfer efficiency and to conduct
economic analysis for potential implementation. In the study, temperatures of 45°C, 55°C, and 65°C were
investigated. Experimental results indicated that the optimal drying temperature was 55°C, achieving a
balance between energy efficiency and product quality. The solar-assisted heat pump drying system
exhibited a specific energy consumption of 2.67 kWh/kg and a thermal efficiency of 22.13%. The drying
time with the solar-assisted heat pump dryer (22 hours) for 10 kg of Krajood was proven to be shorter
compared to open solar drying of Krajood (batch 24 h or 3 days). An economic analysis employing Net
Present Value and payback period revealed significant economic benefits over a 5-year lifespan. The
payback period for Krajood drying (2.9 years) aligned well with previous studies. These findings
demonstrate the economic feasibility and potential of solar-assisted heat pump dryer for reducing

postharvest losses of Krajood, particularly in developing countries.
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1. Introduction

generations, particularly in southern communities. Krajood

handicraft produces various products for everyday use,

Krajood trees are an important economic crop

such as mats, boat sheets, ropes, food bags and other

in the southern region of Thailand with significant

items. The characteristics of products in each province

growing areas such as Phru Kuan Kreng in Cha-uat

vary depending on the type of raw materials, local

District, Nakhon Si Thammarat Province, Taley Noi in

Khuan Khanun District,

Khlong U-Taphao area

customs, cultures, preferences and uses. Krajood

Phatthalung Province and

handicraft is culturally significant and a vital occupation

in Singhanakhon District,

for the people of the southern region (Community

Province Songkhla. Phru Kuan Kreng is known for its

development department, 2024). Entrepreneurs often use

Krajood products, especially weaving, which is an

Krajood to dry them for use in weaving and making

essential household item for daily life. Knowledge of

various products such as bags and various tools. The

Krajood handicraft has been passed down through

process of Krajood weaving includes four main steps:
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raw material preparation, Krajood threading, product
decoration and product preservation (Sompoangeon
and Kongsom, 2021). Problems arise in the Krajood
handicraft process, from the extraction of the Krajood
trees to the manual harvesting, which can result in
uneven or non-standard tree felling. Challenges during
the drying phase include longer drying times, difficulties
during the rainy season and the risk of fungal growth
due to inadequate drying. Finally, pressing Krajood is a
labor-intensive and equipment-dependent process that
can lead to inconsistent yields. Inadequate drying or
pressing may necessitate reprocessing with smaller
presses or additional drying, causing delays, repetition,
and ultimately, lower output.

Heat pump drying technology has been
developed to address the issue of drying heat-sensitive
materials such as bioactive food and pharmaceutical
products (Masud et al., 2020). This technology is well
recognized as one of the energy-efficient ways to
achieve this drying at comparatively low temperatures.
In addition, solar energy combination technology can
be used in heat pump drying because of energy
efficiency, reduced reliance on weather conditions and
improved product quality (Sabarez, 2020). While solar
drying methods such as indirect and direct drying
through solar radiation have been explored, recent
research on hybrid heat pump dryers is exploring how
heat pumps can be further combined with various
technologies to improve the drying process (EL-Mesery
et al., 2022; Zhou et al., 2022). The indirect sunlight
approach was chosen for this study because it
minimally affects the color of the woven Krajood
products compared to direct sunlight. Due to the
southern region's hot and humid climate caused by
year-round monsoons, this research prioritizes a hybrid
approach utilizing heat pumps for their efficient
moisture removal and indirect solar radiation for
additional drying power (Zhou et al., 2022). Based on
previous research, Qiu et al. (2016) a method of heat
recovery with drying systems that use primary thermal
energy from heat pumps. To increase the power
coefficient and drying efficiency. In addition, the
concept of heat recovery was developed for dryers that

mainly use solar energy. Naemsai et al. (2019) have

proposed drying Krajood using solar dryers combined
with heat pumps, using the thermal conductivity method
left over from room drying. The condenser is used in a
lower temperature chamber, the evaporator chamber,
which has been proven to reduce drying time and
provide significantly better efficiency than traditional
drying methods (Do et al., 2018). While research on
heat pumps often prioritizes performance improvement,
economic analysis, particularly payback periods, is
equally crucial for solar dryers. Economic evaluation
reveals whether a proposed dryer is cost-effective,
sustainable, and likely to be adopted by users. This
information is vital for encouraging investment in and
widespread adoption of this technology. Combining
energy analysis with economic considerations allows
for selecting dryer operating conditions that are both
efficient and commercially viable. Expanding upon the
findings of Rulazi et al. (2024), this research validates
the efficacy and sustainability of Solar-Assisted Heat
Pump Dryers (SAHPDs) in the dehydration of fruits and
vegetables. By substantially curtailing drying times and
energy consumption relative to conventional methods,
SAHPDs demonstrate significant potential for agricultural
applications. The prototype evaluated in this study
attained a commendable Coefficient of Performance (COP)
of 3.4 and a thermal efficiency of 54%. Moreover, the
economic viability of the technology is underscored by
calculated payback periods of merely 3 years for
tomato drying and 2.6 years for carrot dehydration.
These results suggest SAHPDs are a viable solution for
developing countries to minimize post-harvest losses
and reduce reliance on harmful biomass fuels. Recently,
Deymi-Dashtebayaz et al. (2024) explored the potential
of integrating solar energy storage, heat exchangers,
and heat pumps into food waste drying systems. Their
research evaluated the dryer's performance with a 100 kg
load and a moisture removal rate of 71.42 kg/h under
various weather conditions. They also discussed the
dryer's potential application in future food production
systems, focusing on its ability to improve energy
efficiency and reduce carbon dioxide emissions.
Moreover, the effective performance of SAHPDs

demonstrated in previous studies (Yu et al., 2024,
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Loemba et al., 2024) is further confirmed in this research
through its application to agricultural products.

A review of existing literature reveals a scarcity
of research exploring the application of indirect solar
radiation, in combination with heat pumps and heat
recovery, for drying agricultural woven products,
particularly Krajood. To fill this gap, this study designed
and built a Heat Pump Assisted Solar Dryer (HPASD)
specifically for drying Krajood products. The performance
of the HPASD is analyzed to assess its efficiency and
potential benefits. Moreover, this study investigates the
techno-economic feasibility of using a HPASD for
drying Krajood. This initiative seeks to address the
knowledge translation gap between academic research
and practical solutions applicable to community enterprises
in southern Thailand. By demonstrating the economic
viability of HPASD technology, this study aims to
facilitate the widespread adoption of HPASD thereby
promoting sustainable energy use and contributing to

social development within the region.

2. Materials and Methods
2.1 Materials and experimental setup

The samples of Krajood (Lepironia articulata)
with an average size (length, 1 m; diameter, 2 cm;
thickness, 3 mm) were collected from a Khlong U-Taphao
area in Singhanakhon District, Songkhla, Thailand.
Approximately 5 kg of fresh fruit was used in each
experiment. The samples were cleaned and all foreign
matter was removed. The average moisture content of
fresh red Krajood was controlled to be about 233.33%
(dry basis) before the drying process. An HPASD was
designed and installed in Songkhla, Thailand. The dryer
uses a combined solar thermal and heat pump system.
The drying chamber itself is made of black box steel for
durability. The walls are made of polycarbonate panels,
which make up about 20% of the total area, to allow
some light transmission and possible solar heat gain. A
0.78 kW heat pump unit with the environmentally
friendly refrigerant R32 serves as the primary heating
source. This unit works with a control system to
maintain the desired drying conditions in the chamber.

To complement the solar and heat pump system, an

additional 500W infrared heater is available if additional
heat is needed. The drying chamber offers space for
five 0.6 x 0.6 meter drying trays designed to hold
baskets with the products to be dried. In addition, as
shown in Figure 1(a), the drying system operates as a
closed loop with heat recovery. The drying air circulates
in the system at a wind speed of 3 m/s, so there is no
need to extract or resupply air from the outside
environment. This design enables efficient heat
recovery by capturing both latent heat (humidity) and
sensible heat (temperature) from the exhaust air exiting
the evaporator after drying. A key advantage of this
system is its independence from external weather
conditions such as temperature and relative humidity.
This enables reliable operation regardless of the
prevailing weather. The airflow characteristics of the

system are shown in Figure 1(b).

()

Figure 1 Heat pump assisted solar dryer; (a) real

machine and (b) schematic diagram
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2.2 Experimental procedure

In the experiment, three drying temperatures
were evaluated in the experiment: 45 °C, 55 °C and
65 °C. The experiments were carried out on cloudy
days during the rainy season with a quasi-constant
relative humidity of 50% relative humidity. The Krajood
samples were dried horizontally. Temperature data
were collected using Chromel-Alumel (Type K)
thermocouple cables with an uncertainty of 0.5°C.
Relative humidity was measured using a Primus brand
HM-005-01 detector with an uncertainty of 0.5%.
Electricity consumption was monitored using a
Schneider Electric PM 2100 series device with an
uncertainty of 0.1 kWh. The temperature measurement
points in the dryer are shown in Figure 2. T, through T,
represent temperature readings at different shelf levels
in the dryer. T,, T5, and T4 measure room temperature,
inlet temperature, and outlet temperature, respectively.
The dryer was positioned in a north-south direction for a
period of six hours (9:00 a.m. - 5:00 p.m.). The moisture
content was determined to analyze energy
consumption. One kilogram of fresh Krajood was oven-
dried in a 3,000 W Binder electric incubator at 103 °C
for 48 h to determine its dry weight (approximately 0.35
kg). For each experiment, the condenser temperature
controller was set to a maximum of 65 °C. A temperature
difference of 50°C was maintained with the evaporator
set at 18°C to avoid extreme operating temperatures
for the heat pump. All experimental cases were tested
at least three times to ensure statistical accuracy.
Furthermore, the open sun method dried fresh Krajood
for six hours daily (9:00 AM - 5:00 PM), a timeframe
that overlaps with the operating hours of the HPASD.

(b)

Figure 2 Temperature positioning for the experiment,

(a) schematic diagram and (b) real positioning in the

machine

2.3 Techno-economic Analysis

HPASD performance was evaluated by
determining the moisture content (MC), weight of water
evaporated from the product (m,,), Specific Energy
Consumption (SEC) and thermal efficiency of the drying
system (77th ). The thermal efficiency or drying

efficiency is a crucial factor in evaluating the energy
consumption. This research analyzed energy use by
first calculating the moisture content removed from the
product during drying. Equation (1) is used for this

calculation.
m =m -m )

where m,, is weight of water evaporated from the
product m; is weight of the initial product and m; is
weight of the final product

The moisture content in dry basis was
determined by using the gravimetric oven drying
method, in which 1kg of Krajood was accurately
weighed in a clean, dry petridish and the weight of the
sample was recorded. The percentage of moisture
content was calculated using Equation (2).

MC, = Do 00

2)

m,
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where MC,, is moisture content on a percent basis, m,,
is weight of the wet product and m, is weight of the
dried product

The total energy consumption in the drying

system is calculated from Equation (3).
E =GA +Et 3)
t c e

where E; is the total energy consumed in the drying
system, A. is the sunlight-absorbed area, G is the solar
radiation, E, is the electrical energy in the drying system
and t is the drying time.

Specific energy consumption (SEC) is the
ratio of energy consumed in a drying system to the
moisture evaporated from the material during the drying
process. It is calculated from equation (4). The thermal
efficiency of the drying system was determined by using

Equation (5)

E
SEC=—"- )
mout
out fg
n,= ®)
E

where h,, is heat of vaporization

Color changes are a crucial variable in
consumers' food purchasing decisions. To comprehensively
evaluate the influence of drying temperature on color
quality, this study employed a colorimeter to quantify
the color shift of Krajood samples dried for 24 h at
various temperatures compared to open sun drying.
Using CIE L*a*b* coordinate system provided a precise
and objective method for color measurement. Within
this system, L represents lightness, ranging from 0O
(black) to 100 (white). Values of a range from -a* (green)
to +a* (red), indicating variations on the green-red axis.
Similarly, b* values range from -b* (blue) to +b*
(yellow), reflecting changes on the blue-yellow axis. By
measuring these L*, a*, and b* values, the study could
assess the impact of drying temperature on the
perceived lightness, green-red hue, and blue-yellow
hue of the dried Krajood compared to the sun-dried

samples.

Moreover, the economic analysis of the
HPASD was evaluated using two standard economic
methods, namely net present value and payback
period. To conduct an economic analysis of the dryer,
several key parameters were established based on
Thai economic conditions and previous research
findings. The solar dryer's lifespan was assumed to be
five years, aligned with industry standards. Average
inflation rates of 0.5% were derived from the Bank of
Thailand's monthly economic report. (Bank of Thailand,
2024) An annual interest rate of 7% was applied. Given
the HPASD's low maintenance requirements, maintenance
costs and residual value were estimated at 5% of the
annual capital cost. Table 1 provides a comprehensive
overview of these parameters. When designing the
drying system, it is very important to consider the
economics. The payback period (PP) depends on the
capital (or investment) cost (CC) and profit (PR)

according to the following equation (6).

cC

PP R )
where the CC consists of the construction material cost
and the construction labor cost, the PR is defined as
the difference between total sales and expenses. The
economic analysis also took into account the net
present value (NPV) was also considered for the
economic analysis as it is the difference between the
value of cash inflow and the value of cash outflow
during a given period. Net present value is used in

capital budgeting to analyze the profitability of an

investment, which can be calculated from Equation (7)

T

C
NPV =-C,+ E —
(7)

= U+r)

where -C, is total initial investment costs, C is net cash
inflow during the period t, ris the discount rate, t is a
number of time periods. A positive net present value

means that the projected returns of a project or
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investment exceed the expected costs. Typically, an
investment of a positive NPV results in a profit, while a

negative NPV results in a net loss.

3. Results and Discussion

This section analyzes the experimental results
obtained from drying jute using the solar-combined heat
pump dryer. The goal is to identify the most suitable
drying conditions for producing jute with qualities fit for
different end products. Data from various test cases will
be compared to determine the optimal drying parameters.
Details of the test procedures and corresponding results

are presented below.

3.1 Optimal temperature for Krajood drying kinetics

The experiments were conducted over a
period of 24 h each (or any specific duration that
applies) during the rainy season in southern Thailand,
between December 2023 and March 2024. Solar
radiation ranged from 90 W/m? to 910 W/m?2. Minimum
radiation was observed in the morning and evening,
while maximum radiation was observed around midday.
This case study investigated the effect of drying
temperature on the drying performance of Krajood.
Three drying temperatures were tested: 45°C, 55°C,
and 65°C (Zhou et al., 2022). Open sun drying was also
included as a comparison point. The experiments were
conducted during a period of solar energy availability,

from 9:00 AM to 5:00 PM (8 h). A data logger recorded

moisture content readings every 10 minutes. After
drying, the final moisture content of the Krajood
samples was conducted to compared with the standard
moisture content of commercial Krajood, which is 50%
(dry basis).

The moisture contents at different drying
temperatures were shown in Figure 3. The moisture
content of the Krajood samples varied depending on
the shelf position under the drying temperature in the
initial state of the drying process (during 12 h). It was
indicated that the top shelf (shelf 1) generally exhibited
higher moisture content compared to the lower shelf
(shelf 4). This suggested that the weight of water
evaporated from the product was greater on the top
shelf. The reason for this result could be that heating
sources in dryers, such as heating elements or air
vents, may not distribute heat evenly throughout the
drying chamber. Top shelves might receive more direct
heat, leading to faster initial moisture removal and
potentially lower final moisture content compared to
lower shelves as shown in Figure 2. Even with a
modest temperature difference of about 3°C between
the top (T,) and bottom (T;) of the drying chamber
(Figure 3a), the final MC of the dried Krajood exhibited
minimal variation. The maximum difference observed
was only 10% (dry basis) at a drying temperature of
45°C. Notably, the final MCs at other drying
temperatures were all lower than the standard moisture

content of commercial Krajood products.

Table 1 Summary of parameters for economic analysis of the HPASD

S/n Parameters

Value

-

Capital investment cost

Salvage value

Inflation rate

Dryer life span

Cost of fresh Krajood

Selling price of the dried Krajood

Interest rate

© O N O g ~ 0N

Dryer drying capacity

-
o

Cost for electricity

Maintenance cost 5% of annual capital cost

62,500 THB
5% of annual capital cost
5% of annual capital cost
0.5%
5 years
50 THB/kg
500 THB/kg
7%
5 kg/batch/day
4.5 THB/kWh
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Therefore, Krajood drying times decreased
with increasing drying temperature, reaching the
desired moisture content in 24, 22, and 21 h at 45°C,
55°C, and 65°C, respectively. The drying trend
matched the previous works (Naemsai et al., 2019; EL-
Mesery et al., 2022; Zhou et al., 2022). Furthermore,
all drying temperature conditions provided the faster
drying time than the that of open sun condition, as
depicted in Figure 3. The HPASD demonstrated
promising results as an alternative to open sun drying
for Krajood. However, to definitively establish its
superior performance, a detailed analysis of the drying

efficiency is necessary.
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Figure 3 The moisture contents at different drying

temperatures (a) 45 °C (b) 55°C and (c) 65°C

The energy analysis focused on drying
efficiency and energy consumption at different drying
temperatures. The experiment revealed that controlling
the drying temperature at 5 °C vyielded the most
favorable outcome: a drying efficiency of 2.67 kWh/kg
and the lowest energy consumption of 22.13%. This is
likely due to the balance between achieving sufficient
drying power and minimizing energy expenditure. The
surrounding environment, with a relative humidity of
70% and an average solar radiation of 550 W/m?
(cloudy day), also plays a role in the dehumidification
process, which requires additional energy input.
Interestingly, while controlling the temperature at 45°C
resulted in slightly lower drying efficiency (higher
energy consumption at 2.72 kWh/kg), 55°C emerged
as the optimal control temperature for this HPASD
system as shown in Table 2. Compared with related
works, the thermal efficiency of HPASD with heat
recovery system was 22.13%, which is consistent with
the result range studied in the literature and is
desirable: 15-30% (Rulazi et al., 2024) due to the
different products and the higher Drying temperature
generated by the combination of heat pump and solar
collector. Moreover, HPASDs generally exhibit superior
drying efficiency compared to SAHPDs (Yu et al., 2024;
Loemba et al., 2024) due to the more stable heating
process directly generated by the heat pump, which is

independent of intermittent renewable energy sources.
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Table 2 Drying performance at the different temperatures

Drying temperature (°C) SEC (kWh/kg) Drying efficiency (%) Drying time (h)
45 2.72 18.92 24.0
55 2.67 22.13 22.0
65 2.85 20.09 21.0

The analysis of CIE Lab* coordinates
revealed a color difference between Krajood samples
dried using HPASD (55°C) and open sun methods. At
the optimal temperature, HPASD resulted in a lighter
(L = 45.56), less red (a = 48.45), and more yellow
(b = 16.12)* sample compared to the open sun dried
sample (L* = 40.66, a* = 37.75, b* = 10.15). This
indicates that HPASD can potentially produce Krajood
with a color that better aligns with commercial
requirements for lightness, redness, and yellowness,
especially when considering the desired standard

moisture content (MC).

3.2 Economic analysis

The total initial capital investment for the
HPASD system, including material costs for fabrication,
was approximately 62,500 THB (details in Table 1). This
value was used to calculate the economic feasibility of
the system for drying Krajood. Southern Thailand
experiences high global horizontal radiation, ranging
from 400-1100 W/m?, with sunshine hours varying
throughout the year. Notably, even during the rainy
season with as low as 5 sunshine hours, the HPASD
can function due to its ability to operate independently
of direct sunlight. For this study, we assumed 300
operating days per year, allocating the remaining days
for dryer maintenance. Ten kilograms of fresh Krajood
were loaded into the dryer for consecutive days,
resulting in a dried product weight of approximately 5.3
kg per batch. Table 1 summarizes the key parameters
used in the economic analysis. Based on these values,
the estimated income stream is 18,000 THB/month,
while the expense stream is 9,050 THB/month. Using
these Equations 6 and 7, the Net Present Value (NPV)
is estimated at 27,890 THB and the payback period is
calculated to be 2.9 years, and This means it takes

3 years to recover the initial investment of 62,500 THB

from the HAHPD for tomatoes and 2.9 years. Hence,
this study investigated the potential profitability of
utilizing Heat Pump Assisted Solar Drying (HPASD) for
Krajood compared to conventional drying methods. Our
findings suggest that HPASD drying offers a potentially
superior economic proposition based on a comprehensive
life-cycle cost assessment (Rulazi et al., 2024). Notably,
the payback period for HPASD in Krajood drying is
demonstrably shorter than the 5-year period reported
by Qiu et al. (2016) for drying radishes, peppers, and
mushrooms using a heat recovery and thermal HPASD
system. In the aforementioned study by Qiu et al.
(2016), 10 kg each of radish, pepper, and mushroom
were dried using a heat recovery and thermal storage
HPASD system. The payback periods reported for
radish, pepper, and mushroom were 6 years, 4 years,
and 2 years, respectively. In comparison, our study
demonstrates a significantly shorter payback period for
Krajood drying using HPASD. Since this payback
period falls within the typical lifespan of a solar dryer
(approximately 5 years)), HPASD emerges as an
economically attractive proposition for Krajood drying

applications.

4. Conclusion

This study presents the design, fabrication,
and performance testing of a prototype Heat Pump
Assisted Solar Dryer (HPASD) specifically for drying
Krajood. A comprehensive techno-economic analysis
was conducted to assess the viability of this approach.
The optimal drying temperature for Krajood using
HPASD was established as 55°C, balancing energy
efficiency with product quality. The performance of the
HPASD was evaluated using Specific Energy
Consumption (SEC) and thermal efficiency, resulting in

values of 2.67 kWh/kg and 22.13%, respectively. Drying
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time to achieve the final moisture content in Krajood
was 22 ho. Notably, open sun drying of Krajood
typically requires 24 h or 3 days, highlighting the
potential time savings offered by HPASD. The techno-
economic analysis employed Net Present Value (NPV)
and payback period (PP) calculations over a 5-year
lifespan, representing the assumed operational life of
the dryer before replacement. The analysis revealed
significant economic benefits compared to the initial
investment cost. The payback period for Krajood drying
(2.9 years) aligns well with findings from previous
studies. These results demonstrate the economic
feasibility of HPASD for Krajood drying, suggesting its
potential to reduce postharvest losses, particularly in
developing countries. Further research is warranted to
explore the applicability of HPASD for large-scale
drying of commercial Krajood products. While Krajood
was once considered a weed, its value as an export
commodity has seen a remarkable transformation.
Investigating the suitability of HPASD for high-volume
commercial applications holds significant promise for

this increasingly valuable crop.
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Cricket frass in ponds is a waste that continually accumulates, potentially affecting the quantity and quality
of cricket farming. This research aims to study the factors of temperature (28, 35, and 40 °C), moisture content
(20, 25, and 30%w.b.), and cricket frass (4.17, 8.68, and 12.86 kg/m?) affecting decomposition, NH3, and CO,.
A fractional factorial experiment planned with 15 treatments, each condition repeated three times, was conducted
in a temperature-controlled sample box measuring 0.40 meters in width, 0.60 meters in length, and 0.37 meters
in height. New cricket frass was prepared after harvesting and cleaning, with moisture content levels adjusted as
needed. The bio decomposition test involved sampling cricket frass according to specified moisture content levels,
placing 15-gram samples in aluminum containers, packing them in temperature-controlled sample boxes under
15 conditions with 18 samples per box, and removing them weekly for 6 weeks to determine dry weight (without
returning the samples). NH; and CO, were tested under temperature and moisture content conditions
corresponding to cricket frass quantity. Gas production was recorded daily for 42 days. Decomposition rate, NH,,
and CO, were analyzed statistically, along with their relationship to the test factors. The results revealed that NH;
was primarily found at the bottom of the pond, whereas CO, was distributed throughout the experimental pond.
Decomposition was more pronounced in the high-factor level group compared to the medium and low-level
groups. Over the six-week test period, cricket frass mass decreased by approximately 10% compared to the initial
mass. NH; and CO, behavior indicated that NH3 generation peaked quickly, reaching a maximum value of
90-63 ppm between days 2 and 7 before gradually decreasing until the end of the experiment. CO, production
peaked rapidly within 1-3 days, reaching a maximum value between 1050-960 ppm, followed by a rapid decline
until stabilizing at a level similar to atmospheric levels. Therefore, at low factor levels, low decomposition results

in low values of both NH; and CO,, making them suitable for cricket farming conditions.
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Table 1 Experimental planning of fractional factorial design

Treatment No. Temperature Moisture content Cricket frass
(°c) (%w.b.) kg/m®

1 28 20 417

2 28 25 8.68

3 28 25 12.86

4 28 30 417

5 28 30 12.86

6 35 20 417

7 35 20 12.86

8 35 25 8.68

9 35 30 417

10 35 30 12.86

11 40 20 417

12 40 20 12.86

13 40 25 4.17

14 40 25 8.68

15 40 30 12.86
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Table 2 showed two-way ANOVAs for Remaining mass, NH;, and CO, in the cricket frass

df F value P value
Remaining mass (% of initial)
Temperature (°C) 2 5.522 <0.0090
Moisture content (%) 2 69.701 <0.0001
Cricket frass (kg/m?) 2 15.014 <0.0001
Temperature x Moisture content 2 12.876 <0.0001
Temperature x Cricket frass 2 12.845 <0.0001
Moisture content x Cricket frass 1 0.973 0.3320
Ammonia (ppm)
Temperature (°C) 2 714.363 <0.0001
Moisture content (%) 2 18415.976 <0.0001
Cricket frass (kg/m?) 2 775.433 <0.0001
Temperature x Moisture content 2 26.673 <0.0001
Temperature x Cricket frass 2 36.518 <0.0001
Moisture content x Cricket frass 1 0.370 0.5480
Carbon dioxide (ppm)
Temperature (°C) 2 3022.113 <0.0001
Moisture content (%) 2 23759.414 <0.0001
Cricket frass (kg/m?) 2 28892.047 <0.0001
Temperature x Moisture content 2 488.408 <0.0001
Temperature x Cricket frass 2 254.633 <0.0001
Moisture content x Cricket frass 1 2173.244 <0.0001

Significantly different level (p<0.05) according to Duncan’s multiple range test
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This research aims to study the treatment and utilization of organic wastes, namely food waste (FW)
and the primary surface water weed, water hyacinth (WH), for biogas production through anaerobic
digestion. It includes evaluating the effect of thermal pre-treatment of WH by using temperature-controlled
hot water bath (WHB) and hot air oven (WHO) techniques for mono-digestion and co-digestion of both
substrates in batch experiments at mesophilic temperatures for 40 days. It was found that FW and WH
were good substrates for biogas production since they consist of high organic substances in terms of VS,
accounting for more than 74 %TS. WHB presented a higher tendency to increase the amount of readily
organic fractions as substrate in biogas production compared to WHO when considering CODs, VFAs, and
Org_N. The mono-digestion of FW had the highest BY value of 189 mLy;qg.s/gVS,qqeq despite having a high
F/M of 4.58 with Volatile Solid Destruction (VSD) of 59.19 %. The WHB digestion had 1.9 folds higher
Biogas Yield (BY) than the WH digestion, while the BY of WHO digestion was only slightly different from
that of WH digestion, with values of 28 and 24 mLyg.s/9VS,qeeq, respectively, at similar F/M ratios of
1.3-1.4. The results of co-digestion with a substrate mixing ratio of FW and WH (treated and untreated)
~ 80-90 % FW: 10-20 % WH, resulting in an F/M value of ~ 3-3.6 showed that BY was WHB > WH >
WHO. Meanwhile, in the ratio ~ 60 % FW: 40 % WH (F/M ~2.3), WH pre-treatment had almost no effect
on BY, with WH > WHO > WHB. This is because BY was obtained mainly from the digestion of FW fraction.
As a result, BYs of co-digestions were 122-179 mLy,5,5/9VS,q44ea With VSD of 61.1-74.1 %.
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agnalsnay n13ld FW Lflu'i'@]qﬁmﬁm (Mono-

substrate) lunszurunisdesiasn (Mono-digestion,

MD) indswansznudagfunidrfiaaing CH,
maTydulati uazfianudanlnininninafunid

A 1%

afiaa319ntaluszuy AD (Koch et al., 2015) @214
dawlninaziatiosninwes AD inilunalasasiann
NAAA M TZRININTZUIRANTHBE Ao NTA lauITIRe
WATNIIVIARUAAVBITIND NG ) %dﬁﬂﬁ]:ﬁﬂﬂg
msﬁummmaai:uulwﬁ'q@ @qu_ll,mﬁl,t,mﬁ@luﬂﬁ‘l%
WH Ay FW lunszuawnnsgassin (Co-digestion, CD)
Sadwssnmsfinaule Fousk WH Qm‘inmmﬂw’ﬁamaﬁ

U’]ﬂ(ﬂ'?Jﬂ’ﬁiia&Iﬁﬂ']tlLLatﬁﬁ’ﬂﬂﬂ’]W(ﬁWIuﬂﬂﬁLﬂ%ﬁ”li
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@
< 9

AIFHLNONITHAATITTIN W (Non nutrient-rich
substrate) 8¢149}3A018 WH '«J”ﬂt,ﬂuf@lqﬁuvlﬁgamﬁm
ouazfiagadraniedulusiinn@ vousfl FW §
ﬁﬂﬂnnw§\11un’15w§@] CH, uddianudaulnidanis
AURUNIT mi:usﬁnﬂﬁuw%ﬁga CD 2zl
anuganInlumsdeslassiy TroUiuaugadiuaiy
ABINIVDITINDIWITAN maail'ﬁuﬂ?ﬂ‘ TIURILAIN
ANNNREAARDIVBININTINGAY 9§ VoIgAUNTd
SWilaINNINAMURIINAA 828987170719 359 T uns
¥19nasflIzney uazdaTEunINaNTadTandy
daduudazsiia donalwszuudigfosnindanis
Fufiumsluszazen daduuwinisnmIsaniszasiie
agslidsz@nTnrwiwnzuenanazidunmsinaaio i
WA ﬂ"an‘jumﬂ”ﬁﬂi:‘[mﬁuazmnﬁugaﬂ'ﬁﬁﬂﬂ LCB
Iug‘ﬂ"uadﬂ’l‘iwaﬂwﬁ'\m’mﬂmmu (Sawatdeenarunat et
al,, 2015) fpnuanewisunasatuiliidiui cD
5211979 LCB iU FW daaifinyszdninnluniinge
CH, Capson-Tojo et al. (2017) 31891%3INN1THALLAY
Cardboard Sy FW nAnanwmsnaa CH, gﬁm’gu
71-93 % Yong et al. (2015) 3431 CD 18y FW uaz
Wiy CH, yield 1% 39.5 uaz 149.7 % Wl
WguALUM T MD 289 FW uazW991au&au Jiang
et al. (2018) 3129731 CD 283 FW WazyagnIzILan
anudufivvessnssugaluszuy T0UTUFUAVDI
mm%uuazﬁl,a% L'ﬁ'&l buffering capacity LRZAATIHIW
2098138 uNISNdudanisdonaany wazdnana
'ﬁmmamwaamjwqﬁuﬂ%sﬂm:uumﬂ‘ﬁu
mﬁaﬁjﬁﬁujaﬁﬂmLmeomiﬁﬁ'@LLa:mi
TFUszTond WH uaz FW iianisudafnodinanlu
nIzUIRMISHasLABILazdaniInd1nsy AD land
YAULUARANAE NMIANBNBIALIZNALNNBATNUAL
MIafl MIUSuENIW WH dasanusenlasinaiia
mﬂ?ﬁmauau%auua:éwﬁﬁmuquqmvxqﬁ URZHAY D
5’@1‘5’1@’3%81%’1‘3@6@5%%%5 (Food to Microorganisms
Ratio, F/M) U IUNINNE AT FIWNENTERING FW LAz

a

WH lagdszdnanndnamwns i inasiniwngiie i

S8 K ¥ 6 o 6da
i’J&m\‘lﬂﬂ'lzﬂLL%’Jﬂ?dﬂ?il‘ﬁﬂitlﬂ‘ﬁ%ﬁ]’]ﬂ@]zﬂauaﬂﬂ%‘ﬂ

N'ﬂumiiiaml,éﬁLﬁa’l,‘*ﬁt,flui’aqﬂ%’uﬂ;aﬁumqmsmum
ad o A A o

2. DAL KWHNIIAY

2.1 3"?;1;;751/ mim?ﬂm"@zqﬁﬂ Ll,n:ﬁﬁﬁagﬁuw?ﬂ(

2.1.1 1A=81%17 (FW) i’JUi’J&Iﬁ]Wﬂﬂugﬂﬂﬁ'ﬁ

@ a o - s
“Uad'ﬂ’]dﬁﬁiWﬁ%ﬂ’]LL%dﬂ%dlu FURIRIIANN DINTWUNIT

LUNFIUVDIVAILNAIFILALUNTIREIY AGLEN
290UTenauNeNNGanITH LA UNITINN LTU Las

nzgn wWianly wianalal nizasiizy asliifesdiu
dl ] U ) v v + J dl A‘» Q 6
fAtanlddng U et IWumsasuLnl iedad
WATLABKNNA b nnwinalat 19Ty ua dl8Laad
Juaiiizan AgnLaa1 FW nanua A duialdaIn i

uenuITlunmu

2.1.2 NNAUTIT (WH) 4asnIsdsuaniw WH
AusauTuanunasinluaauringsuumansaa
faspinyszin da WH nalusauly ddunazsan
Wuduunialszunm 5 cm adigLAtaIUANIg
MINEAT ARNLAGT WH vanualinaudwiladoai
\{uda0g19p09 WH 9niurinnnsUsuanin WH sg
ANNToRAINITNNTANE R uRTNIL (Sriprasert and
Sriprasert, 2023) laBu339 WH fuauda 50 g 14
dninasuwa 250 mL fuihnininasimenszanuwand
i ldUsuanwdlsianauansan 110 °C win 120 Wit
\uar0819089 WHO LLa:ﬁméwﬁquuqquﬁ
100 °C w1t 120 wnduanat 1989 WHB

@
A Aa

2.1.3 W Ta9aunsd (Inoculum) Lduwida
A A e

m:ﬂauﬁgaumm"l,@i”a'mszuuﬂm"’@fmLﬁmLm'u UASB
A o o o ' A A €
2891599 UH AT UAUrrnaIurtanite b 2.NINRUY
° . = A A6 o A . o A %
mmsﬁmmmnauqaumgmﬂLmaaﬂumuiaul%
o o & o
anwmeldwilTauuunIza18@9 (Dispersed Sludge)

1Y v q v & a o
LLmﬂqmﬂmlWﬂumam HINW

2.2 MIAYINIINOAVUAWILTD

o a

mq@uua:ﬁu%@m:gﬂm slanmauzuaziiy
1%@TLL"5LL"UG\‘1“7]I -18 fi9 -20 °C Lm:gnﬂ:mmﬁ 4°C wn 24
i7lug neurinnsiasziatngng sntuwafedin
‘H‘ﬁ\'ﬁ]tgﬂLﬁ'i.]l%ﬂ’]‘ﬁ%zLLazLL‘ﬂ%d’Nl{ﬂqm‘vm“ﬁ 36+1°C
@ma@]L'Jmriauﬁn"lﬂm%ﬂwnmﬂﬁﬁ%mLﬁ@miﬂmﬂu

AnaWMs IR E M wea b
2.3 ANEAIWIIHANBITTINIW

Anasanenlusiad fAsorwuie 500 mL
Frwan 14 1y léun gaaiuqu EP1 40 MD EP2-EP5
Wazga CD EP6-EP14 lagfiviua F/M LazaasndIn
FW @@ WH (Substrate Mixing Ratio, SMR) 119w
sanaulasinninasudaszine (VS basis) AJLEANS
T Table 2 37Nt uLANHAINEH 200 mL uaz NaHCO,

walwllanweansdszanms 8,000 mg/L as CaCO, Lugin
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Tidwiardonns laenalualadrsfie N, Jan
Mameneunaaaivasuissfadsldsnaduiiiu
o = Y

fodinioluniig 85% dudava9813azay Nadl
o = a & A a X o o o
uindSunamanifietnlusasuilasadunanns
unufizaannad 20l jisominuainsaglugsin
AIUANAMANANAAAI heating rods LAz circulation

pump lﬁﬁqmmgﬁ 36 = 1 °C A8AATZUZLIAINIINANDI

v & A

2.4 myvszfuaznauaansiwanarsanadnusulyld
lunslaidudagusi/yedu

o A ' > a & 1a
MuRAIFBEANILRY 40 T% AazUTinm

mqmmwﬁnlum‘"’mzinmu’“a%'msmaaé']ﬁfﬂ
INPIAIFATINENIIWAUINGY (Land Development
Department, 2004) 'loun Tulasiaunanua (TN) lag3s
19801%a (TKN) WaawWasaninua (TP) a1835 Bray Il
1AAINNIQANALEAIGIY spectrophotometer (UV-1900
SHIMADZU, Japan) uazlwunaifauninaa (TK) 9
analddloiaIad AAS (AA-7000 SHIMADZU, Japan)

a o ¥ o o &
VIBUNURIRUNEA2BIAZNAUTNAT (MY DygestacFM)

ﬂ' a wa ) Qs a
Wodsziduqmand@lunindudadonisufanis
MILNBAT

Table 1 Characteristics of substrates and inoculum

2.5 35maanei

109aU WILT0 ArnouRRATIULINLAY
MYUNRINILDY 40 T an.iuflu 2 &% lagdauuIn
il nziasdsznavvends leud sssudemisnua
(TS) Basudss=inenanum (VS) i (ash) WazANuTH
uazasdiaznanlulasiaulugd TKN wenluilerisnue
(TAN) waz Organic Nitrogen (Org_N) FIf1uIman
HaEN9789 TKN uaz TAN §aufl 2 T96a8819 15 g l&
lupragUsunauia 500 mL Wuindsaanlesan
300 mL %1'lUtwg1Uw orbital shaker 150 rpm 7
qmwgﬁﬁaa 2w, nsiwineae e luTumndo 6,000
rpm 20 W INUA288Ng supernatant 113a324 cops
pH &NWAN9 (Alk) waenIa luiuszing (VFAS) 29 TS,
VS, Alk, TKN, TAN, CODs uaz VFAs ILaTnehanui’
U1AI31%V8I APHA (2012) leviin133Lasnzfidn
(replicate) aghsitos 3 a%1 lagsnoaunaidudads

waza WD BILUNIAIIU

a o a I3
3. HANIFAVYLLASINIUNA
3.1 99AUTENALLAZAN I RUL AV TG zgé?mmm”m%‘a

LEA9IAI Table 1

Parameters Substates Inoculum
FW Water hyacinth
WH WHO WHB
1. Solids content
1.1 TS (% FM) 22.58+1.17  6.72+0.08 7.29+0.00 6.68+0.06 7.9310.02
1.2 VS (%FM) 16.77+1.12  5.25+0.10 5.74+0.20 5.26+0.05 6.20+0.06
1.3 VS (%TS) 74214118  78.17+1.53  78.7242.73  78.78+0.82  78.19%0.57
1.4  Ash (% FM) 5.81+0.13 1.4740.11 1.55+0.20 1.42+0.06 1.73+0.04
1.5 Ash (% TS) 25.79+1.18  21.83+1.53  21.284+2.73  21.22+0.82  21.81%0.57
1.6 Moisture (% FM) 77.42+1.17 93.28+0.08 92.71+0.00 93.32+0.06 92.07+0.02
2. pH 4.38+0.01 6.99+0.02 7.52+0.02 7.77+0.03 7.41+0.01
3. CODs (mg/L) 7,000+£849 190+151 423+293 518+460 1,227+333
4. Alk (mg/L) 12647 20682 1673 226+39 513+163
5. VFAs (mg/L) 10320 1243 131 17+2 48+11
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Table 1 (Continued)

Parameters Substrates Inoculum
FW Water hyacinth
WH WHO WHB
6. Nitrogen content (gN/kgFM)
6.1 TKN 5.61+0.01 1.24+0.02 2.58+0.01 2.63+0.01 3.52+0.02
6.2 TAN 0.32+0.01 0.06+0.01 0.14+0.02 0.14+0.01 1.66+0.03
6.3 Org_N 5.29+0.01 1.19+0.02 2.44+0.01 2.49+0.01 1.86+0.02

970 Table 1 WV’JL%E]LLNKJVG]Q@UY]&G FW uaz WH
flanutusesa: 77-93 wWadadl pH 7.41 Ak Aoulnags
uazdl VFAs szaudniusuldinduwindeildanszuud
fiafiosninuaziinnuaugaedgdunid veudsain
Ingagluzy vs Taswudn FW uaz WH (fidsuuasla
Usuanw) ddwnnnin 74 %Ts InalAssnunuisonaw
winfifsaain vsTs lugas 0.75-0.9 (Campuzano
and Gonzalez-Martinez’, 2015) Tagtanis FW “7% 9
asddsznaunanaamslulaiese luséu lale uazdinfin
TudSuauanites (Liu et al., 2018) USunauansdunse
a:mylugﬂmao CODs VFAs az Org-N 189 FW ﬁﬂ'wga
7131 WH Bsugasin FW ilusnsasduildanundouuas
gansngderlding uand1any WH Ssfasddsznavaas
LCB ﬁmmmgﬂﬂammnﬂﬁsmﬂu CH, 1@l e 20-30%
i iulunIzuIUN15 AD (Kucharska ef al, 2018;
Sawatdeenarunat et al., 2018) mifnsnaumihiinuin
Fau7831n WH fasddsznavvesiaaglaglugig
17.3-34.2% Laﬁmagiaa 17.7-38.1% WazAnin
1.1-12.2% lagtimiinuits (DW) (Ruan et al, 2016; Lay
et al., 2013; Ahn et al., 2012) 1.8z Gaurav et al. (2020) =1
11 WH fasddaznoumiuvansag lasuaziadimaglas
58.6 138 24.5 LAY 34.1% DW ANu&AU L‘ﬁaQIaaﬁ
Iﬂi@ﬁ%ﬁd%é’ﬂaaogﬂLmuﬁagﬂwﬁn (Crystalline structure)
waz3UadmgIn (Amorphous) I@mangﬂmﬁn%uﬂu
Imaa%ﬁwaﬂuLaqaﬁwmamﬂmaﬁﬁmmmmLLuuLLa:
Futawiasmnnsuauvesnuszlalasian (Rodriguez
etal., 2017) mmz'ﬁ'mﬁmagiamﬂﬂmoaﬁ”nmaﬂmaqa
ﬁﬂ@mmm‘?uﬁﬁﬁ:ﬁ’umaamwmﬂugﬂmﬁmm:aﬁmg’m
‘1Iaﬂndwﬁﬂﬁmﬁmagiaammmgﬂaiazlamw%slumo
wld maldanuiouusznmedinmwldieninaaglas
(Sawatdeenarunat et al., 2016) at1915A A% ANAnG
Lilgassusznavdszinninduzaa lsarntga s
Fdoulszam (Binder) Lamﬁwﬁanwiz%ﬁqLéﬁaﬁiaa

LLa:LﬁﬁL‘HagIﬂﬁ LﬂﬁJﬂ’J’]NLL"U‘:\‘] LLIJLLRERAAITURT SJ’liﬂsl,u

myfuruvesin it as RS i lianfiudanu
FUNBUAZEINA BN TH DI RANINIITINTNBENININ
(Sawatdeenarunat et al., 2015) GT’mmqfrﬂ'ﬁﬂ%"uan’lw
WH I@]Uﬂ’]ﬂ‘ﬁﬂ’n&l%@%ﬁdgﬂﬁ’mﬂﬂixi)‘ﬂ@ﬂﬁlﬁaﬁﬁmf;l
lassaigUnaniBetauuas LOB uazimaglas daunain
myaanunuselalasiaw (Kumar et al,, 2018) vinl# LCB
Tugtvasudoua slury ﬁ’m’ﬁﬂgﬂﬂaﬂLLa:Lﬂsﬂulﬁayﬂ%
gﬂ"uaamsé‘uw%ﬁa:mﬂﬁmnfu TAAATLHLIIANNNT
sagluinvadlalaslads uazamszazianmstsuaaves
Qauﬂ‘%ﬂwﬁ’m lag phase (Barua and Kalamdhad, 2017b;
Phuttaro, et al., 2019) 6128&191%5% Barua and Kalamdhad
(2017a) Ansn3Usuanw WH lasldanusaudae
mafiaiaauaniaw tulasiaw a'nﬁwmuguqm%n“ﬁ
LLamﬁaﬁaLstTu"laﬁwLLa:agﬂiwmsﬂ{mmw WH @8l
wnauan3an 90 °C win 90 w1l TWiszansawgagalu
matAuUSamassunssazanolagsnsauiinionas
msﬂ%’uamwwuanﬁulugﬂ acid soluble lignin RN
48 % Lsﬁagiaﬁiugﬂmﬂsﬁmﬂmugmiamm:ﬁﬁ‘ﬂmu
8089 40.4 % Voaziad Lmaﬂiaalugﬂﬁaﬂfnﬁm’mm B
feAndn 1854 % denalst CODs 1ANTw 55.5% fa
I 2.3 i Waieuiy WH Alddsusniw seandas
Aunamsanunluasaiinnuin WH Alifmsdsuanng
61 CODs 190 mg/L NMERAINITUTUFAIN WHO Laz
WHB fiein CODs 1iandwin 423 uas 518 mglL aalu
22 Waz 2.7 enuday AN ssuanw WH
meanuTandumliiurinld wH fanuniandamstas

a U J
AN WTINN AT
3.2 MINANTTT I WURSANSAIWATINA A1 TT NI

USuransinadnoBinwsel nwazdSun o
AN BTN TNFERNLFAIA Figure 1 USuaafinsTanaw
FERY T i‘uﬁuq@mimaaaLLa:ﬁ'nslmwmmE@]ﬁw

FAINMWURAIb Table 2
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Figure 1 (A) Daily biogas production and (B) Cumulative biogas production

Table 2 Cumulative biogas production by the end of experiments (day 40) and biogas production potential

Digester SMR FIM Cumulative Total Volatile Solids Biogas Yield VvSD
Ratio biogas

VS basis mL gVS,iged MLyiogas/9VS.g0ea %TS
EP1 - 0.00 177 3.30 54 76.2
EP2 100% FW 4.58 3,486 18.41 189 59.2
EP3 100% WH 1.26 179 7.45 24 76.1
EP4 100% WHO 1.38 219 7.86 28 74.7
EP5 100% WHB 1.26 334 7.46 45 72.2
EP6 89% FW:11% WH 3.59 2,095 15.12 139 70.0
EP7 78% FW:22 % WH 2.92 2,287 12.93 177 70.5
EP8 61% FW:39% WH 2.26 1,873 10.74 174 63.4
EP9 89% FW:11% WHO 3.62 1,930 15.24 127 71.0
EP10 77% FW:23 % WHO  2.98 1,989 13.13 151 73.1
EP11 59% FW:41% WHO 2.34 1,446 11.03 131 72.2
EP12 89% FW:11% WHB 3.59 2,704 15.12 179 67.2
EP13 78% FW:22 % WHB  2.92 2,318 12.94 179 61.1
EP14 61% FW:39% WHB 2.26 1,310 10.75 122 741

3.2.1 MInaarinodinIw (Biogas Production, Wt 16 S efAinstasidisn (MD) 289 FW (EP2) §

BP) BP §4fi9 383.5-609.7 mL Tu24 1-4 Juusn uaziinis

97N Figure 1(A) aziulddmnranimasas
sunsandafainwldaudisududninszuy ullu
EP1 %uﬂumﬂ’mqwﬁmﬁmﬁu%ﬂwh*lfu MNIINTBY
NNTANINARDINUIN BP ﬁmgqmﬂm”umﬂﬁﬁums
aiazJImJLawwz"g@ﬁLﬂumiﬂami'm (CD) 32%319 FW
waz WH (fidSuuaslddsuanin) ifdamdiuaas
FW:WH g4 GIG 78% : 22% - 89% : 11% (BINALA F/M
fidnlutag 2.98-3.62) lawdl BP gegaluinuanivinny
722.8, 679.1 ey 641.7 mL F9IL EP6, EP12 s EP7
UG YNYAN1INAnadil BP Hefuidsanitlugog
2 SunINaIM Iy uazdaudinIfinanaImstos

wamﬁ”w%amwas_m@‘iatﬁaam:vﬁéuq@miﬂmao
sonalw EP2 § BP azaugigadia 3,486 mL Fetiiuin
FW Lﬂu’i’@]qﬁufqﬁuﬁqﬂﬂﬂﬁ’aumimmi (Nutrient-
rich substrate) anunsndasaseldinsassnutraiy
70 MD A% WH iuansesdu 4 BP azaudruinide
Weunun13d FW sauidw substrate laswudn EP5
(WHB) EP4 (WHO) uaz EP3 (WH) § BP Rzaainnumna?
M3tiae 40 AN 334, 219 Uaz 179 mL ANE1AL wal
Tumssniiumsneld FM énlugas 1.26-1.38
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3.2.2 ANEATWATIHAAA1TTIATW (Biogas
Yield, BY)

3221 n136881d89 (Mono-
digestion, MD) 31n Table 2 LijatSouifiny EP2-EP5
398 substrate §ia FW, WH, WHO uaz WHB W1 FW
i BY §980 A8 189 MLyjogas/GVS 4000 HalBTANTAUNNT
muld FIM gagada 4.58 Fofldnlndidsariumsdne
284 Xiaofeng, et al. (2014) Ggﬂﬂaau MD w83 FW ae
CD w89 FW fusinmzuss lagldwadaandininues
159817115 WU41 BY n3dk MD 283 FW fdn 131
MLiogas/dVS WS CH, yield Aidu1n@ie 1.1 mlg,/gvs
Sadunanrainmyszanaad VFAs muldnszusmn
Suﬂ%'ﬂ‘ﬁ'gamﬂ A8 41.8 QVS/Luyy 88191500 BY
289 FW lumsfinweisit feindendnannidafiouiy
WITHAW 9 F288191T% Lopez et al. (2016) 189w
CH, yield 181 FW a1nlssamns finazaande lsausa
LaEAAAT1ANT NHA1UT29 363-492 mLg,/gVS LAz
WUINEINUIENaUVa starch mmsngmias_lvlﬁamilscﬁ
‘ﬁ'qm Yang et al. (2022) 89 1UWNANTHAY FW 4 1@
W8z CH, yield VodsIunan1as FW 119 4 1fia Andy
i Fw lurfastin fia 40 % et 30 % nemd La 20 %
wWaanndan uaz 10 % tamiita (% wet weight) Tanls
¥A1%8971n mesophilic AD maoaﬁmmﬂﬂimm?aaﬁu
WaANBTasN FIM 05 J67 476 NMLgw/gVSaye
VLGB Slopiecka et al. (2022) HAnwANIAIWANT
NAAT TG (BMP) maammsﬁ%mmquﬁa 88 THa
Tapldwai5aa1n AD moqmm%ﬂsmﬁ' F/IM 3.33
39841% CH, yield T15249 216-1,476 mLg,/gVS wazdl
MIANBAINY substrate NHaNBMEATIBATINL FW
favaaFudunidannninaiaisan (Organic fraction of
municipal solid waste, OFMSW) il 84/ Usznauaiu
lvnjfa FW uazvaafslunisvingauaas Romero De
Ledn et al. (2021) {fin¥n CD 283 OFMSW uaz WH 7l
55°C I@ﬂi“ﬁﬁ‘aL%amﬂnﬂﬂﬂﬁnwuh MD 284
OFMSW ﬁ FIM 1:1 way 21 @1 594 uaz 474
NLpiogas’KGVSagaes MNEGL Uazdl CH, Hanualndides
nwha 65 %

\aRa1341 MD 289 WH 1w EP3 wudn BP
a:aulufuéuq@msmaaaﬁm 179 mL fHenlduandns
U 177 mL 289 EP1 %uﬂwqmmuqu danalidl BY
B9 24 MLyiogas/9VS dgea FWiAui1 WH ddnannlu
madumsasdmasrdainnmeldaniizmmasaslu
mMsdnEasai eRansannauasnsUsuanIw WHO

' a a & a & @ A
U3 EP4 WU BY QNN UULNLILRNUDEY A 28

MLyiogas/9V Saqded Uizl WHB (EPS5) LLam@hﬁqaﬂ'j'lﬁa
45 MLpjogas/9VSgaeq AALTH 1.9 1N VBI WH Haitana
939N matsuanwd 120 °C vl WHO GG
VFAs dailuansasdnlunisndaiiadininainnis
TJELNA U“?'i QRLNRY Javenann (Barua and Kalamdhad,
2017a) Ymas?i Ferrer et al. (2010) NagaulsUaAIN
WH uaazldsq (< 1 mm) @T’mdmﬁnmuquqm%nﬂﬁﬁ
80 °C 1% 30 w111 Wud1 sCOD/COD Uad WH Hf1
gﬁumn 4 I 12 % wadllassnaadednudayde
CH, yield lagilan 188.7 uaz 151.2 mLeu,/gVsS dwsL
WH Alaisuuazdsuaninenugey agrlsfiana BY
299 WH (U5uuazlaiusuanin) lunmsanwiassiidan
Wosunidafisunueiuissdu naflanaduna
#893191n T3 819U IENTITH ANRANAII B
asfUsznavvas WH luudazriasd qgmﬂﬁ’mﬁ'm
PIABBNA NMILATINADE1I WH NIMIBHENLAE
qmﬁgﬁﬁlf’ﬁﬁmﬁums laslamzadflsznauvasfniin
1w WH Paepatung et al. (2009) 31897% BMP 283 WH
Tagl&a149097n AD maaWﬁuqni‘ﬁ' F/M 1:3 fidngatls
350 MLca/gVSgeq 4167 VSD 66 % Litasandaniiulu
WH W89 558 % (VS basis) Romero De Leo6n et al.
(2021) 37897% BMP 289 WH NZanin 18.9 % Jei
268 W8T 246 MLua/gVS,geg i FIM 111 Wz 2:1
AUEIGL Vel Priva et al. (2018) T1897% BY N3k
MD 283 WH lagl#adaain AD ‘ﬁ'ﬁﬁnﬁuq@ 28-33 %
LT U 142.8 MLg/gVS,eeq b 8 ¢ Barua and
Kalamdhad (2017b) Y BMP wadn13tiay WH w1 32
T In@EDarTud 143 MLou/gVS.gs laeld9Waidaan
Qaiﬂﬁ F/M 2:1 uazdien VSD 33 %

'
a '

#ANINNNNTVONULLFNNENUANAINHURD
Tsudefiviald BY lumsdnsilfddannde wa
mnﬂi:m‘ﬂLLazﬂﬁﬂ%‘u@T’maaﬁ’n%agﬁuﬁ%ﬁ@ia
substrate lun1angujwagefildluntmasey BMP
mm:ﬂi:ﬂauﬁqﬂﬂ'ejuqﬁuw?ﬁﬁtﬁmﬁaaﬁ'unﬂmzumau
f1A7vad AD JAunaINnaBBaINguIAUNTE
gsamsuastanladiawnsariouldadisdoasy
LaROAARDIN (Koch et al, 2017) UmeAn1san®I it
153213091052 U1 UASB 209013811 a% #8910
q@1a'wmiﬁuLl,ﬂaﬁuﬁ%ﬂﬂmé’a%dﬁuﬁmﬁﬂdmﬁ
substrate daulngjagluglasazarouazasdunid
LLmuaaﬂ“um(ﬂLﬁﬂﬁdw@ian'ﬁgﬂvl,ﬂmvlafﬁ aoiu ms
15T rfaitlun1sdes substrate AUsznaudy
srounidwansdszianiauly FW uaz LCB lu WH 33

mmflummemﬁ’ﬂﬁﬁﬂﬁ BY fladadrninilatiigy
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AUHAN1TI38D % 9 LT Dhamodharan et al. (2015)
maaulﬁﬁ";t%amﬂyjaé'@f 5 sfialeun la gn3 daddn
wwz w30 lun1IKEa CH, 91N FW i FIM 1-2.5 Wuin
%W’JL%BQQIﬂﬁ CH, yield gaﬁq@ Fadunaanmsusuda
ﬁﬁmaaﬂ@;uqﬁuﬂ%‘ﬁ@ia substrate laa i@ 227 mLig
VS yegrates § VSD 54.58 % Koch et al. (2017) Anw1%2
198 3 unas "LﬁLLrimm:uuﬂwﬁmﬁwL?{U’gwﬁu FLUUKRG
ANTTININITNDVBILTEN NI TN BATUASNTWRIIN U
Wazan digester VaI3TUVINLAVBILFLBUNIIATIITOU
@8 substrate 4 Uszinn’leun aznauainszuutnatin
Wiy tantIilne FW uas microcrystalline cellulose
muld FIM 0.5 7 38 °C wui sievesiadelsisons
ag19linudranyea CH,yielduntiulunsdaos
substrate Uszinnioaglag CH, yield {lunaatataiau
MNohaLazN1TUIUAVY inoculum §a substrate T8
aaszuzanlunisdesderinldsasnisuia cH,

= a g 3
HATNAIAILRZATFITY

3.2.2.2 n15888373 (Co-digestion,
CD) CD 284 FW uaz WH (Usuuazlaidsuanin) dae
SMR 59-78 % FW: 22-41 %WH @sualst FIM {61 2.26-
362 WU31 7l F/M~ 3.6 il SMR 284 ~90% FW :
10% WH BY 184 EP12 (WHB) d¢1 > EP6 (WH) >
EP9 (WHO) @afiein 179, 139 uaz 127 MLyiogas/9VSadsed
ausau Tapden VSD 67.16-70.99 % iwidiganui
F/M ~ 3 7§l SMR 289 ~80 % FW: 20 %WH BY 289
EP13 (WHB) fifn > EP7 (WH) > EP10 (WHO) Aildn
179, 177 U8 151 Mlyoge/9VS,qaeq ANVA1AY UATH
VSD 61.06-73.14 % BLWifini1 SMR w83 FW 80-90 %
: WH 10-20 % 71 F/M 3-3.6 mM3Usuanw WH ée hot
water bath §48adda BY 41nni1n15LE hot air oven

aaﬂﬂﬁaaﬁ'ﬂ*’gﬂmwaaaa MD 2wsftiia F/M &

ANUszunm 2.3 Az SMR ~60 % FW: 40% WH wWu1in
BY 284 EP8 (WH) 61 174 @9 > EP11 (WHO) 131 >
EP14 (WHB) 122 MLyjogee/GVSageq 82 0 A1 f1n41
WITDuRauNN 1T% Barua et al. (2018) 318971
BMP 289 CD 351319 FW waz WH 7i'laiUsuuazdsu
anwlagld hot air oven I@ul%ﬁu%agaiﬂﬁ FIM =1
ez SMR 289 FW:WH lutg 1:1-1:2.5 wudansdidlal

In15U5u8n 1w WH Hen BY FEANFIFA 4,328 mL f

SMR 289 FW:WH = 1:2 2027l WH AiUsuaniniien
5,017 mL‘ﬁl FW:WH = 1:1.5 Priya et al. (2018) 318374
HaU89 CD 75w FW uaz WH 7l SMR 1:1 Tagldea
Favndsdesvaiforialudidn BY 304 mLigvs
FWiAius SMR 189 CD uaz FIM Atnunzauadsd
msfnsindnluowae agrslsfiony CD azdinad
lagmndanisdesludIveInsai1isugaadng
91%M1T AUNAINWANLVBINFUIRUNTE LAY
anuau1salunisidu buffer Truaan1sazauva
VFAS UaZAAg18% 9 fivnltiRansgudimssafne
finu (Barua et al., 2019) uenanfigadumsmsauas
mslgdsslomiann WH Snnienits dedraitu EPS
(~60% FW: 40% WH 7 F/IM 2.26) §i61 BY 174
MLyiogas/9VSagiea INALALINY EP12 (~90% FW: 10%
WHB i F/M 3.59) fifingsgazes CD Ao 179
MLjogas/GVSadged ARIUTLUHANIIANBIUEI Romero De
Leon, et al., 2021 AN MD Waz CD 183 OFMSW L8z
WH (%“aL%amnﬁ'm:naaﬂwu“ﬂ) #131897% CH, yield
959 387 NLcu/KGVS yg0q 1951 MD 283 OFMSW 71
FIM 1:1 agindlsfi@aa CH, yield aananafddrlnaides
waz'ldnandranuwedralivsdragyny 337
NLgya/KGVS sq00q 789 CD 3293149 70 % OFMSW: 30 %
WH 7 F/M 1:1 ugaoliiduiistoduas CD iianInia

WAINWAY WD UUIEINIADILFY

33aNHMENIINILATIWIATYOIAZNOUFIATIIN

nyzuaumsdasuuylultoandiau

270 Figure 2(A) WAz 2(B) U3 TS WAL VS
removal {611 36-55 % L&z 40-60 % by FM MURAL LAz
{1 VSD 59.2-76.2 %TS (Table 2) Lilaiu/SouLfl sulunga
MD EP2-EP5 wuin VSD a9 EP2 (FW) 461 59.2 % TS
i FIM 4.58 Gsfidiaunin EP3 (WH) EP4 (WHO) was
EP5 (WHB) (72.2-76.1 % TS) 7idl F/M 1.26-1.38 11
anaiasunanmsi FIM ﬁgqﬂdﬂﬁa 3.3 1 vousl CD
1 EP6-EP14 7l F/M ~2.3-3.6 71§ SMR ~ 60-90 %
FW: 10-40 %WH #iei1 vSD lnatdasnulugg 61.06-
74.09 % TS
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VS by FM and VS removal (%)

W VS (% FM) (Day 0)
100 M VS (% FM) (Day 40) ®)
30 - Ya ay
W VS removal (% FM)
60 -
40
20
0

EP1 EP2 EP3 EP4 EP5 EP6 EP7 EP8 EP9 EPIOEPIIEPI2ZEPI3EP14

Figure 2 (A) TS by FM and TS removal (% FM) and (B) VS by FM and VS removal (% FM)

VFAs (mg/L)
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W Starting day (Day 0) B End of experiment (Day 40)

(B)

EP1 EP2 EP3 EP4 EP5S EP6 EP7 EP8 EPY EP10EP11EPI2EP13EP14

M End of experiment (Day 40)

B} I (©)
IIiIII'iIIIIi

EP3 EP4 EP5 EP6 EP7 EPX EPY EP10 EPI1 EP12 EP13 EP14

Figure 3 (A) Alkainity (B) VFAs and (C) CODs

g 100 W TS (% FM) (Day 0) (A)
T 80 - | TS (% FM) (Day 40)
2
§ 6 M TS removal (% FM)
£
T 40 -
£
= 20
w
= U T T T T T T T T T T T T T 1
EP1 EP2 EP3 EP4 EP5 EP6 EP7 EPS EP9 EPIOEPII EPI2EPI3 EPI4
HﬂlO,OOU Starting day (Day 0) [l End of experiment (Day 40)
o]
< 8,000 (A)
o
& 6,000
S
=D
E 4,000
=
‘£ 2,000
=
< 0
EP1 EP2 EP3 EP4 EP5 EP6 EP7 EP8 EP9 EP10EPI1EPI2ZEPI3EPI4
3,000 M Starting day (Day 0)
2,500
=
5p 2,000
g
~ 1,500
a
O 1,000
&)
500
0
EPl EP2
~ 30 [l Total Organic Nitrogen, Org_N (gN/kg FM) (A)
E 25 M Total Ammonia Nitrogen, TAN (gN/kg FM)
La.n ’ X Total Kjeldahl Nitrogen, TKN (gN/kg FM)
“_é, 2.0
515
g
; 1.0
B
£ 05
£
0.0

EP1 EP2 EP3 EP4

EP5 EP6 EP7 EP8 EP9 EPIOEPII EPI2 EPI3 EPI4

Nitrogen content (gN/kg FM)

M Total Organic Nitrogen, Org_N (gN/kg FM)

(B)

B Total Ammonia Nitrogen, TAN (gN/kg FM)
X Total Kjeldahl Nitrogen, TKN (gN/kg FM)

EPI EP2 EP3 EP4 EP5 EP6 EP7 EP8 EP9 EPIOEPI1EPI2EPI13EP14

Figure 4 Nitrogen content in digestate for starting day (A) and by the end of experiment (B)

ﬁmwaaaé’@ﬂui’umnLLa:fuauqmms

nasasvaInnaadslarlndifvanulugig 7.9-8.8

LEWLABIANURATINEANS (Figure 3(A)) lawiiea1 5,000-

8,000 mg/L as CaCO, Naitasaniiniaiéu Alk lwnu
A o A A A a

TruuNamwmuMUasuwwladniasnanaiaanms
=2 o &

F=ENVDI VFAs §9 VFAs Way CODs 1muauqﬂmi

. e &
nagaudulngda1Waudn (Figure 3(B) uaz 3(C))
A a A6 A v
La9anansBunIduiunszuaunsialasladgalimdn

VFAs azawagluszauf ldduginsinausasnfiunid

mjmi’wﬁmu Lﬁ@auqamaaﬁanﬁuqﬁuw?ﬁ PRI

= =
ICHUULRDLININ

USinas TN Ransanann TKN dtssniduns
daguuyldltaangian 39ldfasdUsznauvas NOSN
ez NON 13089 N, lutuiSudunageuain Figure 4
(A) Org_N §idn 83.3-92.6 % iosanidululaniaulu
gﬂaﬂiﬁuw'iﬁﬁﬂ'avlajtimﬂﬁﬂaa uazdl TAN 6.1-16.7 %
Lﬁaéuq@nwsw@aaum”a (Figure 4 (B)) Org_N Hdaaas
\Waa 33.2-59.8 % Liasan Org_N Qnsiamtauﬂ?iﬂugﬂ
u TAN donalitangam TAN tisduin 40.3-66.9 %
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3.4 aNBUSYBIASNAUFININILRFINTLaLdan T T

J998mMINEAN I TN EAT

FRAINIUWAINNTHAY 40 7% Ta1 TKN, TP
ey TK 1%“15'3\3 0.001-0.003, 0.001 ez 0.184-0.918
o @ < X A & ' '
mg/gFM aas1au Nebiiasanasdlsznaudinlug
o ea & A & ¥ o
YPIRAATADANNTU VazNodfUsznaulasiinin
2aaudadan 0.005-0.021, 0.004-0.006 waz 1.651-7.602
o o A e ' o )
mg/gTS auday Selardninasinmadudadsns
a Ao o Aa .
HRANIIMIINEATNTUTaIlasnTuNRMIAIGY (Office of
Science for Land Development, 2013) (81 iu TK T
U9nTih) Aiuald TN > 10, TP > 5uae TK > 5
mg/gFM ag14'l5iany gaadasnartzinisabsidu
°uaammlumsmﬂaaﬂwﬁmﬁaLﬁumw%u WAL w
o A P 4
THANIATIN FmLﬂuLmealuﬂ'ﬁLwwm@;mmsﬁmﬁa
nsiauazlfUselomianaaasNe1wA1TEa LA
(Marti-Herrero et al., 2019)

4. d3

msfnsmMIMsauazmsitdselomian Fw
war WH lumsdasidisruaznistassiu iansuia
ANTBININEI8NTLUIBNNT AD WUIT FW wag WH
sunsadumsnduladiiosnniusunmansdunss
luzd VSITS g9nin 74 % waz FW danuaiananlu
mItasaany lasuazdanamwlumniafmadiniw
g9ndn WH Lﬁaﬁmsmwmmi‘é‘uﬂ?ﬁaxmfﬂ,ugﬂ
CODs Waz VFAs Winlainn1sdsuaniw WH 28819
ihfau SuwliulunsiAvenuaansalunsdesle
dnimslfianavanion Geezdnldarnnidiaasnis
danifigni WHB fd1 BY g9n31 WHO uaz WH Tuaiag
FIM Alndifsenu seaadasnunavasn1sdaysrad
SMR 32%319 FW Wag WH 83 80-90 % FW: 10-20 %
WH uaz F/M e 3-3.6 wui1 WHB > WH > WHO
aenslsfimuiile SMR Senenastlszanms 60 % FW: 40 %
WH n15Ususnw WH lifinada BY na1nde WH >
WHO > WHB t#a931nUSurmniswaadiiadanan
saulwgjiunaunainnston FW unan Sadszian
2999213857089 SMR figonada F/M uaznansdas
Sruve9 FW uar WH lasdsiaann nutrient Lae
alkalinity supplement 37nn1 Uu@ﬂmiﬁﬁﬂmt,ﬁwﬁu
da'ld

5. na@anssNUszn@

v e

nwidnluaiaildunuatuayunsisoam
swdszanoniuseld amcFouaadanuazninains
MEAS N INENRBNENIANN TIuLTTane 2563 LAz
lasansssuauunuinisolng (in.) Uszdd 2562
rhosiniounusgonanmesmuinmemaaiuazinalulad

SN UNAIWI NN NW%LL@ZLY]QI%IﬂﬁLL%'G"H’Ia
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ABSTRACT

This research and development project aims to create an application for managing processed
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durian products to support B2B2C e-commerce. The objectives are to 1) study relevant data, 2) design the

Received: 2023-10-02

system architecture, and 3) evaluate system efficiency. The sample group consists of the processed durian
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community in Bukit Subdistrict, Cho-I-Rong District, Narathiwat Province. The development follows the

SDLC model, using NextJS with Server-Side Rendering (SSR) for the frontend, Node.js for the backend,

and Firestore on Firebase as a NoSQL database. The system comprises seven core modules: member
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management, product management, order management, payment channels, database management, multi-
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vendor management, and reporting. Evaluation by two experts and 30 users shows that the system
performs excellently, particularly in meeting user requirements (X = 4.67, S.D. = 0.49), system functionality

(X = 4.62, S.D. = 0.55), ease of use (X = 4.57, S.D. = 0.49), and data security (X = 4.60, S.D. = 0.56).

The research results indicate that this system is efficient and can be implemented in real-world scenarios.

It helps connect community products to online markets through social media, increases sales channels,

and can potentially aid in controlling product prices and quality in the future.
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1. Introduction

In the rapidly evolving digital landscape of
Thailand, community businesses, particularly those in
the local fruit processing industry, face significant
challenges in adapting to the online marketplace.
Although the e-commerce sector in Thailand has
demonstrated remarkable growth (Kemp, 2023), many

community businesses still struggle to effectively
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access digital technologies and markets. The case
study of the durian jam processing community in Bukit
Village, Cho-airong District, Narathiwat Province,
exemplifies the primary obstacles that local entrepreneurs
encounter: limited market access, lack of technological
skills, and intensified competition from large online
retailers. Despite the unique characteristics and cultural
value of southern Thailand's native durian, local

producers continue to face difficulties in expanding their
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market reach and boosting sales. This research,
focused on "Development of an E-Commerce Application
System for Durian Entrepreneurs in Narathiwat
Province, Thailand," aims to address critical gaps in the
existing literature by integrating cutting-edge technology
with local contexts. While previous studies have explored
e-commerce potential for Thai SMEs (Wongkhamdi et
al., 2020) and the adoption of serverless e-commerce
applications (Athreya et al., 2022), this research
uniquely applies advanced technologies such as
ReactJS, NextJS Server-Side Rendering (SSR), and
Firebase to the specific challenges of the durian
industry in Narathiwat Province. This approach not only
expands the scope of e-commerce studies for specialized
agricultural products but also presents novel strategies
for developing digital business models tailored to small-
scale entrepreneurs. The practical application of e-commerce
for community businesses is essential, particularly the
implementation of the B2B2C (Business-to-Business-
to-Consumer) model. This model facilitates commercial
interactions between businesses and aids in selling
products directly to consumers, representing a novel
business paradigm that unifies customers and sellers
on a single platform (Cai et al., 2018). This research
builds upon this concept by developing a B2B2C e-commerce
system specifically for durian jam products from the
Bukit community, aiming to solve market access
problems, increase operational efficiency, and foster
long-term customer relationships. The proposed
approach in this research consists of developing an
intuitive mobile application, creating an efficient logistics
system, and utilizing data analysis technology to enhance
marketing strategies. This approach aligns with recent
trends in creating positive customer experiences
through transparency and efficiency in the ordering
process (Dhayfule et al., 2022). Moreover, the developed
system allows entrepreneurs to act as direct sellers,
helping to reduce the complexity of business processes
and the number of intermediaries in the sales chain
(Kamble et al., 2022). Technologically, the developed
system leverages web components for faster rendering
and uses the React JavaScript library to achieve
efficiency comparable to major platforms. Data storage

employs real-time NoSQL on Google Firestore, offering

high speed, instant responsiveness, and support for
numerous users (Yerlekar et al., 2023). The selection
of these technologies not only enhances system
performance but also contributes to broadening the
knowledge base for applying advanced digital
technologies in agriculture. The expected outcomes of
this research are diverse and significant, including (1)
increased sales and revenue for durian jam producers
in the Bukit community; (2) expansion of the customer
base into new markets, both domestically and
internationally; (3) creation of a sustainable business
model for local fruit processed products, applicable to
other communities in Thailand; (4) generation of new
knowledge in applying technology to agriculture,
particularly in the context of e-commerce for specialty
products; (5) enhancement of competitiveness for
small-scale agricultural entrepreneurs in the digital
marketplace; and (6) stimulation of the local economy
through improved market access and increased sales
(Anwar et al., 2021; Prakarsa and Hafiz, 2022). The
integration of traditional trading strategies with online
channels through this specially designed e-commerce
platform aims not only to expand customer reach and
increase revenue for the Bukit community but also to
create a replicable model for the digital transformation
of Thailand's agricultural sector (Sirisom, 2017; Pongsak,
2017). Consequently, this research contributes to filling
important gaps in the literature by providing in-depth
insights into the impact of e-commerce technology on
local farming communities and presenting innovative
approaches to UX/Ul design specifically tailored for
durian entrepreneurs (Ngamwannakom, 2022). In summary,
this study has the potential to make significant
contributions both in the practical application of
e-commerce in community businesses and in the
academic understanding of digital transformation in
agriculture. The results of this research have the
potential for widespread application, leading to
comprehensive digital transformation across Thailand's
agricultural industry and potentially serving as a model
for similar initiatives in other regions (Alsiddiq and
Jamail, 2019). This research not only aims to address
the immediate problems of the Bukit community but

also lays the foundation for long-term sustainable
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development of the Thai agricultural sector in the digital
era by balancing the preservation of cultural values of
local products with the utilization of market opportunities
presented by modern technology (Andoyo et al., 2020).

Furthermore, this study plays a crucial role in
promoting grassroots economic development and
reducing the digital divide by enhancing the technological
capabilities of small-scale entrepreneurs in rural
communities, aligning with Thailand's digital economy
development policy (Digital Economy Promotion Agency,
2019). Ultimately, the results of this research will not
only benefit the Bukit community and the durian
industry but also have the potential to create a positive
impact on Thailand's agricultural sector as a whole by
presenting an adaptable model for elevating other local

agricultural products to the global digital market.

2. Materials and Methods

The development of an e-commerce application
system for durian entrepreneurs in Narathiwat Province,
Thailand, was conducted using a six-step research and
development process. The system development followed
the Systems Development Life Cycle (SDLC) methodology
(Boggs, 2004; Agarwal et al., 2023; Patel, 2023;

Leloudas, 2023). The steps are as follows:
1. Literature Review

A comprehensive study and analysis of
literature, research, and technologies related to e-commerce
systems for community entrepreneurs was conducted,
particularly in the context of the durian industry and
processed products. In addition to referencing existing
research such as (Kemp, 2023; Wongkhamdi et al.,
2020; Andoyo et al., 2020), the researcher also
included contemporary studies on e-commerce systems
and their impact on local economies.

Key findings from the literature review:

- (Luo and Niu, 2019) demonstrated the
positive effects of e-commerce on rural economies in
China, especially in increasing household income.

- (Chen, 2024) highlighted how rural e-commerce
has significantly transformed traditional sales patterns

of agricultural products, improving market access for

farmers and enhancing overall economic diversity in
rural areas.

These findings helped define the objectives of
the current study, emphasizing the development of a
system that responds to the specific needs of durian
entrepreneurs in the area and measures the impact on

the local economy.
2. System Design

Concepts were developed and an e-commerce
system was designed to meet the specific needs of
durian entrepreneurs in Narathiwat Province. User-
Centered Design (UCD) techniques and Rapid
Prototyping were employed to design the User Interface
(Ul) and User Experience (UX) appropriate for the
target group.

3. System Architecture Design

The system architecture was planned and
designed using Google's Firebase and Firestore for
cloud data storage, aligning with the research of
(Andoyo et al., 2020; Wongkhamdi et al., 2020), who
used Firebase in developing e-commerce systems for
entrepreneurs and SMEs in the Thai context. The
system comprises:

a) Frontend: React Native for mobile applications
and Next.js for web applications

b) Backend: Firebase Functions for serverless
backend processing

c) Database: Firestore for NoSQL data storage

d) Authentication: Firebase Authentication for
user verification

e) Storage: Firebase Storage for image and
file storage

f) Hosting: Firebase Hosting for web application
deployment

The use of Firebase ensures system flexibility,
scalability, and high security, which is suitable for the
needs of durian entrepreneurs in Narathiwat Province.

An example of the data structure in Firestore
is as follows:

/ljavascript

"products" collection

{
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"id": "autogenerated_id",

"name": "Premium Durian Paste",

"description": "High-quality durian paste
from Narathiwat",

"price": 250,

"category": "Processed",

"producerld": "user_id_reference",

"createdAt": Timestamp,

"updatedAt": Timestamp

This structure allows for efficient storage and
retrieval of product information, which is crucial for the

e-commerce system's performance.

4. System Development

The application was developed following the
Agile Systems Development Life Cycle (SDLC) using
the Scrum framework, with the following details:
a) Requirements Analysis: Employed In-depth Interview
techniques with durian entrepreneur groups.
b) Design: Used Figma for UI/UX design.
c) Development: Used Git for Version Control.
d) Testing: Black Box Testing was used to test the
system from the user's perspective.
e) Evaluation: Used a 5-level satisfaction assessment
form following (Boonchom, 2002) method.
f) Improvement: Analyzed evaluation results and

feedback in Sprint Retrospective.
5. System Implementation

Firebase Hosting was used for web application
deployment, while Google Play Console and App Store
Connect were utilized for mobile application distribution.
User training was conducted using the Train-the-Trainer

method.

6. User Manual Creation

The user manual for the e-commerce system
was created using Canva as the main tool, with steps
including manual structure design, content creation,
and manual distribution through interactive PDF and

QR codes.

This application development focused on
creating a system that responds to the specific needs
of durian entrepreneurs in Narathiwat Province, taking
into account the cultural context, language, and
technological limitations in the area. The study used
Purposive Sampling, selecting 10 groups of durian
entrepreneurs in Narathiwat Province. The expected
outcomes of this research are increased sales and
income for the community, expansion of customer base
to new markets, and the creation of a sustainable
business model for local fruit processed products,

which can be applied to other communities in Thailand.

3. Results and Discussion

This study focuses on developing an e-commerce
system for durian entrepreneurs in Narathiwat
Province, utilizing the B2B2C model. The results of the
study are divided into four main sections: 1) the
prototype of the durian processed product management
system, 2) the system development architecture, 3) the
user interface design, and 4) the system performance

evaluation results.

1. Prototype of the Durian Processed Product

Management System

The system prototype consists of three main
components: input, process, and output. The system
can comprehensively manage data related to
entrepreneurs, products, manufacturers, customers,
and orders. The main functional features include a
member management system, product management
system, order management system, multi-vendor
management system, reporting system, and database

management system.
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Figure 1 Prototype of the durian processed product management system

The details of Figure 1 are as follows: The
input data for the system can be organized in the
following manner: Company details: Durian Product
Details: The information provided includes the product's
name, description, category, price, weight, quantity per
unit, and a picture of the product. Information about
manufacturers of processed durian products includes
the group's name, address, phone number, logo, bank
account name, and income and spending data. Client
Details: Member Details include the individual's name,
email, and password. Purchase Information: Please
include the recipient's name, the item(s) purchased, the
quantity of products purchased, the delivery method,
the delivery address, and the phone number. The
journal describes a system development approach that
has many components: 1) Members Management
System: This system incorporates features such as
Google Mail login, assignment of roles and permissions,
and registration of memberships for various user roles
(Admin, Vendor/Seller, User). The functionality of the

system includes the management of member information,

with the ability to display, add, delete, amend, and

search for information. 2) Product administration
System: Incorporates a range of features for efficient
product administration, such as product display,
addition, removal, modification, and search capabilities.
Additional functionalites encompass inventory management,
product commenting, reviewing, rating, sorting, filtering,
and issuing notifications for low inventory. Product
picture zoom facilitates an improved user experience
by enhancing the ability to view and examine the
product in detail. 3) Orders Management System:
Provides features for managing orders, such as the
ability to view, add, remove, modify, and search.
Automated notifications of order status via email and
SMS enhance contact with users. Order history tracking
is active, and secure payment transactions are handled
by the Payment Gateways System. 4) Multi-Vendor
administration: Facilitates efficient administration of
many suppliers by providing functionalities for displaying,
adding, deleting, modifying, and searching. 5) Reporting

System: Enables comprehensive analysis and evaluation
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of many components of the system, such as product
reports, administrative insights (Admin Dashboard),
user activities (User Dashboard), vendor performance
(Vendor Dashboard), and real-time sales tracking. 6)
Database Management System: Ensures optimal
administration of databases pertaining to members,
items, orders, and payments, and provides features for
ensuring the consistency and availability of data. The
output evaluation is organized in a journal style and
includes the following categories: 1) User Requirement
Fulfilment: Comprises of 8 sub-questions evaluating the
system's effectiveness in managing members, managing
products, processing orders, handling payment
channels, managing databases, overseeing multiple
vendors, generating sales data reports, and facilitating
user registration. System Functionality: The evaluation
consists of 8 sub-questions that assess the effectiveness
of several aspects, including member administration,
product management, order processing, payment handling,

database management, multi-vendor management,

Keyword query —

Clasification
search

> Registration —» Login in
] Lastest

Products
Customer

Products

Recommended

Product

> Management |

i—l Expenses

Entrepreneur
Registration —» Login in
Report

Order
> Transaction

sales data reporting, and user registration. User-
Friendliness: Comprises 8 sub-questions that assess
the ease of use and satisfaction regarding the
functioning of the system, the consistency of screen
design, the appropriateness of symbols and images,
the suitability of font size, the suitability of colors, the
relevance of text, and overall user contentment. Data
security encompasses four sub-questions that evaluate
user authentication through the use of user IDs and
passwords, precise user access control, prompt
communication of product orders and payments, and

timely notification of errors or missing data.
2. System Development Architecture

The system is developed based on the B2B2C
model, which interconnects producers, merchants, and
consumers. The platform serves as an intermediary,
helping to reduce sales processes and enhance logistics

management efficiency.

Product review

|

Product
selection

|

Continue
shopping

Modify

shopping cart ——» Confirm Order

—» Shoping cart —»

v

Confirm or add
user information

i S y

Delivery
Methods

| :

Shipping company

Confirm Order «———  Payment <+———

—— Complete Order — Check Order

Customer

Figure 2 Durian Processed Product Management System Development Architecture
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The details of Figure 2 are as follows: The
B2B2C (Business-to-Business-to-Customer) model is a
business approach that facilitates transactions between
business owners and enables them to sell products to
consumers. This new business model combines both
buyers and sellers on a single platform. The business
that owns the platform acts as an intermediary, bringing
business owners and consumers together with a focus
on user behavior. The B2B2C model is a new sales
method that has evolved from and improved upon the
B2B and B2C models. In the current e-commerce
system, a logistics supply chain has been created
through the B2B2C model, offering comprehensive
services. The innovation of the B2B2C model lies in
providing new e-commerce rules for all consumers. The
full-service e-commerce platform using the B2B2C

model connects producers, sellers, and consumers,

RS . | 10t @D 12:38

fully integrating production and retail resources. This
platform allows merchants to act as direct sellers,
bringing business directly to consumers and shortening
the sales chain. Additionally, it has a complete logistics
system that selects appropriate transport companies
based on consumer needs. As the number of
intermediary connections decreases, consumers can
purchase satisfactory products at lower prices, while

businesses can also achieve higher profits.
3. User Interface Design

The user interface is designed to be user-
friendly for both buyers and sellers. It includes
registration pages, sales pages, product listings, order
history, shopping cart, payment processing, product

reviews, a dashboard for sellers, and a control menu.
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The details of Figure 3 are as follows: The Ul
design of the durian processed product management
system is customized to provide a smooth and user-
friendly experience for both consumers and suppliers.
Figure 3 depicts the essential elements of the user
interface design. a) User Registration Page: This page
facilitates the creation of an account and registration
process for new users to have access to the system. b)
Sales Page: After logging in, customers are presented
with the sales page, where they may see the available
items and are encouraged to make rapid purchase
selections via a conspicuous "Buy Now" button. c)
Product List: Users may access a complete display of
all durian processed items that are currently available,
allowing them to easily browse and explore the whole
variety of products. d) My Orders: Users may view their
order history and control their pending, confirmed, and
finished orders. f) Shopping Cart: A specialized
shopping cart enables customers to review and

manage the items they plan to buy. f) Checkout: The

Table 1 General Information about the Respondents results

checkout procedure directs consumers through the
stages of selecting payment alternatives and confirming
their orders. Product Reviews: Users have the ability to
post reviews and ratings on items, offering useful input
to other buyers. The backend dashboard allows
vendors to have access to a comprehensive picture of
client orders, encompassing pending payments, order
confirmations, shipping, and completed orders.
Additionally, it indicates the overall quantity of things
that have been ordered. i) Menu Page: Vendors can
access different menu categories to observe and

control their product listings and orders.
4. System Efficiency Evaluation Results

The system's efficiency was evaluated by a
sample group of 30 people, consisting of entrepreneurs
and general users. The evaluation results are divided

into two main parts:

Part 1: General Information about the Respondents

Gender Age Educational qualification Experience in buying
andselling durian (Year)
Male Female 18-68 Lower than Bachelor's Not 3-30
Bachelor's degree specified
degree
10 20 30 12 17 1 30
33.3% 66.7% 100% 40% 56.7% 3.3% 100%

Table 1 shows the following: Gender: 33.3%
of the respondents were male (n=10), and 66.7% were
female (n=20). Age: 100% of the respondents were
aged 18-68 years (n=30). Educational qualifications:
40% had a bachelor's degree (n=12), 56.7% also had
a bachelor's degree (n=17), 3.3% did not specify their
qualifications (n=1). Experience in buying and selling

durian: 100% had 3-30 years of experience (n=30).

Part 2: Evaluation of the Satisfaction Level with the
Efficiency of the Development of the Mobile Application
for Durian Processed Product Management Center
System Application in Narathiwat Province Towards
Driving E-Commerce using the Black-Box Testing

Method

2.1 Evaluation of Compliance with User Requirements

(Functional Requirement Test)
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Table 2 Function requirement testing results

Function requirement Testing X S.D. Interpret results

1. The system can manage members. 4.73 .58 The most
2. The system can manage products. 4.67 .61 The most
3. The system can manage product orders. 4.70 .60 The most
4. The system provides payment channels. 4.60 .62 The most
5. The system can manage databases. 4.57 .68 The most
6. The system can manage multiple sellers. 4.70 .60 The most
7. The system can generate sales reports. 4.73 .52 The most
8. The system allows user registration. 4.63 .56 The most

Total 4.67 .49 The most

Table 2 shows the following conclusions
about the functionality of the system: The system can
manage members and generating sales reports was the
most valued feature (X =4.67, S.D.= .49). The three

items with which users were most satisfied were: The

system can manage members (X = 4.73, S.D. = 0.58)

Table 3 Functional Testing results

and generate sales reports (f =4.73,S.D. =0.52). The

system can manage product orders and multiple sellers

(X =4.70, S.D.= .60) and the system can manage

products (X =4.67, S.D.= 0.61).

2.2 Evaluation of the Efficiency of the System's Functional

Performance (Functional Testing)

Functional Testing X S.D. Interpret results

1. Accuracy of member management 4.53 .63 The most
2. Accuracy of product management 4.60 .68 The most
3. Accuracy of product order management 4.67 .66 The most
4. Accuracy of payment channels 4.63 .67 The most
5. Accuracy of database management 4.53 .63 The most
6. Accuracy of multiple seller management 4.70 .54 The most
7. Accuracy of sales report generation 4.63 .67 The most
8. Accuracy of user registration 4.63 .62 The most

Total 4.62 .55 The most

Table 3 shows the following conclusions about
the functionality of the system: Overall satisfaction with
the functionality of the system was the highest (f=4.62,
S.D.= 0.55). The three items that users were most

satisfied with were: Accuracy of multiple seller management

(f=4.70, S.D.= 0.54), accuracy of product order
management (f =4.67, S.D.= 0.66), accuracy of
payment channels (f= 4.63, S.D. = 0.67), accuracy of
sales report generation (f = 4.63, S.D. = 0.67), and

accuracy of user registration (f= 4.63, S.D. = 0.62).
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Table 4 Usability testing results

Usability Testing x S.D. Interpret results

1. The system is easy to use. 4.47 .63 The most
2. The system works quickly. 4.50 .63 The most
3. The screen design is standardized. 4.60 .62 The most
4. The use of symbols or images is appropriate. 4.60 .56 The most
5. The font size is appropriate. 3.63 .56 The most
6. The use of text and image colors is appropriate. 3.63 .56 The most
7. The use of text to explain the meaning is appropriate. 3.57 .73 The most
8. Overall satisfaction with the system is high 3.57 .68 The most

Total 4.57 .49 The most

Table 4 shows that the overall satisfaction
with the usability of the mobile application was the
highest (X =4.57, S.D.=.49). The three items that users
were most satisfied with were: 1) The screen design is

standardized (X = 4.60, S.D. = 0.62); 2) The use of
symbols or images is appropriate (J? = 460, S.D. =

Table 5 Security testing results

0.56); 3) The system works quickly (X = 4.50, S.D. =
0.63); and 4) The system is easy to use (X = 4.47, S.D.
= 0.63).

2.3 Evaluation of the Efficiency of Data Security in the
System (Security Testing)

Security Testing X S.D Interpret results

1. The system can assign usernames and passwords to verify user 4.60 .68 The most
access.
2. The system can control access according to user permissions 4.60 .56 The most
accurately.
3. The system notifies when ordering products and making 453 .63 The most
payments.
4. The system notifies when incorrect or incomplete data is 4.62 .62 The most
entered.

Total 4.60 .56 The most

Table 5 shows the following conclusions
about the system performance: Overall satisfaction with
the system’s performance was the highest (f =4.60,
S.D. = 0.56). The three items that users were most
satisfied with were: 1) The system notifies when
incorrect or incomplete data is entered (f =462, S.D.
= 0.62); 2) The system can assign usernames and
passwords to verify user access (f =4.60, S.D. =0.68)
and control access according to user permissions
accurately (f =4.60, S.D. = 0.56); and 3) The system
notifies when ordering products and making payments

(X =453, S.D. = 0.63).

The research team's comprehensive evaluation
of the e-commerce system for durian entrepreneurs in
Narathiwat province has yielded impressive results
across all four aspects of assessment. Users expressed
high satisfaction with the system's alignment to their
requirements, awarding it an average score of 4.67.
This satisfaction was particularly evident in the system's
robust membership management features and its
capability to generate detailed sales reports. The
system's performance efficiency also received high
marks, with an average score of 4.62. Users especially
appreciated the accuracy in managing multiple sellers

simultaneously. In terms of usability, the system
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received a commendable 4.57, with users praising the
intuitive screen design and the effective use of symbols
and images. Data security, a critical aspect of any
e-commerce platform, garnered an average score of
4.60, with users particularly valuing the system's
proactive notifications for incorrect or incomplete data
entry. These evaluation results paint a picture of a
highly efficient system that responds well to user needs.
However, it's worth noting that the ease of use score,
while still high, is slightly lower than the scores for other
aspects. This suggests an area for potential improvement
in future iterations of the system. A particularly intriguing
finding of this study is the effectiveness of the B2B2C
(Business-to-Business-to-Consumer) model in enhancing
connections between producers, traders, and consumers.
This aligns with previous research by (Cai et al., 2018),
which highlighted the model's capacity to reduce supply
chain complexity and improve logistics management
efficiency. When compared to similar e-commerce
systems developed for agricultural products in other
regions, this system distinguishes itself through its
robust support for multiple sellers and its efficient
logistics management capabilities, making it particularly
well-suited for the unique context of durian entrepreneurs
in Narathiwat province. Despite these positive outcomes,
the study does acknowledge certain limitations.
Notably, the sample group for system testing did not
encompass all user groups, with a particular gap in
representation from end customers - a crucial component
of the B2B2C model. This highlights the need for more
comprehensive customer testing in future system
development to ensure a more holistic evaluation.
Looking ahead, the research team recommends
conducting additional studies to gauge the system's
impact on local economic development. They also
suggest exploring the possibility of expanding the
system to other regions or adapting it for different
agricultural products. Such studies would provide a
broader perspective on the potential of e-commerce
systems for agricultural products across Thailand.

The development of the e-commerce system
for durian entrepreneurs in Narathiwat Province has
shown promising results, yet it is not without limitations.

The study's relatively small sample size of 30 users

may limit the generalizability of the findings. Additionally,
the lack of input from end customers, a crucial element
in the B2B2C model, presents a gap in the evaluation
process. The system's slightly lower score in ease of
use compared to other aspects indicates potential for
improvement in the user interface design. Despite these
limitations, the system offers unique features that set it
apart from similar e-commerce platforms for agricultural
products. Its robust support for multiple sellers directly
addresses the specific needs of the Narathiwat durian
industry. The integration of a comprehensive logistics
management system enhances product delivery
efficiency, while the utilization of the B2B2C model,
although less common in agricultural e-commerce,
significantly reduces supply chain complexity.

User feedback has been largely positive, with
particular praise for the system's multiple seller
management capabilities. Users have reported that this
feature has streamlined their operations and improved
communication with customers through the automated
notification system.

Looking ahead, there are several potential
avenues for future development. The system could be
expanded to accommodate a wider range of agricultural
products beyond durian. Implementation of machine
learning algorithms could provide personalized product
recommendations, enhancing the user experience.
Integration of blockchain technology could improve
supply chain traceability and build trust among users.
Developing a mobile application would increase
accessibility, catering to the growing trend of mobile
e-commerce.

In the results, while the system demonstrates
significant improvements over existing solutions, there
is room for refinement, particularly in user interface
design. More comprehensive user testing, especially
including end customers, would be beneficial for future
iterations. Despite its current limitations, the success of
this system lays a strong foundation for developing
similar e-commerce solutions for other agricultural
products, not only in Thailand but potentially beyond its

borders as well.
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4. Conclusion

The development of an e-commerce system
through a mobile application for durian entrepreneurs
in Narathiwat Province has marked a significant
milestone in addressing the challenges faced by local
agricultural businesses. This innovative approach has
not only successfully resolved the issues identified in
the research but has also paved the way for a more
efficient and sustainable business model in the region.
The system's effectiveness is evident from the
overwhelmingly positive user satisfaction ratings across
all four dimensions evaluated: alignment with user
requirements, system performance efficiency, ease of
use, and data security. With mean scores ranging from
4.57 to 4.67, the application has demonstrated its ability
to meet and exceed user expectations, providing a
robust platform for e-commerce activities. At the heart
of this success lies the application's ability to drive the
B2B2C (Business-to-Business-to-Consumer) model
effectively. By directly connecting producers with
traders and enabling traders to showcase products to
consumers through a unified platform, the system has
significantly reduced supply chain complexity. Furthermore,
its integrated logistics management and data analysis
capabilities have empowered stakeholders to make
informed business decisions, streamlining the entire
process from production to consumption. The impact of
this e-commerce system extends far beyond mere
technological advancement. Economically, it has
opened up new market opportunities both domestically
and internationally, increasing revenue and profits for
local entrepreneurs. This expansion has had a ripple
effect on the local economy, fostering growth and
development. Socially, the system has catalyzed digital
skills development within the community and fostered
collaborative networks among various stakeholders in
the supply chain. From an industry perspective, this
initiative represents a transformative shift from traditional
trading methods to digital formats. It serves as a model
for e-commerce system development that can be
applied to other agricultural products, potentially
revolutionizing the entire sector. Moreover, the system's
focus on sustainable business growth and support for

local entrepreneurship aligns well with broader

sustainable development goals. Looking ahead, there
are numerous opportunities to build upon this success.
Recommendations for future applications include adapting
the system for other processed agricultural products
and extending its use to other regions of the country.
Emphasis should also be placed on continuous skill
development through training programs and fostering
collaborations among entrepreneurs, logistics providers,
government agencies, and educational institutions. To
ensure long-term relevance and effectiveness, future
research should focus on studying the system's long-
term impacts on local economic development and
changes in consumer and entrepreneur behavior.
Expanding the research scope to other regions and
agricultural products will provide valuable insights for
broader implementation. Additionally, exploring the
integration of advanced technologies such as artificial
intelligence and big data analytics could further enhance
the system's efficiency and predictive capabilities.
Sustainability should remain a key focus, with research
efforts directed towards understanding the system's
impact on environmental and social sustainability in the
durian supply chain. Aligning system development with
Sustainable Development Goals (SDGs) will ensure
that technological advancements contribute positively
to overall societal progress.

In conclusion, the development of this e-
commerce system via a mobile application for durian
entrepreneurs in Narathiwat Province represents a
significant leap forward in addressing the challenges
faced by local agricultural businesses. By efficiently
connecting producers, traders, and consumers through
the B2B2C model, it has not only solved existing
problems but also created new opportunities for
economic and social development. As this model is
refined and expanded, it has the potential to
significantly advance Thailand's agricultural industry,
setting a new standard for digital innovation in the
sector. The success of this initiative underscores the
transformative power of technology when applied
thoughtfully to address real-world challenges, promising
a brighter, more connected future for agricultural
communities not just in Narathiwat, but potentially

across Thailand and beyond.
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5. Suggestion

The implementation of the e-commerce
system for managing processed durian products has
revealed both immediate operational challenges and
opportunities for future enhancement. As with any new
technology adoption, a learning curve has emerged,
particularly affecting some entrepreneurs who have
encountered initial difficulties in data entry. This challenge
underscores the importance of intergenerational collaboration
within the community. Engaging younger individuals to
learn and understand the system, and subsequently
assist the entrepreneurs, could significantly smooth the
transition process. To ensure a successful integration,
researchers and affiliated networks will closely oversee
this process during the crucial first six months of
implementation. Looking towards the future, there are
several avenues for improving the application's
functionality and user experience. A key recommendation
is the integration of consumer behavior tracking
capabilities. This feature would provide valuable
insights into purchasing trends, allowing the system to
offer personalized product recommendations. Such a
development would not only enhance the user experience
for consumers but also provide entrepreneurs with
data-driven insights to inform their business strategies.
Furthermore, centralizing the payment processing
within the application emerges as another important
suggestion for future development. By streamlining the
transaction process, this enhancement would
significantly improve customer convenience, potentially
leading to increased sales and customer satisfaction.
This centralized approach could also provide better
oversight and security for financial transactions within
the system. These recommendations, both for immediate
operations and future development, aim to address
current challenges while also positioning the system for
long-term success. By focusing on user support, data-
driven insights, and improved functionality, the central
system for managing processed durian products can
continue to evolve, meeting the changing needs of
entrepreneurs and consumers alike. This adaptive
approach ensures that the system remains not just a
tool for current use, but a platform for ongoing innovation

in the agricultural e-commerce sector.
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Table 1 Minimum, Maximum and Average of COVID-19 Infected People in Thailand between April — October 2021

Month April May June July August September  October
Minimum 26 1,630 2,230 5,420 14,666 9,489 7,706
Maximum 2,839 9,635 5,406 18,912 23,418 16,031 11,754
Average 1,209 3,055 3,317 10,917 19,595 13,294 9,953

Total Average = 8,802




Recent Science and Technology 17(1) 261074 (2025)
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Figure 1 Line chart for COVID-19 infected people in Thailand between April 1, 2021 — October 31, 2021
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Figure 2 Line chart for COVID-19 Infected People in Thailand and forecast using global constant mean model
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Figure 3 Line chart for COVID-19 Infected People in Thailand and forecast using local constant mean model: single

moving average with n =2
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Figure 4 Line chart for COVID-19 Infected People in Thailand and forecast using local constant mean model: single

exponential smoothing with a (smoothing constant) = 0.1
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Figure 5 Line chart for COVID-19 Infected People in Thailand and forecast using adaptive forecasting model:

adaptive filtering
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Table 2 MAD, MSE and MAPE of statistical forecasting of COVID-19 infected people in Thailand

Forecasting Technique MAD MSE MAPE

global constant mean model 4,386.42 42,020,383 43.95

local constant mean model

1) single moving average when n=2 354.05 308,654.08 6.76
2) single exponential smoothing when a= 0.1 69.52 11,638.21 1.30
single exponential smoothing when a= 0.5 361.67 283,083.80 6.37
adaptive forecasting model: adaptive filtering 388.58 344.299.75 728
ARIMA (5, 2, 3) 727.10 682,359.25 11.73

ACF for Daily new COVID19 Infected People
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Figure 6 Autocorrelation function: ACF and partial autocorrelation function: PACF for COVID-19 Infected People in Thailand
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Figure 7 Line chart for COVID-19 Infected People in Thailand and forecast using ARIMA (5, 2, 3) between November
1 - 30, 2021
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Effect of Chicken Meat Protein on Gel Properties of Different Surimi Quality
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ABSTRACT

. . Surimi is often used as a raw material for fish jelly products, which sometimes face raw material
Article history:

shortages or have low quality. The improvement of functional properties of medium quality (SM) and low
Received: 2023-09-13
Revised: 2024-01-06
Accepted: 2024-04-05 were studied by comparing unwashed minced chicken (UW) and minced chicken rinsed 3 times (W) with

quality (SL) surimi gels with breast chicken meat was investigated. The chicken gel preparation conditions

ground chicken meat to ice water ratio (w/w) of 1:4. The mixtures were heated at 40 °C for 30 min, followed

by 90 °C for 20 min (40/90), and at 60 °C for 30 min, followed by 90 °C for 20 min (60/90). Then, the
Keywords:

mixtures of surimi and chicken meat at ratios (w/w) of 75:25 and 50:50, heated at 40/90 and 60/90 were

functional properties; compared with mixtures of chicken meat at 60/90 and surimi at 40/90. The 50:50 ratio and 60/90 °C

gelation; treatment gave optimum gel properties, with breaking force, breaking distance, gel strength, springiness,
mixed gel; cohesiveness and chewiness higher than those of 40/90. Breaking force, hardness and chewiness
surimi and chicken mixed gel increased from surimi gel by 1.45, 2.14 and 1.92 times, respectively. Moreover, the mixed gel had higher

gel strength, hardness, chewiness than those of the 75:25 ratio (p=0.05). In contrast, the 50:50 ratio of
SL and chicken gels at 60/90 and 40/90 showed no differences in gel properties (p>0.05), while gel
strength, springiness, cohesiveness, L*, b*, and whiteness were higher than those of the 75:25 ratio
(pZ 0.05). The breaking force, hardness, springiness, cohesiveness and chewiness of the 50:50 ratio
increased from the surimi gel by 1.34, 1.71, 1.14, 1.71 and 3. 31 times, respectively. Therefore, adding
water-washed chicken to the surimi could greatly improve the texture of medium-quality surimi and slightly

improve the texture of low-quality surimi.
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Medium quality (SM) or Low quality (SL) surimi Washed breast chicken meat (W)
|

Surimi/ Chicken meat ratio (w/w): SMJ’Si:WC 100:0, 75:25, 50:50 and 0:100

v

Mixed with 3 % NaCl and chopped for 8 min by Stephan vertical cutter/mixer
Added ice for adjusting moisture content to 80 %

Packed into stainless steel cylinder

Two-step heated process
40 °C for 30 min followed by 90 °C for 20 min (40/90), then cooling

60 °C for 30 min, followed by 90 °C for 20 min (60/90), then cooling
|

SM/SL:WC 100:0 SM/SL:WC 75:25 SM/SL:WC 50:50 SM/SL:WC 0:100

(40/90) (40/90), (60/90) l (40/90), (60/90) (60/90)

Mixed gel

Figure 1 Processing flow chart of chicken gel and mixed surimi gels study
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Wusesdau dlddsesuanliiudeiduddinudalv
Qmmwmmnmeﬁﬁmum@nw MFRD (Marine Fisheries
Research Development) (Tan et al.,1987) a9il AA; 'l

'
A

A o oA, = @ A o
LANLNAWURRIW, A; LANLANUDLLNAWURRIW, B; LLeN

% 4 o

& _ v { o A : s ooa
Laﬂuaﬁl’ﬁawuﬂi\‘], C; LAN (LORDITULIAANY) LAWY

v
o 1%

4 o o 4 o
a3, D; LANTIABANINNNULABNLATI ¥in 5 D1 LA

Lﬁans:m“uqmmwmm‘hmuﬁwﬁmnﬁf«gm

2.8 myanelangivszalgania

o
aa o

ﬁwﬁaamLaamaasgmmqmmwﬂmﬂma
(SM) Lmzqmmws‘%w (SL) waite i (WC) Uaz 1aa
AL PR ELIRREE B waziilalidafgadin 50:50 10
Aenzdlanaineszauianialasld Scanning electron
microscope (SEM) #taaanaa liiuuna 5x5x5 Aafiuas

o v @

FrukssoinIosriuksuuuugidonuds (Freeze dryer)
BraradrsuRsldinfeudrsunandiy newinly
1A% SEM WUU Field emission SEM Gqf’JEILﬂ%iE]d
Hitachi (3% SU8020, d1)u) fuauadngised 5.0

kV
2.9 MINATIEAFAR

miﬁnmmsa”wLf:a"l,ﬁuazaqm%n“ﬁﬁmmmu
ya9n15iiatanvediialisaLrNuNITNA8aILLY
Factorial 2x2 (FN112N13814 x RNNIENSIAANNTaN)
in RCBD ¥imInaaad 2 41 (waazdrldiiteliann lot
“?'iLmn@mﬁ'u) Ieadgvasudazganiiaziaany
w3137% ANOVA fiszauninuiBasuionas 95 uaz
SeTEReNULANANI8IALaaaI855 Duncan's new
multiple range test (Ol =0.05)

miﬁﬂmﬁ@mumaa?‘%ﬁwam‘ﬁ:a‘lﬁ 214
LWHNNTNARBILUY RCBD ¥iNn13nassd 2 41 1
ALadgpaIuAazt1IiATziauLLTU 5% ANOVA 7

JEAUANULTANUTBEAT 95 WATTLATITRANNLANGIS

2939681La8862835 Duncan’s new multiple range test

(0L = 0.05)

3. HANITIVUUATIDIIONNA

3.1 N&ﬂ’liﬁﬂ?j’)ﬂﬂis’hﬂﬁﬂ?ﬁ LLQ&Qm%ﬂﬁ‘ﬁL%N'l:‘ﬁﬂ

Y

Yoy MAANIRVEIL T 'Zﬂ

anmsAnsndasdu wuin an1aznisle
ﬂ'a'lﬁauﬁmexawmaasg’%ﬁﬂ%qmmwmunma LAz
Qmmwﬁwﬁaﬁ' 40/90 launidaasgifigmnin
Uunanyg ﬁqmauu”ﬁmuftaé’w”a LATANNEINTA LY
mse}”mﬁ@m’hﬁam'a:ﬁu 9 (Tayalildviiaua)
LLazsg%ﬁqmmws"h ﬁqmauﬁﬁmuﬁaé’mﬁ'&maa TPA
gde;\iLmﬂ@hamnﬁaqm%Qﬁ 90 (Tayalildviniana)
ariniald@nuaniaznisldennuieonvasiaald
wananf 60/90 Ao # 40/90 dre tatduunanisly
mmusagnzmMIlianuTauasaanaudal

WaUadA1 Probability value (p-value) (Table 1)
WEAII1 FAMEMTIIRAERN Mz TIRANTawlaid
UnaduWus (Interaction) n4afifidanngmaula
pniudn b* (ANFWRBY) nsﬂqmauﬁﬁmuﬁaé’w‘"ﬁ
an’nzmsﬁ’m"l,ajﬁwmia@i’nnmm:m&g (BF) You
gnzmslianusaninasas BF (p=0.05 ) lasiaa
Iin3f W usz UW 7 e0/90 il BF (283.44 g) genh
71 40/90 (211.23 g) (Table 2) FNNITNIIFIT URTENE
ms’lﬁmwsﬁauﬁwa@ia@hs:s:maﬁtm:m@ (BD) Uaz
ANANULTILIIVBILAR (GS) laplaall UW {61 BD,
GS (0.64 cm, 160.32 g.cm) §9n11 BD, GS 18R i
W (0.54 cm, 137.54 g.cm) §1uLaaf 60/90 Jdn BD,
GS (0.63 cm, 179.73 g.cm) genI17i 40/90 (0.54 cm,
118.13 g.cm) SIWHANNTIATIZH TPA fign1znssns
wazaA1IzNTIRANNTanlaiidntwadadn Hardness,
Springiness ka2 Cohesiveness Lwimﬂﬁmm%fauﬁ'
60/90 ¥i11#d1 Chewiness (25.36) g9n317l 40/90
(15.84) vmszin135819 i nadoen Chewiness Tagein
Hardness, Springiness, Cohesiveness ﬁ@i’layjlwﬁ’m
32.03-53.10 N, 0.88-0.90, 0.55-0.66 ANEAY

am’a:miéﬁdﬁwa@iamwmmiﬂumsﬁmﬁﬂ
(WHC) Tagaalifl W 61 WHC (99.87%) gﬂ]ﬂ’j’]‘ﬁl
UW (99.73 %) (p= 0.05) 1uefign1iznslianasan
lsifidndwada WHC NamImasaunInuwuii 1laavad
UW uaz W ﬁmmiﬁuvl&ime@hqﬂ”uﬁamq:aqm%QQ

Wwoanu lasaasialiainusaun 60/90 damniwmy
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WUITaU A Aouanidntomdawndsin anindi 40/90
%aag}"[m:ﬁu C fauaniiianiunds udsostudiiarni
FN1ENIRNANAFOATR L* (ANNRING) LaL
f1 a* (A1ay AeddTe7) lastaald uw Hdq L*
(74.49) 9091 W (70.45) Lanas uazien a* (-0.63)
#undN W (-1.31) udanzmsbinnusenliidnina
Aadnriges sunadiddadn b* iafansaaald uw
gnzmslianusenliduadadn b* udaall W uas
Tkaausaud 60/90 e b* gan’hﬁl 40/90 udLile
RNTONNRVEIEN1IEMTIRANTaN 1 40/90 A1 b*
28919810 UW g@ﬂiwﬁl W udifi 60190 fin b* lajwandng
fusznine UW uaz W Saidladwiondudr Whiteness
wald Uw (71.52) fidngenduaaln w (68.52) iintlas
Tagalynsaeriliaslifiannuanafisdu (Kang et
al., 2009) 134 1iloaTamounavasamiteld tialn
§1941861 L* uaz Whiteness (68.90+0.36 uas
64.77+0.35 a1u§1eu) wannitiheldligns
(57.96+0.85, LAz 54.99+0.87 a1N81aU) (p<0.05)
(iagmﬁlmﬁu) LL@iLﬁﬂﬁ’]vLﬂm;uEﬂLﬂuH]a nauliwua
asInudy vefenatAinsniaald UW s1w1T0
Ani 1S lwaaldd Seanudusinadanmsiinduvase
L* (Park, 2000) LL@iﬁ']@”@ﬂ@ifnmmmmaaglugﬂﬁw
553z mwnTouenaananaaldidaildiuniina
wazITRETERIIMTIRAINTauad9TIalsa (Niwa,
1992) 39v %@ WHC 284iaaln UW anas
ﬁ]’]ﬂwﬂﬂ’]i‘ﬂ@ﬂE]dﬁ?ﬂvl,ﬁ’hﬂ’ﬁv[liﬁﬂdLﬁavlﬂ'
liaalysduiidn BD, GS, L* uaz Whiteness gani
wa'ld W angiinisdnalivinldiaalsdiuien a* uaz
WHC gendaald uw walifldannsliainuson
60/90 fAranwmzLiladuia BF, BD, GS uas
Chewiness i:f\‘lﬂ’j’]'ﬁl 40/90 ug lailAnauandadadn

Hardness, Springiness L8z Cohesiveness Lﬁaﬁmﬁm
iiolAd w a:ﬁﬂﬁuvlﬁguLLiaﬁamﬂdwLﬁavlﬂ' UW (89104
laog3dn uwazfinidn) Fatdenitnmsasouiteln
WUL UW ﬂﬁu"l,ﬁmavlﬂﬂaunﬁmaaeﬁﬁﬁﬂmaju,am
snemzvasnandan widaald w e BD waz GS ¢
uataalinaft W uay UW Snasdedfasudauuy TPA
laiuan@19n% Lee and Chung (1989) n&1231 A3
NAFaLUA28ITN1INA (Compression test) wLy TPA 1Iu
A ARNZEN NI UNIIATIIROLNTNIZAIV0 949
mm:ﬁ?%mmm:mag (Penetration test) +Ju35#
IANIZFUEINILNITIAAMNAWILLY LAZAINOALIH
(Compactness) 189la39g181aad s Iunan1a1nnns
Tunguesllsdu Tasraldudin1snasaudn’s
TPA a:ﬁmmé’uw"’ufﬁqmﬁuﬁayjami‘ﬂ@aa‘uma
Uszanauds 1nniiTmaanzneg WaNINIUNN3
sadavilwiaalnifidn wHe geandld uw
napaInsliALTaudl 60/90 Gninfl 40/90
Im0anaINLIWITHVEI Smyth and O'Neill (1997)
Fawuimsldaanufeuttasnin 60 °C Laaﬁﬂ'nmg,u
Wazdat UALIAUTILSITUIENING 60 - 70 °C Fafianns
warnwszningldsdunulysdn uazanuudiusevas
LBAlNLANAIIAUTZRING 70 - 80 °C uaadbiLANIN
3R WNYH 50 - 60 °C Lﬂugmiﬂqﬁluiﬂiaafwanni
\Aateavesnanuiitald wonanil Siegel et al. (1979)
namhanufeuiivhlfiianaianuimay landuade
AUAIAT UL AN HFNINNIINTZUINANTEN 9
aatin 3adendtmsesuailelidionsds uaziden
qm%gﬁﬁmm:awlumiﬁﬂmﬁ@Lfﬂa‘ﬁ 60/90 o1

anulurneannabl
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Table 1 Probability value (p-value) from two-level factorial design with effect of factor A (different washing) and factor

B (heating conditions) on functional properties of chicken meat gels.

Gel properties Factor p-value Gel properties Factor p-value
Breaking force (g) A 0.602 Chewiness A 0.340
B 0.002* B 0.034*
AXB 0.358 AXB 0.672
Breaking distance A 0.007* Water holding capacity A 0.004*
(cm) (%)
B 0.010% B 0.697
AXB 0.865 AXB 0.895
Gel strength (g.cm) A 0.028* L* A 0.048*
B 0.002* B 0.358
AXB 0.251 AXB 0.874
Hardness (N) A 0.142 a* A 0.001*
B 0.095 B 0.351
A X B 0.846 A X B 0.663
Springiness A 0.058 b* A 0.003*
B 0.058 B 0.006*
A X B 0.058 A X B 0.013*
Cohesiveness A 0.538 Whiteness A 0.055
B 0.115 B 0.445
A X B 0.689 A X B 0.978

* A p-value less than 0.05 means that deviation from the null hypothesis is statistically significant, and the null

hypothesis is rejected.

Factor A; Washing condition, Factor B; Heating condition, Factor A X B; A - B interaction

Table 2 Textural properties, color value, whiteness, folding test, and water holding capacity of chicken meat gels

at different washing and heating conditions.

Gel properties Washing Heating conditions Mean
conditions
40/90 °C 60/90 °C
Breaking force (g) uw 211.20 £ 0.59 284.96 + 14.94
w 211.26 + 26.61 281.92 + 13.39
Mean 211.238+ 13.60 283.44"+ 14.17
Breaking distance (cm) uw 0.59 + 0.02 0.68 + 0.02 0.64°+ 0.02
w 0.50 + 0.06 0.58 + 0.02 0.54° + 0.04
Mean 0.54%+ 0.04 0.63"+ 0.02
Gel strength (g.cm) uw 125.49 + 8.42 195.14 + 17.23 160.32° + 12.83
w 110.76 + 27.42 164.31 + 13.54 137.54° + 20.48

Mean

118.138 £ 17.92

179.73* + 15.39
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Table 2 (Continuous)

Gel properties Washing Heating conditions Mean
conditions
40/90 °C 60/90 °C
Hardness ns (N) uw 32.03 + 16.20 42.58 + 21.05
w 40.52 + 21.93 53.10 + 32.34
Springiness ns uw 0.88 + 0.07 0.90 + 0.06
w 0.90 + 0.06 0.90 + 0.06
Cohesiveness ns uw 0.59 + 0.22 0.66 + 0.16
w 0.55 £ 0.30 0.65 + 0.21
Chewiness uw 14.99 + 0.79 23.32 £+ 4.27
w 16.68 + 1.55 27.39 + 6.56
Mean 15.84B + 1.17 25.36A + 5.42
Water holding capacity UW 99.73 = 0.01 99.73 + 0.01 99.73b + 0.01
(%) W 99.87 £ 0.05 99.88 + 0.04 99.87a £ 0.05
Folding test uw C A
w C A
L* uw 73.45 £ 0.15 7443 + 1.95 74.49a = 1.05
w 69.77 £ 0.70 71.13 £ 2.36 70.45b + 1.53
a* uw -0.69 + 0.05 -0.57 + 0.06 -0.63b + 0.06
w -1.51 £ 0.20 -1.47 £ 0.04 -1.31a £ 0.12
b* uw 11.37aA = 0.33 11.52aA = 0.40
w 10.16bB + 0.55 11.23aA = 0.58
Whiteness uw 71.11 £ 0.27 71.94 + 1.61 71.52a £ 0.94
W 68.08 + 0.82 68.97 + 1.98 68.52b + 1.40

Results are presented as mean + standard deviations. UW; Unwashing, W; Washing

"S Means are not significantly different (p>0.05).

a Different lowercase letters indicate significant differences across washing treatments (p20.05).

AB Different capital letters indicate significant differences across heating treatments (pZ0.0S).

3.2 Ns’\?ﬂ’l?ﬁﬂ?:l’lé?lﬁf?%?fﬂd??ﬁ@Mﬂ’IWU’Iuﬂﬂ’I\?NﬁJJ

iite 'Zfiﬂy’N hazg m%g.ﬁwamm AALIaTINUIZEN

HansdnsdIonifisuiaali 19agsd
AMAWINUNA Uz Lﬁmmaumaqsg‘%ﬁl,l,a:l,ﬁavlriﬁwﬁ
IwanuTawisanzfimansauasite’ln (60/90) uaz
204934 (40/90) uaaalu Table 3 lane1 BF vasiaald
§71 [SM:WC (0:100)] flamend 60/90 fieingefiga
(p=0.05) iloRanTonLIanENTd s W AWTg 75:25
LAz 50:50 71 60/90 HAgInInl 40/90 laniawizd
Fasau 50:50 4s1diitaldunnin asiuanuiouiug
doen BF lagdn BF 1 60/90 #a&2w 50:50 (315.97 g)

g1 75:25 (235.55 g) (p=0.05) 1iuda LlanwuLite

lrgrsRdadinundn @1 BF maamaﬁum‘[ﬁugofu
u,a:g:mmnLﬁalﬁﬂawm%auﬁ'mm:amﬂ“'umnﬁmaavl,ri
#1 BD 203198 73182% [SM:WC (100:0)] # 40/90 e
ga'ﬁ'qﬂ (1.01 cm) (p=0.05) v mefvasiaaliarn
60/90 fiednfiga (0.57 cm) iilaiansananznsly
AuTou wuinf 60/90 1A BD gqﬂiwﬁl 40/90 NN
#0821 (p=0.05) wazmInanLite lndsfiFasIwINaY
l¥dn BD aand (p=0.05) A1 GS BadLangiiiaIn il
Iidu uazdndIw 50:50 7 60/90 fengsigm (221.03-
231.98 g.cm) Liuandnsrin (p>0.05) adnslsfianw e
RITNAARFNTFAFIUE I 'ﬁlqmugﬁ 60/90 1#@n
gaﬂi’lﬁl 40/90 NNFAEI (p=0.05) mnsuitelidef

o J: ST a % . a &
RARIUBUINVUBWY LQaNLLuQIuNTaGﬂq GS “/Iz(\‘]‘llu
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LWz 60/90 WauaIMIIas TPA i Hardness fien
gaﬁqﬂlumavl,ﬁﬁm (97.99 N) Uaz ﬁm@‘hq@luwmﬁﬁ
§% (37.30 N) ¢ Hardness fig@&aw 50:50 71 60/90
(79.88 N) fumaliugeninfl 40/90 (65.72 N) uaz e
ﬁlﬁwavl,&il,mmmmmaavlriﬁmﬁﬁmgaﬁq@ (p=0.05)
Tuvmsfigagau 75:25 anzanafanlisinadania
LANA19VBIAN Hardness uazddananas (48.31-50.18 N)
A1 Springiness VaIlAATITN I lrigw figasn 75:25
Wae 50:50 lﬁﬂmﬁauﬁqquﬁ 60/90 laiuandnenu
(p>0.05) l¢in Springiness 11249 0.85-0.86 Yusfien
Wauning 40/90 (0.82-0.83) 1 Cohesiveness U4L38
TIRIU FAFIU 75:25 Uaz 50:50 71 60/90 ﬁmgaﬁq@w
(0.62-0.70) Lm:sl,u"l,ﬁﬁ'suﬁﬂ'w"hq@ (0.35) vtuzfiendna
NENTiFasIunIFes A 40/90 HA1aAad A1 Chewiness
yagLaafaagIn 50:50 71 60/90 ﬁ@hga‘ﬁ'qﬂ (42.68) g9
ﬂ'jmn@ﬁama%aﬁm 22.22-29.37 (p=20.05) fi1 WHC
2890206197 NTFATIN LATEANIZATIAAINNTa U
wandanuatnlifitbdany (p>0.05) fdngefisTanas
99.83-99.89 M INUVBILIATTANINA ITAUAUN NG
‘ﬁ'qm Ao AA e wallaumilenduan liuaniile
WUREIW UAZLANGN9T (p=0.05) HULIRAY 9 7N
Fasin uazanzmslanufen nufsasveaield
8% s’fﬁﬁsz@“uqmmwmsw”uﬁim"u A fa Ladiau
Wilend uanintoudanudsu

@18 L* Waz @1 Whiteness Y ENCEL SRR
LazREAEI% 75:25 NIFEIFN1IZAIN TN (69.95-
70.07, 68.38-68.41 @1U81AU) ﬁ@iwgaﬂiﬂﬁé’@mu
50:50 uaziaa liaqu (68.58-69.27, 67.00-67.60)
\wnias snuiuaafigasan 50:50 71 60/90 Hdn L* uaz
Whiteness ﬁwﬁlqﬂ Fauen a* (Fden) uazdn b* (Fnfes)
maanﬂ@ﬁamaﬁm"l&ilmn@haﬁ'u (p>0.05)

ﬁ]’mmim\aam?ﬂ"lﬁ’h LA TITA NN
muﬂmaﬁﬂwmﬁnmﬁqmé’nwu:maLf:aﬁ'wﬁ'aﬁgi,u
willen Sangu mamzaigs uazianuaansnlums
ajuﬁ:wgm wmsftasvasiilalndsindiilasudadiuds
Aaudalae Gangu mMatmMeaadn wasdianusansn
‘Lumﬁuﬁwgotﬁm(ﬁmﬁ‘uLﬁméﬁﬁ LagINlguaula
294% L* a* b* liuandrsanniaa’la waliaiue
WnnILaaladntey mmamﬁa%ﬁwﬁwﬁﬁqmmw
Yunansfigasan 50:50 v liiaalusdunanien Gs,
Hardness, Chewiness (231.98 g.cm, 79.88 N, 42.68)
ganinfidadInu 75:25 (191.28 g.cm, 48.31 N, 26.25)
ANEIGU (p=0.05) ¢ Whiteness Niaagw 50:50 91N

mﬂﬁmw%”au‘ﬁ'qmﬂgﬁ 60/90 (67.00) ddlduandns

91N# 40/90 (67.60) (p>0.05) Lﬁaw“msm'lqquﬁlu
My liifaesfigasudoaunud wanauiigasu
50: 50 ‘ﬁl 60/ 90 4 @1 BF, BD, GS, Springiness,
Cohesiveness WWas Chewiness (315.97 g, 0.73 cm,
231.98 g.cm, 0.86, 0.62, 42.68) gIni7l 40/90 (235.57
g, 0.63 cm, 160.28 g.cm, 0.82, 0.47, 25.91) AITNAIAL
(p=0.05) uazlaaNFNTIEASIW 75:25 1 60/90 Hd1 BD
uaz GS (0.81 cm, 191.28 g.cm) ganinfl 40/90 (0.73
cm, 140.59 g.cm) @u&1aU (p=0.05) FIRUMTHEY
L‘f:a"lriﬁ'mLLaz‘Lﬁmwi”auﬁ'qm%{}ﬁ 60/90 39318
ﬂ%’uﬂguﬁaé’uN"’amaaﬁg‘%ﬁvlﬁﬁ“fu
miﬁ'n,fzavlﬁu”mmmwﬁﬁ y RLM TR
maL‘f:aﬁuw”amaasg’%ﬁmaﬂi:miﬁa anand lad
wwlfufliinduaasn BF , Hardness, Chewiness 'l
s 1.45, 2.14 uaz 1.92 1 awdau Tasanizild
@h(ﬂ“@ﬂﬁingaﬁq@ﬁa fgagusanaz 50:50 lianasan
ﬁ'qmﬁgﬁ 60 °C 1281 30 W7l @1UE8 90 °C 1281 20

=
N

e

3.3 mmﬁnma‘“@zﬁumaafﬁﬁ@ mnIwdnansiie [

a9 ua:gmwgﬁwammﬁmmﬁmm:m

A

97N Table 4 @1 BF 284138 lAd 1 ﬁqm%gu
60/90 fiFngafigm (p20.05) (371.10 g) Vouzlaay3H
§1% uaznangIw 75:25 ﬁm@ﬁ'ﬁ'qm (123.34-141.72)
\oRansongadinditintund 75:25 waz 50:50 nsli
anusoudl 60/90 laiuandrsani 40/90 sauiaadIn
50:50 @aldiilaldiunnnin fe BF (170.74-174.12 g)
ganIfl 75:25 (123.34-141.72 g) wnfle Wonmuiiia’ld
frefidasinundn waduwlifuvasen BF ﬁzja“’ﬁu M
BD maamaﬁﬁﬁmgoﬁq@ (0.66 cm) (p=0.05) s
289198 LRI BIA17898937 (0.59 cm) Waanwannie
nauvinlwe1 BD aaad (p=0.05) (0.42-0.48) falaa
WszAndu eRansangniiznsldainuton 7
FAEIW 75:25 A2NTa % 60/90 Elﬁ@hgjaﬂ’hﬁ' 40/90
(p20.05) uafigag1% 50:50 Laiuandn9nu (p>0.05)
(020.05) 1 GS Tumaliumsiasuulasadronuen
BF n&17fa GS maamaﬂ,ﬁﬁauﬁﬁwgaﬁqw (219.46
g.cm) (p20.05) FIAINABLARTIANIH (85.92 g.cm)
uaztaatite linauaadin 50:50 (75.77-81.91 g.cm)
YN FagIn 75:25 ﬁ@h@iﬂﬁq@ (59.23-59.62 g.cm)
Tasmsldanuansagnanand 60/90 liuandrsan
71 40/90 ﬁuﬁamaeﬁﬁqmmw@"hﬁ'ﬁ”nmﬁﬂwmﬁamau
Wa'ln vinlden BF gd“’ﬁmﬁnﬁaﬂ weilaivinld cs

a

GRS mﬁmfﬂLﬁaamﬂqmmwmadIﬂiﬁumﬁﬁvlaJ

u



Recent Science and Technology 17(1) 260393 (2025)

wiauseann Wedszmunulusanlafgslimansoss
srounlusfndiudonseld s'filasg’%ﬁﬂmmnﬂuﬁsm”u
ﬁansauiﬂs&aﬂunﬁwmﬁaga (Yongsawatdigul, 2019)
F9e1analiifian1stesaasvandulolusdule dn
Hardness ﬁ@hgaﬁq@flumavlﬁﬁm (42.11 N) 5898931
Ao 1anlinaudagIu 50:50 71 40/90 uaz 60/90 WAS
FAsIW 75:25 71 40/90 (19.96-24.82 N) laiwanenerin
(p>0.05) LLa:ﬁm@"hﬁqﬂﬁa SEESHERIRIEEL O b
75:25 ﬁ 60/90 (14.45-14.62 N) (p20.05) Hardness

ana a & 4 e A o
’uaamaegmqummﬁawamﬁa"l,nﬁa@mu 50:50 14
=)

o '
A

anwusonldvagasaniae wisfigasin 75:25 98
d3uagsduan fasldarnusauianisil 40/90 ¢
Springiness azf1 Cohesiveness LRAIHAARIEARS
iu na1afe Sdrgegaluiaaliaiu (0.91, 0.76
AURIAL) Lm:ﬁm@‘ﬁﬁqﬂlumaﬁﬁﬁ'su (0.77, 0.41)
mswautiie Infigasiu 50:50 rissasanzanuTauli
¢ Springiness WAx#A1 Cohesiveness (0.88, 0.69-0.70)
g\'mdw“?ié'@d'm 75:25 Safidasan75:25 i Litnuioudi
40/90 lﬁmgjaﬂ'j']ﬁ 60/90 @1 Chewiness fiuuwilitunns
Wasnulasndnoiuen Hardness Ae flehgegaluanln

1% (28.83) 789a9N1AD LAALe IANINAASIU 50:50
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Transporting a patient in a bed within Songklanagarind Hospital, Faculty of Medicine, Prince of
Songkla University, typically requires at least two workers. During peak hours, insufficient personnel often
overburdens the patient transportation team. To address this challenge, this research aims to develop an
electric tugger, or e-tugger, to facilitate patient bed transport. The e-tugger is designed to enable a single
staff member to haul a patient bed on flat surfaces and up to a 5% incline to the destination. The e-tugger's
design includes an electric tugger and a forklift. The tugger’s structure provides space to install the
necessary components. A 3-kW brushless DC motor, powered by 72V, 15Ah Li-ion batteries, drives the
system, allowing it to move a patient bed weighing up to 400 kg on a 5% incline. The staff can control the
e-tugger's motion using either a control box or a joystick. The forklift, when viewed from the side, has an
L-shape and is equipped with an integrated electric scissor jack that lifts the forklift up and down, operated
via the control box. The e-tugger’s performance study focuses on two main aspects: (1) the user experience
of coupling the e-tugger to the patient bed, and (2) the e-tugger’s operation on a 30-meter flat surface and
in a passageway. Onsite testing demonstrates that one staff member can effectively transport a patient in
a bed using the e-tugger. Coupling the e-tugger to a patient’s bed takes only 10 seconds. The e-tugger
can propel a 255-kg patient bed at approximately 1.66 m/s. The electric motor consumes 2.46 A on a flat
surface and 4.46 A on a 5% incline. Additionally, after transporting a 380-kg patient bed for 2.36 km, the
battery's state of charge decreases by 2 %, with the e-tugger's average energy consumption rate being

approximately 91.5 Wh/ 10 km.

© 2025 Nimitpanyaku, C., Gonsrang, S. and Laomongkholchaisri, N. Recent Science and Technology published by Rajamangala University of Technology Srivijaya

1. Introduction

to use their strength, which can be physically

demanding and put them at risk of musculoskeletal

Patient transportation is an essential task in

injuries (Dadashi -Tonkaboni et al., 2023). In addition,

healthcare facility management because it affects staff

the manual process can be quite time-consuming, often

productivity, the quality of treatment that patients

requiring the coordination of several staff members.

receive, and the hospital's efficient operation (Naesens

Unorganized patient transport, in addition to delays in

and Gelders, 2006). Moving patients between areas

patient care, causes higher operational expenses and

with their beds has typically required healthcare workers

even leads to patient-life-threatening situations
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(Hendrich and Lee, 2005). Several transportation
systems have emerged in recent years to handle this
challenge. A bed transfer system can incorporate a bed
mover (Guo et al., 2018; Faria et al., 2021), a patient
transfer apparatus (Dhelika et al., 2021), and optimization
tools to attain high-quality services for patients
(Fathollahi-Fard et al., 2020; Schafer et al., 2023).
These technologies make it much easier to move beds
or patients between rooms, effectively reducing
transportation risks in hospital environments. However,
the development of a hospital bed design is still ongoing
to achieve more effective patient transportation.

Recently, Songklanagarind Hospital, Faculty
of Medicine, Prince of Songkla University, Thailand, has
noticed a significant rise in the number of overweight or
obese patients seeking healthcare services. According
to the collected data from 2021 to 2023, the overall
count of obese patients in 2021 was approximately
5,183. The number then increased to around 8,226 in
2022, indicating a significant escalation in obesity
instances. In 2023, there were an additional 221
patients added, representing a 2.69% increase in
comparison to the previous year. The rise in obese
patients emphasizes the need for supplementary
medical facilities to accommodate the growing number
of people suffering from obesity.

Given the increasing prevalence of obesity as
a health concern, it is critical to ensure that suitable
resources and services are available to properly assist
these patients. Understanding the importance of this
matter, Songklanagarind Hospital has taken various
measures to cater to the requirements of obese
patients. One such measure is to acquire more patient
beds specifically designed to accommodate and
support obesity treatment. The hospital's objective is to
improve the comfort and treatment outcomes of obese
patients by providing specialized beds. These
specialized beds are a component of the hospital's
dedication to providing high-quality healthcare services
to all patients, regardless of their weight or size.

Furthermore, in every hospital, the transfer of
patients between wards after receiving medical
treatments is a critical responsibility. At Songklanagarind

Hospital, a minimum of two personnel is necessary to

transfer patients who are in bed. To ensure efficient
patient transportation, it is crucial to address the
problem of delays that frequently occur during peak
hours because of insufficient delivery personnel.
According to the average number of patient transportation
orders at Songklanagarind Hospital during the
weekdays, the hospital experiences a high volume of
transportation orders, with as many as 1,300 requests.
However, on weekends, the number of orders decreases
to around 650. It demonstrated the significant demand
for patient transportation services at the hospital. There
are two potential solutions to this issue: increasing the
workforce or acquiring an electric tugger or cart. One
potential solution to the issue of delays in patient
transportation is to increase the number of personnel
employed to deliver patients. Nevertheless, there are
certain drawbacks associated with this approach. First
and foremost, recruiting new staff would increase the
hospital's reliance on labor. The growing reliance on
human resources can have substantial long-term
consequences, as it necessitates substantial expenditures
on recruiting, training, and salaries. If the demand for
patient transportation continues to rise, it may not be a
long-term solution either.

An alternative and more favorable approach
to addressing delays is to acquire an electric tugger or
cart that can assist delivery workers in transporting
patients. This alternate technique provides numerous
benefits compared to the recruitment of additional staff.
Electric tuggers can enhance patient transportation to
achieve greater speed and efficiency. Patient
transporters, which use bed movers, are safe from the
physical strain associated with moving patient beds
(Daniell et al., 2014). Furthermore, the use of electric
tuggers reduces the need to employ supplementary
staff. Rather than relying more on labor, the hospital
has the option to invest in this equipment, which can
prove to be a more economically efficient alternative in
the long term.

Ueno et al. (2014) developed a power-assist
omni-directional mobile bed and tested how power
assist and fuzzy reasoning affect its operation. This is
an important step forward in the development of patient

bed transportation in hospitals. The results of experiments
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demonstrated the power-assist system's effectiveness
and highlighted the importance of fuzzy reasoning in
reducing the operation burden. Power assist reduced
the operating force, but without fuzzy reasoning, it
caused vibrations. The fuzzy reasoning method helped
reduce vibrations and improve operation times. The
study contributes to the development of innovative
power-assist omni-directional mobile beds and suggests
potential applications in actual nursing-care tasks.
Guo et al. (2018) proposed an innovative way
to overcome the drawbacks of conventional bed-
pushing techniques, such as labor constraints, work-
related injuries, and delays in patient transportation.
Their study presented a motorized robotic bed mover
that offers omnidirectional mobility. It consisted of an
omnidirectional mobility unit, a force-sensing-based
human-machine interface, and control hardware
equipped with batteries and electronics. A single
individual can easily attach this device, known as the
OmniBed, to a manual hospital stretcher, transforming
it into a convenient, powered omnidirectional bed. Their
study findings revealed that the OmniBed effectively
decreased the need for human resources in patient
transportation while also reducing back muscle
exertion. This is particularly advantageous for elderly
staff members. The study concluded that the OmniBed
outperformed conventional powered beds, which only
provide forward assistance when using a fifth powered
wheel, in terms of comfort, effectiveness, and safety.
In addition, Faria et al. (2021) discussed the
critical issue of physical exertion experienced by
healthcare staff while transferring patients to healthcare
facilities. Their study highlighted the increasing strain
on healthcare professionals due to the use of heavy
equipment, which causes musculoskeletal injuries and
necessitates extended medical leave. They conducted
finite element method (FEM) evaluations in their study
to confirm the structural reliability and operation of the
automated device. Their design approach involved
structural optimization to minimize expenses and
decrease the weight of the equipment, thereby improving
its efficiency and benefit in healthcare environments.
They designed the automated moving device to adapt

to various hospital bed models, enabling its application

in diverse healthcare environments. Their results
showed that their technology improves the efficiency of
patient care in hospitals by making it easier to move
patients and improving their maneuverability with
motorized wheels and portable structures.

In addition, Dhelika et al. (2021) developed a
motorized patient bed that is capable of holonomic
mobility. They replaced all the bed’'s casters with
motorized wheels equipped with a swerve mechanism.
The motorized wheels with swerve mechanisms were
lightweight and enabled a sudden change in the
movement direction. However, further development of
a sophisticated motor control system was necessary to
ensure the synchronization of all wheels. Furthermore,
it is necessary to modify all patient beds with motorized

wheels and swerving mechanisms.

Figure 1 Delivery staff and a patient bed at

Songklanagarind Hospital

According to the studies mentioned earlier,
there are several advantages to developing modernized
patient bed transportation. Thus, this present study
focuses on the creation of a small electric vehicle,
called the e-tugger, designed specifically to aid hospital
personnel in the transport of patients. The primary goal
is to design a cart that can provide enough propulsive
force to drive a bed carrying a patient weighing up to
400 kg on a slope with a 5-% grade (2.86°). Moreover,
this research investigates the design and engineering
considerations essential for the successful development of
the compact electric cart. The design of the e-tugger

ensures easy operation for the user, enabling them to
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effortlessly adjust and control the patient's bed. The
creation of such a vehicle would significantly improve
the efficiency and convenience of patient transportation
within hospitals, thereby enhancing the overall quality
of care provided by the hospital.

This paper's organization is as follows: The
section titled "MATERIALS AND METHODS" provides
an explanation of the requirements and limitations
involved in the design and construction of the e-Tugger.
Next, this work outlines the e-tugger's design features.
This section ends with an instruction to connect the e-tugger
to the patient’s bed. "RESULTS AND DISCUSSION"
reports and discusses the e-tugger's performance test
data. The final section, "CONCLUSION," concludes this
work and provides outlooks for future development of

the e-tugger.

2. Materials and Methods

Before constructing the e-tugger, we reviewed
documentation, conducted observations, and interviewed
delivery personnel. We have since developed a prototype
of the e-tugger and completed its performance evaluation.
The following subsections will present the design
requirements and limitations identified from the preliminary

studies.

Requirements for Patient Transportation

In addition to the maximum payload and
gradeability of the e-tugger, several additional design
requirements need to be considered. The new patient
beds used at Songklanagarind Hospital in Hat Yai are
manufactured by Paramount and Berlin. This research
based the e-tugger’s design on the Paramount bed, as
its structure closely resembles that of the Berlin beds.
The empty Paramount bed weighs 154 kg and
measures 2.19 m in length and 1.06 m in width. It has
a safe payload capacity of 240 kg. Figure 1 shows a
delivery staff member demonstrating how to transport
the Paramount bed. As illustrated in Figure 1, the
e-tugger is attached to the bed from the same side

where the staff member is pushing it. The tugger must

be positioned underneath the bed. The e-tugger’s jaws,
shown in Figure 2, connect to one of the transverse
circular tubes (highlighted in the red rectangle in Figure 1)
of the bed’s lower frame. Thus, the tugger’s height and

width must not exceed 0.8 m and 0.6 m, respectively.

Control box

Li-ion battery

Linear rail and
block bearings

Figure 2 Electric tugger built in this research for

patient bed transportation

Figure 3 The e-tugger's main structure for installing

other components

Patient transporters frequently use elevators
to move between floors. Therefore, the e-tugger must
be compact enough to allow for patient bed transportation
via elevators. However, the current design does not fully
meet this requirement; it only addresses the initial
requirements outlined in the introduction. Future
development will focus on determining the size

limitations of the elevators.
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Another crucial aspect of the tugger's design
is ensuring a user-friendly experience. Delivery personnel
must be able to operate the e-tugger with ease. We
conducted a study on bed-wheeling speeds, finding that
male transport staff can push a patient bed with a
payload ranging from 60 to 100 kg at a speed of
approximately 1.2 m/s. When two staff members work
together, the bed-wheeling speed increases to 1.4 m/s.
Based on these findings, we set the e-tugger's speed
limit at 2 m/s. Additionally, the e-tugger should be
equipped with basic safety features and be simple to
operate. It is also essential to design the e-tugger with
sufficient energy storage to ensure it can cover the

required distance per charge.

E-Tugger Components

Figure 2 shows the e-tugger designed for this
research, which consists of two components: the
electric tugger and the forklift. This e-tugger measures
73 cm tall, 85 cm long, 42 cm wide, and weighs 65 kg.

The structure of the tugger is constructed from
a rectangular metal pipe measuring 25 mm by 50 mm
by 3 mm (Figure 3). One side of the metal frame is
attached to a brushless DC motor (BLDCM). A metal
chain transmits mechanical power from the BLDCM to

the rear wheel. The driven sprocket, connected to the

BLDCM’s spindle, has 14 teeth, while the wheel’s
pinion has 32 teeth.

The driven wheel is the rear wheel, which is a
pneumatic wheel with a diameter of 251 mm. A 24-mm
shaft, measuring 230 mm in length, supports both the
wheel and the 32-tooth sprocket. Additionally, we
included two 2-hole flange ball bearings with a 15-mm
bore to ensure smooth rotation of the rear wheel.
Figure 4 illustrates how the driven wheel is attached to
the fork of the main structure.

The strength of the tugger's structure and
L-shaped forklift was analyzed using computer-aided
design software. Figure 5 (a) and (b) illustrate the points
where the estimated weight of the patient bed is
transferred to the L-shaped fork and the e-tugger
structure, respectively. Given that the patient's bed at
its maximum payload weighs 400 kg, the weight
transferred to the transverse tube, where the L-shaped
fork is connected, is 2.5 kN. Additionally, the weight
transferred to the e-tugger frame is approximately 1 kN.
Simulation results indicate that the fork deforms by
1.7 mm, with a factor of safety (FoS) of 1.571.
Moreover, the e-tugger’s structure exhibits minimal

deformation, with a FoS of 2.1 at the load of 1 kN.

Figure 4 A rear pneumatic wheel, installed on the fork of the e-tugger structure
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Fixed point

(@)

Reaction force from

linear bearings and the rail

i

Fixed point
’\ l 2.5kN
| T

(b)
Figure 5 The fixed points and the points, at which the
designed load exerting on (a) the L-fork and (b) the

structure of the tugger

When selecting the motor and battery size, it
is necessary to estimate the maximum power required
to push a 400-kg patient bed on a 5-% incline. First, we
measured the applied forces that initiate the patient
bed’s movement at different payloads. Then, the

required force, F_re [N], for propelling the patient bed

on the flat floor was approximated as a quadratic

function of the bed’s total mass, m_B [kg], as follows:

F, = —0.0003m3% + 0.387mp — 4491 1

If the bed is on an incline, its weight generates an
additional force; the perpendicular component of the
weight equals the total weight times a sine function of
the incline's angle. Setting the incline's angle at 2.87°
and the bed’s total mass at 400 kg results in a traction
force of 258.3 N, which initiates the upward movement
of the patient's bed

The rear wheel's diameter is 251 mm, and the
reduction ratio of the transmission chain and sprockets
is 2.57. Thus, the electric motor must generate at least
12.62 Nm. The minimum motor speed is around 41
rad/s or 391 rpm, so the e-tugger moves at a speed of
2 m/s. Thus, for the intended application, the output
continuous power from the electric motor equals 517.4 W.
Given the specifications in Table 1, the BLDCM appears
overdesigned for the e-tugger. However, initially, the
output torque can reach up to three times the
continuous propulsive torque. Thus, the selected motor
is a reasonable choice for the electric prime mover in
the development of the e-tugger.

LiFePO, batteries, packed to the size of 72 V
and 15 Ah, serve as the primary energy source for the
e-tugger in this work. The following equation provides
an estimate of the continuous battery current, [A].

Cp

Table 1 Technical specification of the brushless DC motor used in this work

Rated power 3 kW
Rated voltage 72V
Maximum Speed 3,800 rpm
Maximum torque 45-55 Nm
Continuous current 67 A




Recent Science and Technology 17(1) 263690 (2025)

where DOD is the depth of discharge [1, Cg
represents the battery capacity [Ah], and T is the
operation time [hrs.]. Also, the battery current, IB'
might be approximated using a power balance between
the battery power and the motor's mechanical power:
27TTN/60 = VI, where T is an electric torque
from the motor [Nm], N is the motor speed [rpm], and
V is the battery nominal voltage. Thus, a simple
expression for estimating the operation time of a battery

with a certain capacity is as follows:

2ntN _ VCgDoD
60 T

According to Equation 3, the 72-V and 15-Ah batteries
can provide continuous power for 1 hour and 40
minutes, or 100 minutes, as long as the BLDCM
operates at 391 rpm, 12.62 Nm, and D0D=80%.
Therefore, the selected battery has sufficient power to
operate the e-tugger for up to 100 minutes.
Consequently, with the chosen battery, the e-tugger
can achieve a maximum range of 12 km. Equation 3
indicates that a battery capacity greater than 18 Ah is
required to extend the operating period to 120 minutes
(2 hours). These calculations will be re-evaluated based

on the experimental results obtained at the hospital.

®

&

Figure 6 The control panel of the e-tugger’s drive includes the following features: (1) a battery state of charge display,

(2) an emergency button, (3) the main switch, (4) an LED status lamp, and (5) lifter control buttons.

Figure 7 (a) The e-tugger hitched to the patient bed; and (b) two ball lock pins used to safely secure the jaws of the

fork to one transverse circular tube of the bed’s structure
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Figure 2 shows a forklift connected to the
e-tugger. The forklift is used to secure the e-tugger to
the patient's bed. As shown in Figure 3, attach this
machine to the tugger with nuts and bolts. The forklift
consists of an L-shaped fork, a 3-ton scissor jack lifter,
a metal plate base, and two polyurethane casters. The
jack lifter enables the user to connect the L-shaped fork
to a bed’s frame. Two linear block bearings and a linear
rail guide the fork's movement. To hitch the patient bed
to the e-tugger, use the two jaws at the end of the fork
(Figure 2).

Users can control the e-tugger from the
control panel on the circuit containment (Figure 6),
which is installed on the back of the e-tugger. Figure 6
shows switches, a lamp, and a battery state of charge
display on the control panel on the circuit box.
Alternatively, users can operate the e-tugger using a
joystick. However, the joystick only allows for regulating

the motor and switching the motion directions.
Coupling Instruction

Figure 7 (a) illustrates the combination of the
e-tugger and the patient bed. Here are the instructions
for securely attaching the e-tugger to the patient bed:

®  Raise the tugger's fork until the jaws
are at the same height as the bed's frame.

®  Push the tugger under the patient's
bed until the jaws fit a transverse circular tube in the
bed's frame.

®  The scissor jack lifter raises the fork.
Then, the ball lock pins are inserted at the jaws to
secure the bed frame to the jaws, as shown in Figure
7 (b). The tugger is now ready to pull the bed for

delivery.
E-tugger Performance Study

The e-tugger performance evaluation consists
of two primary studies. The first study focuses on the
usability of the e-tugger in a hospital setting. It aims to
determine whether the coupling instructions are easy to
follow, whether maneuvering the patient’s bed with the
e-tugger presents any challenges, and to identify

potential improvements to the current e-tugger design.

The second study assesses the e-tugger’s
performance on both flat surfaces and a 5% incline. The
objectives of this study are to evaluate the e-tugger's
energy consumption, measure its average travel speed,
and assess its ability to transport patient beds under
varying payloads. We conducted tests on the e-tugger’'s
performance over a 30-meter flat surface and studied
its gradeability in a 120-meter passageway, detailed in
the following section. Additionally, we evaluated the
e-tugger's energy consumption on a flat surface by
transporting a bed with a 225-kg payload 10 times
along a 236-meter rectangular track in the hospital
hallway.

In this study, motor parameters such as
voltage, current, and RPM were recorded using the
FarDriver motor controller mobile application
(Anonymous, 2024). The average travel speed was
calculated by dividing the total distance traveled by the
total time taken. We calibrated the FarDriver mobile
application measurements using a Lutron CM-9940
clamp multimeter for voltage (up to 400 VDC * 1%) and
DC current (up to 400 A £ 1%), as well as a Digicon
DT-235T tachometer for motor speeds below 19,999
RPM + 0.05%.

3. Results and Discussion

At the hospital, researchers studied the
e-tugger's performance. The initial study investigated a
coupling between the tugger and the bed. The coupling
steps described in the previous section took only 10
seconds to secure the e-tugger to the bed. The hospital
staff was also able to finish coupling the machine to the
bed with ease after a single demonstration. Thus, we
can conclude that connecting the bed mover machine
to the patient's bed is simple.

The e-tugger was designed to assist patient
transport staff without causing any discomfort to the
bedridden patient. The e-tugger slightly lifts the bed
using its L-shaped fork, keeping all the bed's casters
on the floor. This allows the e-tugger's driven wheel to
effectively propel the bed while preventing any wobbling
that could disturb the patient during transport. Based
on our preliminary study, the carting speed ranges

between 1.1 and 1.5 m/s. Setting the speed limit at
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2 m/s is reasonable, as it allows the staff to maintain a
comfortable pace while ensuring the patient does not
experience anxiety. Additionally, the e-tugger cannot
cause the bed to overturn because it propels the bed
from a position lower than the bed’s center of gravity.

The results, reported in the following section,
highlight the significance of payload and track grade in
affecting the e-tugger's performance and energy
consumption. During testing, the jaws shown in
Figure 2 securely hold the bed and e-tugger together.
The patient bed, propelled by the e-tugger, can cruise,
turn, and smoothly climb a 5% incline without
detachment. Furthermore, a single member of the
transport team can easily detach the jaws from the
patient's bed.

Table 2 shows the results from the bed
mover'’s tests on a flat surface with a total distance of
30 m. These tests aimed to evaluate the performance
of the motor under different conditions, specifically in
relation to the patient's mass. The motor’s continuous

current, speed, and power vary according to the

patient’s mass. The motor's power and current at zero
payload are 161 W and 2.24 A, respectively. The
motor's continuous current change in terms of a
payload's size is subtle. Additionally, an increase in the
payload causes a slight drop in motor speed. These
findings indicate that the motor's performance is
relatively stable and can handle varying loads without
significant disruptions.

Using second-order polynomials, we were
able to approximate motor currents and powers from
specific cases described in Table 2. For example, for
all payloads totaling 240 kg, we estimated approximately
3.87 A and 261 W for current and power, respectively.
These approximations provide valuable insights into the
motor's performance under heavier loads. We can
conclude from this observation that the tugger's electric
drive is robust enough to support a patient’s bed at its
full payload on a flat floor. These results emphasize that
e-tugger is reliable and capable of meeting patient

transportation demands.

Table 2 Results from test runs of the e-tugger on a flat surface of a 30-m distance

Payload Motor Current Power Motor Speed Travel Speed
[kg] [A] wi [rpm] [m/s]
0 2.24 161 393 2.01
70 2.33 168 387 1.98
80 2.39 172 381 1.95
90 2.43 175 373 1.91
100 2.46 177 370 1.89

Table 3 Results from test runs of the e-tugger in the L-shaped passageway at the hospital, where the horizontal and

vertical distances are 75 m and 1.9 m, respectively.

Payload Motor Current Power Motor Speed Travel Speed
[ka] [A] wi] [rpm] [m/s]
0 2.54 183 222 1.13
70 3.54 255 294 1.50
80 4.00 288 308 1.57
90 419 302 316 1.62
100 4.46 321 333 1.70
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We conducted more tests in Songklanagarind
Hospital's L-shaped passageway to further evaluate the
bed mover's performance. This passageway leads to
an operating room. The area behind the passageway's
entrance is flat. After the entrance area, there is an
alternation between slopes and 3-meter-long landing
areas. The slopes at the passageway have a maximum
grade of 5%, which is not too steep for carting the
patient's bed. The landing areas allow intermittent stops
during carting. The passageway has a 75-meter
horizontal distance and a 1.9-meter vertical distance.
These measurements provide a complete understanding
of the terrain that the tugger must cross to transport a
patient. Performance testing in this specific environment
sought valuable insights into the e-tugger's capabilities
and suitability for hospital use. An overall evaluation of
how well the tugger meets hospital patient transportation
requirements will include this assessment.

When the tugger pushes the bed up on the
passageway, Table 3 shows the motor parameters at
different payloads. The motor current and power vary
directly with respect to the payload. With no payload,
the current in Table 2 is the same as that in Table 3.
However, the payload's impact on the incline is more
noticeable than that on the flat route. The perpendicular
component of the total weight causes the electric drive
to draw a greater current. When the payload reaches
240 kg, the motor's current and power are approximately
9.81 A and 840 W, respectively, according to the
quadratic polynomials of the data in Table 3. This
approximation indicates that the tugger's electric drive
can transport the bed at full load on a 5-% incline.

The bed speeds in Table 3 differ from those
in Table 2. As the patient's mass increases, the bed
speed on an incline tends to be higher. The electric
drive controller in this tugger is designed to limit the
motor speed to 2 m/s. However, the speed controller
performs well at high speeds. One solution to this
control challenge is to increase the gear ratio of the
transmission system by enlarging the pinion on the
driven wheel. A larger pinion would cause the motor to
operate faster, resulting in improved speed control for

the e-tugger. Additionally, increasing the pinion size

would reduce the required motor torque and current,
enabling the e-tugger to better regulate speed
differences due to varying patient masses and inclines,
ensuring efficient and safe bed movements.

In the final test, the e-tugger hauled a patient’s
bed with a 226 kg payload around a 236-meter
rectangular track for ten laps, covering a total distance
of 2.36 km. During the test, the battery voltage ranged
from 80.1 to 80.7 V, the battery current was around
3.91 A, and the motor speed was 285 rpm. The average
speed of the bed was 1.05 m/s. The total energy
consumption was approximately 21.6 Wh, representing
2% of the battery's depth of discharge. Therefore, the
e-tugger's average energy consumption was about
91.5 Wh per 10 km.

According to the battery selection discussed
in the “MATERIALS AND METHODS” section, the e-
tugger may require a larger battery pack to extend its
usage time to 2 hours. However, the average energy
consumption from the last test suggests that the battery
size could be reduced. One reason is that the current
design of the e-tugger does not include turing assistance,
requiring bed transporters to manually propel the bed
during cornering. Additionally, the battery calculation
was based on the power required to initiate bed
movement at maximum payload on a 5% slope.
Therefore, further study on e-tugger usage is needed
to determine the appropriate battery size.

Table 4 compares equipment created to solve
patient transportation challenges in healthcare centers.
Table 4 reveals that bed movers do not have a speed
limit of 2 m/s. Dhelika et al. (2021) introduced an
automated bed-moving device that converts existing
beds into motorized ones. However, due to the large
number of patient beds in large healthcare centers,
converting all beds to motorized beds is not practical
and can be time-consuming and costly. The motorized
bed mover (Guo et al., 2018), the automated bed
moving device (Faria et al., 2021), and the e-tugger
proposed in this paper require professional operation
rather than full automation for safety reasons. The
operator needs to apply a slight force to steer the

motorized bed mover and the automated bed-moving
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Table 4 A general comparison between the inventions for patient transportation presented in this paper and those

proposed by other scholars

References Inventions Size Weight Maximum speed Payload
[cmxcmxcm] [kg]l and gradability [kg]l

Guo et al. (2018) Motorized 80%217x118 50 2 m/s and 14% 300
bed mover

Faria et al. (2021) Automated 100 cm wide 40 1.11 m/s and 4% 351
bed moving
device

Dhelika et al. (2021) Swerve Drive Not reported Not reported Not reported 100
module

In this work e-tugger 42x85%x73 65 2 m/s and 5% 400

device. The e-tugger, nonetheless, lacks a
steering assistance unit, so the operator must manually
steer the bed. This weak point needs improvement to
enhance the e-tugger’'s mobility. Thus, the redesign of
the e-tugger's main structure appears to be necessary
to provide enough room for the installation of a swerve
mechanism. Also, the e-tugger’s appearance is still like
an industrial machine compared to the motorized bed
mover (Guo et al., 2018) and the automated bed
moving device (Faria et al., 2021). On the one hand,
we will consider the e-tugger's appearance in our future
work to ensure patient trust and comfort during
transfers using our equipment. On the other hand, we
will optimize the material and design complexity to
reduce manufacturing costs, thereby making the e-tugger
suitable for commercialization.

Based on all performance studies and literature
reviews, several improvements to the current e-tugger
design are still necessary. First, the patient's bed
equipped with the e-tugger requires more space to turn
corners. Second, the electric drive has a fixed maximum
speed, which causes the carting speed to decrease as
the payload increases. Adding a speed potentiometer
would allow for speed adjustments. Additionally, while
operating the e-tugger, users should be able to monitor
the battery’s current, temperature, and speed of the
driven wheel. Furthermore, to prevent collisions, the e-
tugger should incorporate an electric brake that locks
immediately upon pressing the emergency button.
Lastly, the e-tugger weighs 65 kg, which is relatively
heavy. Reducing the factor of safety (FoS) of the

L-shaped fork to 1.5 could help lower the e-tugger’s
weight. Additionally, utilizing a smaller electric drive
could further reduce the equipment’s overall weight, as

the current motor's dimensions are excessively large

4. Conclusion

This research proposes the design of an
electric tugger to assist hospital personnel in patient
transport. The e-tugger consists of two main
components: the tugger and the forklift. The e-tugger’s
design integrates an electric tugger with a forklift
mechanism. The structure of the tugger provides space
for installing various e-tugger components. The electric
drive system includes a 3-kW brushless DC motor and
a 72V, 15Anh Li-ion battery pack, which together provide
the power needed to propel a patient bed weighing up
to 400 kg on a 5% incline. Additionally, staff can control
the e-tugger's movement using either a control box or
a joystick. The forklift has an L-shaped design when
viewed from the side and is equipped with an electric
scissor lift to raise and lower the fork. The control box
allows staff to operate the scissor lift with ease.

Onsite testing shows that a single staff
member can efficiently transport a patient in a bed using
the e-tugger. The coupling process between the e-tugger
and the patient bed takes just 10 seconds. The e-tugger
successfully propels a 270-kg patient bed, with the
electric motor drawing a maximum current of 2.46 A on
flat surfaces and 4.46 A on a 5% incline. After
transporting the patient bed for 2.36 km on a flat

surface, the battery’s state of charge decreases by only
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2%, with an average energy consumption of approximately
91.5 Wh per 10 km. As a result, the e-tugger’s battery
capacity is sufficient to handle all routine patient
transport tasks without exceeding its limits.

Future efforts will focus on reducing the
weight and size of the tugger to improve its maneuverability
in medical settings. Additionally, we plan to incorporate
more safety features into the e-tugger to ensure the
well-being of both staff and patients. For example, we
will integrate an emergency brake and speed potentiometer,
allowing delivery staff to operate the device more
effectively. We will also include meters to display the
battery’s charge level, temperature, and wheel speed,
enabling staff to monitor the e-tugger’s operation easily.
These improvements aim to make the e-tugger more

user-friendly and safer for use in healthcare environments.
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Figure 2 Scanning micrographs of protein gels at different proportions and heating conditions. Magnification: 50 X (A-C),

400 X (D-F) (A, D); medium-quality surimi gels, (B, E); chicken gels, (C, F); SM surimi/chicken mixture gels.
SM; Medium quality surimi, WC; Washed chicken meat.



Recent Science and Technology 17(1) 260393 (2025)
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(F) SL:WC (50:50) 60/90

Figure 3 Scanning micrographs of protein gels at different proportions and heating conditions. Magnification: 50 X (A-C),

400 X (D-F) (A, D); low-quality surimi gels, (B, E); chicken gels, (C, F); SM surimi/chicken mixture gels. SL;

low-quality surimi, WC; Washed chicken meat.
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ABSTRACT

Local foods and snacks are local cultural heritages which hold significant value for ongoing conservation. Baan
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Chin Community in Satun Province is known for its unique local foods and snacks, which are exclusively prepared during
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important festivals. The application of modern technology in data management allows easy and quick access to all people.
It serves as a method for storing and releasing data, including for commercial use. This research aimed to design and

develop a mobile application for promoting local foods and snacks of Baan Chin Community. The system was analyzed and

designed using “Use Case Diagram” and “Data Flow Diagram”. The application was developed using Glide, Google sheets

Keywords:

and Canva. The efficiency and satisfaction of the mobile application were evaluated by five experts. The satisfaction of the
design and development; application was assessed by a sample group of 300 people, selected using a specific selection method. ~ Statistics used in
mobile application; the data analysis consisted of percentage, mean (X) and standard deviation (S.D.). The efficiency evaluation result showed
local food; that the application was highly effective (X = 4.63, S.D. = 0.529) because it was easy to use and allowed for quick information
desserts searches, aligning well with current technology. The result of satisfaction evaluation from the sample group, which tested the

application, were divided into 3 areas: 1) Conformity with User Demand received the highest level of satisfaction (f =475,
S.D. = 0.545); 2) Application Design received the highest level of satisfaction (JZ =464, S.D. = 0.532); and 3) Functioning of
the Application had the high level of satisfaction (f = 4.48, S.D. = 0.619), respectively. This showed that the application is
easy to use, convenient, and fast, meeting the users’ needs. It serves as a channel to preserve the unique identity of local
foods and snacks, while also promoting the community’s economy. Furthermore, it has potential to extend into the business

sector through electronic commerce to be accessible to the target group for selling community products as intended.
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Table 1 Evaluation of the effectiveness of mobile applications for the dissemination of traditional food and desserts in

Baan Chin community

Topics for assessment X S.D. Interpret
performance

1. The font type, the font color and body size displayed on the 80.4 447.0 most
application are appropriate.
2. The visuals and video media for public relations can clearly convey 60.4 548.0 most
the story.
3. The background colors and graphics are consistent with the content 40.4 894.0 very
and convey the meaning clearly.
4. The layout of menu elements and communication channels is 80.4 447.0 most
simple and uncomplicated.
5. The application can continuously interact with the user's actions. 00.5 000.0 most
6. The convenient and safe contact with local food and desserts 20.4 837.0 very
operators.

combine 63.4 529.0 most
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Table 2 Evaluation of satisfaction in compliance with the needs of application users.

Topics for assessment X S.D. Interpretation

of satisfaction
results

In terms of consistency with the needs of application users

1. The font type and size on the application are presented appropriately. 4.61 0.743 most
2. Publicity of news on the application is appropriate. 4.86 0.353 most
3. Background colors and symbols can be interpreted appropriately. 4.82 0.509 most
4. The vdo and presenting stories in video format is appropriate. 4.76 0.606 most
5. Menus and elements on the application are properly arranged. 4.70 0.513 most

combine 75.4 545.0 most
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Table 3 Application design satisfaction assessment results

J2IRINN mwmm:aﬂumﬂ%ﬁﬁu%ﬁd NINLRE

s a 6

syanwoliafannunane Jszauanuianalanin
71§@ (X= 82.4, S.D. = 0.509) uazANALRANZENIUNT
WHanalalauaznTanuneaiIadITaNaIuaINwT &

U U

im"’ummﬁawalﬁ]mnﬁq@ (X=76.4, S.D. = 0.606)

Topics for assessment

Application design

1. The familiar texts and vocabulary can be easily followed.

2. The layout of buttons for choosing the command menu is

convenient.

3. The display items through the application categorized by

restaurant.

4. The search impressions navigate and show restaurant

ANIA
X S.D. Interpretation of
satisfaction results
40.4 715.0 very
594 494.0 most
71.4 455.0 most
83.4 377.0 most

coordinates vendors of local sweets through the application are

easy.

5. The presentation of information on the history of restaurants and 67.4 619.0 most

traditional snacks through images and videos on the application.

combine 64.4 532.0 most
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Table 4 Evaluation of application performance satisfaction
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Topics for assessment X S.D. Interpretation
of satisfaction
results
Application functionality
1. The application can save the code and store user information. 214 852.0 very
2. The application makes it easy to contact, talk, and interact with 36.4 750.0 very
each other.
3. The application is fast to process and reliable. 414 603.0 very
4. The application has the correct processing capabilities. 64.4 492.0 most
5. The application is in line with the changing technology of the future. 81.4 397.0 most

combine 48.4 619.0 most




Recent Science and Technology 17(1) 260075 (2025)

na3197 4 wan1sdsuduanuiinala
dunsrusasuadwilati nwsmagluszauann
(X= 48.4, S.D. = 0.619) LHaRa1TINTILEU WU
waUnaatuganasosdanaluladifouudasle
aUAA ﬁs:@"’ummﬁawalﬁ]mnﬁq@] (X=81.4,SD. =
0.397) 7898431 waUndaTuianugiunsalunny
ﬂs:mawaﬁgﬂﬁaa ﬁi:@“’umwﬁawahmnﬁq@
(X= 64.4,S.D. = 0.492) uazuoUwalnTuinlnu
a5 lunsdszunanauazdanuindeiio S3zau
anudswalannn (X= 41.4, S.D. = 0.603) MUKAL

NANTEONULLULAZNWILOUNRIAT O AT
wazUnu A" guruttuin lasldouniu
sruudfuamavulnsdndisanialiunaunsousains
ﬁaga"ua\‘im‘mma:muwﬁuﬁmé’mﬂué’mé’ﬂmﬁmaa

gumuLﬁ'a 13150 ﬁu@Twﬁaﬂammma:muuﬁuﬂ’m‘lﬁ

o
< o &

2E19FZAINTIALTY §ﬂmmﬂLﬂufagasluﬁmmuﬁ%ﬁa
Y aay 4 « ' A o o a
drznaudannuazidladadudiunisdnsuaaiasy
uldurguru saandasn Duong and Tung (2023)
n1sssLasuNIIriasiNoadarndragluniswe wd
wssgfarasmmolazing lasmsdszandldinalulad
\WasiLRYUN1IYaLeY (Durand et al., 2023) 813
mmam"ﬁagamslﬁumaﬁm{uﬁfﬂﬁauﬁmsl,ugﬂu,uu
ame A A - & .
fana tNatiuaudaeansundulusznitenis
- P .
LAUNILAEMIVENENAUANAUANT U UM THLELD
ﬁuﬁﬂﬁ’sam’mhzqﬂ@ﬂ“ﬁ’mﬂIuIaﬁuuami‘@ﬂWmﬁa
FIFUN IV UNLNTIIRUTITY (Klinjan, 2021) Uas
a ' A A a A o o«
Aanssuriaafieaguru Fanaluladuodwiiaguidu
' = % A o
FIUntIT09ININITGULATHINIVBITNTY UazayINY
o Aa @
a@uuﬁiimmmmawmmm% (Rawangwong et al.,
2021) lasrruinaluladfiuadoriudagafiinig
wWasuudaaluTagsu

4. &3l

9

Nan1sUssidndss@niaiwnisnawA
LAUNRLATUL WL 8 Do EIATUNTIHALNTENTAITHAS U UL
Nt qumuﬁmﬁu mam@lmﬁaahaﬁvl,ﬁwmaasl,“ﬁmn

o i a v Ao o & ) [
Lqmﬂam"lﬂ WU haUNRaTuAIarindwlasuladng
FLAIN LATIIALST HANNURDANRSIRAANNGBINTVDY
pﬁ% gnﬁﬂmmmé‘a%ammil,m:muuﬁuﬁ'}mi'm

a o o A s = ' A
waUwatatuled dardusainitenislunisgsasy
LATHINBI TN T °1thaq%’nﬁmﬂﬁﬂmﬁmaammma:

YBUNBLB LAEFINTOGBE a@"l.ﬂ ijﬂ’]ﬂi;‘iﬁilsluﬁﬂ ASEMY}

paswdigaiannsadndlvidrfenguithminedwiy

ﬁwmmﬂwamﬁwﬁmaaqwﬂﬁ

5. UDLABDLWY

fnsutatanaunzluniindssluauiaa
) mmmﬂma@‘huaagamﬁam’%umﬁmmﬂﬁuﬁﬂ
1u3ﬂLLUUﬁqiﬁﬁ]ﬁLﬁﬂmaﬁﬂe?chwﬁaamamsa”m‘iwmﬂ
o TuazauNiui Uiz uUsaulaifisaandaniu
nauane wazRINTaNM At aaualnalaTwlasld
mﬂﬁﬂns:mumsﬁwﬁaam%‘aqﬁm{uﬁwmwmuu

tﬂl U = e
iNauaasTayalugUuunanludd

6. naanssulsznd

unauiTIn1satuidusiunitenes
NUSTHIE89 MIBNTLAUNARA U UL AT T
tudwnsdidnm inauadiuaags Sunaidas 3ania
AQ8 VOVOUAMNAUIAG LAY INUIFLTANE
s ineabmaluladvsunsaiitbuaziisznaunis
RRURY muuﬁvuﬁ']wgmu ﬁlﬁmmagmswzﬁ%gaé’u

Wudselomildunfnuinise

U a
7. @Nd1791989

Boonchom, V., Khamdam, K. and Kreutong, R. 2020.
The Development of Android Application for
Disseminating Thai Cultural Heritage of the
Lower Southemn Provinces of Thailand. Thaksin
University Journal 23(3): 31-40. (in Thai)

Boonmee, S., Putthidech, A., Tumdee, S. and Sookjam,
A. 2023. Model of Tourism management of
creative community-based tourism on Sustainable
agriculture using Digital technology in Thap —
Nam Banma Subdistrict, Bang Pahan District,
Phra Nakhon Si Ayutthaya province. Journal
of Liberal Art of Rajamangala University of
Technology Suvarnabhumi 5(1): 1-14. (in Thai)

Bunnoon, P., Nuansoi, W., Tunpanit, A. and Niseng, S.
2020. Factors Affecting Success in the Street
Food Restaurant Business: Case Study of
Chue- Chang Street Food, Hat Yai District,
Songkla Province. University of the Thai
Chamber of Commerce Journal 40(4): 99-119.
(in Thai)



Recent Science and Technology 17(1) 260075 (2025)

Duong, T. and Tung, L. 2023. Travel Intention and
Travel Behaviour in the Post-Pandemic Era:
Evidence from Vietnam. Organization and
Markets in Emerging Economies 4(1): 171-193.

Durand, A., Hamersma, M. and Rienstra, S. 2023.
Use and perceived effects of digital travel
information for car and public transport
travel. Ministry of Infrastructure and Water
Management, Netherlands Institute for Transport
Policy Analysis.

Hongboonmee, N. and Khunbun, P. 2021. Development
of an application for forecasting the sweetness
of pomelo on smartphone using deep learning
technique. RMUTSB Academic Journal
9(1): 92-105. (in Thai)

Hongboonmee, N. and Wongpha, L. 2022. Classification
of Chinese Herb Images Using Deep Learning
Technique via Android Application. Rajamangala
University of Technology Srivijaya Research
Journal 15(2): 373-389. (in Thai)

Jirapanthong. W., Intrachamnan, W., Poonsawat, B.,
Imsombat, A., Niranatlumpong, W., Yampray,
K. and Deechuay, N. 2021. A study of
learning of digital business development with
augmented reality technology via online
system. RMUTSB Academic Journal 9(1):
106-117. (in Thai)

Klinjan, C. 2121. The Virtual Reality Information
System of Cultural Tourism in Lop Buri
Province for Elderly Adults. Rajamangala
University of Technology Srivijaya Research
Journal 14(2): 497-512. (in Thai)

Krajangchom, S. and Sangkakorn, K. 2019. Behaviors
and Needs of Thai and Foreign Wellness
Tourists in Upper North of Thailand. University
of the Thai Chamber of Commerce Journal
40(1): 57-76. (in Thai)

Martin, S., Castro, M., Gago, D. and Torres, D. 2013.
Empowering communities on line: A Massive
Open Online Community on App Development
and Entrepreneurship, pp. 37-40. In Proceedings
of 2013 IEEE International Conference on
Teaching, Assessment and Learning for

Engineering. Bali, Indonesia.

Municipal office Chalung Subdistrict. 2016. OTOP
Chalung. Business in the subdistrict.
Available Source: https://www.chalungcity.go.th/
otop/index.php, August 20, 2023.

Preechapanich, O. 2015. System Analysis and Design.
IDC Premier, Nonthaburi.

Rattanachuchok, P. and Maneelert, C. 2021. Development
of Learning Application on Intakhil Kiln and
Earthenware Production. Rajamangala University
of Technology Srivijaya Research Journal
14(3): 843-857. (in Thai)

Rawangwong, S., Homkhiew, C., Cheewawuttipong,
W., Pirom, T. and Kamnerdwam, A. 2021.
Application of Quality Function Development
Technique for Designing and Developing Bag-
Type Bulrush Reed Products. Rajamangala
University of Technology Srivijaya Research
Journal 14(3): 633-649. (in Thai)

Srisuwan, P. 2022. Competency-based courses to
Enhance skills in Selling products Online.
RMUTSB Academic Journal 4(3): 457-471.
(in Thai)

Tunpanit, A., Bunnoon, P., Suwanno, P. and Madsa,
T. 2022. The Development of Specialty
Food Application for Hat Yai: A Case Study.
ASEAN Journal of Scientific and Technological
Report 25(3): 34-44. (in Thai)

Tungseng, T., Matthayomburut, W. and Sreesoompong,
P. 2016. System Development of Community-
Based Tourism Network of Satun Province.
Thaksin University Journal 19(2): 67-80. (in Thai)

Wiwattanachang, N., Vichalai, C., Jantasuto, O. and
Youngsukasem, N. 2017. The innovative
paddle- wheel from indigenous knowledge.
RMUTSB Academic Journal 5(2): 169-178.
(in Thai)



Recent Science and Technology 17(1): 261372

RoT

Recent Science
and Technology

Recent Science and Technology

SCIENCE AND TECHNOLOGY Journal homepage: https:// www.tci-thaijo.org/index.php/rmutsvrj/index

ISSN: 3057-0786 (Online)

Research Article

The Effects of Dry Yeast Supplementation on Rumen Ciliated Protozoa

Population and Volatile Fatty Acid Production in Lactating Beef Cows

Wiruntita Bohman ¥, Titipong Nokkeaw °, Supinya Chujai %, Jirawan Kotcharat ®, Ratthasat Daorueng *

Rutdanai Sriboonnak ?, Teerapong Muadsri ° and Krittaya Nusai d

? Faculty of Veterinary Science, Rajamangala University of Technology Srivijaya, Thungyai, Nakhon Si Thammarat 80240, Thailand.
® Srivijaya Agricultural Development Center, Rajamangala University of Technology Srivijaya, Pathio, Chumphon 86160, Thailand.
° Faculty of Agro-industry, Rajamangala University of Technology Srivijaya, Thungyai, Nakhon Si Thammarat 80240, Thailand.
? Faculty of Science and Technology, Rajamangala University of Technology Srivijaya, Thung Song, Nakhon Si Thammarat 80110, Thailand.

ABSTRACT

This present study aims to assess the impact of supplementing dry yeast (Saccharomyces
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1. Introduction

During the lactating period, beef cows require
high energy to support the milk production process for
6-7 months of calf raising. This phase is considered the
most stressful for beef cows as the milk contains both
high levels of fat and protein to support calf growth.
Changes in body condition score as a marker of energy
imbalance have been reported to negatively affect
reproductive  performances in postpartum cows
(Humblot et al., 2008). Providing high-quality nutrition to
beef cows during this critical period is essential for
optimizing feed utilization and enhancing nutrient absorption,
which helps maintain optimal body condition scores,
supports substantial milk production, and promotes
reproductive function. Feed supplementation, particularly
with yeast, has been demonstrated to improve digestive
efficiency and nutrient absorption, thereby contributing
to increased milk yield, the prevention of metabolic
disorders, and enhanced reproductive performance in
dairy cows (Szucs et al., 2013; Kalmus et al., 2019).
However, the traditional practice of free-range grazing
for beef cattle in Thailand often leads farmers to neglect
proper nutrition management, including the potential
benefits of yeast supplementation, which are crucial to
meeting the cows' nutritional needs and sustaining their
gut health during lactation.

The cattle rumen serves a pivotal function as
the organ responsible for synthesizing volatile fatty
acids (VFAs), including acetate, propionate, and
butyrate, through microbial fermentation (France and
Siddons,1993). These VFAs act as the primary energy
source for ruminants, contributing to around 70% of
their total energy requirements. The quantity of each VFA
produced is influenced by dietary composition (Moran,
2005). In the realm of rumen ecology, a diverse range
of microorganisms, including cellulolytic bacteria,
lactate-producing bacteria, and ciliate protozoa, are
commonly found. Each type of microorganism plays a
specific role in fermenting and breaking down various
nutrients (Castillo-Gonzalez et al., 2014). Notably,
rumen ciliated protozoa are recognized for their
fibrolytic activity, contributing to 19-28% of the cellulase
activity within the total fibrolytic activity in the rumen

(Patel and Ambalam, 2008). Their significant role of

microorganisms in rumen function is evident in their
association with feed digestion and fermentation, as
well as in their impact on nitrogen utilization efficiency
and methanogenesis (Newbold et al., 2015; Park et al.,
2021). In normal cattle, the pH value typically falls within
the range of 6.0 to 7.0. Variation in ruminal pH is a crucial
factor that influences the population of microorganisms
and the fermentation processes within the rumen,
thereby affecting the production of volatile fatty acids
(VFAs) and methane. Consequently, maintaining a
balanced acid-base environment in the rumen is
essential for the overall well-being of cattle (Dijkstra et
al., 2020).

Saccharomyces cerevisiae (SC) is commonly
used as a probiotic supplement in ruminant feed to reduce
the need for antimicrobial drugs. These yeasts can
proliferate in the digestive system of animals, aiding in the
fermentation and digestion of carbohydrates and cellulose
within the rumen. The benefits of supplementing live yeast
in cattle feed, especially in dairy cows, have been
thoroughly studied (Kowalik et al., 2012; Marden et al.,
2008). Previous research suggests that live yeast
supplementation within the range of 2-5 grams per
individual per day plays a role in regulating rumen
acidity (Ambriz-Vilchis etal., 2017). This supplementation
also positively influences rumen fermentation processes,
promoting the production of propionate. This enhancement
contributes to the efficient utilization of starch as an
energy source. Furthermore, the incorporation of
commercial dry yeast at a dosage ranging from 2 to 10
grams per cow per day in the diet of dairy cows has
been shown to enhance milk yield and improve milk
composition (Kalmus et al., 2019; Besseboua et al.,
2020). Additionally, it reduces somatic cell count, which
is indicative of improved udder health, and decreases
the concentrations of beta-hydroxybutyrate (BHB) and
free fatty acids (FFA) in the blood, which are associated
with a reduced risk of ketosis (Kalmus et al., 2009;
Yalcin et al., 2011; Szucs et al., 2013). Williams et al.
(1991) and Ding etal. (2014) conducted a study on
supplementing yeast in beef cattle. The results of these
studies demonstrated an enhancement in the efficiency
of roughage digestion in the rumen, along with an increase

in the population of beneficial microorganisms in the
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rumen. We hypothesize that dietary yeast supplementation
in lactating beef cows in tropical regions will enhance
digestion and increase volatile fatty acid production,
thereby improving nutrient utilization for milk production
and ultimately benefiting the calves. These processes
may differ from those observed in dairy cows, as
current literature on the use of dry yeast in lactating
beef cows, particularly its effects on ruminal microbiota
and metabolic processes, remains relatively limited.
Therefore, this study aims to address this gap by
investigating the impact of SC supplementation on
ruminal ciliated protozoa populations and VFA
production. It will provide insights into the potential of
SC as an alternative probiotic, supporting fiber
digestion and rumen pH balance, thereby enhancing
digestive efficiency and nutrient absorption in lactating

beef cows.

2. Materials and Methods
2.1 Animals and Experimental designs

The research focused on Brahman-crossbred
beef cows, aged 4 to 7 years and calved within the past
30 days. The nine cows, with an average weight of
349.55 + 37.20 kilograms, were individually housed in
open-sided barn pens at the Srivijaya Agricultural
Development Center in Pathio District, Chumphon
Province. Prior to the experiment, all cows received
vitamin AD3E injections and lvermectin-F treatment. The
animals were randomly assigned to three experimental
groups. Cows received fresh Napier grass ad libitum,
representing 10% of their body weight (BW) daily, and
a single daily meal of pelleted feed containing 16%

crude protein, comprising 0.5% of their BW. The

chemical composition of the basal diets (concentrate
and roughage) fed in the experiment based on dry
matter is represented in Table 1. Each group was
administered varying levels of commercial dry yeast
supplementation (Saccharomyces cerevisiae, 20x10’
cells/gram, RumenYeast®, ICC, Santa Maria, Brazil) at
doses of 0g (SCO0), 2g (SC2), or 4g (SC4) per individual
per day. The 21-day experiment included a 14-day
adaptation period and a 7-day sample collection period
to acclimate the cows to the experimental conditions
and feed. This research has received approval for
animal husbandry and scientific research from
Institutional Animal Care and Use Committee,
Rajamangala University of Technology Srivijaya (ID#
IAC 04-12-63).

2.2 Ruminal fluid collection

In the final day of the experiment, rumen fluid
samples were collected from each experimental group
before (0 hours) and after feeding (4 hours). Using
aseptic techniques, rumenocentesis was performed
with an 18 G, 4-inch needle inserted through the left
abdominal wall. The needle was advanced 20 centimeters
above the pelvic brim to collect 25-30 milliliters of rumen
fluid (Duffield et al., 2004), which was immediately
measured for pH using a tabletop pH meter (HORIBA,
Kyoto, Japan). The collected fluid was then divided: 1)
One milliliter was mixed with 9 milliliters of 10% formalin
solution for preserving rumen protozoa population
analysis and 2) Five milliliters were supplemented with 5
milliliters of 1M H,SO, for volatile fatty acids (VFAs)
analysis, specifically acetate (C2), propionate (C3), and

butyrate (C4).

Table 1 The chemical composition of the basal diets, including both concentrate and roughage, utilized in the experiment

was analyzed on a dry matter basis.

Composition Concentrate Roughage
Crude protein (%) 15.71 5.48
Fat (%) 4.74 0.78
Ash (%) 9.94 5.79
Gross Energy (cal/g) 4,306.55 3,942.63




Recent Science and Technology 17(1) 261372 (2025)

2.3 Evaluation of Protozoa Motility Scores

Rumen fluid was collected and immediately
transferred to a sterile glass slide. A coverslip was
applied, and protozoal motility was observed under a
40x magnification microscope. Protozoal motility scores
were assessed using light microscopy according to the
methodology described by Shah et al. (2018). Protozoa
in the rumen were categorized into four motion levels
based on their observed characteristics under the
microscope. Level 3 indicates rapid movement and
densely packed group, Level 2 represents moderately
fast movement and moderately packed group, Level 1
signifies slow movement and small groups, while Level
0 denotes no movement and dispersed protozoa with a

low number of living organisms.

2.4 Counting and Classifying the Population of Rumen

Ciliated Protozoa

Ciliated protozoa in the rumen were examined
by diluting samples with 10% formalin, using Lugol’s
iodine staining, and counting under a microscope.
Protozoan types based on genus were identified using
a microscopic method described by Ogimoto and Imai,
(1981) and Dehority (2018). Protozoa counting was

conducted by considering the genus types per milliliter.
2.5 Analysis of Volatile Fatty Acids in Rumen Fluid

The analysis of volatile fatty acids (VFAs) in
rumen fluid, which are crucial components, including
acetate (C2), propionate (C3), and butyrate (C4), was
conducted using High-Performance Liquid Chromatography
(HPLC; Model LC-20A, Shimadzu, Kyoto, Japan). The
HPLC system utilized a C18 column at a temperature
of 30 degrees Celsius. The mobile phase consisted of
10mM potassium dihydrogen phosphate (KH,PO,) with
a flow rate of 1.5 milliliters per minute, and detection
was performed at a wavelength of 210 nanometers.
The injection volume for the sample was 20 microliters,

and the analysis time was set at 20 minutes.
2.6 Statistical Analysis

In this study, statistical analysis was conducted
using the software IBM® SPSS® Statistics version 20.

The statistical tests employed for hypothesis testing

included One-Way Analysis of Variance (ANOVA) to
assess variance and post-hoc tests, specifically
Dunnett's method, to compare mean differences
between experimental and control groups. The
statistical results will be presented as mean values with
the corresponding Standard Error of the Mean (SEM).
Furthermore, the significance level for all statistical
tests will be established at a 95% confidence level

(P < 0.05) and a 99% confidence level (P < 0.01).

3. Results and Discussion

The impact of yeast supplementation on the ruminal pH

Our results demonstrated that the SC2 group
exhibited a ruminal pH of 6.91 + 0.02, which was
significantly different from the control group (7.16 %
0.66) and the SC4 group (7.39 + 0.07) before feeding
(P < 0.05). However, no significant differences were
observed in ruminal pH at 4 hours post-feeding among
the three experimental groups. Postprandial ruminal pH
measurements showed the SC2 group at 6.40 + 0.16,
the SC4 group at 6.51 + 0.06, and the control group at
6.68 = 0.03, as illustrated in Figure 1. These findings
are consistent with previous studies reporting an
increase in ruminal pH following yeast supplementation
in sheep and dairy cows (Thrune et al., 2009; Silberberg
et al., 2013; Diaz et al., 2018). The consistently low
ruminal pH in the SC2 group suggested either enhanced
microbial acidogenesis or reduced buffering capacity.
Potential mechanisms include alterations in rumen
microbiota (Kim et al., 2018), increased fermentation
(Li et al., 2021) and decreased saliva production
(Dijkstra et al., 2012). In addition, previous studies
suggested that the effect of SC supplementation on
ruminal pH may vary due to yeast dosage and/or the
composition of dietary oncentrates, which influence
rumen digestibility (Bach et al., 2007; Thrune et al., 2009).
Further investigation should involve characterizing the
rumen microbiome within each group and assessing
saliva flow rates to elucidate the factors contributing to

the observed differences in ruminal pH.
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Figure 1 Ruminal pH levels of lactating beef cows that received different quantities of yeast powder at pre-feeding

and 4-hours post-feeding on the 21st day of the experiment. The symbols * and ** denote significant differences with

P-values of < 0.05 and < 0.01, respectively.

Table 2 Comparative Analysis of Rumen Protozoa Motility Scores Pre-feeding and 4 Hours Post-Feeding in Various

Yeast-Supplemented Groups.

Protozoa Motility Score

Time post-feeding P-value
SCOo SC2 SC4
0 hours 3.00 £ 0.00° 2.33 £0.33° 1.00 + 0.57° 0.027
4 hours 2.00 £ 1.00 3.00 £ 0.00 2.66 £ 0.33 0.533

a vs b: a significant difference in same row (P < 0.05)

The impact of yeast supplementation on the rumen

ciliated protozoa

Our results showed that pre-feeding, the
movement of ciliated protozoa in the rumen fluid
differed significantly among the control group, SC2, and
SC4, with scores of 3.00 + 0.00, 2.33 + 0.33, and 1.00
+ 0.57, respectively (Table 2). The SC4 group exhibited
significantly slower protozoa motility compared to the
control group (P < 0.05). However, no statistically
significant differences in protozoal motility were observed
among the groups four hours post-feeding. Mean
motility scores were 3.00 + 0.00 for SC2, 2.66 + 0.33
for SC4, and 2.00 * 1.00 for the control group (Table 2).

These findings suggest a potential antiprotozoal effect
of the higher yeast supplementation level. However, this
effect was not sustained post-feeding, as no significant
differences in protozoal motility were observed among
groups. The transient nature of this inhibition may be
attributed to the complex dynamics of the rumen
environment, including fluctuations in pH and substrate
availability. The observed decrease in protozoal motility
is likely due to an elevated pre-feeding ruminal pH.
Ciliated protozoa are known to be sensitive to pH
extremes (Clarke, 1977; Dehority, 2005; Franzolin and
Dehority, 2010), suggesting that the strongly acidic or

alkaline environment indirectly inhibited their movement.
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Table 3 Average Number of Rumen Protozoa Genera per Milliliter (x10° cells) in Various Yeast-Supplemented Groups

Pre-feeding and 4 Hours Post-Feeding.

Time Number of Protozoa (x10° cells/mL)
post- Protozoa genera P-value
feeding SCo SC2 SC4
Entodinium spp. 8.5+ 0.51 17.80 £ 5.10 5.87 £0.72 0.067
Diplodinium spp. 0.92 £ 0.92 1.75 £ 0.88 0.00 + 0.00 0.312
Polyplaston spp. 0.69 + 0.69 0.04 £ 0.04 0.04 £ 0.04 0.469
Eudipladinium spp. 0.87 £ 0.62 0.32 £0.20 0.83 £ 0.36 0.627
Enodinium spp. 0.32 £0.16 0.13 £ 0.09 0.00 + 0.00 0.182
Metadinium spp. 0.27 £ 0.27 0.18 £ 0.09 0.00 + 0.00 0.533
on Diploplastron spp. 0.64 £ 0.64 0.27 £ 0.21 0.00 £ 0.00 0.541
Eremoplastron spp. 0.87 £ 0.20 1.61 £ 044 0.87 £0.43 0.346
Chronina spp. 1.38 + 0.57 2.08+0.24 1.29 + 0.56 0.500
Dasytricha spp. 12.11 £ 7.33 5.04 £0.24 4.76 + 2.06 0.465
Isotricha spp. 4.57 £ 2.91 1.57 £ 0.46 3.88 £ 2.77 0.656
Total 31.25+ 12,57 67.64 + 14.61 30.79 + 6.96 0.509
Entodinium spp. 13.40 + 4.36 16.27 + 4.52 10.81 + 5.68 0.744
Diplodinium spp. 217 £ 217 291 +£1.24 115+ 1.15 0.747
Polyplaston spp. 1.06 + 0.86 0.00 £ 0.00 0.23+0.23 0.370
Eudipladinium spp. 0.88 £ 0.88 1.06 + 0.46 0.46 + 0.33 0.782
Enodinium spp. 0.00 + 0.00 0.18 £0.18 0.00 + 0.00 0.422
4 h Diploplastron spp. 0.00 £ 0.00 0.09 £ 0.09 0.00 £ 0.00 0.422
Eremoplastron spp. 1.66 + 0.42 1.98 + 0.40 1.43 £ 0.36 0.638
Chronina spp. 1.61 £ 0.53 1.66 £ 1.24 4.57 £2.95 0.486
Dasytricha spp. 32.50 + 14.28 50.90 + 6.08 41.93 £ 6.64 0.459
Isotricha spp. 12.66 + 6.93 13.17 £ 4.40 7.03 £ 2.56 0.645
Total 67.56 + 5.72 88.26 + 20.89 65.97 + 28.51 0.690

The research findings revealed that there were
11 genera: Entodinium, Diplodinium, Polyplaston,
Eudipladinium, Enodinium, Metadinium, Diploplastron,
Eremoplastron, Chronina, Dasytricha, and Isotricha
during the study period (Table 3). These ciliated
protozoa significantly contribute to the breakdown of
feedstuffs, particularly complex carbohydrates, proteins,
and lipids, with each species possessing unique
functional capabilities (Choudhury et al., 2015; Newbold
et al., 2015). Our investigations reveal that SC supplementation
had no discernible impact on the quantities of ruminal
protozoa at the genus level across the two examination
periods (P > 0.05). Moreover, while SC supplementation

did not significantly affect the overall abundance of

ruminal protozoa at the genus level, the SC2 group
consistently demonstrated higher total protozoal
populations both pre- and post-feeding. Prior to feeding,
a noticeable tendency toward an increase in the number
of Entodinium spp. in the rumen of SC2 cows was
observed compared to the other groups (P = 0.067).
These species are key for starch and plant cell wall
degradation, contributing significantly to VFA production
(Wang et al., 2019). These findings suggest that SC
supplementation might be influencing the protozoal
community structure rather than simply increasing the
total number of organisms. In contrast to the study by
Kowalik et al. (2012), which observed increased rumen

protozoa, including Entodinium, in Jersey heifers fed
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yeast metabolites, the absence of a similar response to
live SC supplementation highlights the complexity of
yeast product effects on ruminal protozoa. Furthermore,
variations in yeast product composition and dosage
across studies hinder direct comparisons and limit
definitive conclusions. The observed increase in Entodinium
spp. within the SC2 group warrants further investigation.
These results align with Galip (2006), who reported
increased rumen ciliate protozoa populations following
dry yeast supplementation in rams. However, contrasting
results have been reported. Phesatcha et al. (2021)
observed decreased rumen protozoa and methanogen
populations in Thai native beef cattle following dry yeast
supplementation. Concurrently, increased abundances
of cellulolytic bacteria, including Ruminococcus flavefaciens,
Butyrivibrio fibrisolvens, and Fibrobacter succinogenes,
were reported (Zhu et al., 2017; Phesatcha et al., 2021).
Our findings suggest that SC supplementation had a
minimal effect on rumen ciliated protozoa populations,
potentially influencing feed degradation and VFA
production. The complex interactions within the rumen
microbiome, including dynamic fluctuations in pH, likely
play a significant role in determining the response to
yeast supplementation. To gain a deeper understanding
of these mechanisms, future research should focus on
quantifying the relative abundances of total bacteria,
fiber-degrading bacteria, and methanogens. This will
help elucidate how SC supplementation interacts with
the broader rumen microbial community and its impact

on key metabolic processes.

The impact of yeast supplementation on the ruminal

VFAs production

The results of the ruminal VFA concentrations,
as shown in Table 4. Pre-feeding, the SC4 group
exhibited significantly higher total VFA concentrations
(179.03 + 1.43 mmol/L) compared to the control and
SC2 groups (P < 0.05). Acetate (A) concentrations
tended to be higher in the SC4 group (103.65 = 2.40
mmol/L) compared to the other groups (P = 0.057),
although this difference did not reach statistical
significance. No significant differences were observed
in propionate (P), butyrate (B), A:P, or A+B:P ratios
among the groups. Post-feeding, the SC2 group

displayed the highest total VFA production (280.60 *
16.86 mmol/L; P < 0.05), with both the SC2 and SC4
groups exhibiting significantly elevated acetate
concentrations compared to the control group (P < 0.05).
However, propionate and butyrate levels did not differ
significantly among the groups. The SC2 group demonstrated
significantly higher A:P and A+B:P ratios compared to
the other groups (P < 0.05).

The observed pre-feeding elevation in total VFA
concentration, particularly acetate, within the SC4
group suggests a potential stimulation of microbial
fermentation by the higher yeast supplementation level.
This finding is in agreement with previous studies
demonstrating increased VFA production following
yeast supplementation (Marden et al., 2008). Conversely,
Phesatcha et al. (2021) reported an increase in total
VFAs and propionic acid, accompanied by a decrease
in acetic and butyric acid levels, when beef cattle were
fed urea-lime-treated rice straw supplemented with 3
g/day of dry yeast. These changes were attributed to
the stimulation of cellulolytic bacterial populations.
However, the lack of significant differences in other
VFA parameters indicates that the influence of yeast on
VFA profile may be complex and dependent on dietary
factors and experimental conditions.

The post-feeding increases in total VFAs and
acetate in both the SC2 and SC4 groups suggests a
sustained stimulatory effect of yeast on rumen
fermentation. The higher A:P and A+B:P ratios observed
in the SC2 group may indicate shifts in microbial
populations toward a more fibrolytic profile, leading to
increased acetate production. These results are similar to
previous research demonstrating that live yeast
supplementation can augment fiber digestion in dairy cows
fed high-forage diets by stimulating fibrolytic bacteria and
fungi, thereby facilitating microbial colonization of fibrous
substrates (Chaucheyras-Durand et al., 2016). The lack of
significant differences in propionate and butyrate levels
suggests that the primary effect of dry yeast
supplementation on VFA production is an increase in
acetate, potentially through the stimulation of cellulolytic
bacteria. However, further research is required to elucidate
the specific mechanisms underlying these changes and to

determine the long-term implications for animal performance.
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yeast-supplemented groups, both pre-feeding and 4-hours post-feeding.

Time Treatments
VFAs (mmol/L) P-value
post-feeding SCo SC2 SC4

Total VFAs 158.25+5.01° 151.19+8.722 179.03£1.43° 0.036

Acetate (A) 88.59+3.24 89.3615.36 103.65+2.40 0.057

Propionate (P) 27.75+2.26 28.28+1.91 31.57+1.84 0.405

0 hours Butyrate (B) 41.9040.81 33.56+7.39 43.80+0.80 0.278

AP ratio 3.2240.21 3.174£0.15 3.3140.27 0.893

A+B:P ratio 4.750.30 4.36+0.15 4.71£0.37 0.605

Total VFAs 192.57+13.88° 280.60+16.86° 252.68+17.79° 0.022

Acetate (A) 100.18+7.99° 168.08+7.27° 143.60£15.07° 0.011

4 hours Propionate (P) 46.20+3.00 52.93+2.08 54.54+1.39 0.084

Butyrate (B) 37.91+8.06 40.55+8.07 53.38+2.20 0.292

A:P ratio 2.16+0.05° 3.18+0.06° 2.62+0.22° 0.005

A+B:P ratio 3.16+0.05° 4.29+0.11° 3.62+0.22° 0.004

4. Conclusion

This study investigated the effects of dry yeast
supplementation on ruminal pH, ciliated protozoa, and
fermentation parameters in lactating beef cows. While
yeast supplementation resulted in a transient decrease
in ruminal pH, it had minimal effects on protozoa
populations and motility. However, a positive impact on
rumen fermentation was evident, as indicated by
increased total VFA and acetate production. These
findings highlight the intricate relationship between
yeast, rumen microorganisms, and fermentation
processes. Future research is necessary to clarify the
specific mechanisms involved and optimize yeast
supplementation strategies for improving the digestive

efficiency and nutrient utilization of lactating beef cows.

5. Recommendations

The findings of this study diverge from
previous research, likely due to the use of high-quality
forage. To induce more pronounced treatment effects
in future investigations, it is recommended to employ a
lower-quality diet to create a more challenging environment
for the animals. Moreover, the study did not identify
significant benefits from additional yeast application,
suggesting potential methodological limitations. Future

research should refine the approach, with a particular

focus on yeast-related factors, to enhance the study's
validity and generate more meaningful insights. The
relatively small sample size per group may have
constrained statistical power, emphasizing the need for
larger sample sizes. Alternatively, a Latin square design
could help minimize within-group variation, leading to

more reliable results.
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This study focuses on the controlled curing method for preparing natural rubber latex as a
suturing training pad. Local natural rubber latex was transformed into pre-vulcanized rubber latex using a
chemical. The natural rubber sheets were cured at temperatures of 30 + 2 °C, 40 + 2 °C, and 50 + 2 °C
for 7 days under controlled conditions. Various properties, including stress-strain curves, hardness,
crosslink density, swelling, and crosslinking behavior, analyzed using FT-IR spectra, were examined. The
FT-IR spectra indicated a decrease in the signal of the C=C bond and an increase in the C-S bond,
demonstrating the crosslinking behavior. As the curing temperature increased, crosslinking also increased,
resulting in enhanced stress-strain properties at break, higher Young's modulus, greater strain hardening,
and increased hardness. Additionally, crosslink density increased while swelling decreased. A curing
temperature of 30 + 2 °C was selected for preparing the natural rubber sheet for use as a suturing training
pad. The performance of this rubber sheet was tested and compared with a commercial silicone skin suture
practice sheet. The results showed that no cracking occurred around the pinholes, and the rubber surface
could be sutured without tearing. A nylon suture placed on the rubber surface demonstrated a tight closure,

similar to that of the silicone skin suture practice sheet.
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Technology Srivijaya

1. Introduction

Suturing skills are crucial for students
training in medical labs. To practice suturing, these labs
often use simulation materials designed to mimic real
skin. For instance, Cheung et al. (2014) created a
simulation material using 3D modeling software, which
was then printed with silicone rubber. Boyajian et al.
(2019) explored a method for creating suture training

materials using medical-grade silicone and 3D printing

* Corresponding author.

E-mail address: korn.t@pnu.ac.th

Cite this article as:

techniques. Similarly, Gallagher et al. (2020) developed
a silicone material designed specifically for skin suture
task training, utilizing a 3D printer. In addition,
Serdinsek et al. (2019) constructed a model of the
pelvic floor, including the uterus/vaginal cuff, bladder,
both ureters, and associated ligaments using a variety
of materials such as sponge foam paper, felt fabric,
chenille stems, foam, plastic ties, and fabric glue.
Moreover, Khantasa-Ard (2024) stated that the

materials used to create the suture training pad include

Taksapattanakul, K., Saengwiman, S., Puteh, A., Niseng, N. and Srichai, S. 2025. The Effect of Vulcanization Temperature on the Properties of Natural

Rubber Latex to Prepare the Suturing Training Pad. Recent Science and Technology 17(1): 264500.
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a plate of polyurethane leather. Meanwhile, polymer
suture materials are often expensive and involve
complex manufacturing processes, and sponge
materials are prone to tearing. Despite these advances,
animal materials are still commonly used for suturing
practice. For example, Wei et al. (2014) trained
students using chicken thighs, while La and Caruso
(2013) employed porcine models for suturing training.
However, these animal-based simulation materials
have significant downsides, including their perishable
nature and degradation over time. To address these
issues, there is growing interest in using local natural
rubber latex as an alternative to animal, polymer, and
sponge materials for suturing practice.

Natural rubber sheets possess excellent
elastic properties, characterized by a flexible texture
due to rubber chain interactions and crosslinking
(Wietor and Sijbesma, 2008; Smitthipong et al., 2013;
Suntako, 2014; Xu et al., 2016). Additionally, they are
low-cost materials. Natural rubber has been used to
create medical training materials, such as sponges
designed for practicing basic surgical skills (Gonzalez-
Navarro et al., 2021; Ige et al., 2012). Additionally, a
blend of silicone rubber and natural rubber has been
developed as a material for birthing models used in
childbirth simulation (Panmanee et al., 2023). Furthermore,
using thin sheets of natural rubber as suturing materials
offers a viable option for medical students, providing
them with an accessible tool for practice. This approach
also adds value by creating a new product through a
simple manufacturing process.

This project aims to develop a suturing
practice material sheet using locally sourced natural
rubber latex. The approach involves a straightforward

production process and a controlled curing method,

with the intent of creating an alternative to common skin
simulation materials used in medical laboratories.
Fourier Transform Infrared Spectroscopy (FT-IR) was
employed to investigate the crosslinking of the rubber
sheets, as well as to analyze the crosslink density and
swelling properties related to the interactions within the
rubber chains via a sulfur vulcanization system.
Additionally, the tensile strength and hardness
properties were examined to assess the stability of the
rubber sheet's surface. The performance of the natural
rubber sheet was compared to that of a commercial
silicone skin suture practice sheet, specifically
regarding the effects of pinhole and nylon sutures on
the surface. As a result, the natural rubber sheet was
effectively developed as a suturing training pad for

medical students' laboratories.

2. Materials and Methods

2.1 Controlling the curing temperature for preparing

natural rubber latex as a suturing training sheet

The local natural rubber latex was prepared
as a concentrated rubber latex and mixed with a
chemical formulation, as detailed in Table 1. This
mixture produced pre-vulcanized rubber latex at a
concentration of 40%. A sheet mold was filled with the
pre-vulcanized rubber latex to create a natural rubber
sheet, which served as suturing training material with a
thickness of 1 mm and 6.0 + 2.0 mm for the samples
used for hardness properties. The sheets were then
dried in a hot air oven at temperatures of 30 + 2 °C, 40
+2°C, and 50 % 2 °C for 7 days under controlled curing
conditions. Once dried, the natural rubber sheets were
removed from the mold, resulting in suturing training

sheets.
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Table 1 The chemical formulation to prepare the pre-vulcanized rubber latex

Parts per *Average
Materials and Chemicals
Source hundred rubber Particle size
Dispersion
[phr]

40 % Natural rubber latex Local Narathiwat province, 100 -
concentration Thailand
50% white seal Zine  Oxide Polymer Innovation Co., 20+£0.2 0.5 microns
dispersion Ltd. Thailand
60% ultra fine Sulfur Polymer Innovation Co., 1.0+£0.2 < 1.5 microns
dispersion Ltd. Thailand
50% ZMBT, Zinc 2- Polymer Innovation Co., 0.8 £ 0.02 < 1.5 microns
Mercaptobenzo- thiazole Ltd. Thailand
dispersion
50% ZDEC, Zinc Polymer Innovation Co., 0.6 £ 0.02 < 1.5 microns

Diethyldithiocarba mate Ltd. Thailand

dispersion

* Data sheets

2.2 Fourier transform infrared spectroscopy (FT-IR)

analyzed the crosslink reaction

The natural rubber sheets were cured using
a sulfur vulcanization system and a temperature-
controlled curing method to investigate the changes in
crosslink reactions involving the C=C bond and C-S
bond within the natural rubber. Fourier Transform
Infrared (FT-IR) spectroscopy was employed to identify
the signal peaks corresponding to the C=C and C-S
bonds. The rubber sheet samples were cut into 1 cm x
1 cm pieces. The attenuated total reflection (ATR)
mode on a Bruker Tensor spectrometer was utilized,
covering a wavenumber range from 4000.12 to 400.15 cm’
' with a resolution of 2 cm™. The FT-IR spectra were

analyzed using OPUS software and recorded.
2.3 The stress-strain properties of a natural rubber sheet

The tensile testing machine (model H 10KS,
manufactured by Hounsfield Test Equipment, Tinius
Olsen Ltd, UK) The testing samples were prepared
using die D and in accordance with ASTM D412. The
tensile testing machine was used at a crosshead speed

of 50 £ 5 mm/min for 1 mm thick rubber sheets.

2.4 Young modulus at linear proportionality or elastic

region

At low strain, the tensile behavior of natural
rubber sheets follows Hooke’s law. The modulus of
elasticity or Young’s modulus was calculated in terms
of slope on the stress-strain curve in the linear
proportionality or elastic region as follows in Eq. (1)
(Roylance, 2001)

_ Stress o

Ao
= — =—=slope=— (1)
Strain ¢ Ag

where E is Young’s modulus or modulus of elasticity,

O is stress (MPa), & is strain
2.5 Strain hardening of the stress-strain curve

The resistance to deformation was
measured in terms of the strain hardening parameter of
the stress-strain curve, according to the equation by

Roylance (2001) is
log(stress) =log(c) + nlog(strain)  (2)
log(o) =log(c) +nlog(e) 3)

where N is strain hardening parameter, C is constant,

O is stress (MPa), & is strain
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2.6 The hardness properties on a natural rubber sheet

surface

The shore hardness properties of samples
(rubber sheet and silicone sheet) were measured according
to ASTM D2240 using a type A Durometer (Digital
hardness tester, toyoseiki Co. Ltd, Japan). The testing
was conducted at 26 + 2 °C room temperature with a
constant load applied to samples that were 6.0 + 2.0
mm in thickness. Three different points on the surface
of samples were measured. After the indenter made
contact with the sample surface for 30 second, the
hardness readings should be recorded. Hardness tests

of the samples were reported on the Shore A scale.

2.7 Determination of the crosslink density and swelling

properties

Crosslink density of a natural rubber sheet
was determined according to ASTM: D3616 — 95 and
the Flory—Rehner equation (Paul and John, 1943; Xu et
al., 2016; Kumnuantip and Sombatsompop, 2003) as
follows in Eq. (4) and (5)

An(L-V,) -V, - V2

1 - nswell (4)
2V
V. (V3 -

V=50

where Vr is volume fraction of rubber in swollen gel,
/X is rubber-toluene solvent interaction parameter
(0.3795), VS is molar volume of the toluene (106.2
cm®mol), Mg,e is cross-link density of the rubber

(mol/cm?), fis functionality of the crosslinks (being 4

for sulfur curing system)
Wy — Wi

Vr=W_Wpr (5)
d f+Ws_Wd

P ps

where Wd is the weight of the de-swollen sample,
Wi is the weight of the filler in the compound, Wi is
the weight of the swollen sample, O, is the density of

the toluene solvent (0.87 g/icm®), O, is the density of
the rubber (0.91 g/cm?®)

The swelling behavior of a natural rubber
sheet was investigated by cutting the sheet and
weighing it to 0.40 + 2 g. The samples were immersed
in toluene solvent in a 25 mL bottle for 48 h at 25 + 2 °C.
The weight of samples was measured before
immersion in the toluene solvent (dry samples) and
after immersion in toluene (swollen samples). The
swollen samples were taken out, and excess solvent on
the surface was removed and weighed. The swelling
percent at a given time (Qt ) (Kumnuantip and
Sombatsompop, 2003) was calculated from Eq. (6) and
according to ASTM: D3616 — 95.

(W, —w,)

WO
Q= v %100 (6)

w

where W, is the weight of dry sample, W, is the weight

of swollen sample, M wis the molar mass of toluene

(92.14 g/mol)

3. Results and Discussion

The natural rubber sheet was vulcanized
using a sulfur cure system at temperatures of 30 + 2
°C, 40 £ 2 °C, and 50 £ 2 °C, following a controlled
curing temperature method. The properties of the
stress-strain curve (Fig. 1(a)) indicated that the stress
at break increased, while Young's modulus, represented
by the slope of the stress-strain curve in the linear
proportionality (elastic region), also showed an increase
(Fig. 1(b) and Table 2). Additionally, the strain
hardening parameter increased with rising curing

temperatures (Fig. 2 and Table 2).
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Figure 1 The stress-strain curve of a natural rubber sheet was cured at 30 + 2 °C, 40 £ 2 °C, 50 £ 2 °C using

sulfur vulcanization system.
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Figure 2 Strain hardening parameter of the stress-strain curve (log) of a natural rubber sheet was cured at 30 + 2 °C,

40 £ 2 °C, 50 + 2 °C using sulfur vulcanization system.

Table 2 The Young’s modulus at linear proportionality and strain hardening parameter of a natural rubber sheet

Curing temperature Young’s modulus, E (MPa) Strain hardening
(°c) parameter, N
30 0.23 0.17
40 0.26 0.24

50 0.28 0.37
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Meanwhile, the hardness properties of the
surface of a rubber sheet demonstrated that an
increase in curing temperature resulted in higher
hardness. This was compared with the hardness
properties on the surface of a silicone skin suture

practice sheet (a commercial product) (Fig. 3).

25

20 A

Natural rubber Skin Suture
Practice sheet

o
i

*

Silicone Skin Suture Practice sheet
(commercial product)

Hardness (shore A)
=

0 T T T T T
30 35 40 45 S50 55

Curing temperature (°C, £ 2 °C)

Figure 3 The hardness properties and a curing
temperature at 30 + 2 °C, 40 = 2 °C, 50 + 2 °C using
sulfur vulcanization system of a natural rubber sheet

and silicone skin suture practice sheet

(commercial product)

The crosslinking density and swelling
properties of the rubber sheet (Fig. 4) indicate that the
crosslink density increased while the swelling decreased

as the curing temperature increased.
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Figure 4 The crosslink density and swelling

properties of a natural rubber sheet

FT-IR spectra (Fig. 5) and Table 3 showed
that the absorbance peak at 1664.44 cm™ indicates the
C=C bond (Coran, 1965; Kishore and Pandey, 1986; Lu
and Hsu, 1987; Rai et al., 2006; Posadas et al., 2010;
Milani et al., 2013; Sébastien et al., 2015; Kruzelak et
al., 2016; Bornstein and Pazur, 2020) decreased while
the peak at 1134.58 cm™ assigns the C-S bond (Coran,
1965; Kishore and Pandey, 1986; Lu and Hsu, 1987,
Rai et al., 2006; Posadas et al., 2010; Milani et al.,
2013; Sébastien et al., 2015; Kruzelak et al., 2016;
Bornstein and Pazur, 2020) increased as the curing

temperature increased.

Table 3 The absorbance (a.u.) ratio of FT-IR spectra at C-S bond and C=C bond of a natural rubber sheet

Absorbance (a.u.) ratio

Curing temperature (°C) C-S bond C=C bond
at 1134.58 cm™ at 1664.44 cm™
30 1.10 1.22
40 1.29 1.09
50 1.34 1.05
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Figure 5 FT-IR of a natural rubber sheet was cured at (a) 30 £ 2 °C, (b) 40 + 2 °C, (c) 50 £ 2 °C

(a) 1 day

(b) 3 days

(c) 7 days

Figure 6 The 1 mm thickness samples of the natural rubber sheet were cured at 30 + 2 °C for 7 days. (a) 1 day,

(b) 3 days, (c) 7 days

The application of a natural rubber sheet as
a suturing training pad was tested and compared to a
silicone skin suture practice sheet (a commercial
product). The natural rubber sheet was cured at a
temperature of 30 £ 2 °C (as shown in Fig. 6), using a
sulfur vulcanization. This method was selected to

prepare the suturing training sheet, as illustrated in

Fig. 7, because the hardness properties of the rubber
sheet closely resemble those of the silicone skin suture
practice sheet. Furthermore, the stress-strain curve
properties of the rubber sheet indicate that its Young’s
modulus, hardening parameter, and hardness are low.
As a result, it is well-suited for easy suturing with a

pinhole and nylon suture on its surface.
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Natural rubber sheet

/

Foam base

Figure 7 The natural rubber sheet of 1 mm thickness on the foam base is used as a suturing training sheet.

(a) Natural rubber sheet surface (b) Silicone skin suture practice sheet surface
(commercial product)

Figure 8 Photo (10 x optical) of a surface around the pinhole via sutured (a) natural rubber sheet and (b) silicone skin

suture practice sheet (commercial product)

(a) Natural rubber sheet surface b) Silicone skin suture practice sheet surface

(commercial product)

Figure 9 Photo (10 x optical) presented tightly closed on around nylon suture of (a) natural rubber sheet surface and

(b) silicone skin suture practice sheet surface (commercial product) via sutured
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The natural rubber sheet was cut in half with
a scalpel blade, as shown in Fig. 8(a). The two separated
parts were then sutured together, demonstrating that
the area around the pinhole did not tear, thanks to the
elastic properties of the material, which allowed it to
recover with linear proportionality. Figure 9 illustrates
the tightly closed area formed by the nylon sutures. A
comparison of the surfaces of a natural rubber sheet
(Figs. 8(a) and 9(a)) and a silicone suture practice
sheet (a commercial product) (Figs. 8(b) and 9(b))
revealed similar characteristics during suturing with a
pinhole and nylon sutures. This indicates that natural
rubber sheets are effective for use as suturing training

materials.

For discussion, the sulfur vulcanization of
natural rubber mainly occurred on the rubber chain at
C=C bond (Coran, 1965; Kishore and Pandey, 1986;
Lu and Hsu, 1987; Rai et al., 2006; Posadas et al.,
2010; Milani et al., 2013; Smitthipong et al., 2013;
Sébastien et al., 2015; Kruzelak et al., 2016; Bornstein
and Pazur, 2020). The increase in curing temperature
resulting in the reaction between sulfur and C=C bond
increased. FT-IR spectra showed that an unsaturated
C=C (Str.) bond converted to a saturated C-C bond and
C-S bond (Coran, 1965; Kishore and Pandey, 1986; Lu
and Hsu, 1987; Rai et al., 2006; Posadas et al., 2010;
Milani et al., 2013; Smitthipong et al., 2013; Sébastien
etal., 2015; Kruzelak et al., 2016; Bornstein and Pazur,
2020), confirming the crosslink reaction in the natural
rubber chain. Based on the analysis of crosslink density
and swelling properties, the low swelling of rubber
sheets suggests a rigid movement of the rubber chain
segments due to a high level of crosslinking. Conversely,
high swelling indicates lower crosslinking and allows for
easier movement of the entangled rubber chain segments.
Consequently, as the crosslink density increases, the
mechanical properties of natural rubber sheets improve,
including stress-strain at break, Young’'s modulus,
strain hardening, and hardness. Additionally, during the
suturing process, the natural rubber sheet exhibited

durability around pinholes and nylon sutures on its

surface. It did not tear and maintained elastic behavior
in a linear proportional manner, thanks to the effective
interactions of crosslinks within the natural rubber
chains, achieved through optimized curing chemicals.
Natural rubber sheets offer numerous advantages and
properties that make them quite appealing. They can
serve as a new type of suturing training material,
providing a substitute for traditional skin simulation
materials used in suturing training for skilled students.
These suturing training sheets were crafted using local
natural rubber latex at a temperature of 30 + 2 °C, or
room temperature. This approach not only reduces
costs and energy consumption but also simplifies the
production process, making it more economical
compared to commercial silicone sheet products
(priced at 6 USD per piece). By utilizing local natural
rubber latex, this method also adds value to the

material.

4. Conclusion

The development process to prepare local
natural rubber latex involved using controlled curing
temperature to create a suturing training material. This
material aims to replace a common skin simulation
product used in medical students' labs. The local
natural rubber latex was mixed with chemicals to
produce pre-vulcanized natural rubber sheets at
controlled curing temperatures of 30 + 2 °C, 40 £ 2 °C,
and 50 + 2 °C for 7 days. Various properties of the
rubber sheets were studied, including the stress-strain
curve, stress-strain at break, Young’s modulus, strain
hardening, hardness, crosslink density, and swelling
properties. Additionally, the crosslinking reaction was
analyzed using FT-IR spectroscopy. The results
indicated that increasing the curing temperature led to
improvements in stress-strain at break, Young's
modulus in the elastic region, strain hardening, and
hardness properties. As the crosslink density
increased, the swelling of the rubber sheets decreased
as well. FT-IR spectra showed a decrease in the
absorbance peak of the C=C bond and an increase in
the C-S bond. The optimal process identified was

curing at 30 + 2 °C for 7 days to prepare the natural
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rubber sheet as a suturing training material. A
comparative study of the rubber sheets during suturing
revealed that their surface properties were similar to
those of a commercially available silicone skin suture
practice sheet. Consequently, natural rubber sheets can
effectively replace common skin simulation materials used
for suturing training. This application not only helps add
value to local natural rubber latex but also introduces a
cost-effective product that is easy to prepare at low
temperatures, ultimately saving costs and energy. The
cost of the natural rubber sheets for suturing training is
approximately $0.10 for 3 pieces, significantly lower
than that of a silicone skin suture practice sheet, which

costs $18 for 3 pieces.
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Table 1 Samples and constituents of PBAT, PBAT/CaCO;, and PBAT/Glycerol/CaCO; pellets.

Sample PBAT CaCo, Glycerol Abbreviation
(wt%) (wt%) (phr) Formula

PBAT 100 - - PBAT
PBAT-5CaCO, 95 5 - PBAT5C
PBAT-7CaCO, 93 7 - PBAT7C
PBAT-10CaCO;, 90 10 - PBAT10C
PBAT-5G-5CaCO, 95 5 5 PBAT5G5C
PBAT-5G-7CaCO, 93 7 5 PBAT5G7C
PBAT-5G-10CaCO, 90 10 5 PBAT5G10C
PBAT-10G-5CaCO, 95 5 10 PBAT10G5C
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lulasfinesuuudineananinldamareusannisdu
rhuvadlain (ASTM F1249) dasie3asiasasnniida
H1wwo4'latin (Permatran-W 3/34, Mocon, USA) 7
P

§NNZQMANH 25 BIALTALTUN LATANNTUTUNNS
Saway 50

a 6 v 3 fa &
226 mmmn‘:%mynaa\i@ammuamnmau

WUUREINTIA

rmsaraseulanaiianavesilay las
%1@288719Wau PBAT, PBAT/ CaCO, U@ 2
PBAT/Glycerol/CaCO, ¥18aasuuwniaisuauiiaa
vunsadagfiioy uaziildiafeudionainia
u,wamaﬂfummlﬁama:qtgzywmmﬁ'ammmwaau
MINTLNBAIVaI CaCO, (1WaNIZA8a7) UnLHUHRY
MadnmondasanitaidianatewiuugaInTaziia
Aanadan (Field Emission Scanning Electron Microscope,
FE-SEM 34 JEOL JSM7800F, JAPAN) lanldaa1u

g lWwaszndng 0.5 Aladtad
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2.2.7 MIIATIANANWRDG

Anmsiaiadouazdwdonuunaiuses
Taya ULazANWULTUTIN ANOVA (Analysis of variance)
LRENAROUANLANAIIVEIALRALEI85T Duncan's
New Multiple Range Test (DMRT) 152aunnuLdasi%
Youaz 95 lasldldsunsn IBM® SPSS® Statistics

Version 24

3. HANITIVYLATIITINA
3.1 muaSouAauwaIgdndinn

MMILATUULTANANRAN PBAT/CaCO, WAz
PBAT/Glycerol/CaCO, WLIN&1aNI0LAILNLTAWAFEAN
PBAT/CaCO, lan4 3 szauanudiutufaniosaz 5 7
uaz 10 lasshwin (%wt) SMnsumsiassadanaiadn
PBAT/Glycerol/CaCO, WuinmatdunitsavaatIunm
5 §I%luIa8&I% (parts per hundred of resin, phr) 738
o v & A A Aak < X
Mldidanarsdndanusinisalunslnanadn ot

r| a ° v A a &
Wasannnatsasaarinninfidunanadloioes uay
1 v al J
sanaligmngiilunstuglanad (Ayoub et al., 2021)
uatlanansanmstiudSunmnaiwasaaain 5 phr tw
10 phr wui ldaansaasoudananadn’le thasan
mMylravasdanangfnnaauinalfnuniinly aaku
ilawatadnniaSunle @a PBAT5C, PBAT7C,
PBAT10C, PBAT5G5C, PBAT5G7C aey PBAT5G10C
A o = a o & & A a
waziilaidawana@naandiandustiduisuwanadn
WUI1a18819 PBAT5C, PBAT7C, PBAT10C,
J ) a U
PBAT5G5C uaz PBAT5G7C munindugiiduildunld
U Qs 1 1 J I
gNLIRAI8819 PBAT5G10C VLummsmugﬂLﬂuﬂﬁu
v A < a & =1
1d 1hasnnanumalzasdanaadnunzugiidu
Adwanninld Mlvanuudissveswaadnidaadlu
RFDNUAABNLARIGT (melt strength) 39 ldtwanzanlu
& & a Y WA o & a
maugdiduidudrsnszuium s Wy danuidu
warganTrn wnaSuy'led @a PBATSC, PBATYC,

PBAT10C, PBAT5G5C, PBAT5G7C
3.2 MINATIEHRVLUAYBINIUNAIFANTINIW
3.2.1 MIaTagauaIaTinIvsay ¥a

nMIaTaFauaasiniviaan lna (MFI)
WU MFI 2a9ianangdn PBAT dandszunm 11.3
nsuda 10 waft (g/10 min) tHetduunluunatdow
AN3UBLUA (CaCOs) adlulu PBAT fiszauanuidutu
57 U8z 10 %wt WUI161 MFI ﬁLLmIﬁfmﬁu‘ﬁvuag

Tug9d5z81m4 16.2-18.3 g/10 min Nadtitadsanuilu

a 6 IS v A @ a
waaLdauaTuatua Luansandnluszauuluuasn
U lunsnszninggols PBAT #aauLnan

1 J ) =3
mm:mi"l,v\avl,ﬂmuLLiaLaauszmwmwugﬂLﬂuwm
WANFEANABUNIIALUNITTUINATEAIA LS F9¥inlan
o v a X .
arinmInaed lnaduuwilsiuAndu (Tuteja et al., 2007;
Liang et al., 2011; Shelesh- Nezhad et al., 2013;
Nekhamanurak et al., 2014) waziilaRaNTaNNIILAY
USunfiwesaanIzauaNaLTNT% 5 WA 10 phr

D @ A, A X a . .
wuhdaziininasulnadanfnduaniduaglugag
U3zunmh 18.6-32.1 g/10 min @INIWA 1 NIHLHkaI9n
a o o A a = v &
narasaarinninmidunanadloises Seginaliida
WANFEANT b UANNRIAFARI LBt TANAI&AN
ABUNANIG PBAT5G10C waz PBAT10G5C lusunsa
& = o A D {
Justhiufanld lesnndrarfininaaninafiuin
dinly dldenuudussvasmaadniiisagluaniug
H 2 ' &
HRDULANIAT (melt strength) ﬁ]dvlllmm:auluﬂ’lﬂugﬂ

WJuRdudranszuinmsuhflay

30

20 o

Melt flow index (g/10min)

PBAT PBAT PBAT PBAT PBAT  PBAT PBAT PBAT

5C 7C 10C 5G5C 5G7C  5G10C  10GSC

Polymer pellets

Figure 1 Melt flow index of PBAT, PBAT/CaCO;, and
PBAT/Glycerol/CaCOyg pellets.

3.2.2 mwwaaumm”ﬁmma?umeuwﬁa

NAIINNNIATIIRDLFUTANINATBINANA2E
Twuaussfs (Ml 2) LEAINIINAIAITLEIUNH
W398 (tensile strength) (MW 2a) Frfasaznsasiia
T 39U1@ (elongation at break) (n"l‘wﬁ 2b) LA
VOANF (modulus) (Mwit 2¢) Maluuwamutuieies
(machine direction, MD) LLa:‘luLmewam%aq (cross
direction, CD) WU W&y PBAT JA1anu@n1uiis
A4 drfauazn13tsida m 90170 uazdnaqas lu
WWITWIUALLASEY (MD) L 10.7 MPa 695.3% sz
14.6 MPa audey uasluuwizi1ae3es (CD) Ay
10.3 MPa 609.9% W&z 7.2 MPa au&1ay LLa:LﬁaLﬁN
wiluuaatfounfuaiua (CaCo,) adtdlu PBAT
f32aUAMNITNTH 57 uas 10 %wt WUIT 5 %wt

CaCO, NlAA1AuA NI BUTIA IECRHLLEE
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A X
vAnUudn 13.7 MPa uaz 16.9 MPa luuud MD was
9.8 MPa 12 9.6 MPa 1wl CD duesasazmsaiia
o 39710 119w MD uaz CD daaadidn 365.1%
R = { A & &
WAz 404.7% NUEIAY TIFANNLTILTINAN TN 1
A a A o o A
HANIIINMTAN U I ULAAL DI UANTU DL UATINNRINN
\JuiRQIETUUTI (reinforcement material) 39T 8L WAl
AMULTILTININALANY PBAT wazdInabia1n13a9
=} lé v Qs a o
0 ™ 992198089 TIFBAANBINUIIHITLVDY Chan et
al. (2002) waz Aframehr et al. (2017) udllananswf
v o A &
ANMULTNTHaIw LuLARLTNA1IT UL WA IRNT UL 1
7-10 %wt WuIAIaNNLTILTIvaIRaudA1aaas Nl
o a a & A a X
anudwnzdSun s lunaalduuansuaua ek
ﬁw‘lﬁl,ﬁ@mil,m:nsjwaauquLLﬂaLe’fiwms‘uam@] WA
n1INIzaNE@IvaIw lnLaadsuauaLualy PBAT
1 v s =) v lﬂl v
8989 FINALRRNLAN9Nadum liiuNaassbldrs uaz
A A A a a A a
Wanasannnsieunamaseanysuim 5 phr adlu
1 1 . v J 4
PBAT/CaCO, wuidautianianadumwiliugaduiiie
A a A 1a v o A o
WSsuisunUSuiaanudutuidoinu lagianie
PBAT5G5C {61aMueunInissfy d1sasaznsdaia
% 90219 UazAIWaqaFlUuLLI MD LYiNAL 20.4 MPa
624.0% Waz 11.1 MPa @1N81aL Lazhid CD LYinnu
14.7 MPa 482.0 % LaY 8.8 MPa @TN&1AU N4
Wasannnstannaimaseasdlltislwiianisnszay
o a X A
2w lunaatdunaisuaiualy PBAT lRNIW G4
aaﬂﬂﬁaaﬁ'umﬁl,ﬂﬁzﬂﬂnaﬁ”nsm“’uqamﬂmaaﬂﬁu
PBAT5G5C sundadgansiaialinasauiundeinig
o { A o A '
AILRONNINT 6 TIN1INIZANBAINAVY CaCO, T8
TUUTINNABUBN UALVINIMILARDUNTBIIEALIADH
WIININTEAN FIHRLARS NN AT AU FIUNIULTIA
e 2 A a & .
wazA1TaEATNIIAIHA B 991ALANTU (Rodriguez-
Gonzalez et al., 2004; Yimnak et al., 2020; Shaari et
al., 2021)

Tensile strength at break (MPa)

PBAT  PBATSC PBAT7C PBATI0C PBATSGSC FPBATSGIC
Polymer films

(b)

600

400

Elongation at break (%)

200

PBAT PBATSC PBAT7C PBATI10C PBATSGSC PBATSGTC
Polymer films

25

20
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10

Modulus (MPa)

PBAT PBATSC PBATTC PBAT10C PBATSG5C PBATSGTC
Polymer Films

B uwyMD w3 CD
Figure 2 Tensile properties of PBAT, PBAT/CaCOs,
and PBAT/Glycerol/CaCO; films.
ABCD  different letters in a column are significantly
different level (p<0.05) according to Duncan’s
multiple range test
abcd  different letters in a column are significantly
different level (p<0.05) according to Duncan’s

multiple range test

3.2.3117ATIIFOUANUANIVAIINTOUGIL

(naie Differential scanning calorimetry

PMNHANIATIFOUIRNLANINAVINANGE
Tnuaussts woihRsufiduwldusudamenaia laun
Asw PBAT5C, PBAT7C, PBAT5G5C Lz PBAT5G7C
FldhAsudlateaInd e TIFaUENLANIIANY
Jauaaunaiia Differential scanning calorimetry (DSC)
NNINT 3a LaRansmnisiianufeunu sy
m”aatm"ﬁaoqmun“ﬁ -50 919 150 BIALTALTyE WU
aut@nisnuiausesfsy PBAT ugaifiaganly
Jaudng 3 @‘hmﬁaﬁqmﬁgﬁ -35.3 50.7 uay 112.8
IA L TaLT é‘?qLLamﬁaqm%gﬁmnﬂﬁ'ﬂuamm
AR (glass transition temperature, T ) qm%gﬁ
uaaummﬂiwﬁ 1 (melting temperature, T,,,) L8
qmwnﬂﬁmaummmaﬁ 2 (T,,) audey Ltiagann
PBAT (Julanafiwasidlasssadsznoudin 2 du
ldun sudan (soft segment) Aa Polybutylene adipate

(PBA) Lazd uud4 (rigid segment) s Polybutylene
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o o a &
terephthalate (PBT) 39N l#dinsnasundniiadn 2
429 laggrusniduvas PBA (T,,) WaenIRaauNan
799 2 tduve9 PBT (T,,) (Chivrac et al., 2006; da
Silva etal., 2017) 1%3UN1TLAN B IULARLT Y
ATUBLUA LK PBAT AUSUNMANILTNTY 5 Uaz 7 Y%wt
L v o -
Wuden T, uaz T, Suwiliudndu lagmaiduuwlu
a & A |1a v @
LARLTNANTUALWANUSNIUAI LT NTY 5 %wt
' A &
(PBATS5C) e T, uaz T, siandiwidu -33.5 uaz 115.0
IANTALTIR ANA1AY NIt N luuaaLdy
AMSUaLLATNRTN AL URNTLRS UL naymadanuuds
Watduadlu PBAT f9lusuiuautfnisanuion
Tnuwedwainaulndarliamnpiiluniwaanman
A & . . 4
LWN YW (Sahebian and Mosavian, 2019) uaziie
AMTINSANNATaseatSua 5 phr aslunadiues
Aaulwia PBAT5G5C uaz PBATSG7C i T, fuualiy
& o A a a o a A
anadlantasdalSounsununTauu lukaatdey
MIuaLnaLNeIa19An7 laudadszunm -34.2 a9
A A A ° v A A
wraldu Fadunaviannasasaarinntinfidunaaé
lowaldunindragsznisaolagluanavas PBAT
2 o 9 wa A ' A & o :: A
e liaudfanudanguiniu wadslsAanuile
A ' A o a X
NATmdn T, wudndumwalduidndn lagianiz
A ' a &
PBAT5G5C GafiantAndutdn 1232 asaioatdow
& X A a \ v a o Aa
nattitasannnawmasaatiubiiianszarualanauad
W ULARTENANTUALUA 9T ILRNFNLRNIANNTOU
a & a 9 & A A
gpinafinasananlnialdu1ndu annawn 3b Lile
ﬁmimwmﬂﬁuﬁmﬁumaaﬂﬁmm“’mﬂwa"ﬁadqmu{]ﬁ
150 fi9 -50 ayALTaLTu® Wil PBAT lgmanning
WAANEAN (crystallization temperature, T,) WiNNL 67.3 aden
A A A a &
wraLes waziladuwluwaatdonasuaiwaadblu
' A X o«
PBAT WU T, a4 PBAT5C waz PBAT7C tinadwidn
o o A '
71.0 4a2 73.0 89ALTALTUE ANNEIOL BILFAIINNNT
Wi luuaaidouaisuawariintnniduaisnanan
(nucleating agent) ¥inldniiotinldiiansanudanisa
x P o
AU (Jiang et al., 2007; Lv et al., 2008) WWanasams
a a a a [ a 1
WWnUSunnimasoaadlulunefwasnonlnianwudn
a % a &
T, 989 PBAT5G5C uas PBAT5G7C fuwdlsuiindu
. . . o ¥
wwdean lapfen T, tindwdu 80.0 uaz 83.9 adm

VTRLTER NSO
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Figure 3 DSC thermograms of PBAT, PBAT/CaCO,
and PBAT/Glycerol/CaCO; films: (a) heating cycle and

(b) cooling cycle.

3.2.4 MIATIIFOUINTINITUAIBYBIND

DANTLIU

NAN1IAIIAFALAAITINITUHIUV D IR D
pandLawyed PBAT da1uszum 1373.3 gﬂmﬂﬁ‘
LEWALNAT/ANTINNAT X 1 9% (cm¥/mZ2.day) uazidatdiy
wluuaalfoua1suaiuals PBAT wu31aasnnIdu

NARYaIfTeandLanld1anad laglaniznUsunm
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anuuturasu lunaatdanaisuaiua 5 %wt 4
fUszanme 996.7 coim2day uaztileRasmmsauna
irasaadSunos 5 phr adluisuaanlndalasianie
PBAT5G5C AN wnIgunwlaaasfinsaandian
aaadLilu 436.0 cm¥m2.day aan WA 4 Maititasann
madumluiaaidounisuaiuals PBAT uaznsifiu
nawasaadetasliniinszaradivasunluuaaidoy
arsuatnalu PBAT ldduniu droaafiuiinsaes
Asulumsunidufseandian waztioiRaIzaeng
Tumsidunisvasinaandiandiuilsy PBAT anniu
F9FINa LA ATINNITUHIBV IR TR NELAURAR
(Aframehr et al., 2017; Venkatesan and Rajeswari,

2019)
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Oxygen transmission rate (cnr/m .day)

PBAT PBATSC PBAT7C PBATSGSC PBATSGT7C
Polymer films

Figure 4 Oxygen transmission rate of PBAT,

PBAT/CaCO,, and PBAT/Glycerol/CaCO; films.

3.2.5 M3ATIRAUAATINIITUEIUYAI 1831

NANNIATIAIRALAATINTTUHI Va9 eV

PBAT #a11U3sN1t4 58.4 NTNGBA1ITIILNGAT x 1 71
2 A A, a I A & 1

(g/m?.day) Tadlavimsidumnluiaaidoun1suaiua b
PBAT wuiwé’mwmss‘fjumwaovl,aﬁwﬁdm@mag’
Tu529 54.5-54.7 g/m2day uazilanarsanisida
nalrasaalIuim 5 phr lasianie PBAT5G5C @1aam
mMyduEuwvedloiaaadiiu 45.4 g/m?.day @InWA 5
VlwdﬁLﬁE]dﬁﬁﬂElkmﬂﬂu’]IuLLﬂaL“Eilllﬂﬂi(‘i_laLu(ﬂﬁﬁﬂ’]i

o oA & . & A a6
N3231802 0660 F9TraaNuniInsveIfanlunig
WNINTZANY wRzTBIANTzEznlunsBuRueaslatin
FedanalrannsBurtwueslainanas (Hale et al.,
2001; Spence et al., 2011)
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Figure 5 Water vapor transmission rate of PBAT,

PBAT/CaCO,, and PBAT/Glycerol/CaCOyj films.

a & v ¥ 6
3.2.6 ﬂ’)i’)Lﬂi’?&’%@’JUﬂﬂB\?fgﬂﬂ??ﬁu

BianaTauLULFaINTIA

NN 6 WuhlasaieTEauIanIaYes
apmawluunaifnn1ivaiua (Caco,) Sansmaiu
n3gnuAndrwIaaunIALIzIm 50-100 w1 luiaas
FwsUAnAI189 PBAT wuindufduiuansoudid
mnasunaIzadlianaadnlaainsany ol waziila
Ansonfsunanlnda PBAT5C @9inmsway Caco, #l
FZAUANULTNTYU 5 %wt WuTaynALad CaCo, m3
ns:msm”’aag;uuﬁuﬁwaaﬂﬁu PBAT LUUNTZ31807
wazdnisinizngunuianies lasunlunaaidou
ASUBLA finTzanaaaria PBAT ﬁazﬁmﬁ'\ﬁﬂm”aq
LTI ﬁaﬁﬂﬁau‘ﬁ'ﬁmdﬂah‘[uu@LLSdﬁogd“fu
wenaniliioRasanmaaunaimeseatSunm 5 phr
adlufidunanlnda PBAT5G5C wuindufivasfdud
AMUEUNINTw uazdinsnIzansdivas caco, i
AnAr09M§y PBAT 11ndu viaititosannnisida
nalasaasina biAunilavasnafiwasnaulnda
PBAT/CaCO, aaad Gimannsainuatauinaaulng
2849 PBAT5G5C 1 iA1u1nnd1 PBAT5C 5471114
snwmuzvasdagwInadsuudasluuazdaoAnlw
AANINENTEAINWERAN PBAT (matrix phase) Lag
IWELETNUTY CaCO;, (reinforcement phase) vl@i”ﬁﬁld‘ﬁu
ganaliananuudusinsnaindu uazdasinisdy

N1UYIMNTa NI LN AaRIa Y
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PBATSC

CaCO, particle

PBATSGSC

PBAT matrix

Figure 6 Field emission scanning electron microscopy (FE-SEM) of calcium carbonate particle (x50,000 magnifcation)

and surface of PBAT, PBAT/CaCOg,, and PBAT/Glycerol/CaCO; films (x3,000 magnifcation).
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mnmsw“wmgmﬂﬁwwmaﬁn%amw @
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Ta-tntsWNILIN WUIILTaWaNadn PBAT LAy
. . A .
PBAT/CaCO, mmmmmﬂﬂwugﬂLﬁ%LLN%WﬁM@
& Aa A A A 1a ° I
uUsgasninadunairasaailiunm 5 phr §1my
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& o W A . = P
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INNTUAIY fﬁ\mwmﬂamsﬂsuﬂyaummanamaoWau
iy lasanizldy PBATSG5C HA1AMNGIUNINLTI
. A a '
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Wasnmsidunaiaseatialiiianszanaainavas

Pl uLAL B NATUBLUG FIRTUFNLTAGIUNTTUHIY
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This research aimed to develop shredded catfish products for the elderly by studying physical,
chemical, and microbiological qualities, and evaluating sensory attributes. Using 30 people with a 9-point
hedonic scale, formula 3 was most accepted, leading to the development of two products: original flavor
and seaweed with sesame flavor. Results showed lightness (L*) values of 53.91+1.36 and 50.20+0, red
(a*) values of 10.50+0.69 and 11.25+0.51, and yellow (b*) values of 30.23+0.26 and 28.65+0.51,
respectively, with significant differences (P<0.05). Water activity values (0.57 and 0.56) were not
statistically different (P>0.05). Chemical composition of the original and seaweed with sesame products
were, respectively, moisture 4.53% and 4.75%, protein 48.06% and 50.12%, fat 6.54% and 7.35%,
carbohydrate 32.64% and 33.52%, and ash7.47% and 7.54%. Moisture content met standards.
Microbiological analysis showed total microbial counts of 2.5x10° CFU/g (original) and 3x10° CFU/g
(seaweed with sesame). Both flossed catfish products contained yeast and mold levels of less than 25

CFU/g, which are within the standard limits.
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1. Introduction

nutritional benefits. Fish meat is rich in high- quality

protein, low in fat, and the fats present in fish help

In the present day, with societal changes,

reduce blood cholesterol levels. The protein in fish is of

people are living in a hurried state, which has affected

high quality and easily digestible, which benefits the

their eating habits. There is a growing demand for

body by nourishing and developing the brain, promoting

ready-to-eat and save time in preparation or cooking.

growth, and repairing tissues (Jiwaphong, 1999).

Consequently, consumers increasingly seek processed

Freshwater fish (100 grams) provides 95 kilocalories,

food products, leading to the study and development of

0.8 grams of fat, trace amounts of carbohydrates, 18.0

innovative food products that are nutritionally valuable

grams of protein, 0.05 grams of calcium, and 0.001

and convenient to consume. Moreover, utilizing local

grams of iron (Nutrition Division, 1987). Fish meat can

agricultural raw materials as much as possible can

be prepared into a variety of savory dishes such as

enhance the value of local produce, thereby creating

curry, sour soup, sour curry, hot and sour soup, tom

additional income for the farmers who produce them.

yum, steamed, fried, grilled, stir- fried, and salads.

Fish is increasingly becoming a popular

choice among health- conscious consumers due to its

Moreover, the role of diverse food processing methods

has increased as alternatives for consumers. For
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instance, fresh fish meat can be cooked and processed
into fish floss, mimicking the product made from pork
floss. This involves cooking the fish, separating the
muscle fibers into strands, and drying them to create a
fluffy and shredded texture (Industrial Standards Institute,
1987). Fish floss processing involves moisture reduction
through drying, which helps preserve the food. The
choice of fish should be one with fibrous meat, whether
white or red meat, preferably inexpensive and yielding
a high meat-to-bone ratio. Marine fish such as tilapia,
mackerel, and threadfin can be used for fish floss
(Department of Fisheries, n.d.). There has been the
development of herbal- enriched fish floss products,
studying steaming and grilling methods for three types
of fish: stingray, mackerel, and threadfin. Sensory tests
indicated that grilled threadfin fish floss was the most
favored. Fish floss products are nutritionally high, with
studies showing 87.4% protein and 6.3% fat (Panmanee
and Sakulkhuhasawan, 2003). Additionally, when dried
properly, they can be stored for long periods without
becoming rancid due to their low-fat content. (Fitri et
al., 2022) Fish floss can serve as a substitute for pork
floss, reducing production costs since pork is generally
more expensive than fish. It also offers a healthier
option for consumers. Especially for the Elderly: In
contemporary Thai society, the elderly population is
growing, with approximately 13,064,929 elderly individuals
across 77 provinces in Thailand as of December 31,
2023, accounting for 20.08% of the total population
(Department of Provincial Administration, 2023). The
elderly is characterized by physical deterioration rather
than enhancement, unlike other age groups. This
change impacts various aspects of their lives, including
important factors like dietary habits. Thus, food or
products designed for the elderly are crucial for their
well-being. Fish is particularly suitable for the elderly
because it is easy to digest. Fish is a nutritionally rich

animal and one of the most popular seafood, providing

good- quality protein and beneficial fats. Fish fats are
present in smaller quantities compared to fats from
other animals, and certain fish contain Omega-3 fatty
acids, which promote heart and vascular health. For
example, Omega-3 is found in salmon, particularly wild
salmon, which is high in vitamins and minerals, as well
as in trout, such as rainbow trout, which has a pleasant
taste and high Omega-3 content. (Phogat et al., 2022).
However, since salmon is not produced in Thailand and
is expensive, catfish becomes a viable alternative.
Catfish is beneficial to health, with low calories, low
mercury content, and rich in fats, including Vitamin B12,
Omega-3, and Omega-6. These are unsaturated fatty
acids that the body cannot produce on its own and help
reduce blood cholesterol. (Mendivil, 2021) Therefore, this
research aims to develop a prototype catfish floss recipe,
examine its quality, and assess consumer acceptance
of the catfish floss product. This provides a dietary

alternative and benefits the health of the elderly.

2. Materials and Methods

2.1 Study the prototype shredded catfish recipes by
selecting the basic production recipe from three different

formulas

The shredded catfish using the following
steps: The catfish was decapitated, the belly was cut
open, and the guts were removed. It was cleaned
thoroughly with a 4% saline solution. The catfish was
steamed at 100°C for 30 minutes. The fish meat was
then separated. All seasoning ingredients were
measured, including minced garlic, finely chopped
galangal, light soy sauce, dark soy sauce, granulated
sugar, salt, and water. These ingredients were melted
in a pan over heat, then the catfish meat was added
and stir-fried until dry. Next, it was placed in an oven at
50°C for 1 hour and 30 minutes. After cooling, it was
packaged in polyethylene terephthalate (PET) bags.

The ingredient proportions vary as shown in Table 1.
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Table 1 Ingredients of shredded catfish in various recipes.

Ingredient Weight of ingredients in each recipe (grams)

1 2° 3
cooked fish fillet 500 400 600
minced garlic - - 40
chopped galangal - - 40
SOy sauce 60 50 50
Dark soy sauce 15 45 15
sugar 75 90 50
water 250 175 50
salt - 30 -

Source: a Department of Fisheries, (n.d.)
b Suban (1984)

¢ Terdkwanchai and Charoenchai (2011)

After obtaining all 3 recipes, they were tested
for product acceptance using the 9-point hedonic scale.
The most accepted recipe was selected and further
developed into two prototype catfish floss products:
Original Flavored Catfish Floss and Catfish Floss with

Seaweed and Sesame.

2.2 Study on the quality of shredded catfish and

consumer acceptance:

The physical quality was evaluated by measuring
the color parameters L*, a*, and b* using a spectrophotometer
(model CM-3500d) and the water activity (aw) using a
water activity meter (model Pawkit). Chemical quality
assessment included moisture content, protein, fat,
crude fiber, carbohydrates, and ash content (AOAC,
2000). Microbiological quality was determined by total
plate count for total microorganisms and yeast and
mold count using a yeast and mold enumeration
method in culture media. Consumer acceptance was
evaluated by sensory quality assessment using a 9-point

hedonic scale (Chompreeda, 2006) focusing on

appearance, color, odor, flavor, texture, and overall
acceptability (1 represents "dislike extremely” and 9
represents "like extremely”). The sensory evaluation
involved 30 untrained panelists aged 60 and above. The
results were analyzed using statistical methods,
including analysis of variance (ANOVA) based on a
completely randomized design (CRD), and differences in
means for each test item were compared using
Duncan’s New Multiple Range Test (DMRT) at a 95%

confidence level, utilizing statistical software.

3. Results and Discussion

3.1 Results of the development of prototype
shredded catfish

Three prototype shredded catfish recipes
were developed. The appropriate production recipes
were derived from three different basic sources with
varying ingredients (Table 1). Once all three catfish
floss recipes were prepared, they were subjected to
sensory evaluation. The average sensory quality scores

of the basic catfish floss recipes are presented in Table 2.
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Table 2 Sensory properties of shredded catfish

Acceptance Sensory Properties Recipe
1 2 3
Appearance 6.70°+1.39 6.27°+1.46 7.60%£1.19
Color 6.83°+1.21 5.33°1.79 7.70°¢1.18
Odor 6.53%+1.61 5.43°+1.59 7.47°£1.22
Flavor 6.40°+1.81 5.17°£2.02 7.40°+1.74
Texture 6.60°+1.57 5.47°+1.78 7.33°£1.35
Overall 7.23%+1.45 5.93°+1.66 7.63%+1.10
Remark: 2°° mean+ SD values in the same row with different letters are statistically different (P< 0.05)

1 represents "dislike extremely" and 9 represents "like extremely"

Table 3 The physical qualities of the shredded catfish products

Product

Prototype of shredded catfish product

Original flavor

Seaweed and sesame seeds flavor

Water activity (a,) " 0.57+0.01 0.56+0.01
Hunter
L* 53.91%+1.36 50.20°+0.01
a* 10.50°+0.69 11.25%40.51
b* 30.23%+0.26 28.65°+0.51
Remark:  2° meanz SD values in the same row with different letters are statistically different (P<0.05)

" mean non-significant difference in the same row (P>0.05)

All three recipes of shredded catfish have a
soft, fluffy, and fibrous appearance. Recipes 1 and 3
have a lighter brown color compared to recipe 2 due to
a lower amount of dark soy sauce used in recipes 1 and
3, which affects the color of the shredded -catfish.
Recipes 1 and 2 have a slight fishy odor because the
fish was washed with 4% saltwater, which helps reduce
the fishy smell. However, recipe 3 does not have any
fishy odor due to the presence of herbal aromas from
garlic and galangal, which make it more fragrant than
recipes 1 and 2, which do not contain herbs. In terms of
taste and texture, recipe 3 has a higher average rating
than recipes 1 and 2. Whereas recipe 3 has a softer and
fluffier texture than recipe 2 and 1. The overall preference
scores for the three recipes are 7.23+1.45, 5.93+1.66,
and 7.63%1.10, respectively, showing a statistically
significant difference (P<0.05). Therefore, recipe 3
received the highest acceptance score. The researcher
chose recipe 3 to develop prototype products of
shredded catfish with the original flavor and seaweed-
sesame flavor, and further studied their physical,

chemical, microbial quality, and consumer acceptance

3.2 Results of product quality study and consumer

acceptance
Physical quality

From the experimental results on physical
quality, including L*, a*, and b* color values of the
original flavored shredded catfish product, it was found
that the average values were 53.91£1.36, 10.50£0.69,
and 30.23%0.26, respectively. For the shredded catfish
with seaweed- sesame flavor, the average values were
50.20+0.01, 11.25+0.51, and 28.65+0.51, respectively,
which are significantly different (P<0.05). The analysis
of the L*, a*, and b* color values of the shredded catfish
products indicates differences in color between the
original flavor and the seaweed-sesame flavor. The
original flavor exhibits higher lightness and yellow
intensity compared to the seaweed- sesame flavor,
while the seaweed -sesame flavor shows a higher
intensity of red. However, the water activity (a,) values
of both products did not differ statistically (P>0.05), as

shown in Table 3.
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From Table 3, the physical quality of both
shredded catfish products shows that the shredded
catfish has a medium lightness value L*, a positive a*
value, indicating a reddish color, and a high positive b*
value, indicating a deep yellow color. This means that
the shredded catfish has a slightly reddish-yellow color
and is not dark. The water activity (aw) value is 0.57,
indicating a very low free water content. This water
activity level meets the standard criteria, as the
industrial product standards require an aw value of less
than 0.6. This result is consistent with Siririksh (2018)
in the development of calcium-fortified Nile tilapia chili
paste made from Nile tilapia bones, which has an aw
value of 0.388, also less than 0.6, in line with the standards.
This indicates that microbial growth is minimal, and

consumers can consume the product safely.

Chemical quality

The chemical composition of the original
flavored shredded catfish and the seaweed-sesame
flavored shredded catfish was found to have a moisture
content of 4.53+0.01% and 4.75+0.03%, respectively.
The protein content was 48.06£0.02% and 50.12+0.02%,
respectively, consistent with Thammaratwasik (1989)
which reported that catfish is an important protein
source with low carbohydrate content and 5% fat,
mostly composed of unsaturated fatty acids and no
cholesterol. Most of the fat is unsaturated fat, which is

beneficial for heart health. Since older adults often face

vascular issues, consuming healthy fats can help
control cholesterol levels and improve heart function
(Food and Agriculture Organization of the United Nations
(FAO), 2020). The fat content was 6.5+0.014% and
7.3540.02 %, the carbohydrate content was
32.64+0.03% and 33.52+0.02%, respectively, and the
ash content was 7.47+0.02% and 7.54+0.02%, respectively.
Both shredded catfish products have moisture levels
within the standard limits due to being roasted and
baked with heat to remove water from the food, resulting

in moisture levels that prevent microbial growth.
Microbial quality

The results of the microbial quality analysis of
the original flavored shredded catfish product showed
a total plate count (TPC) of 2.5x10% CFU/g, and the
seaweed-sesame flavored shredded catfish had a TPC
of 3x10° CFU/g. Both shredded catfish products had
yeast and mold counts of <25 CFU/g, In the processing
of shredded catfish products, the methods of washing
with saline solution, steaming, roasting, and applying
heat while controlling the moisture content of the catfish
to not exceed 6 percent resulted in low levels of
microorganisms (Mahendra et al., 2016). As shown in
Table 5. These microbial counts are within the standard
limits (Industrial Standards Institute, 1987) indicating
that both shredded catfish products have good
microbial quality and are safe for consumers to eat.
Examples of the original flavored shredded catfish and
the seaweed- sesame flavored shredded catfish are

shown in Figure 1.

Table 5 Microbiological quality values of shredded catfish products.

Microbiological quality (CFU/g)

Prototype of shredded catfish product

Original flavor

Seaweed and sesame seeds flavor

Total Plate Count, TPC

Yeast and mold

2.5x10°

<25

3x10°
<25
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Figure 1 Shredded catfish product prototype (a) shredded catfish original flavor, (b) shredded catfish mixed with

seaweed and sesame seed

Table 6 Consumer acceptance of the prototype product of shredded catfish.

Acceptance Sensory Properties Prototype of shredded catfish product
Original flavor Seaweed and sesame seeds flavor

Appearance " 7.45+1.09 7.05+1.61
Color " 7.85+1.93 7.60+1.64
Odor 7.85°+1.76 8.05°+1.21
Flavor " 7.801.77 7.60%1.72
Texture " 7.70+1.80 7.50+1.69
Overall 8.91%+1.76 8.60°+1.68

Sensory quality evaluation and panelists acceptance

The results of the sensory evaluation and
panelists acceptance of both shredded catfish products
using a 9-point hedonic scale revealed that consumers
rated satisfaction in terms of appearance, color, taste,
and texture with statistically insignificant differences
(P>0.05). However, regarding aroma, panelists rated
the seaweed- sesame flavored shredded catfish higher
than the original flavored shredded catfish, with average
scores of 8.05+1.21 and 7.85+1.76, respectively. This
difference was statistically significant (P<0.05), likely
due to the enhanced aroma of seaweed and sesame.
In addition, sesame seeds and seaweed are rich in
important nutrients. They contain healthy fats, particularly
unsaturated fats, which are beneficial for heart health.
They are also sources of protein, vitamins B1, B6, and
E, as well as minerals such as calcium, magnesium,
and iron. Seaweed, in particular, is rich in dietary fiber,

which aids in digestion and promotes intestinal health

(Wei et al., 2022; Zhang et al., 2021). Overall panelists
acceptance of the shredded catfish products showed
that consumers rated the original flavored shredded
catfish highest in satisfaction compared to the
seaweed-sesame flavored product, with average scores
of 8.91+1.76 and 8.60+1.68, respectively. This
difference was statistically significant (P<0.05), indicating
that consumers preferred the original flavored product

more.

4. Conclusion

The development of prototype products of
original flavored shredded catfish and seaweed-sesame
flavored shredded catfish shows that they meet
industrial standards in terms of physical, chemical, and
microbial quality. Additionally, they have been accepted
by panelists, indicating that consumers can safely

consume these products. This makes them viable food
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options for elderly individuals and health- conscious

individuals alike
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