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ABSTRACT

Hyperbranched poly(L-lactide) (hb-PLLA)s for green environment were synthesized by
ring-opening polymerization of L-lactide (LLA) using polyglycidol (PG) as an initiator. hb-PLLAs were
blended with linear PLLA (I-PLLA) by varying the LLA branch content. Thermal, Mechanical and
rheological properties, and optical transparency of hb-PLLAs and their blends with [-PLLA were
investigated. All -PLLA/hb-PLLAs blends showed slightly changes of Tg values, whereas the T was
significantly unchanged. A single 'I'g was observed in all blends, indicating a completely miscible
system. All blends exhibited an increase in crystallinity, as the branch structure acted as nucleating
agent for crystallization of -PLLA. Viscosity of the blends was decreased with the addition of
(-PLLA. This provides easy processing conditions. The blends also showed high optical transparency,
comparable to neat |-PLLA. Given these properties and their biocompatibility, the blends can be
used in biomedical applications.

Keywords: Branch structure; Blended Polylactide; Polylactide; Polyglycidol

Introduction
Nowadays, polylactide (PLA) has received much attention, due to serious environmental
problems on plastic wastes. PLA is one of well-known degradable polymers, which provides many
good properties, such as high mechanical strength, transparency, and biocompatibility (Ajioka et al.,
1995; Tuominen et al., 2002; Fan et al., 2004). PLAs are widely used in many applications, especially
in biomedical field (Uurto et al., 2005; Ormiston and Serruys, 2009; Rasal, Janorkar and Hirt, 2010)
However, PLA-based materials possess certain disadvantages which limit their use in some

applications, e.g., brittleness, and difficulty in controlling degradation rates. Many approaches



NIENTIIVAYNIZUAT @vInenmansuazimalulad
U 17 adud 2 (nsniay - SuAy 2565)

have been performed to overcome these drawbacks, such as stereocomplexation, introduction
of branch-structured PLA, and blending with other polymers. Among these, introducing of branch
structures into PLA matrix is a promising method to solve these problems. Polymers with branch
architectures typically have lower glass transition temperature (Tg) and melt viscosity than their linear
counterparts of similar molecular weight. Moreover, branch length is an important parameter that
affects the viscoelasticity of fluidity range and crystallinity (Ouchi, Ichimura and Ohya ,2006). The use
of various hydrophilic cores have been reported in preparation of branched PLA copolymers, such as,
poly(ethylene glycol) (PEG), poly(ethylene oxide) (PEO) (Choi, Bae and Kim, 1998; Pistel et al., 1999;
Salaam, Dean and Bray, 2006), poly(amido amine) (PAMAM) (Cai et al., 2003), and polysglycidol (PG)
(Ouchi, Ichimura and Ohya ,2006; Kainthan et al. 2006; Cabral et al., 2018; Atkinson and Vyazovkin
2012; Michalski et al., 2019)

In this study, hyper branched PLLA (hb-PLLA) is developed for intended use in biomedical
applications. PG is chosen as a hydrophilic core because of its multi-functionality, which can be
used as a macro-initiator for polymerization of PLA, and its biocompatibility (Kainthan et al. 2006).
Ring-opening polymerization in bulk is employed (Xu et al.,2021). The resulting hb-PLLAs is blended
with linear PLLA ((-PLLA) to optimize its physical and rheological properties.

Materials
L-Lactide (LLA) and tin octoate (Sn(Oct) ) were purchased from Wako (Japan). Linear PLLA
(LPLLA) (MW = 178,000 g/mol) was supplied by PURAC (Netherland). PG macro-initiator was synthesized
according to a methodology reported earlier (Petchsuk et al.,2014). Ethyl acetate, chloroform, ethanol
and toluene solvents were purchased from Lab Scan (Thailand).
Methods
1. Synthesis of hb-PLLAs
Hyper branched PLLAs (hb-PLLAs) were synthesized by ring-opening polymerization,
using PG and Sn(Oct)2 as a macro-initiator and catalyst. Polymerization temperature and time for
hb-PLLAs are 120 °C and 24 h. The weight ratio of PG to |-LA was varied 1:10, 1:20, 1:50 and 1:100.
The products were purified by dissolving in chloroform and precipitated in mixing solvent (ethanol/
hexane), and then dried them under vacuum at 50 °C for 2 days.
2. Blend of -PLLA and hb-PLLAs
The synthesized products were blended with a [-PLLA by melt mixing in an internal
mixer (MIX105-D40L50) using a rotor speed of 50 rpm and blending time and temperature of 20 min
and 170 °C. Blend ratios of hb-PLLAs to [-PLLA of 5/95, 10/90, 15/85, and 20/80 were employed. The
blended samples were then presses into a film form by a compression machine (PR2D-W300L300

HD-WCL).
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3. Characterizations

Chemical structures of hb-PLLA were characterized on an AVEN-CEIIl 500 MHz digital
Nuclear Magnetic Resonance spectrometer (NMR) (AV-500, Bruker Biospin), using CDCL, solvent. For
thermal properties, hb-PLLAs and their blended samples were measured by differential scanning
calorimetry (DSC) (DSC822e Mettler Toledo) at a heating/cooling rate of 20 °C/min. All specimens
were heated to 200 °C (first scan) to erase their thermal history, and then cooled to -20 °C. The
samples were then heated from -20 to 220 °C.

Tensile properties of blends (PLLA/hb-PLLA) were measured on a universal testing
machine with a crosshead speed of 50 mm/min and a 100 N load cell (Instron model 55R4502,
Instron Corp., USA). The specimens were cut into rectangular shape with 50 mm gauge length and
15 mm width, according to ASTM D882. The five specimens were tested on each tensile test.

Rheological properties, in terms of complex viscosity (N*) of the blends were measured
on a strain-controlled rheometer (ARES, TA Inc., New Castle, USA). Samples were prepared into a
disc form with a diameter of 25 mm and 1 mm thickness. The strain amplitude was fixed at 0.5%.
The samples were scanned from 140 — 200 °C with a heating rate of 10 °C/min at a frequency of 1
rad/s.

UV/VIS spectroscopy was used to measure the transparency of blended PLLA films.
UV/VIS measurements were obtained using a Perkin-Elmer UV/VIS Lambda 12 Spectrophotometer.
The blended PLLA films were loaded in a quartz flow cell and were measured in scanning mode

(400-600 nm) at room temperature.

Results and Discussions
1. Chemical structure and properties of hb-PLLAs

The proposed structure and 'H-NMR spectra of the synthesized branched PLLA were
shown in Figure 1. The peaks d, e and f(O=15051and43 ppm) were assigned to methyl, methylene
and methine protons at end groups of lactate units. The signals a and b 0=34-36 ppm) indicated
the methine and methylene proton of PG. The peak c and f overlapped in 'H-NMR spectra of hb-
PLLA. The integral ratio of the signal at 5.1 and 4.3 affected to average [-LA length/ branch (l-LA).
The values of |-LA/PG composition in chain were calculated from the integral ratio of the signal at
3.4-3.6and 5.1 ppm.

-LA/PG values of the branched PLLA and the average [-LA length evaluated from
"H-NMR spectrum increased with an increase in the feed ratio, as summarized in Table 1. Therefore,
we can control length of PLLA chain by varying the feed ratios. (The code, e.g. hb-PLLA101, means
PLLA that synthesized to have many branch on structure and 101 is weight ratio of LLA per PG.
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Figure 1 Chemical structures and "H-NMR spectra of hb-PLLAs synthesized from different feed
ratios: hb-PLLA101, hb-PLLA201, hb-PLLA501, and hb-PLLA1001

Table 1 Evaluation of LLAPG compositions and arm length of LLA sequences.

(l-LAYPG l—LA:
composition composition
in feed in chain
hb-PLLA101 10/1 22/1 13
hb-PLLA201 20/1 29/1 16
hb-PLLA501 50/1 65/1 38
hb-PLLA1001 100/1 187/1 71

* Calculated from integral ratios of e/f, [-LAn = average [-LA length/branch
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2. Thermal properties of hb-PLLAs and their blends
DSC thermograms of hb-PLLAs showed glass transition temperature (Tg) ranging 48-
63 °C. However, hb-PLLA 501 and 1001 showed the melting temperature (T ) at 147 and 163 °C,
respectively. Tg showed in Table 2 in table 2 showed that tg was increased when the chain length of
branch PLLA due to the chain mobility. For T, long [-LA sequences (hb-PLLA 501 and 1001) were
able to form the crystalline domains. In general, polymer chain can pack together and crystallize
when the polymer structure is regular and symmetrical. Chain end either produce imperfect lattice

in crystallinities or are not incorporate into the crystalline regions resulting in a lower T.

Table 2 Thermal properties of neat -PLLA and hb-PLLAs with different structures.

Sample T [°C] T [°C] AH [)/g] T [°C] AH_[)/g]
(-PLLA 63 153 0.2
hb-PLLA101 48 - - - -
hb-PLLA201 a7 - - - -
hb-PLLA501 57 147 36.3 121 29.3
hb-PLLA1001 61 163 41.0 121 34.9

Effects of branched structures in terms of arm length and composition of the branched
structure component on thermal properties of the -PLLA/hb-PLLA blends are investigated. Results
in Table 3 show that a single Tg is observed in all blends, indicating miscible blends, and also reveal
2 trends; (i) short branched PLLA decrease 'I'g and (i) long branched PLLA increase 'I'g of blends. As
these short branched PLLAs are miscible with PLLA matrix, the mobility of the branched structure
induces the movement of PLLA main component. This results are similar to these reported by
Phuphuak and Chirachanchai (2013) that short branching chains PLLA reduce Tg of PLLA by acting as
a plasticizer. The degree of reduction also increases with the content of the branched structures. In
contrast, Tg of blends containing long branched PLLA slightly increases, since long branched PLLA
reduce free volume for chain-end movement and perform chain entanglement with PLLA matrix. Tm
of blends are significantly unchanged with addition of branched PLLA. This exhibits that high content
of branched PLLA do not result in the increasing of crystal structure. Nevertheless, crystallinity of all
blends is higher than neat PLLA, as branched PLLA acts as a nucleating agent inducing crystallization.

This result conforms to the report of Shibata et al. (2006) and Rosli et al. (2021).
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Table 3 Thermal properties (2™ heating scan) of |-PLLA/hb-PLLA101 blends containing various

blend ratios

LPLLA/hb-PLLA - T [°C] T _[C] T [l AH_[/gl AH /gl (%)
100/0 63 - 153 - 0.2 0.2
95/5 62 128 156 20 20 215
90/10 61 131 156 15 15 16.1
85/15 60 132 155 15 15 16.1
80/20 59 135 155 4 i 4.3

The degree of crystallinity (Xc) of PLLA was calculated using the following equation (1)
AH

m

Xc = A x 100 1)

Where: AHmHm is the heat of fusion of the samples
AH‘:ﬂHom is the heat of fusion of completely crystallized PLA, i.e. 93 J ¢-1.

Effect of PLLA arm length of hb-PLLA on thermal properties of the [-PLLA/hb-PLLA blends
were considered by varying branch chain length. When the branch length increases, an increase
Tg and Tm is observed in all blends, due to their lower mobility and existent of crystal structure.
Cold crystallization of neat PLLA is not observed, because of the presence of some additives from
commercial processing. The addition of hb-PLLA, however, induces the formation of crystalline
domains. AHCC of the blends containing long branched PLLA is lower than their AHm. This melt
crystallization, as these longer PLLA sequence can induce the melt crystallization more effectively,
i.e. at higher rate than the cooling rate of DSC experiment. However, crystallization is not complete,
when blend is reheated higher than Tg, further chain rearrangements take place during cold
crystallization.

Effect of PLLA arm length of hb-PLLA on thermal properties of the [-PLLA/hb-PLLA blends
were considered by varying branch chain length. When the branch length increases, an increase
Tg and Tm is observed in all blends, due to their lower mobility and existent of crystal structure.
Cold crystallization of neat PLLA is not observed, because of the presence of some additives from
commercial processing. The addition of hb-PLLA, however, induces the formation of crystalline
domains. AHCC of the blends containing long branched PLLA is lower than their AHm. This melt

crystallization, as these longer PLLA sequence can induce the melt crystallization more effectively, i.e.
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at higher rate than the cooling rate of DSC experiment. However, crystallization is not complete, when

blend is reheated higher than Tg, further chain rearrangements take place during cold crystallization.

Table 4 Thermal properties (2" heating scan) of PLLA and (-PLLA/hb-PLLA (90/10) blends
containing various length of hb-PLLAs

Blend component Tg [°C] T, [°cl T [°Cl AHcc [J/g] AHrn [J/g] XC(%)

Neat PLLA 63 - 153 - 0.2 0.2
-PLLA/hb-PLLA101 61 131 156 15 15 16.1
-PLLA/hb-PLLA201 61 125 153 24 25 26.9
-PLLA/hb-PLLA501 64 132 154 12 11 11.8
-PLLA/hb-PLLA1001 62 125 155 21 25 26.9

3. Mechanical properties

The mechanical properties of polymeric material that are most frequently evaluated
are the tensile strength, Young’s modulus, elongation at break, and toughness. A typical goal of
enhancement of PLA properties is to increase the elongation at break and toughness. Results on
neat PLLA and all blends (I-PLLA/hb-PLLA101) as a function of the blend ratios are shown in Table 5,
whereas results on effect of the branched chain length are shown in Table 6. The addition of short
branched PLLA leads to a decline in mechanical properties of the blends, because branch chain
length does not optimize into enhance mechanical properties of PLLA. For long branched PLLA,
mechanical properties of the blends slightly change with the increase in the blend compositions.
Significant improvement in the properties are observed in blends containing long-branched structure
at an optimum composition, e.g. at 90/10 for PLLA/hb-PLLA501 and 95/5 for PLLA/hb-PLLA1001,
respectively. Toughness of PLLA/hb-PLLA501 (90/10) shows the highest value and other mechanical
properties; tensile strength, Young’s modulus and elongation at break. This reflect an influence of

an optimum blend ratio on the improvement of blends mechanical properties.



NIENTIIVAYNIZUAT @vInenmansuazimalulad
U 17 adud 2 (nsniay - SuAy 2565)

Table 5 Mechanical properties of -PLLA/hb-PLLA101 blends, as a function of blend ratios

Blend Tensile strength Young’s modulus Elongation at break Toughness
ratios [MPa] [MPa] [%] [x 10° mJ/mm?’]
100/0 60.5 + 2.0 2609 + 62 28 +0.1 9.8+0.3
95/5 522+ 14 2474 + 45 25+0.2 8.4+ 17
90/10 493+ 1.3 2500 + 31 23+0.1 7.6 +0.9
85/15 429+ 1.3 2348 + 36 22+0.2 59+1.1
80/20 26.0 2.0 2508 + 68 1.1+0.1 1.5+02

Table 6 Mechanical properties of -PLLA/hb-PLLA (90/10) blends consisting of hb-PLLA different

chain lengths

Blend Tensile strength Young’s Elongation Toughness
component [MPa] modulus [MPa]  at break [%] [x 10° mJ/mm?’]
Neat PLLA 60.5 + 2.0 2609 + 62 28 +0.1 9.8+0.3
(-PLLA/hb-PLLA101 493+ 1.3 2500 + 31 23+0.1 7.6 +0.9
(-PLLA/hb-PLLA201 526 + 0.4 2535 + 66 24 +£0.1 8.1+0.9
(-PLLA/hb-PLLA501 573+ 1.2 2496 + 50 28 +0.1 113+ 2.0
(-PLLA/hb-PLLA1001 536 + 2.1 2731 + 69 23+0.1 7.2+0.8

4. Rheological properties of |-PLLA/hb-PLLA blends

Complex viscosity (T*) of I-PLLA/hb-PLLA blends consisting of different hb-PLLAs at the
blend composition of 90/10 wt. is measured, as a function of temperature at a fixed strain of 0.5%.
The results are shown in Figure 2. At the temperatures below Tm of the samples, blends containing
short LLA branches exhibit low M* values, as this acts as a plasticizer in the -PLLA matrix. This is
in accord with our previous results (Petchsuk et al,, 2014). In contrast, blends consisting of long
LLA branches, especially hb-PLLA501, show an increase in the values, compared to neat (-PLLA,
indicating strong interaction between the blend components, likely due to higher degree of chain
entanglements. However, at the temperatures range higher than T, where the samples are in melt

state, the samples is observed in an opposite trend. This is likely due to the contribution of the
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branched structure with longer arm lengths. The insight into this property is essential in fabrication

of PLLA products for use in biomedical applications.
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Figure 2 Temperature dependence of complex viscosity (1]*) of (-PLLA/hb-PLLA blends
containing different hb-PLLAs.

5. Optical transparency of blends

To examine the effect of branched PLLA on the optical transparency of the blends,
blend’s films were made by hot press with a thickness ranging from 0.14 — 0.20 mm, and absorbance
in visible region is measured. Figure 3 (a) shows significantly increasing absorbance with an increase in
the content of hb -PLLA101. This indicates that short branched PLLA (hb-PLLA101) has lower degree
of miscibility with [-PLLA matrix due to its lower [-PLLA/PG compositions in the chain. The increase
in the branched structure composition, therefore, leads to lower transparency. -PLLA/ hb -PLLA501
shows the trend of absorbance values like -PLLA/ hb-PLLA101, but their values are slightly different
(Figure 3(b)). This is due to the higher -PLLA/PG content in the chain, which leads to closer solubility
values of the branched structure and the PLLA matrix. In Figure 4, absorbance value increases due to
increasing length of branch chain. This occur from distribution ability of large size of branch structure.
Therefore, size and content of branch structure play the important role in miscibility that result in

the optical transparency of blends
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Figure 3 Absorbance of -PLLA/hb-PLLA101 (a) and -PLLA/hb-PLLA501
(b) varied the content of branched PLLA at the wavelength 400-600 nm.
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Figure 4 Absorbance of PLLA/hb-PLLA varied the branch chain length
at the wavelength 400-600 nm.

Conclusions
Hyper branched PLLA is synthesized by bulk polymerization of LLA using polyslycidol as a

macro-initiator. The copolymers are blended with (-PLLA, in which a complete miscible blend system
is obtained. Upon introducing of hb-PLLAs, it is observed that crystallinity of the blends increase, as
the branch structured act as a nucleate agent inducing crystallization of [-PLLA matrix. Toughness of

PLLA/hb-PLLA501 (90/10) shows the highest value and other mechanical properties; tensile strength,
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Young’s modulus and elongation at break. This reflect an influence of an optimum blend ratio on
the improvement of blends mechanical properties. The addition of hb-PLLAs also play an important
role in rheological properties of the blends, without affecting their optical transparency. Given these

properties and their biocompatibility, the blends can be used in biomedical applications.
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ABSTRACT

This research aimed to study was compared to other processes including aqueous decoction,
maceration and Soxhlet extraction on the photochemical contents, antioxidant activities and Anti-
denaturation activity of marigold flowers (Rocco Deep Gold). The results showed that 95% ethanol
Soxhlet extraction of flowers contained higher content of phenolics and carotenoids than the other
extracts (63.9+0.01 mg GAE/g extract and 103.95 mg/g extract, respectively). Fifty percentage ethanol
maceration of flowers also contained high levels of flavonoids (174.30+0.07 mg/g extract). In regard
to the antioxidant of DPPH radical scavenging. Ninety-five percentage ethanol Soxhlet extraction
extract of flowers showed stronger inhibition effect than other extracts. (IC5O=O.45J_rO.OO mg/ml). The
in vitro anti-Denaturation activity that aqueous extracted has the highest % inhibition, followed by
95% ethanol Soxhlet extraction and 50% ethanol maceration. the inhibitory activity was 74.44%,
54.30% and 38.67%, respectively.
Keywords: Marigold Flowers, Phytochemical, Antioxidant
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pznoudduinlulounluszmenis (Evaporator) wagnisanameissulaeldunnau Tanwaznisnienin
vosansaindiviesdou dnsuentudvieaduegtieuy laun Waliuesd warniswssualsainain

AENANIEDY 119 3 35 fe 3 @viazaly wuinsesazvesansanalosuiutmtnuaui (%yield extract/dry)

JAfananalumnisnan 1

‘ﬂ' g L ) < 1 s YV ac % aa L o
A151991 1 SNYULNNEAINTBINTANAINABNAISBISoALARNLNAAMEIDN1TENR 3 35 Wagivinazaie

3 iln
fiavinazane 35N13aNA ANWUININAILATNVDIATANA % yield
Unay Decoction fdnvardmioweulinsusntudvdeaduegtauy 2816

1

Snwardwasaduliinswentusaliingnauindy 30.55

it}

L@NIUDA 50% Maceration
Tdnwardwdesduluduliinswentunaingnoud 28.85

@NUBA 95% Soxhlet extractor  dusinvuilaun lUsiewiis

2. wansnadauUsinailusinsiuanaisannnenanisesiealannlnad
mMsnegeuTiueananansananenasessanlannlnas #2835 Folin-Ciocalteu colorimetric
Tngldnsaunadn (Gallic acid) Wumsminigiu Samsdualiaunisvesnsmuinigiunsaunadn
(y = 3.7950x+0.2015, Rz = 0.9788) \JusufieuriiemuSinaiivedn dwanslunnd 1 9rnnanisvaaes
WUl aenandesdenlannlnadfiatnsieisaieisvenanlagldieniuea 95 % fUSuaituednsau
mﬂﬁqmﬁa 63.90+0.01 mg GAE/g extract LaysesasAe s nannaeiae 63.90 + 0.06 mg GAE/g extract
drunnizessenlannlnadiadnsieisnsudgesioeniuea 50 % fUTuailuednsudesiigaie
58.70 = 0.02 mg GAE/g extract fanandluns1eii 2 aidu nasnanansuszneuiiuednlaesiluiliaseads
maefidnoglunguiifitatiunans Sehldasanslddlusiasansfifitasuiy dwaliarsddoiogly
nananlsagnUanUdegeaniniudiviazany (Pietta, 2000)
3. wan1magauUsunamaliueensimanasananana1Bessenlaanlnan
minagaunahusenanasainnenaizessealannlnanaieds Aluminium trichloride
colorimetric Ingldiaa$dfu (Quercetin) iluamsunsgiu Gemsdualdaunisvesnsmuinsgiu
POSTRY (y = 20.953x+0.3234, Rz = 0.9896) JuduiieuiiionUsuamatauees fuwanslunind 2
MNHanTRaes wuimenanFesierlainlnadiiatnieiuigelasieniuea 50% Tusmamalueyd
mnﬁqm v 174.30 + 0.07 mg QGE/g extract lagsnsasuAonsaiameisgonianiagldioniuea 95%
Ao 100.30 + 0.04 mg QGE/g extract a'aumaL%aﬁa@IﬁﬁWIﬂaﬁﬁaﬁ’mﬁaaﬁwﬁﬂ%mmeaﬂauaﬂﬁﬁaaﬁqm
fi0 24.10+0.02 mg QGE/g extract fanandlun131eii 2 Fadenadesiuaudures Aisantia & Wongkrachang
(2014) FiFfnwssuuFharatsvesnsatnansialausedanaenaaifesdn nuitnenaiSesaniiatn

MBITUY 60% H O/ELOH SivSanamaliuesdunniign dseanswarliussddndunidlunguuesasusznou
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fuedniinuldunnlufia Tasarsraluessanusesuiulaveush Wy Fe/Fe* waz Cu® fidnaissliiin
Uffseneendndulusneniy
4. wansnagauUsunaualsivesdannansanananaiisassenlaaninas

nMsNAdsumUsinaLalsiueensinanaisainnenansessenlannlnannie 3 35
wazivhazans 3 wda FrspNenanduil 452 wiluwes nulimenanBedsenlarninaniatndeds
genvilanlaglilovuea 95% SUinamnniian wiidu 103.95 me/g extract sesaunAoarnmeIsutge
Tagleyuea 50% Ae 0.715 mg/g extract a"sumam&mL%ﬁaﬂiﬁiﬁ‘vﬂ,ﬂam‘ﬁaﬁmé’wﬁwﬁﬂ%mmﬁaaﬁqm
WU 0.638 me/g extract AMUAITU FILARIANTIST 2 nsAneluadiiunnmaanamiideves Chompoo et al.
(2021) AiFnwIUTIUAIINGNWLAT LLazmiﬁmawaaﬁiwaqmsaﬁ’mmnmanmaﬁam%ﬁma WUIN

€ a1

fansartpseiananiZeslSuea SUsinaasualsiiues SAsening 63.42:44.55 -128.60+5.94 mg/e DW

v
v o a 1 |

Faunnsneanmsanelusdiifinuinenaaidessealdminasiiataideriniu 0.638 + 0.00 me/g extract
Tuvasziiatadneieniuea 95% ﬁﬂ%uwmmkﬁuaaégﬁﬂ’iwmﬁaﬁ’mm”’;snfw AR 103.95 + 0.00 me/g extract
warainmeTsgenanlagliionuea 95% fusnaualsiiusgrasninisainmenisudeelngioniuea 50%
54 145 wh e duuelsfuesfuinualyilad SednnauiRazaslilusyiavaeiifdh (Niyomdecha
& Khongsen, 2013) flvtinsafingetenuea 95% anuuiinas ualsfiuessiannninnisafingeieniuea 50%
ogslsfimuiimslinsginalsiiuosd wanadurildunulugnsvosalsiuminiy Wlddimeaizag
fuuplsiiuossaialnvianils Fsmshmsaneselngisaug Allmusunzeizasanndty eniiwu HPLC
dwsuldlumsliasent
5. WanIMAFaUYARaYYABasTIINasaianana1aEassonldanTnad

msnadeUVSINUBYLABasENasatinnenaEestenlARingd fe35 DPPH radical scavenging
Tnglilvsaendiduansunnsgiu Gamsiuwnldaunisvesnsuiasg i saend (y = 207.3X + 8.4735,
R?=0.9919) fsuandlunmil 3 wan1smaasinuitnenaFesienladnlnasdiiafafieiSyensiian
Tnglfienuon 95% wansquiddiuouyadassifign sesasnfomsatindae warnisadndenautge
Tnglienuea 50% Felemududuiianunsadueuyadasyse DPPH 16 50 wWeddud (C ) wiriy
0.45+0.00, 0.51+ 0.01 wag 0.50+0.01 pg/ml AUAIAU fauandlunsedl 2 Feflmnuuanseiuegng

& a1

fipdfyfiszdunnudediu 95% Wewssuisuivansunsgiulnsaend dien IC wiriu 0.40£0.00 pg/ml

! = I3 1 s o v a Ly a aa a1 | v
nuImenaEessealannlnannaiaaglenIuea 95% UONBRTUDUUABATEANER lagdan |C50 N1NY

Y

0.45 + 0.00 ug/ml 1ilasanntevuea 95% liusuaiiuednas Juilvidgvzsueyyadasegeie Tudiuves

=

gVsFueyyadassinutue1aNInaTddyvanesiianlgvsiueuyadase MsAnwiluasllaenadesiv

s

$M3T8e4 Ingkasupart et al. (2015) fifnwignSsuoyuadassuazUTin gituvesaniEes 11 meug
Tuuszinelng Tnsadnansannenamifesisleniuea 95% wuinilquisinueyyadasyldfiauiy
mnnsfnwluadsiisndnldirarsatnandiusesmenanidesionladnlnag datasae
lovuen 95% fuTinaansUszneviluednsiugs SvansUsznaufiuednyimihitiaduanslisidnnsounie
\Huansliilalnsiauuazindneendiouiogluguneniin vilfansussnovituednilquiandfiduasiueyyadass

(Singsai et al., 2020) lnewiflueasvanunsaudidnaseusneyyadassuaznatailueuyavesasusznay
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Auoatiatiosduinaigisvsvesanudsmeiiiniineyyadassluwad Jeaonndoiusneuves

Pourmorad et al. (2006) Waz Buachoon & Manjit (2018) finudiansafaifiusunuasiiuedngs

eilgrismusandindugene

P a e~ a I3 ~ ¢ Ly a -
A9 2 Uiu’lmﬁ’]ﬁﬂizﬂ@uﬂuaaﬂi’m Waﬂ’maﬁlﬂﬂu LLﬂIﬁ‘V]“LJE]EJﬁ] LLan]V]ﬁmua‘lglJ“aaaiﬂumEmm’;Lﬁm

@ = & YV aa U aa L% o a
SaalARnlnanmleionsana 3 35 wavddvinavany 3 ¥l

- o v o Phenolics Flavonoids Carotenoids  Antioxidant activity
I9N3ENA AIN18SAY
(mg GAE/g extract) (mg QGE/g extract) (mg/g extract) (ICSOi S.D. (mg/ml))
Decoction ﬁ?ﬂé"u 63.90 + 0.06 24.10 + 0.02 0.638 + 0.01 0.50 + 0.01
Maceration LNIUB8a 50% 58.70 + 0.02 174.30 + 0.07 0.715 + 0.04 0.51 £ 0.01
Soxhlet extractor tavuea 95% 63.90 + 0.01 100.30 + 0.04 103.95 + 0.03 0.45 + 0.02
Phenolic
2.000 -
1.200 4 y= 37958+ 02015 R
E 1600 | R =0.978...~" @
-~
= 1200 4
- L ]
3 1.000
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@ 040 ..‘.---""."
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%Radica Inhibition
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A9 3 nEInsgIunsaend

6. nansagauNsiudsnsideannvastusiulussiuvasannass

PINMISMAdeUgNSFIuN1SENaUvasansatanenaGessenlaininad lussduvasavaaes
AnueAdy 660 uiluuns 1ngld 81 Diclofenac ifuansumsgu Standard Difelene IC,, (me/ml) flaueng
Tupnd @ 9inmsAnwansainaneenaniZestenlanlnadans 3 Fasmiusvhazanea 3 via ledud

afinmen 1N1UeA 50% WAz WNWBA 95% WuTNTatameTsNmETgrEnsiuNssnaulafTan
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e 74.64% NAnududuresenildlunisinunisdniaude 0.1 mg/ml sesaunfie n1sadnmeiseentian

Inglfionuea 95% ogil 54.30% Naudutuveelilunisiunisdniaude 0.1 mg/ml ludiuveans

'
|

afinreisuddanaianiuea 50% Miafiaigaeti 38.67% Nanuutuveseldlunsiunissnaufe

9 Y

0.1 mg/ml Fauanslunisnad 3

v
LY Y] ]

A1379% 3 NINAFRUNITUFINTEYaN MYl UTAUlUSEAUNAAVAADIYBIANTANNIINABNAILT DY

SanlannlnasmiedSnisadin 3 35 wavdiazate 3 via

v
o

gusdugInIsilaguanINYaslUsAY (% inhibition)

f19819
BAudLUINg Bude Byaniian
faueNIuea 50%  AleLeNIUea 95%
aanANlisasSanlaanlnan 74.64 % 38.67 % 54.30 %
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vesansatmiinaenanFosiugienladnlnadieiinisatn 3 wuulaglifwhazats 3 wdade ih
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UNAnE?

AT A ReRnugvisvesansatmeunnawulnglne 12 9in afndhet uesienuea
Tunsdudaidle Escherichia coli $1uam 5 aneiug waw Salmonella typhimurium $1uam 1 aneviug nageu
Tel#33 spot-on-lawn Taustsfnwnalunsenide uavnsasugusuiuuediseseasataneunan
NATNAGOUNUIN msaﬁwmumﬂﬂﬂmaﬂﬂgﬁwuﬁw (Rheum palmatum L.) winsgane (Boesenbergia
rotunda (L.) Mansf.) wagsumeswusis (Rhinacanthus nasutus L) flafadaienuea fiqrissuiouuniie
yaaouldifian lnefiiarududusaniiaunsagudadeld (Minimum Inhibitory Concentration; MIC)
Tuaa9 0.19-0.78, 0.19-0.78 wag 0.19-1.56 aansusalaaans suasu e lunsshdevesansards

A ' o T v & Aa O a v ' I a aa
a1 MIC WU ﬁ’]iﬁﬂﬂﬂ&ﬂiﬂﬂgu’]LWWﬂWNWﬁﬂ"ZﬂL“U@LLUﬂV]Lﬁﬂmﬂﬁaﬂmu@iﬂu’]ﬂﬂ'ﬂ’] 2 lOg CFU sauagans

v
< o

Aelunan 12 99 NMIMAEeUANEINN I UNSEEUGVBEUSIMUATIS YDA TANRANETUNTZIY NOINUT
waglngu e Med checkerboard WUIWIRENSAIAVEIUNTEINY WALENTANAVETUNDINUTIANLN TSNS
ansafiaveulnguein lunsdugadie £ coli O157H:7 wag S. typhimurium ATCC13311 14 lag Fractional

Inhibitory Concentration Index (FICI) #A1sinfiu 0.5 iatldunanvasansananeulngunui wavansananenu
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nsvnefinududi 0.09 war 0.19 fadn3usedadans awnsasnde £ coli O157H:7 wae S. typhimurium
ATCC13311 I¢unnndn 2 log CFU sefiadans nelunan 6 $alus

|
(9 [ =

AdARY: NTEYE NBATUT Inguen ansanare1u NsEndenwunaiisey

ABSTRACT

Antibacterial activity of aqueous and ethanolic crude extracts from twelve Thai medicinal
plants was studied on inhibition of five strains of Escherichia coli and one strain of Salmonella
typhimurium using spot-on-lawn method including time-kill kinetic assay and synergistic effect of
mixtures. Ethanolic crude extracts from the root of Rheum palmatum L., the rhizome of Boesenbergia
rotunda (L.) Mansf. and aerial part of Rhinacanthus nasutus L. exhibited minimum inhibitory
concentration (MIC) values ranging from 0.19-0.78, 0.19-0.78 and 0.19-1.56 mg/mL, respectively.
Ethanolic crude extract of R. palmatum L. inhibited both bacteria at more than 2 log CFU/mL in
12 h. Synergistic effects of mixture of crude extracts of B. rotunda, R. nasutus and R. palmatum
were tested using checkerboard method. Crude extract of B. rotunda and R. nasutus synergized
antibacterial activity with R. palmatum crude extract against E. coli O157H:7 and S. typhimurium
ATCC13311 at fractional inhibitory concentration index (FICI) of 0.5. £. coli O157H:7 and S. typhimurium
ATCC13311 were inhibited at more than 2 log CFU/mL in less than 6 h by mixture of crude extracts
of R. palmatum and B. rotunda at concentrations of 0.09 and 0.19 meg/mL, respectively.
Keywords: Rheum palmatum, Boesenbergia rotunda, Rhinacanthus nasutus, Crude extract,

Antibacterial activity

unidn

tagtuaulvedestomaialsrenmaduiiviiniu Suilssnannssuussmuommsiusslaian
p1MINEa TRy Gsenadinaiyiulaveadefifuavauesnmaifalsnviessald wu
Salmonella spp., Escherichia coli waz Staphylococcus aureus \Uudu nsseaunsiihseislsn
¥99ND5EUIAIMEN WuTlutae 5 Viiehuan (. 2560-n.a. 2564) fsrsnunmsnugtieidulsagasysis
undigalutiafou unsaufeanuniius uazideungquaiaudsfiquioy Tnelud 2564 nugUaeunnd
503,816 318 dwsulul 2565 fsreaudUaelsagaaiseinsazan 33,365 518 Andudnsvae 50.41
seusznsuauny davasdnlvgedlungueny 25-3¢ U fe¥esar 14.15 (Department of disease
control, 2022) exmsfinuldvesie e1msUnvies veudu aauld enFeu Tlddntey quwaswaﬁEuLqu
p1AneInsToanuaaild ms¥nuarliiimstnviuuungsennis enafimsliarst uazemseeu
Tudauweamsliisufiusdaiufianifosiueg wazshaglimanidssnsly idesanefiushifinasonns
ane1n15904l3A (Institute of public health sciences, 2014)

WolTuaweesmsiialsa léun Escherichia coli \ununiiFeunsuau (gram negative bacteria)

=

fisunauuis gndnegluaed Enterobacteriaceae Wigyldnnsluanizionnie uazlifionna Juwuaiise
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fianaglunduladuasu (coliform) Uszum fecal coliform daduifausz1iiu (normal flora) inuldludld
vou uardniidendu (Saeedi et al, 2017) W £ coli viaeitugiuangroliiineinisiestadld
mndulsgmues i wiewdesiuiiinsuuidieudeviail (Berthe et al, 2013) nalnnisrelsa
voude £ coli unzansitustudauuansieiuly wu We Enterotoxigenic £ coli Wuiefiannan
NAnans Enterotoxin dsreliiinernstessauuideundu srewanduih @e Enterohaemorrhasic £, coli
flansnsandnans Shiga daduansiuiviliAneinisvieasasenaguuss seduyniden AeliAnngueinis
ndeaununn anadistulanedeunduld (nstitute of public health sciences, 2014; Kaper et al., 2004)
Salmonella tJunuaiiSewnsuau (gram negative bacteria) 3usianduuris gndneglused
Enterobacteriaceae \a3g/ldvaluanniziionnia warliiflornae Lia$aunUga indeudisiounaniaasn
(flagella) figna Inedlegsoulwad (peritrichous flagella) LfJuLLUﬂﬁL%ﬂﬁwuiﬁﬁﬂﬁwwéuazﬁmi gNSTINUI
finsuuidiou Ao wwdeslu tieln 19 wazuuAu (Cobumn et al, 2007) ernsveslsnannnisidsude fe aauld
9113w taavios estha iUl ansnsonundsnnldsuidenudauszana 8-72 $2lus (Orndorff et al,, 1999)
uenINi Salmonella vaeiusansavilAalsaldlnnesdld 817 S. enterica, S. Paratyphi A, B
way C (Ganzle, 2015) ﬁm%"umi%’m:né’alaiﬁuu’amﬁiﬂumsﬂﬁﬁa esnunmslilanansousnenis
viossiifiavmnanmsfiaide Salmonella voflamgunanidersinauld aunhasnsudeyemamzide
uiunndinrhnsitadelaenmsiidulsaesininnisiaie Fuhmssnulaeniseuitue wu
norfloxacin %38 co-trimoxazole Wudu (Coburn et al,, 2007)
nuanIsenusuuiUieiagtuiivayulngddld fuamuienlunstuninelsauniu
domninamseninfedgmnishesvidenansznuiiiniuannisliendagiu fedufefinsianulng
Inegalflunssiugadn Tnsaamdnnisuwndunulng edldnweinisviesisiondeasisann desasn
fintudarsiidfyfounuiu Fulunsndeus uardgrslunissudadenuniiSels Uaryawattanachaikul
et al,, 2016) uenanidnenuIfvaulnslnes wuamesiafaunsalsnulsaluszuunaiuems
warigrdlunsiiudade £ coli 1§ i winlne auelne nszanes uasaiiu Uarryawattanachaikul et al.,
2016; Packiavathy et al., 2014; Saeloh & Visutthi, 2021) tJu@u Khan et al. (2022) l#51891un15/nw1
arvatavevaneefildieniuealunisadta nuhileuannselunssudeie £ coli, Staphylococcus sp.
wa Bacillus sp. Weududu 10, 2.5 way 5 fadnsusedadang audisu Tuvaied Karimi et al. (2018)
ﬁ1ﬂ15mmaaqu§ﬂﬁgu€?u%a S. aureus, E. coli, Acinetobacter junii wag Candida albicans sgasana
venuviuilfienuealunisate wuinmsWasataneveiiufienududu 20, 5, 20 wag 20 fadnsu
sofiadans anunsasudadosnanldnugis
fadufitedeitagusrasdfnwguivesivaulnslnesiuou 12 v (nedadenfivaulng

s

nnsudassngalunsldsnelsaluszuumadiues) lunisdudaie £ coli $1wau 5 aneiug
waz S. typhimurium adudonslsaluszuunmaiuemis wasnaasunisiasugvdiuvesiivayulng
sian1sdududethvuny siunsAnwsssznanlunsdudude ineuseiliudnaniwlunisiiansanavenu

Hrayulnsluldusslevisaly
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1. nsafinsnsafanervanivayulng

Feaulnsuieduazidoadiuan 12 vla (M5197l 1) viaaz 20 nfu uidinazaneassvia
T dhuaziemusanududu 95 wWesifus Usinms 200 fadans (Sasdau 1 de 10 Tnethwdnsteusuns)
w7 Ju figumgiivies fauUadiSnnsan (Zhang et al, 2018) n¥rntuiinansesiienszaunTed
Whatman LUe3 1 (Whatman No.1, GE Healthcare, USA) waiansanadilalussmesvnazanelmdudu
5’38Lﬂ%nﬂ§uﬁsmmjﬁy@ﬂmﬁ (rotary evaporator; Buchi R-114, Switzerland) ﬁqmwﬂ“ﬁ 50 ayAWATYd
suldansatneuiiddnuasdumilen wdazanesieans dimethyl sulfoxide (DMSO) Tildaanundudu

100 fadnsunefiadans vilrusAan@elaensasme syringe filters 9u1n 0.2 lulAsiuns (Advantec, Japan)

& A a a ~ v & A a .o o & . .
LNUNYUNHU 4 NANDAGYE LWDNAFDUNITEIULILLUANLTY E. coli 9UIU 5 a']EJWUﬁq Wy S. Typhlmurlum

a15197 1 Avayulnsinenlilunsfinvinisdugade £ coli wa S. typhimurium

Hoayulws Foingranans duiild
AFEARE! Boesenbergia rotunda (L.) Mansf. AN
‘Uﬁ‘u Curcuma longa L. 937
Wantey Croton fluviatilis Esser. a6
‘fmmwﬁﬁ Euphorbia hirta L. ﬁﬂé}'u
nzida Eclipta prostrata L. Sréunazly
Yanein Helicteres isora L. Na
RIFREAT Y Kaempferia galanga L. Wi
Qﬂsléﬂu Phyllanthus niruri L. ﬂg\‘iéju
winlne Piper nigrum L. Na
auolng Terminalia chebula Retz. Wa
Iﬂgﬁ%éf’l Rheum palmatum L. 310
Vg Rhinacanthus nasutus L. anulazly

2. nsnadaunsSusadie E. coli uas S. Typhimurium
2.1 MSRTPULUATIIENAGDU
wnzdsateuuaiide £ coli Swau 5 anewus Iéun £ coli ATCC 25922, E. coli F18,
E. coli O157:H7, E. coli ATCC35401, E. coli JCM1903T way S. typhimurium 371U 1 mﬂﬁuﬁj Ao
S. typhimurium ATCC13311 UUDIMSUTS Tryptic soy agar (TSA; Difco, USA) ﬂuﬁqmmﬁ 37 9A A YE
Jusseznan 24 $alus antudelaladidenaduemisivan Tryptic soy broth (TSB) ﬂmﬁqmmﬁ
37 parnwaldea Wunan 18 Falus
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¥
[ =

2.2 maengidranudududigavasasafanevayulwsiioonguisudeuuaiie

(minimum inhibition concentration; MIC)
AnszhaamududumanvesasatavenvasulnsileangvisudauueiiGelnevnaey
#1738 Spot-on-lawn FafaurasiBann (Ennahar et al,, 2001) e W3 TSA Mg fundadiudu 1.5 Wesidus
adlunumz@oudaieliliuden antugaidouuaiievaaey 30 lulasdns aduomwns TSA finauu
1 Wedldud Viunes 5 Teddns wanlvidniu udumivasuuemaiduinienly thansatavetvaulns

wiagyladeaalinnududuanainisay 2 w1 (2-fold serial dilution) nasaniugaansanane1uiieans

¥
P

Usims 10 lailasdns senasuufonihewnsidieaide thluvuilgaumgdl 37 ssmwades Wuszezina
26 s tuiineenududushaeililunsiudideuvaiiFeveasy ansatanevasulnsfiannsodudade
¥figagniden lWAnvnalunsdudauuaiide £ coli was S. typhimurium uasnndeunsdudauuaiie
fananimeansanarevayulnsnausaly

3. nsAnwarlun1siudauuniiBe £ coli uag S. typhimurium vasansafaneuayulns
fianunsadusadialaa Ingud)

Aeadle £ coli S 5 aneviug uay S. typhimurium lue1yns TSB flgamaf 37 ssizaifoa

Husvezaan 18 dalus TnsvaseuifeuvaiiGennududy 1.0x10° CFU sofiadans Wnansafnney
(g feudutusintu MIC (9nnisvasesil 2) Yuflgamndl 37 esmuwaidos uw 24 $lug
ndnthdeTeiUsinaitouuniiSeisdiTin (viable count) #2878 Drop plate Uwo1s TSA yn 2 92T
Faauuadisnnsain Mun et al. (2013)

4. MmsvageuNsdudauuaiie £ coli waz S. typhimurium dagansafinneuagulnskey

nagoUNTLasHgVSvesasataneuayulnsway leun miaﬁ’wmviﬂgﬁuﬁﬁwﬁ’v

asafanetunszeny uazansataveulngiidsiufuarsataneiunesiuds §2e33 Checkerboard
antimicrobial synergy testing an13AnAKUa1n Ahmad et al. (2019) Lm%'ﬁmmiﬂﬁmﬁmumgulwsmﬂu
Tagthansataveulngindn Suanududy 0.78 fadnsusiefiadans (MIO) Fevsanudutuanas
afiay 2 wh s X usuaueuly 96-well microplate) d@UaNsaNAREIUNILYIULALATANANLIU
nesiuds Fuarududuviiiu 0.78 way 1.56 fadnsusieledans Fovveuduiuanaediay 2 wh
LAY Y (Mauuadali 96-well microplate) (Falcon, USA) ‘Mé‘famﬂﬁuamﬁaamﬂwqm’%mm 5lulasing
ﬁwmwﬂaaqu%‘nﬁé’ug’uﬁa E. coli O157H:7 way S. typhimurium ATCC13311 2835 Spot-on-lawn
thlusiigamadl 37 ssmiwaids Wuszeznan 24 $alus Suiindnudiiusinanvesansatavenuvinifen
wazansarnnenuraniidudatonund Souazfuanin fractional inhibitory concentration index (FICI)

ANUEFNNTT

SFICI = FIC A + FIC B
FICI A = MIC ¥a9a130@d A/MIC 299815 A L?]IEJ'] 9
FICI B = MIC vaansuay B/MIC ¥93ans B 4 9
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nunee : FICH; fractional inhibitory concentration index uaziUanadill FICI<0.5 Lﬁ%qué
fFudauuaiiie (Synergy); 0.5<FICI<d IaiLa'%mqw'éé’Ué”’mmﬁSa (No interaction) wag FICI>4 ﬁﬂuqméﬁug’q
wuAAEe (Antagonism)

5. msfnvnalunisiudauuaiide £ coli wa S. typhimurium fasasataeiusyulskes

nnsnadeui 4 Juharsadaneiulngundnsiuduasaianeiunseyenauudy

[

0.09 way 0.19 Tadniureladang A1uaIAU LLaxmsaﬁwmﬂﬂgﬁﬂLéfﬁ'mﬁumsaﬁwmumaaﬁ’uﬁn
Fanududu 0.09 uar 039 Tadndurefiadans AU WHANUATSaTaBWILaRETBLUATISY
\Wiennaeunsdudaie £ coli O157H:7 waw S. typhimurium ATCC13311 @nuidudu 1.0x10° CFU nafdiadans
ﬂuﬁqmmﬁ 37 psmwaiod \Juszesian 24 $alug Wiusegmn 2 dlag Lﬁaﬁuﬁﬂﬁﬁasﬂaﬁmmﬁaﬁﬁ%m

#7875 Drop plate U1B1M1T TSA (Mun et al., 2013)

NANNSNAABILAZI15A]
1. msvadaunstiugewuaiie £ coli waz S. typhimurium aawansafaneuagulnglneg
12 wilp
f\]’lﬂﬂ’liﬂmaaqu‘émié’m’jﬁdLLUﬂﬁL%EJ E. coli wag S. typhimurium m"wmsaﬁwmua@guvlﬂﬁ
Tnelisvhazanaievusauasin nuiansafameuiiatagaiemusadiudaie £ colivay s. typhimurium
1§ Tnsansadaventlngiuindiadadeienueasudatenaaouiian Tasfie MIC lutsnnuidudy

a o 1 a

0.19-0.78 filadn3usefadans (Ms19ft 2) @uansafaveuiiaiadaetnuin asafaneruiusvan
wansrsnsduduuaiielddfan ewFeudisutvansataveayulnssindug Alddndusada
wuaeiy laedan MIC Turieanududu 1.56-6.25 fadnsudaiiafnans @onnaoIiun1T5189IUY9
Sen & Batra (2012) finvinansafindiuidey Welia azedarach L) ldenueadusarnlvigndlunis
E"J’UE“T’QL%@ Bacillus cereus MTCC4317, Staphylococcus aureus MTCC3160, E. coli MTCC1652,
Pseudomonas aeruginosa MTCC4676, Aspergillus niger MTCC282, A. flavus MTCC2456, Fusarium
oxisporum MTCC6659 uaz Rhizopus stolonifer MTCC2591 lgAninnisafalagldein iiosandnara
lenusaldufiiavaneiifitatosninhawnsavharoniasaduesity warazarvansinafiueasenain
wadiwldiedu (Adnan et al, 2014) Taansindfuoanuldluity Sauaudilunssudadouuaiselds
Snvazangldmluinvhavaneduvad (Cowan, 1999) UonaniisBuves Zhang et al. (2017) Sawuansdngy
sLuIﬂgifﬁLéfmmwﬁm 1 anthraquinones, gallic acid, flavonoids, polyphenols, anthocyanins, organic
acids waz chromones Inganslunguvas Anthraquinones fiiefiunangyiin Wi emodin, physcion, rhein,
aloe-emodin Wa chrysophanol Dai et al. (2021) wuians rhein nuldlulngiusannsadudade
S. aureus ATCC25923, S. aureus MRSA ATCCA43300, Listeria monocytogenes CICC21529, P.aeruginosa
CICC216252 wag Enterococcus faecalis BNCC102668 1o Tuagudi Stompor-Gorgcy. (2021) las1e91u
1183 emodin uag chrysophanol Tulnguiugn anududu 100 fednusofiadans awnsadudade
S. aureus ATCC25903, Klebsiella pneumoniae NCTC13368, E. coli ATCC 25722, P. aeruginosa DSMZ
1117 wag C albicans e
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o
LY Y]

a ' ¥y v o ) - a d' A .
N139N 2 ﬂ’lm’mL%m%umﬂ&jﬂ%aﬂmiﬁﬂGWEJ’IUW“Uai;IubLWﬂWEJ 12 YUN NYUVYILUANLIY £, coli way

S. typhimurium

AAMUaduAgavasasanareuiaangnsdugsLuAiGe

(TadnsSusaliafans)

» asild
Wyayulng 5
Tun1sdna E. coli E. coli E. coli E. coli E. coli S.
ATCC F18 O157:H7 ATCC JCM  typhimurium
25922 35401 1093"  ATCC13311
LN1UBDA 0.78 0.78 0.39 0.19 0.39 0.78
N3EY8 5
11 12.5 3.12 12.5 12.5 25 12.5
> LNIUBDS 0.39 1.56 0.78 0.39 0.39 1.95
ViU Y
11 3.12 25 12.5 6.25 6.25 12.5
. LON1UOA 0.78 0.39 1.56 0.78 0.39 1.56
wWanues y
U 6.25 6.25 12.5 12.5 12.5 6.25
y iy LNUBDA 0.39 0.39 0.78 0.39 0.78 0.78
WUNTVEN y
U 3.12 1.56 3.12 6.25 6.25 3.12
- LDNIUBDS 1.56 0.78 0.78 0.39 0.39 1.56
AETEN Y
11 3.12 12.5 12.5 6.25 12.5 12.5
- LNIUBDED 1.56 0.78 0.78 0.78 0.39 0.78
Uongiun y
U 6.25 3.12 6.25 6.25 12.5 6.25
LN1UBDA 0.78 0.39 0.78 0.39 0.78 1.56
Wignau Y
141 12.5 3.12 6.25 6.25 12.5 12.5
LNUDA 0.78 0.78 0.39 0.39 0.39 0.39
gty 1 312 625 3.12 125 125 6.25
- LNIUBDE 0.39 0.78 0.39 0.78 0.39 1.56
w3nlne .,
141 6.25 6.25 12.5 12.5 6.25 12.5
LONIUDA 0.78 0.78 0.39 0.39 0.78 0.78
auelng y
U 3.12 6.25 12.5 3.12 6.25 12.5
y o, LNUDA 0.19 0.39 0.19 0.19 0.78 0.39
Tnguen y
141 6.25 6.25 12.5 3.12 6.25 12.5
o LDNIUBDD 0.39 0.78 0.19 0.78 1.56 0.78
NDINUYY

‘13’1 6.25 12.5 12.5 12.5 25 25
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2. msfnwarlunisgugnuaiiise £ coli waz S. typhimurium dagansananeulngung

mwmaaummﬁ’ﬂumi%hL‘?}JEJ E. coli ATCC25922, E. coli F18, E. coli O157:H7, E. coli

ATCC3540, E coli JCM1093" waz S. typhimurium ATCC13311 é’aamsaﬁwmu‘lﬂﬁﬂfwLé\’ﬂﬁ?‘immﬁwﬁu

0.19, 0.39, 0.19, 0.19, 0.78 wa 0.39 fadnsusiefiadans Fuduanududunsedu MIC sewowsazaneiug

AINEIAU U 24 Tl NNIsVeRBanuIIaNsaiaveulnguenaNnTasnle £ coli N 5 aneiug

war S. typhimurium Bululuwuimadentu (amdl 1) Taslanizeeds £ coli ATCC25922 Wy

Tunafiss 8 Tlus Weillsnsn1ssentinanasiauinnin 2 log CFU sefiaaans (nnd 1n) wazldhan

12 3l Tumsalide S. typhimurium ATCC13311 lifanUsunaias 2 log CFU slefiadans (nwil 12) 99nnns

NNaBIved Techaoei (2022) loAnw1IaluNNSE@RYRIEN AN AN IIANUTNTY 2.50, 5.00 way 7.50 faansy

Follaadns wuINISasannANUTNTY 7.50 Jadnsunaladang awnsasin@e Aeromonashydrophila

waz Streptomyces sp. lanfigafiszaziian 9 Falus Fawzimiuldinmnududuresansainayulnsinasie

AnuSlunsenwenuafise

(n)

— msﬂﬁningxf'uﬁ (0.39 mg/ml)

—& gaaupy (biinansann)

e

1an

"
A

0 2 4 6 8 10 12 14 16 18 20 22 24

(#alu)

()

12 1 12
©
S o
S ~ 10 { = 10 {
i & S
w = S
22 u
2 Q 8 —a sanaingyiush (0.19 mgimi) 8 T
7 B '3 .19 mg/m R E 8
g :,l —& ganugy (Lidindsain) z L?.
2
g3 9
S B 61 ©® 3 6
v ®
€0 £
& E 4] € 4]
£ < 4 < 41
» =
R
2 T T T * 4 4 T T T T T 2
0 2 4 6 8 10 12 14 16 18 20 22 24
van (#alu)
()
12 12
Q
E =
< 10 - & 10
S u g
0 o ® X
u £ : w S
® S 81 +ﬁ‘l?ﬂﬁntn%d?lﬁﬂ(o.w!lglml) 2 5 84
e 5 —o- ganiunu (Lildnasann) e ¥
sy £
] ™~
& < 67 g £ 6
® Q i~
s 3 o
@ a c =
s 4 c O L
£ 4] £ 4
£ &
w
3
2 T T A T T 2

—a- @nsanainguian (0.19 mg/ml
—o- ganjuAx (luAnasain)

"

0 2 4 6 8 10 12 14 16 18 20 22 24
a1 (@l

1381

0 2 4 6 8 10 12 14 16 18 20 22 24

(#alu)

AW 1 isamaﬂumié’ug’mﬁa (n) E. coli ATCC25922 () E. coli F18
(A) E. coli O157:HT7 () E. coli ATCC3540 (3) E. coli JCM1093" (@) S. typhimurium ATCC13311

v sanaveulnguinaiamelonIuea
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@A) (@)
12 € 12
r 3
L 5
310 E 210
€5 52
& P LU -
s S 8 —A- @nsanialngutsh (0.78 mg/ml v B g —a- @15ANANgUAT (0.39 mg/mi)
3 §' —& ganuny (Lidumsain) e J ~o- qanou (liAndasin)
:§ ;’ @ o
e ' : 9 6
8 3 @ 9
r 9 @
i & 8 [
= S e 2 E
e 8 44 e < oy
@ s
&
@
2 T T T e S 2 — %
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
1 (Falag) a1 (@lag)

AW 1 (fe)

3. msnagauNsiudauuaiiSe £ coli waz S. typhimurium aagasanaeUaNUlnsHEL
nsAnwMsLESHgVEAuTessataveulngtn ansatanenunsse way ansataveny
yasituds Gedgnslunissufadeldd wazdoianuddylumsnsunmd Faluansatomeuildieniuen
Dusade) wudrarsatavetunsese uazansadanenunesiudsansaaiugndtuivaisatnneu
Tngiuslunséiudadio £ coli O157H7 uaz S. typhimurium ATCC13311 1% Taefien FICI Wiy 0.5
wanadens1it 3 Tnsmsliansatomeulngihinanududu 0.09 fadnsusefiadans sufunstiasatameny
nsvanemududy 0.19 fadnfusefadans aunsadudate £ coli O157H:7 uaz S. typhimurium
ATCC13311 WAnmsldansasaneiulngtiginenududu 0.09 fadnsurefiadtng saufvansafavey
nowusrududu 0.39 fadnduseiadans Wesnldmnududuiitosnin annisvaaesves Gadisa
et al. (2019) $1897UN miaﬁ’mqulwwhwﬁmﬁL‘hmmauﬁ’uswdw Thymus schimper iU Blepharis
cuspidata, B. cuspidate U Boswellia ogadensis Waz B. ogadensis iU T. schimper Tugnsndiu 1 ae 1
Thignansadudadie £ coli ATCC25922 et 1.56, 6.25 uag 6.25 lulasansetadans audsy
Tuvaedinslansaaiiosiaie Tour T, schimper, 8. cuspidate waw B. ogadensis anansadfudaite
E. coli ATCC25922 lgifiannudiudu 6.50, 12.5 uag 6.25 lulasanssefiadans suddu
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M3 3 HaNINAFBUNTSLER USRI SaAvenUayLlng
Aanudutiuignvesasafiaveu

fioongnddusanuaiiize
. e (WadnJusaiiafans) "
dsanaveuNidnadou FICI SFICI  wafla

d1sananenu d1sananenu

sUALAY a3
ansafanerulngundn/ 0.39/0.78 0.09/0.19 0.23/0.24 05  @3ugvd
a17anANIYe 36U
ansanaveIulnguui/ 0.39/1.56 0.09/0.39 0.23/0.24 05  L&Sugwd
ATANANDINUYY 13U

< =1 a :
4. anusilumsevenuaiiiFevasdiunauayulng
mMsnageuAUEIluN1IETe £ coli O15TH:7 waz S. typhimurium ATCC 13311 Yadiumay
ansanaveulnguiiuansanaveIunsey wagansadaveulnguieniuansadiaeiunesiuds wuii

o

drunanvesansaiaveulngeANNuty 0.04 Tadnsureliadans fuansainreiunssseauudy

I a a

0.19 fiadnsureiiaddns awnsne@e £ coli O157H:7 wag S. typhimurium ATCC13311 launnnin

v

2 log CFU stefiadans (Sowar 99) melunan 6 $alus luvausfidunawmesansatavenulngignamududy
0.09 fladnfuriefadans Auansataneiunesiutsirududy 0.39 fadndurefiadans awnsasiie
E. coli O15TH:7 wag S. typhimurium ATCC13311 lennnnan 2 log CFU mefiadans luszezian 6 wag 8 Flug
AU (0] 2) BedenmdosuseaIuLad Ye et al. (2013) 7 wui1ans carvacrol fildannnnsafinessnilu
Fiaudiudu 0.16 fadnSusedadans wleldsiuiu a13 cinnamaldehyde ildannnisafneuwefinnududy
0.16 fadnsusefiadans annsadudaie £, coil uay S. aureus 16 Inensa9aeuNaaINMsInAINSnANGULES
yeshegadeBuduiiiuii 0.5 Fmdmneseumnuidilunisaidevesansatanenusingnn wuindien

nsgAndulaanawingdt 0.1 mgluszesiian 12 alus
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(n @)
12 £ 12
r 3 »
[
3 E o0
S b =
8,1 £ E
o £ g5
> [
w S N
7 L 84 s f v o v v o 8
@ (V] A mmnn!nju’umnunumiﬁnnns:;s'm @ 3
29 —— asafalngussaud fianoaiud g o
g g ghusuiius # s <
{g : —o— yanaunu (hiviuansain) g - _.'..vT...u.'.'un
(3 6 - & 9 61 —o— yanunu (lifnansain)
o~ w»
v on [NV}
[— o
€o 1 2E 9
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ABSTRACT

This research was to study the production of bean protein hydrolysate by bacteria isolated
from fermented soybean (Thua-nao). There were 25 isolates of bacteria from Thua-nao which were
studied morphological and physiological characteristics. The result showed gram-positive rod 13

isolates with short - chain arrangement and gram-positive cocci 12 isolates. The degree of hydrolysis



NIENTIIVAYNIZUAT @vInenmansuazimalulad

40 asl 1o .
UN 17 aUUv 2 (NTNYIAYN - 5UINAN 2565)

showed the highest degree of degradation at 20.70 + 0.56 percent by isolate TN23. Then, isolate TN23
was strain analyzed by MALDI-TOF MS, which showed a strain of isolate TN23 is Lactobacillus lactis.
After the fermentation of 5 different types of beans which were soybeans, red beans, mung beans,
black beans, and peanuts by L. lactis TN23, the amino acid profile was analyzed. It was found that
the hydrolysates black beans protein was increased for all amino acids. It could be concluded that
in the production of protein hydrolysate from fermented black beans by L. lactis TN23 for 72 hours
at room temperature, the amount of essential amino acids is higher than in non-fermented black beans.

Keywords: Protein hydrolysate, Bean, Thua-nao, Amino acid
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Dilution plate Spread plate Wag Cross streak plate Tuewnsideade NA TneausausnitowuniiSe
Iganun 25 Telwan (TNO1 — TN25) WunuaiiFeunsuuin Jusiauvis madeaeaddetuduasdy
$1uru 13 leolwian wazdunuaiiGounsuuan sUsisnan S1uru 12 lelwian (15197l 1) Teaenados
fuaidees Phoupasong et al. (2015) ¥nmsindenuasusnidouuaiiGeinaneuleitannsodosiusiu
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TNO1 H5U19na kNN Beeinguannswueag Andod vaUYU L
TNO2 figUsnaunis wnsuuIn wadifen viasetufuaedu Y179u vauliiiseu Ay
TNO3  fi5Usenay uNIUUIN Bewinguannsuuagad dwidios vaUYw LN
TNO4  figusienan wnsuuan nsieswadneduduaeen wnld YBUISHU L
TNO5  fi5Usenay uNsuUIN Beainguannsuuagad Awihios YaUYw L
TNO6  HgUsienan unsuuin Bewinguainnisulaead Awdios vaUYw L
TNO7  fgUsnenau wnsuuan Beawaddunguiviuvanegad  v1amies veuiey fuam
TNOS  igUshausis unsuuan wadiden viederuduaedy U YouldiFey Ay
TNO9  figuUshawnds unsuuan wadies vieseduduansdy 91991 veuldiSeu fu
TN10 H5UT1awnia unsuuIn nsi3awadreulumedy VNP VOUIFYU 1N
TN11 fisUsnaunis unsuuan mseavadseduduaedy V1YY VBUFYU b1
TNIZ  figusawds unsuuan mseasadsetulumedy UYL YDUITHU 11
TN13 fisUs19unis wnsuuan wadlien viesoffuduaedy 1Y YouldiFey Ay
TN14  figusaenan wnsuuon Seawadidungudtunuvaiswad  v1amies veuFeu Tuam
TN15  fi5Usenay unsuuIn Beanguannisuuagad dwidios YauUYY 1
TN16 fisUsnaunis wnsuuan wadlien vieseffuduasdy V1YY VBUFYU b1
TN17 fisUsnaunis unsuuan msearaddedubuaedy V1YY VEUIFYY b1
TN18  fiyUsnenan wnsuuan nsSeswadsefuluaeen wnla YaulTey 1
TN19 fisUsnaunis unsuuan mseavadseduduaedy V1YY VBUFYU 11

TN20  fgUsnenan wnsuuan Beawaddungudiviuvanegad  v1amdes veuey
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M15719% 1 (si0)

laluian loluian anwauzlalail
TN21 fisusnanan unsuuin msdeawadneiuluaeen wila veulTey W
TN22 fisUs19unis unsuuIn wadien videsetuluaedy YU vouldFeu fu
TN23 fisUsnaunis unsuuan Maaeadretuduansdy Y1IYY VEUFHY b1
TN24 fisUs19unis unsuuIn wadiien videsetudumedy YU vouldiFeu Ay
TN25 fisusnenan unsuuin maBesaeaaneiuluaesn wila voulSeu W

2. s¥Aunsgasaaiy (Degree of hydrolysis: DH)
HaN1sANYIAINAINTaveLtBLUATiSsudatlolulandar1sERuNSE o aaBvaslUsAY
lalaslawnandundesiiiiunssuiunisuidn 7 fu (m15199 2) Wi ArssAunsgesaategeaney

Y

2070 + 056 Wodiius laumsdesdedololuan TN23 way Soasfio TN17 Aifmsgosaatsegii
58U 19.13 + 2.20 Wosidud Tuvmsd Wo TNOA Tfarszdumsdosaatesiaadl 3.70 + 1.49 wWosidud
slvnuindeuuaiiFessaeiusiduliafoiidmaronisaarelusiumeiu (p<0.05) Saudfagldidy
sdelunsuandaniimiloutu wilunszuaunsudsuwlamsdueiivesdaumdedfdunanfeidu
anflunmsvsinuuudan (Vixed culture) ideqdunidusiazaiinvimihilunssosduamsmenatu uazanns
AnwisgiunistesaaenuIsziunstesaaten 20 Wedldud ilsswereUTinunsneyilulundn sl
(Oladejoa et al., 2020)

' ' @ 1

A197199 2 HaVRITUAVDITBLUATISEARAISTAUNSEREEAY (%) VBIlUSAUN NGB

Isolate DH + S.D. (%)* Isolate DH + S.D. (%)*
TNO1 12.33 + 1.53° TNO9 14.30 + 2.14°"
TNO2 15.50 + 1.32° TN10 14.50 + 0.50°%®
TNO3 13.73 + 2.05°" TN11 14.90 + 2.53°%
TNO4 3.70 + 1.49' TN12 1550 + 1.61°
TNO5 14.60 + 1.64°¢ TN13 4.77 + 1.64"

TNO6 16.27 + 1.97° TN14 15.77 + 1.57°%
TNO7 13.80 + 1.71°% TN15 12.07 + 1.79°

TNO8 15.77 + 1.57°%" TN16 16.87 + 1.03°
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M15719% 2 (5i0)

Isolate DH + S.D. (%)* Isolate DH + S.D. (%)*
TN17 19.13 + 2.20% TN22 17.53 + 1.98™
TN18 14.70 + 1.95%" TN23 20.70 + 0.56°
TN19 15.60 + 0.36°* TN24 17.43 + 0.51°
TN20 6.73 + 1.65" TN25 12.87 + 1.69"
TN21 16.93 + 1.20°

*angg : §I8nYs a - i Tuwwiredund wansnuuans1svesAeiY (p<0.05) 1NNsiUTBUIB UANLRREA13I5Y8e Duncan,
s New Multiple Range Test (DMRT) #iszdiuiludnAgy 0.05

dlavhmssuunednuuaiiGe lolsan TN23 ﬁiﬁmmiéaaamaqﬁqm oI uunLUATISe
Soluiflussuuuiaaninaiwndsiin MALDITOF o quéitanusemelne nudn WeuuaiiGe TN23
ude Lactococcus lactis Faanndasfiunisustitosiuandnuvaslaladl uaznstoudunsy

Tunsdnusndenndauniuthu vildwuiuenanuuafidelungy Bacillus fivwindingn
Tunszurumsminuda SeuuafiGeviaduiiniydulnginde SaduuuafiGelusssund (Chukeatirote
et al, 2011) LLaxLﬁla‘ﬂmim%ﬂﬂLL‘UﬂﬁLqﬁ‘ﬁlﬁ‘ﬁﬂ’J’lllE‘W,JWiﬂiumﬂﬁimﬂaﬂﬂiauiufﬁLwaaﬂéfa‘ﬁQW WU
Lactobacillus lactis TN23 fianuanansalunislalasladlusiuligegn Fsaenndosiunuidenildiouls
e Lactobacillus Tunsuanlusaulelnslaanandunides dwaliinnsneviiludasysiuauain
wariinasonmsiinnausaveslusiiugie (Aguirre et al, 2008)

3. MANERUSINalUsAY wagnsiaszilusinansaosiily

MnMAeseiUTnalUsiuimun wdsannisuindausazslngaede Lactobacillus lactis
TNZ3 iunan 72 Falus nuhivinalusiudiugdu Taedaiasiinefainaulusiugegn Tnedusina
WsAundanisusn 35.39 wWesius Anduldsiudfiutu 12.69 Woddus sesaunie Sundes duns
wazd e Tummvﬁﬁ"’;amﬁﬂ?mmiﬂiamﬁu%uﬁa&Jﬁqm Toguiaduiies 0.1 Wesdus (it 1) flosann

Tassafralusauludifasavaunsodesaanslanmetoulsdvarsviingiuiu (Zhang et al,, 2022)
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A 1 USUNTUSAUYD90LAAZIRA NEULATNAINTLUIUNSTANAI8WD Lactobacillus lactis TN23

Wuan 72 Flus (M Asunszuiunsvein B udanssuiuni1svsin)

N ¢ a

Fetfunszvaunsniindadienszuaunismiegdunidfaninsondmeouleslsfiea vl
Aansgevaaelsivludiviang q Sedeinluitnildunsnanlalaslaanlusiuieoulsilusiea
W3eseniTionsgeedatamisioulesl (enzymatic hydrolysis) ﬁﬁamﬁmﬂ‘ﬁuﬁ%@ﬂmﬁaﬂ%’uﬂ@aﬁuﬁﬁ
vodlusiiu atinssuiuntstesamedoiouluifinnusunzdestiavedusiugs anmegmsndnilaizuuse
LAEAINTAAIVANTEAUNISE DY LA a'amaiﬁ'%%'ﬁﬁé’mnmﬁeiaaam&J@iau‘*ﬂjwqﬁLﬁaLﬁaUﬁumiaiaaamﬂ
Fedimaadl fldnsauazene (Lopez-Barrios et al., 2014)

wonntudlotde Lactobacillus lactis TN23 wwinswsinsauifuiaviasig 9 WU
wAnSueildlifndudunfiinainnisvinge Bacillus indeuenludodunanasslfinnszuiunisvin
(Chukeatirote et al, 2011) usndndmaiasdinduvesnsauanfinden 1 uwnu Fudlethunouuiauazun
unaudindusaafinfmely vlvndnsusiindusdeiudasaiinunnniinisusingae Bacillus

4. wanyiazAlustnansaeziily

nnsiaaeiluslndninozdlu wudn §ad fuuunseesdluynsiafingsdu
vanszurunmsnin uazdmneiaiiunszuaunisviin wudnﬁmmazﬁiua‘hL“f;lul,ﬁu%uv;ﬂsnﬁm BALIU Lysine
Tnetwidemidnny Lysine fivsunaanas 32 Wesdusd sesasunfodunmin uazdsmsin iusuna Lysine
anad 17.50 Wedldud uay 240 Wesidud mudiu ludwvesnsnoziluitlisndulungu Aspartic acid
waz Glutamic acid anasdiorunszuiumsninludiund 4.75 Wesdud way 26.70 Wesidudnuddu

wuReAuaIRemdn wagaadamdn Tuvuelutdamindslusunuees Arginine anawnay (A9 2)
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Tudhuvemansasiusivlalaslaanild wui Snseesiluiisdunansvinfisanniu Tnsans
ludad iflevihnnsleleslaandonssuiumadnnuihiinseesfludutugnein uasivinulusiugtu
fe 1269 Wesus Ynasimvesusiuiiiutundinszuaumsningreuuaiide Lactobacillus lactis
N23 Junan 72 $alus fnaremsifinuazanvensnozilundassia fuiudaimnzadlunisudn
Tusiulelnslawandio dae davdes uazdiunsudiy Taedgurmddasuinmsgainiinsiuussnuuuy
Tairunsyuaunsndn Turaefivsina Lysine flanas 2.5 wWesius Tnasesavuiianasie (Chukeatirote
et al, 2011) warUinavosnsneziludidudmiugaels éun Tryptophan Tudsikiunszuaunisusi
it 6.70 whideleusudiifliinszuiunsnin dearaelamduldie luvasiivdum Threonine
Tuthsmidiindu 2 wih lfdamsmeagludulddty venaniudiusina Leucine wag Valine
ludadmdniady 1.70 wih uag 255 wh awddu Taesis Leucine waw Valine finmantitasidosas
sswﬂasmmﬁugﬁu (Julmanlik & Kongruang, 2019) wenantutasuindaiiusana Methionine
Wisdu 9 wh Mfuanssedunsneziluvaneviinfissmededdlunisdaunsizsd (Canfield et al, 2019)
TnetaseiidwmadenisifinUiinaneinsnesdluenndeiulududasuia Sfuagjﬁumsﬁ'mﬁwaaﬂmasﬁiu
Tudusiazuin lnefiifesdusznaunedlusiuu nsnosdlufifivgitsddulaiidh uagliveuth (hydrophobic)
A Glycine Alanine Valine Leucine Isoleucine wag Proline Wuguauann Asgvhilveesaatameoulad
Ie1n dawalidrdasiiiflusiugedinisiuturesnsnesiludiign lusmsdeatuuinauss (active site)
yoseulwifinanmzmzasiuduansy vliAnnsuensveansaesiludassiiuludusazaiin (Zhang
et al,, 2022) %ﬂﬂimaz:ﬁiuﬁﬂa'nmsi’haﬁuwuiﬁﬁﬂ%mmﬁqﬁwéﬁmﬂmuﬂizmuﬂ151@Imiiaﬁﬁﬁaai‘§ﬂ’ﬁ

wingnewuaiiae Lactobacillus lactis TN23 funan 72 Hlus



48

NIENTIIVAYNIZUAT @vInenmansuazimalulad
UM 17 adull 2 (nsngAx - SuAu 2565)

7000
6000
5000
4000
3000
2000
1000

0

5000

4000

3000

2000

1000

LhﬂﬂﬂnJ"l“l “d|““ﬂ*-
AN NN NN NN NN RN NN NN NN AN M N EN NN =R HN NN BN

5000
4000

3000

2000
1000

0

“hﬂndnﬂ"JﬂJJﬂﬂJ""nmm

6000
5000
4000
3000
2000
1000

0

Piunmnaresiiu aindl e 100 A3 dwilnuita)

5

6000
5000
4000
3000
2000
1000

fnaal

—
—=
=]
="
—
|
[——]
|
Lysine =
—
_
¢

Serine
Alanine
Arginine _
Yaline
Cystine =
Leucine
Proline

Histicine s
Glycing I

Tyrosine m—_

Threonine =
Isoleucine
Tryptophan E

Methionine

Aspartic acid __ ‘
Glutamic acid  —

==
m
==
|
-
=
|
Phenylalanine I

A1 2 Wslwansnesiiluvestiuiazyde NOUWALTEINTEUIUNITHIIN

fee Lactobacillus lactis TN23 Wunan 72 $alua (I feunssuiunsvdn B8 wdansyuiunisvidn)
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Fofunsnaniusaulalaslaamanndniiasing o frenszuaunswingede Lactobacillus lactis
TN23 Auenldandawduituthu Wunan 72 $lus vnlilensdusiulalaslaendilaiivsamensnesily
Sudugetuludmnaiin sudsUinaulusiufigaiude wasdoUiinunsaesdluiifstuiliianmdulyldge
Tunstwslusaulslasladnaindasenszuiunsusingaeie Lactobacillus lactis TN23 a@wnsasiosen

Jundnsdoueilidasiela

AnAnssuUsENA

MeITeveraunn dinTuANENIIINSAUESIINE1AIENS ITeuasEInNTIN (BNaD.) wagnadvu
duaiuinenmans 3o uazuinnssu dmsunuidedsednl 2565 wasvavaunM UNTINEEIUAanTAR
Aafuayunssiiunddeluiesfifng waruionsds duas dnidelasainslunmsussanunudna
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ABSTRACT

This research aims to study the influencing factors of using the solar photovoltaic system
in resort businesses and compare influencing factors based on the size of the business. The samples
are resort entrepreneurs in Nakhon Sri Thammarat province. The questionary is the tool to collect
data through the internet from January 1, 2022 to April 30, 2022. The sample was obtained by
randomizing the population by determining the sample size according to Taro Yamane’s table at a
95.5% confidence level and an error of +5%. The sample size was 250 sets. The statistical method
for analyzing is descriptive statistics which are composed of Percentage, Mean, and Standard
Deviation. Testing the relationship between variables by comparative method, group of variables,
chi-square analysis test based on applied factor and recognition factor after using the solar
photovoltaic system.

The results show that resort entrepreneurs express their opinion about the influencing
factor of a solar photovoltaic system with a high level. Caused by the recognition benefit after use,
implied to more electricity cost saving factors and various places more convenient for using factor.
The comparative factor results which are grouped by sizes of resort businesses expressed their
opinions in the same direction. At large resort businesses deployed solar photovoltaic systems and
integrated into the security system and household electrical equipment. This shows that the used
of the solar photovoltaic system is influencing technology that has a useful impact on the service
of this business sector.

Keywords: Solar photovoltaic systems, Renewable energy, Resort business

unin

Y a Vo = a 1Y N 9 a o '
suaiiunuseduindeuasygialne lnedsuldsuguuuunsiaunasegiawasdeaslngllg
sUsuulny 38071 BCG Economy Model Faaztesiasanyauiavasszmnalifiyanint idluiuniig

NANNAIYNNTINTNLALANUNAINNAEMIATAIUSTTY Ingadenalninedans walulad wazuinnssy

'
=~

WiendnduiuazUinmsifiyargauazUdsussuiasugionn “vhannusdlédtos” lug “vinfosuslun’
Suiadanenenmdnduaswgiouulel q wu deaduszuuiildenud msdans uazmeluladlv viie
nsilsguuiATugRafideuivdmanssnuBaasuganand azUiudeuldsings (National Science and
Technology Development Agency, 2021)

nsznsmdsudnasuiiaiagsiadidiusnlunisndaluianndnuiasenindidundau

nawnunauisathunldegslidvundy n1suaslnianndsnulaseinglidundsnulnilaense Tl
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VU ¢ I a o & ¢ 1A P | ' v 1% @ A &
mMswmnbuel Feldiiafeansusulneanles wazliinaneniades wastisanarldaeaunaanulni Ay

o

fuvudAUeIN1AFIAY (Ministry of Energy, 2022)
Tumagshadidndiunslilnih 230 mstiifiutu 6% laendugsiandndidinsld lafudutu Tdun
g3nasansn ewsmdlazinadiend lsme e gstaneais gsiavisUanuasyieds dauniadunaann
anmemaiiseu imslfiedesuiuermenniulusuen fafuniagsiedsiosinmimdsumaunuinge
Thanuaserfindiunlduazanaildine (Energy Policy and Planning Office, 2022)
PnMsRaLkRLdnendukasefindaduluidmiudssmalne U 2560 wudinisnszane
muiuivesiadmeaiingluusiazidiouldfudvinavesauusauuasdnvasnagimansvesiuil Tnewdeu
wwewdurnaiiuidnlnguecsema Smiadeiu any enmes asuns guamusil alawiny
Y38 wardoanda LHsuSvEmsefindgegn dmsunsnssenuiiuiitidnerindnderod nudiuinm
filg$usadnaseniindgean (18-20 M)/m>day) szegluvinanianatsuazaianzusenidsanis
(Department of Alternative Energy Development and Efficiency, 2018)
é]”wfiﬂuﬂiﬂ%ﬁiimwLi‘]u%“wi’mﬁlé’%“ummaﬂamﬂﬁfﬂvimLﬁauﬁmqqsﬁmﬁuasjwmn Fauiiu
IFndwudfierduresasnisiusing fewiuwieadunsadiiuiy LLazﬁaaamsaaqﬁanﬂLﬁmﬁuga
dulosanmsiinggramaniasiieg vesmsvieaiiedluniald wavmaensuauiifeideswesaaudiang 9
Aldsuanudonantnveaiioridumandsdmiauasaisssusy Tnglamznsifiuniandnnissys
Aedndans msWnWoumNiinvIenia MsvieafisamesssuvAidiuldanuleuisdaaiunisvioilen
othaaLlaseaszuta deyarusznounis s Saofvuasnariend SuunmusUuuunsdndenungyng
Esznaun13dnuiu 484 18 (National Statistical Office, 2020)
Nnudnmsuazmapaiinanuudineiy §ideidamnuaulanrdnuiadenidvinasonis
Tszvundandanuliihinuaseniinduesgsiaaoin Tuiuiifwiaunselsssuns Taonndendaesng
wuvadnslanndusenaumsIaesyn nsdudseyng IeMruATwIAveINGuiIng 1AL T19U0s N115 81310
(Yamane, 1973) m3lnseitadendsnnislinussuundsnunaeding 1iun Jadeiifidviwasions
Uszgndlindsnuuaseriing Jadesunissuiusvlevd wasviniswSeuiisudadeudmuruninvesgsia
3aodn WovhlimAnnssuiuseloniannnislindsnunaseding fannsathlulidanmssumalladszuy

naandsnulnihludsewmealngldegrsiusednsaw

/M3

Fupeunsitenisliszuundandsnuliiinnnuaseriinddnugsiaiaoivluiuiifontn
unsAsTIT fiTeliuuvasuamdueiesie lunmsifiunusudeyanngudsznns Wumsiauszann
A1 uagHUNTTUILNSATIIARUANgNFasTendevlaegiFeaie ilethanliunguiiegiadudszens
Tunagsiaiaesv fifinsliszuundnliihanndsnuuaseniing ludminuasaisssusy Wuteyariuni
szuvBumesidalurissgninadion unsiau Sufeu wwieu Tl wa. 2565 Suaunuvasunuilddiuu
250 YA udwnIAginaneaid Aedes Arfesar drdoauuinasgiu Melniesnsufiames

warlusunsudisagy Tnethuadildifieuiuinasinisuszdiu (Sukcharoen, 2019)
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AnRREWINY 4.50 - 5.00 visngaLd Lavinauniign

=

ANRABLYINAU 3.50 — 4.49 MUNYAINLIN LDNTWALN

a

AnaBBAU 2.50 - 3.49 muneAudn avEnaUILnans

AaRewintu 1.50 - 2.49 e fidvwaties

AaAswiiy 1.00 - 1.49 vneauin Tvdnatiesiian

msUszdiulaenisiiuuvasunuiifidnuasuuuiasmdnuszme (Rating Scale) Tnefinng
Tazuuusnfuwuusunsmadu Alidedusing q s 2 f il

1. munsUseynAlinInuLaseing 311 6 4o

2. gnunssuiuselevid S 4 To
Fupeuiinszinasiouiieuiadonislimaluladndinunaeniing fre3insiseuiiou
nauswys Tafifuuuiiesdu (Pearson Chi-Square) N153LATIENAIAMUKUTUTIUNIGLALY F-test

(One-Way ANOVA) uagnaaeunuunnsiaduseeiieizves Schefft
HANINARBIUALIAT0]
nansanwdeyaililunsldssuundandsnuliihannuaseninddwiugsiasaesnlunud

M IAUATATFIINTIY UUIAINVUIATDITINASTARIN

M19199 1 AR wazAnSosasdayavnluresnauluuaBUaIY 91U 250 AU

a1y tHayaviluvesimeunuuaauany - n= 20 -
A Sovaz
1 gafvsaosnuuInEn (Sruiuviesindingt 20 vieq) 118 47.2
2 335MATaRIMIUIANGTY (F1uIuvieein 20-50 ip9) 105 42.0
3 g3fasaeIIvUIAg (I1WIUNINNTT 50 o) 27 10.8
33U 250 100

1. wan1sAnwdayaniluvesdneunuugauny
1015199 1 wudeyaniluvesneunuuasuaiy ffneuiuuaeuniueglugsnasasin
I3 o 3 a [ v a a 3 o
AN wtugedn 31w 118 au Anlufesay 47.2 sesawungsivsaesnawianans S1uau 105 AY

Anuferas 42 warlifnounuuaeuanutiosfaneglugsivsaesnuualng T9mwau 27 au Andudesas 10.8
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M15199 2 AedwazAndoLuuNInIIgIuvesladenidnsnanessuundandsnulniiainuaseniing

‘UENI’;I:G]E]ULLUU?IE]UGWN%T’M’JN 250 Ay

nsldszuundanasaulniianuaseniing X S.D. AU
drun1suszenalindeanuueasaniing
1. Ussgndlfiitensinensluiaedn 3.14 1.346 dunan
2. Uszyndlfifieldfiuszuunasaing 4.00 1.149 tly
3. Uszgndlfifleszuuinwruaende 4.28 0.933 tly
a. Uszgndldiitesalii 3.58 1.632 1N
5. Uszgndlfifiogunsalluii-luniriFeu 4.20 1.322 ly
6. Uszgndlfiiledssrnganuagnindu 3.94 1.436 1N
GrLY 3.856 1.303 N
aunsuiuselevu
1. fuselonidensussndaaldanelnitunnty 4.43 0.993 thy
2. fivslovisiomsdrsedlriiundu 4.28 1.258 1N
3, fuselovlldluaandisng o Waznntu 4.32 1.007 110
a. fuslevidenistigunsalluitilduniu 3.74 1.620 wn
G 4.192 1.219 un

Mnsed 2 wutladeifdvEnadensliszuunanndssnilnihainuasending loun

1. shumsusggndlindsnuuaseniing favswasglusziumn nuintaduifeafuussyndld
ileszuuinweuaendy Seinded 4.28 sesauniszgndliiiogunsalluiiluniriFeu Sauaded 4.20
wazdszgndlfifionsinums Senedetiontiant 3.14 fiduruioradunndugsiataeivimainianuns
dmsumannuasanuiiitelfiAnanumenuvesaniuiivindy SdnavilFmsUszgndldazuundelui
A unaseinglugsiasaeinididvenasgluseduiiunans

2. frumssuiusyleny Tdvswasgluszduunn wuirdedefifiusslovironisuszuda
Arliglnihanndu Seafegeani 4.43 sosaaniinissuiussleniluaniuiisng « WWagantu diaded 4.32
wagiiusslomisansligunsalliiinldundy fanadedesiiad 3.74 Adududorndunndlussioiaedm
finsihsruukdslifndsnusaseifinduldiiugunsalldvarnuarsanntu derwazmnuarlinuliie

o aNa a

Jaflnavilinisnisiuiuselevd T8vswasgluseduun

Y



NIENTIIVAYNIZUAT @vInenmansuazimalulad

56 e o a o,
UN 17 aUUv 2 (NTNYIAYN - 5UINAN 2565)

a ]

2. wan1saszuRaSeuisulaldeniidnsnasanisldssuuaaanasauliinannuaseniing

WUIMNVUINVDIFINRTHDIN

P v o & v Y aa = = o . U dAaa a
A5 3 WANITNAADUANNANNUTTEUINAILUT A8ITNTIUTEUNEU ﬂEmeLLIJi LU U98nud NG

AoRmaUKUUAD U AUNSUTTENAlNS kA induagiuNTsuiUsElevd wiwmnuwun

Y9933NVIADIN
Jadeiifidnsnasenisldeu FIUIUADEY X S.D. STAU
sunsUsgendld  Saesnuwieién 118 3.80 0.068 il
WAIULENRTIRE  SE0IVIUIANAN 105 3.87 0.066 11N
Faosnvunlng 27 4.00 0.125 17N
994 250 3.85 0.676 a4n
) . ) SaosnvunaLan 118 4.15 0.596 an)
FMSIUUTIIN 5 e nanang 105 4.18 0.587 27N
Faosnvunlng 27 4.20 0.528 1N
39U 250 a.17 0.583 41N

Aaa

9nsil 3 Jadedifivinadenslissuunanmdanulninanuasering uiwmsmunves
CERREEREY

sfunsUszendliszuundandsnuiaiensing wuirledeiddvsnasensldszuunanndaau
Iwihanuasending T8vswasienisldauegluszduann lugsiaiaesnuuelug fenadewindu 4.00
sesaan lugsiadaodvvunanans fisuadewindu 3.87 uaztosiigelussiataosnuunadn Auadswindu 3.80

sunsfuusgleviszuundmdsnuuaseniing nuitadeifavnasomsliszuundnmdsnuluiin
Nnuaseniing Ddvdnasenstinueglussduann lugshesaoinuunnlvg danadowintu 4.20 599091

Tugsiasaesnvuinnans faadewiiu 4.18 wazdosigalugsiasaasnawinan anadewindu 4.15
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A15797 4 HanITIATIERAIAUWUTUTIUINURE) F-test (One-Way ANOVA)
) Sum Mean
BraIAURUTUTIY df F Sig.
of Squares Square
1. Aunsussendld  sewinengy 0.915 2 0.458 0999  0.370
At et ind  anelungu 113.198 247 0.458
37U 114.114 249
YNNGy 0.065 2 0032 0095 0910
2. mimFuslond ooy 0a) 84.716 247 0.303
37U 84.781 249

* AnlpdAgnieada oL = 0.05

a

auufgu HO = Uadenddvianasionisldsyuundandsnuluihanndsnuuatonding ldunnsneiu
i

7l
H1 = Jadefiidnsnananisldsruunanndsnuliiianndsnunaaeiing wananeiuy
NMITNT 4 WU un1sUTEENATNATULEITIRg Arrutasduwiniu 0.370 uavAu
mssuiuselen mannanhanluwhiv 0.910 fAunnniianieddymnedia 0.05 Jsagulii Jadenididvdna
sonslsruundandsnulnihnndsnunasending munmsdszgndlindsnuwaseniing uagiunissul
Usglewd Tunnsiududladenidvnsnasenisidanuiliunnsnaiy

v v & ' o

A13199 5 ManegeuanuwananduTeaduiusseninedwlsdadesing o dunisussandldudmu

YUIAYDITINAIARIN
Jadednunisuszandlinasanuudsaniing JuuieEl X S.D. LAY
1. Ussgndlfiiionisinuns Saosnvuiadn 118 326 1304 Uwnan
FaesnuuIANg9 105 300 1414 Uwnand
SasvnuuInlg 27 311 1.251  Yiunans
it 250 3.14  1.346 U1unans
2. Ussgndldiiteldifuszuy Saosnvuiadn 118 388 1171 1N
WaeEIa FaesnuuIANg9 105 407 1137 3N
SasvnuuInlng 27 430  1.068 110

394 250 4.00 1.149 un
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M1519% 5 (519)

Jadedunisussgndlinasanuuasaniing uudeEn X SD.  sEeu
3. Uszgndldiiteszuuinw SaosnvuaLan 118 426 0938 N
ANuUaensiy FapsnvwIANaIs 105 423 0973 W
Faosvvunlng) 27 459  0.649 110
3734 250 4.28 0.933 41N
a. Yszyndldiitesalii SaosnvuaLan 118 353 1637 w1
FapsnuuIANans 105 367 1609  wN

FaosvuuInlng 27 341 1738 U1unan
334 250 3.58 1.632 41N
5. Uszgndldifogunsallniinlu Jaedvuuinidn 118 412 1397 W
ATIToU FaRsNVUIANGNS 105 4.24  1.297 1N
FaoIvvuInlng) 27 437  1.079 110
33U 250 420 1.322 41N
6. Uszendldiiiodssune Saosnvwaan 118 377 1510w
AVINAAINDY 9 Fa0INTUINNA 105 4.07 1.423 ann
Faosvvunlng) 27 422 1.050 17N
39U 250 394 1.436 un

v aaa

9nA5197 5 Jadefiidninadenislssuundandanuliiinnnuasending uwlsniuwuin
YBIFINATADTN

fumsUszgndlindanuuasefing wuirladedifidnsnadenisldsyuunanndsaulain
Nnuaseniing Tdvdnasgluszduunn fidnednieriutadunisussgndldifiessuuinumanudasade
fifindegegn anadsnindu 4.59 vesgsAasaeimuunnalvg sesasnidutiadonisussandliiiogunsailuiin
Tup$aFou Tugsiasaesnuunlng fenadewindu 437 wasiesiigelugsiaiaeinauianan Yseyndld
dmuifionisineas Aedeintu 3.00

aglaimsussyndldssuundnndsnusateniing lugsiasaesnanuuuinsiig 4 aunsatun
Uszgndldiunisuinisludaesvlidusgnsfuazddnsuasgluseduunn wiuldannisussgndldluiiu
arutaendy Mluduienamszihssuuinvarisensesududeddndanuliilénaen 24 $2lug
faenadestuussgndltsyuunanmdanuuaierindaansadaiundsnililuiunned wdnianlddses
Tuvaugiliiheu Wosndmiaurselsssumuiivangqusanduszozina 8 iwou siliAnalonalwihdades

1A418 (Department of Alternative Energy Development and Efficiency, 2018)
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A15197 6 HANITIATIERAIAUMUTUTIUVINURE) F-test (One-Way ANOVA)
waIANURUIUTIUY sum df Mean F Sig.
of Squares Square
1. Uszgndldifionisiens  sewrinenay 3.853 2 1927 1063 0.347
nelungu 447.523 247 1812
374 451.376 249
2. Uszgndlfifleldifuszuy  sewinengu 4.494 2 2247 1710 0.183
WaEIa aelungy 324.502 247 1314
37 328.996 249
3. Uszgndldiflessuusnw  sewdnengu 2,947 2 1474 1702 0.184
ANUUaeAsY melungy 213.889 247 0.866
39U 216.836 249
a. Yszgndltiiosalyiih JENINNGY 1.840 20920 0344 0710
nelungu 661.216 247 2,677
374 663.056 249
5. Uszgndlfifiogunsallwih sewdnengu 1.713 2 0857 0488 0615
luasiSou aelungy 433.683 247 1.756
33U 435.396 249
6. Ussgndliiiodssnng  sewinengy 7.194 2 3597 1756 0175
ANAYAINDY 1 melung 506.022 247 2.049
39U 513.216 249

* ptdAyNana o = 0.05

nSwanensidssuunanndsulninanndanusaseing ldunnateiu

AR HO = Uady 5
5

VRG]
H1 = Yadeniidnsnanenislidszuunaanasnulniannduuaseniing wananeiu

MAITNA 6 WU AmadUALFITUSTEIeLUsTademe 9 dumsdssendldlunimeiy
fAunndn AdedAgyn1eada 0.05 Faaguladn Jadeniidnsnadenisldsvuundanasulniainndany
waee1nd Anun1sUszendld wisnuvwnvesgsnasasy Tunmsudidnswadensldnuilivansieiu
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M157997 7 Mavedeuanuwanaduesduiusseriadulstadesing 4 sunissuiussleriannsldem

szuundandsnulniannuaeiing uwinmrninvesgsnaiassn

Uadeanunisuszgndldnaasnuuasaniing uueege X SD. U

1. msussudaarldanglafiunnty Sdesnuunndn 118 437  1.052 11N
FaosnvUIANang 105 444  1.009 1N

FaosvuuInlng 27 4.67  0.555 11N

39U 250 4.43 0.993 aén

2. msdsedlwdianndu SaosnauIAan 118 421 1.326 11N
FaosnvUInNang 105 436 1170 1N

FaosvuuInlng 27 422 1311 110

39U 250 4.28 1.258 a4n

3. Wluanwiisng 9 Wazmndu  2agdmmunin 118 4.23  1.025 1N
FaosnvuInAnang 105 438  1.023 1N

Faosvuunlng 27 4.48  0.849 11N

39U 250 4.32 1.007 én

a. milgunsallwinldannty  Faesvouwiadn 118 387 1556w
JaosnvuInnang 105 364 1722 1N

Faosvuunlvg 27 359 1500 11N

39U 250 3.74 1.620 én

9nsed 7 Jedeiiddvnadensltszuundandanuliinianuasefing sunissuiusslevd
wlanuvaveagsiasaniv nuhtadeiivinasensldssuundandsnulihanuaseniing srunisiug
Ustlowyd Tdvdwarenislinueglusziuann Jadeifefumssendaaldaelniinuniy Tugsiasasin
yueilvg) sedasn lussiaiaesnuunanans danadswintu 4.44 uaztioefignlugsiaiaeinvunndn Aade
Wiy 4.37 uazladedunisiuiuselovd sosasnfudaseioatunsldlugauiiang q Téazainiu
TugshaTaenawielng fdnadewintu 4.48 sesaen lugshataesmauianans daadewindy 4.38
uaztiosfiaelugsiataeinuuiman Aadewinitu 4.23
ayuladndaduaunisiuiuselevissuundandsnuliiianuateinglugsasassn
AUTWIRAN 9 ansanebiiaUsslevidugsiesassnlaiduegned T8vdnadenisldauegluszauuin
hildnUsslefuannisussnsaaldaeliiiunntu Adusduieramssiasaesndumuannisldini

ABUT19EY wazillainssuundandanuuaeindinldluiassy Judinavilaneilddrgarnnislolaila
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gonaaediun1sUszendldssuundanaanuiaseiiing awnsaldlatugunsatlnfiivainane Jsiinavinlv

Algareannstninanas

A19199 8 NANITIATINAIANIULUTUTIUNIUAL] F-test (One-Way ANOVA) sun1siuiuselevianssuy

nannaulianLaIeing

waeAuUsUTIUY sum df Mean F Sig.
of Squares Square
1. Ysgminanlddgliiannty  sewhanga 1.903 2 0952 0965 0.382
aelungy 243.441 247 0.986
591 245344 249
2. drseslatilanndu FENINNGY 1338 2 0669 0421  0.657
aelungy 392,618 247 1.590
59 393.956 249
3. Wluanudiens 9 IWazantu  sswianga 2.075 2 1038 1024 0.361
melungu 250.325 247 1.013
57 252.400 249
a. mildgunsallihldunndu  sewinga 3.757 2 1878 0714 0491
aelungy 649.859 247 2631
39 653.616 249

* AnlpdAgynieadn oL = 0.05

auuAgy HO = Uadenddviznasionisldsyuundandsnuluihanndsnuuatonding ldunnsneiu
P
7

=
il
H1 = Jadefiidnsnananisldsruunanndsnulniiainndsnunaasiing wananeiuy

a

a5 8 w1 Yadedunissuiuselenilunmsiusiauinninddedfynieada 0.05
Jeagulddn dadeiiddvdwasionslszuundamdsauliiinanndanuuasending funisiuiusslon
Tunwsauiiavsnasenslianuilaiuandnaiy

ns@nwdadeifianinadenslinuszuurdandsaulniianuaerinddmivgsiaiaoiv
Tufuiidminuaseisssusy wuhiitafefiisvinadomslissuunaandsnuliihanuaetiing Tavsna
oglusziunnn Tnetladefitidvisnasdenslinuanmsussgndlidmiussuusnwamnasndouazgunsal
Inilunadousglussduinn uastssgndlfifionisinuasesiaeimeglussiutiunans \Wuruiionadu
wazd gunsaimaimanuaadugunssiifunssualroutnsgsdsinavilsimedsedlaihaunsalinuluseedu

WALNITNARALNTD U S LTI A NI kEAI e aNe F9azarusavinaulmfuUsyansain Feaenndadiu
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Aunulineluszezia 7-9 Y

Gl
asUldindusznounisiimnudaiiuieaiuiadenidvinadenisldvussuundandsanuli

9

nkasefinddmivgsisaesnluiundmiouasassssusvludadosng 4 28nsnwasgluseduuin

o A

Uadenfidnsnaasandutadeneinisusendaaldanglniy uwasifeafuauazainlunisindsgunsel
- = = v daa a ' 1% 1 a ] a o 3 " a
wazillawSeuiisuladeniidvsnadonsldnuwiinuuinuesssia nuilugsiasaesnawalvg inns
wszvundandanulniianuasefiedluldsiudussuusnwmaiulasndevessassn uwasdssandld
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ABSTRACT

The objectives of this research are (1) to study space usage behavior and physical
environment of elderly residential townhouses (2) to design and improve the townhouses’ area to
be suitable for the elderly. The case study area is a 30 year old and 2-storey townhouse located
in Yoo Charoen Village, Bang Khen, Bangkok. This applied research is based on the collection of
secondary and primary information on the elderly and characteristics of the research area. After
that, the area usage issues were synthesized in order to suitably improve for the elderly. The area
conceptualization and research results on usage behavior in different areas were presented. The
results of this study showed that usage behavior in various areas of the house that elderly mostly
consume for daily activities is on the ground floor. Elderly will use the area in the living hall for
interesting activities and tend to move the sleeping space at night from upstairs to downstairs. It
was found that the problems and obstacles of using space in Yoo Charoen village residences are
similar such as handrails, ramps, lighting and air ventilation. There are two main elements that need
urgent improvement: the bathroom and the living hall, and the design of the bedroom area to
accommodate the future bedroom relocation.

Keywords: Elderly, Townhouse renovation, Environmental management
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ABSTRACT

The research aims to study the appropriate forecasting model for the rainfall in
Kanchanadit, Surat Thani Province. The data used in this research was the average monthly
rainfall from Surat Thani Meteorological Station from January 2013 to February 2020 (86 values).
The time series data were divided into two categories. The first 74 values from January 2013 until
February 2019 were used for the modeling by the Decomposition Method, Triple Exponential
Smoothing: Winter’s Method, and Box — Jenkins Method. On the other hand, the last 12 values
from March 2019 to February 2020 were used check the forecasting models' accuracy via the
determination of the mean absolute percentage error. The research findings were as follows:
1) The Box-Jenkins method was the most suitable method that has been used for this time series.
2) The forecasting model for the rainfall in Kanchanadit, Surat Thani Province, could be written as

Y=Y -0915(Y -Y )-0655(Y -Y )-0444(Y -Y )
! £12 tod £24  t36 £36  tds

2 2

Keywords: Decomposition Method, Triple Exponential Smoothing: Winter’s Method, Box — Jenkins
Method

Introduction

Surat Thani Province is an agricultural province that relies on natural rainwater for agriculture.
Most of the population engage in agriculture, such as farming, gardening, and uses land to cultivate
about 45% of the total area (Surat Thani Land Development Station, 2019) which require rainwater
to reduce the risk of damage crops; therefore, it is necessary to organize a good planting system.
One must know the variability and distribution characteristics of rain. Rainwater is an important

factor for agriculture. The most important constraint is having sufficient water for planting and plant
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growth.(Office of the Meteorological Department, 2018) However, whether it rains or not is an
uncontrollable factor. Rainfall is also unstable and varies from area to area. In addition, rainwater
is important for agriculture. Therefore, rainfall forecasting is essential for agriculture. (Suwanwong,
2013) Kanchanadit District, It is a good plan for Surat Thani province, It is worth paying attention to
the study. The amount of rainfall that has fallen is uncertain. Rainfall can be predicted by analyzing
trends in rainfall changes. For plant cultivation, planning and finding solutions to problems that
will occur with the rain that tends to change for the reasons mentioned above, the researcher was
interested in studying the rain forecasting in Kanchanadit District, Surat Thani Province, which is useful
in agriculture. Soil and water conservation in engineering, such as irrigation projects and reservoirs
Projects to build dams, etc. can also be applied to solve flooding problems and provide guidelines
for the further development of water resources.

Purpose of the study

1. Create a monthly rainfall forecast model for Kanchanadit District Surat Thani Province

2. Compare the three methods of forecasting rainfall, namely the decomposition method,
the exponential smoothing method with Winter’s method, and the Box-Jenkins method, which uses

the mean absolute percentage error (MAPE) criterion.

Methods

1. Collect a monthly rainfall dataset. Kanchanadit District, Surat Thani Province collecting
86 values from January 2013 to February 2020. (Office of the Meteorological Department, 2018). The
data source was the weather forecast bureau, meteorological department, Ministry of Information
and Communication Technology, Surat Thani Province.

2. Take the monthly time series data from January 2013 to February 2020 and divide the
data into two sets. (Ruangchaisiwawet, 2011)

The first dataset contains the monthly rainfall recorded from January 2013 to February
2013. Forecast models are based on this dataset.

The second dataset contains the monthly precipitation collected during March 2019 and
February 2020.

3. Generate prediction models with three predictions from the 1 dataset.

4. Use the forecast values obtained from item 2 to calculate the accuracy of the forecast
by comparing then with the actual data. Between March 2019 and February 2020. The accuracy was
measured by the mean percentage error of the absolute value.

5. Take the mean of the absolute percent error from the time series into account. Compare

the forecasting approaches for time series.
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Results and Discussions
This dataset consisted of trends (T) and seasonal variations (S), as it can be seen in
Figure 1, but these methods produce ambiguous results, for accuracy and comprehension.

They are consistent. Therefore, the trend component test and the seasonal component test were

used as follows:

600.00=

500.00

400.00- ﬂ

300.00

data
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.00
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o
)
o

Figure 1 The movement characteristics of time series data

1. Trend component testing
As shown in Figure 2, the trend component was created using Run Test (Suwanwong,
2013). By the Run Test method, Hypotheses are as follows, H, : time series has no trend component
and H_ : time series has trended component. At the significance level of .05, the p-value was found to

be .010, which was less than the significance level, and was therefore Hovvas rejected. In conclusion,

such time series contains trend component.
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Runs Test
data

Test Value® 113.40
Cases < Test Value 37
Cases >= Test Value 37
Total Cases T4
Number of Runs 27
Z -2.575
Asymp. Sig. (2-tailed)

.010

a. Median

Figure 2 Component testing of rainfall trends

2. Seasonal Component Test
As shown in Figure 3, the seasonal components were calculated using Kruskal-Wallis
(Ketiam, 2005) By the Kruskal-Wallis method, the hypotheses are as follows: H,: The time series has
no seasonal variance components; H The time series has seasonal variance components. At the
significance level of .05, the p-value was found to be .010, which was less than the significance level

and rejected H,- It was concluded that the time-series data contained seasonal variations.

Test Statistics®?

data

Chi-Square 42.987
df 11
Asymp. Sig. .000

a. Kruskal Wallis Test
b. Grouping Variable:
MONTH, period 12

Figure 3 Seasonal component test of rainfall
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3. Create forecast models

3.1 That the time series contains trend components (Ketiam, 2005). So we can generate

trend equations by finding trend line equations. By creating a trend line using the least-squares

method, the equation of a straight line trend was formed as follows:

Yt = (bo + blt) St .........................

Where Yt is an observation value at time t
b0 is the mean of the data

b is the slope of the data

1
ét is the estimated seasonal variation at time t.
Short term forecast
The equation for forecasting was Y= (18.885t) ét

When b1 = 18.885

Table 1 Coefficients of model Forecast calculation example

Unstandardized Standardized )
Coefficients Coefficients 38
B Std. Error Beta Std. Error
MONTH, period 12 18.885 3.868 499 4.882 .000
(Constant) 27.708 28.100 .986 327

March 2019 rainfall forecast

the equation Y. = (18.8851) S,
L, = (18.885(3) (0.032)
So = 1.813

75

Therefore, the March 2020 rainfall forecast is 1.813 millimeters.
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Table 2 shows actual and forecasted rainfall. By the decomposition method, the mean

absolute percentage error (MAPE) was 1.789.

Table 2 shows the mean absolute percent error (MAPE) values of the time series of the forecasted

values compared to the actual values by the decomposition method.

Actual rainfall Forecasted rainfall The absolute value of the error

Month/year
(mm) (mm) relative to the actual value.
Mar 19 0.0 1.813 -
Apr 19 53.6 32.482 0.394
May 19 242.1 131.628 0.456
Jun 19 139.8 112.290 0.197
Jul 19 107.8 143.431 0.331
Aug 19 139.0 198.972 0.431
Sep 19 298.7 268.715 0.100
Oct. 19 153.7 157.501 0.025
Nov 19 85.2 453.901 4.327
Dec. 19 19.5 301.405 14.457
Jan 20 0.0 13.597 -
Feb 20 155 3.890 0.749
> 21.467
MAPE 1.789

3.2 Exponential smoothing method with Winter’s method
A forecasting equation of rainfall in Kanchanadit District, Surat Thani Province was

created using Winter’s method of exponential smoothing.
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Below is a Multiplicative Seasonality Model

Vo = (@+bmls 2)
oy,
a = —+(1W|a +b
t = t-1 t1
S
t-p
bt - Y(at ) at—1) (1_y) bt—l
) oY, )
S = +(1-0)S
t 3 t-p

t

Where Y is the observation at time t

,P
g
3

a is the level of the data or smoothing part

bt is the trend

ét is the seasonal part

m is the number of periods to be forecasted forward

p is the number of seasons p=12 when the data is monthly.

Ol is the smoothing constant between the data and the forecast value,

ando=t =1

y is the smoothing constant between the actual trend and the trend estimate,
ando=7y=<1

O isthe smoothing constant between the actual season value and seasonal

estimate, and 0 < 0=<1

The Winter method is analyzed using the multiplication pattern O, O and Y
between 0.001-1.0 by trying to change the Q, O and Y values in increments of 0.01, and then
selected the L, O and Y that give the lowest SSE values the, and values of Win’s method. The
appropriate parameters are QL = 0.001, Y = 0.001 and O = 0.001.

There is a forecasted value m, the forward time unit, the forecast at time t, and the monthly
data are:

Vo= (at+bt(m))§

t-p+m
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Short term forecast

When, a = 07.708 and bt = 18.885 are obtained by the least-squares trend line
generation method of the discrete forecasting method. Fromm’s data analysis, The winter season
index (ét) is obtained when (t = 1, 2, 3, ..., p) which is equal to the seasonality index obtained by

the modular forecasting method. As show in Table 3.

Table 3 winter season index of rainfall.

t 1 2 3 4 5 6
ét 0.622774 0.335709  0.027191 0.432075 1.488382  1.016865
t 7 8 9 10 11 12
S 1.055471 1.291599  1.718774  0.901464 1.958707  1.150991

Forecast calculation example
March 2019 rainfall forecast (data 75)

+m

Into the equation Y = f(a+ bt(m))é

t-p+m

Represent (@, + bm(.’)))é63

1.530

Therefore, the rainfall forecast for March 2020 is 1.530 mm. Rainfall Forecast for April 2019
(Data 76)
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Table 4 shows the actual rainfall and the actual rainfall from the forecast. The mean

absolute percentage error (MAPE) in winter was 1.497.

Table 4 shows the mean absolute percent error (MAPE) of the time series for the forecasted values

compared to the actual values with the winter method.

Actual rainfall Forecasted rainfall The absolute value of the error

Month/year
(mm) (mm) relative to the actual value.
Mar 19 0.0 1.530 -
Apr 19 53.6 32.633 0.168
May 19 242.1 140.504 0.249
Jun 19 139.8 115.236 0.026
Dec. 19 19.5 260.840 12.376
Jan 20 0.0 11.765 -
Feb 20 15.5 12.691 0.419
2 17.966
MAPE 1.497

3.3 Box - Jenkins Time Series Analysis Method
3.3.1 Determine the time series model
From Figure 4, it was found that when ris intermittently high, there is an
undulating movement that is repeated for every 12 K values. This could lead to the conclusion that
the time series data influences the seasonal variations involved. Therefore, such time series must
be transformed so that they are free from the influence of seasonal variation using the seasonal
difference method. By assigning D = 1, or the number of times the seasonal difference is equal to

1, the result is shown in Figure 4 as follows:
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Figure 4 The determination and correlogram of r

From Figure 5, it was found that when the aforementioned time series was modified by
the seasonal difference method, it could be seen that r, It decreases rapidly when Kincreases. This
shows that the time series data was free from the influence of trends. The above time series is now
stationary. However, because the original time series includes the trend’s influence, Therefore, the
model was set up in the form of ARIMA (p, d, @) (P, D, Q)S Model determination was based on the
results of ARIMA analysis. Which used the following model selection method:

1. Choose a model with the lowest RMSE value.

2. Choose a model with the least number of parameters.

3. Amodel that accepts the assumption that the parameter value is 0 is not chosen, which

results in the following:

DATH

O coezeicient
Upper Confidence
Limit
Lower Confidence
lialt

1.0+

" [l v
i L

T T T T T T T T T
1 2 % 4 & & T E 5 10 11 12 L3 14 15 LE

Lag Humber

Figure 5 The values and correlogram of r after finding the difference

to eliminate the influence of the seasons.
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From Table 5, it was concluded that the model ARI!\/\A(O,O,O)(B,1,0)12 It is the best model
with the lowest RMSE value, so the model is chosen ARII\/\A(O,O,O)(B,1,0)12 which the general form of
SARIMA (p,d,q ) There is an equation

(1-8°(1-BY1-QB-9B-..-¢)0-9B -, B -..- ¢ By,
=0)+1-08-0,5-..-08701-08-08"-..-0 8"

qlL

Where called backshift, where B”yt: Y., o B’ € = Sm

is a constant

B

00

¢f is the parameter of AR ati;i=1,23, .., p
Q is the parameter of MA ati;i=1,23, .., p

Therefore, the equation as

V=Y - Y )@ Y - Y ) ()

Table 5 defines the model in the form ARIMA(|o,d,q)(P,D,Q)S Using the following model selection

method:

1. Selecting a Model with the Least RMSE Value

ARIMA(p, d, 9)(P, D, Q), RMSE
ARIMA(0,0,1)(0,1,1) | 124.976
ARIMA(0,0,0X2,1,1) | 124.976
ARIMA(0,0,0X2,1,2) | 125.441
ARIMA(0,0,0X2,1,0) , 129.983
ARIMA(0,0,0)(3,1,0) 124.109

3.4 Parameter estimation
Least Squares Parameter Estimation was performed using a statistical package.
This will produce the results shown in Figure 6.

From Table 6 - 7, the estimated value was ¢1 =-0.915, ¢2: -0.655 and ¢2: -0.444
When substituting the values into the equation

Yo=Y -0.915(Y =Y )-0.655(Y_ -Y_)-0884(Y_ Y ) i (5)

2 2 4 t-36
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Model Description

Model Type

ARIMA(0,0,0)(3,1,0)

Table 7 the approximation of parameter ¢1, ¢2 and ¢3 in ARIMA model parameters

ARIMA model parameters Estimate SE t Sig.
AR, Seasonal Lag 1 -915 159 -5.756 .000
Lag 2 -.655 226 -2.903 .005

Lag 3 -.444 223 -1.990 .049

Seasonal Difference 1

Table 8 shows actual and forecast rainfall. Perform by using the Box-Jenkins time series

analysis method. The mean absolute percentage error (MAPE) was 1.157.

Table 8 shows the mean absolute percent error (MAPE) values of the time series for the forecasted

values compared to the actual values by the Box Jenkins time-series analysis method.

Actual rainfall Forecasted rainfall The absolute value of the error

Month/year (mm) (mm) relative to the actual value.
Mar 19 0.0 19.35 -
Apr 19 53.6 85.11 0.588
May 19 242.1 152.92 0.368
Jun 19 139.8 170.94 0.223
Nov 19 85.2 321.02 2.768
Dec 19 19.5 185.81 8.529
Jan 20 0.0 136.80 -
Feb 20 15.5 41.05 1.648

)y 13.891
MAPE 1.157
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Table 9 The comparison of the mean absolute percent error (MAPE) values of three methods

forecasting the rainfall in Kanchanadit, Surat Thani Province

Methods MAPE
The decomposition method. 1.789
The winter method 1.497
The Box Jenkins time-series analysis method. 1.157

Table 9 shows the mean absolute percent error (MAPE) values of three forecasting models.
The Box Jenkins time-series analysis method was suitable for this forecasting model for the rainfall

in Kanchanadit, Surat Thani Province.

Conclusions

Using results from a study on the monthly rainfall forecast in Kanchanadit District, Surat
Thani Province using statistical forecasting techniques, the following issues can be discussed: The
Box-Jenkins Method: This was the most appropriate method for this time series. This is consistent
with research by Ngamsuk (2012), a study of time series forecasting by comparing traditional methods
and the Box-Jenkins method, a case study of the number of accidents in Thailand, and Kiratiwiboon’s
(2014) study on a rainfall forecasting model in Songkhla Province. The Box-Jenkins Method was the
most appropriate method for this time series. The results of this research could be used to plan
future crop production for farmers in Surat Thani province. The forecast models are suitable for time
series with similar motion characteristics. However, rainfall may not depend solely on time factors.
For future research, researchers should consider other factors in the predictive model study. Also,
when more recent rainfall data was available. In applying the research results, the researcher should
modify the model to suit their data. Furthermore, climate change should be closely monitored as

a factor in data analysis. Therefore, the researcher must use caution when analyzing the data.
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