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ABSTRACT

The objectives of this research were (1) to isolate a pure culture of Lentinus polychrous and screen for its

ability to utilize cellulose, (2) to study the growth of L. polychrous on three mycological media including potato

dextrose agar, malt extract agar and cornmeal agar, and (3) to grow this mushroom on five types of agricultural

waste including corn husk, rice straw, coconut meal, coconut coir, and sugarcane bagasse. The results showed that

L. polychrous was able to produce cellulase enzyme and grew well in all three media. When this mushroom was

cultivated on agricultural waste and the jars were incubated at 25°C for six weeks. It grew in all five substrates and

grew best on coconut meal by producing dense and compact mycelium both inside and on the surface of the

substrate. Therefore, coconut meal is a good alternative substrate for mushroom cultivation.

Key words: coconut meal, agricultural waste, Lentinus polychrous
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(B)

Figure 1 Determination of cellulase activity on CMC agar incubated at 25°C for 11 days and stained with Congo

red solution. (A) L. polychrous LSB2 and (B) Negative control
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Figure 2 Mycelial growth of L. polychrous LSB2 on three different mycological agars incubated at 25°C for 7

days. (A) potato dextrose agar (PDA), (B) malt extract agar (MEA) and (C) cornmeal agar (CMA)
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Table 1 Mycelial density of Lentinus polychrous when it was cultivated in five types of agricultural waste

Mushroom Agricultural waste
corn husk rice straw coconut meal  coconut coir sugarcane
bagasse
L. polychrous LSB2 +++ ++ ++++ ++ +++

Note  += Mycelium growth of the mushroom

(A) corn husk (B) rice straw (C) coconut meal (D) coconut coir (E) sugarcane
bagasse
Figure 3 Myecelial growth of L. polychrous LSB2 when it was cultivated in five types of agricultural waste in
a jars experiment in laboratory condition at 25°C for 6 weeks. Top, middle, and bottom rows show the

side view, top view, and close-up top view respectively of the mycelial growths on each substrate
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ABSTRACT

Gamma-aminobutyric acid (GABA) serves as a major inhibitory neurotransmitter in mammalian nervous
systems and phenolic compounds act as antioxidants. Hence, the purpose of this research was to study the effect of
biological process on Y-aminobutyric acid and phenolic compounds content of Tubtim Chumpare and Sinlek brown
rice by allowing both rice species on germination and following Lactobacillus sp. fermentation. The highest GABA
content in Tubtim Chumpare of 2.866+0.324 mg. g'1 was found at the conditions under germinated rice which was
4-fold higher than that of brown rice without germination (0.723+0.174 mg. g'l) while comparison of Sinlek brown
rice with and without germination and following Lactobacillus sp. fermentation, GABA production of brown rice
with germination and following 12 h of fermentation increased more than 23-fold (0.254+0.053 to 5.880+0.207 mg.
g'l). For the total phenolic compounds content analysis, the result showed that Tubtim Chumpare brown rice gave
the highest amount at the conditions of brown rice without germinated process (28.313+0.506 mg gallic acid
equivalent. g'l) whereas Sinlek brown rice increased from 5.624+0.603 to 8.212+0.458 mg gallic acid equivalent.
g'l after germination and following 24 h of fermentation. These results indicate that biological processes can enhance
GABA production in both brown rice and increase total phenolic compounds content in Sinlek brown rice which

could improve the nutritional value for nutraceutical product development in the future.

Key words: brown rice, GABA, phenolic compounds, Lactobacillus sp.

YN
9 v o
Tvailusmsvdnveanu'lng Tags
o Y = o A 1
M1 au Halagase Jaguiumaiugaainig
TA%UINITVDITIIAIIATLUIUNITNINFINN
Taammzg 198931V 1INE BN IUATEVIUMNT
son Mavldsuanueaulvegiauniviars 1iisa9n
A159enFnlRiNANILUIUMTINUN YDA
< { =y
(metabolic) Tuuaav17 TmsnlasuuilasdSuw
=\ =K a P
voautls naz Uiy srudananssuveaou luain
v r'd
niningesaars lueulamlsy (Palmiano and
v 2
Juliano, 1972) n15slasunilasiinaldludin
v A = 9
NABIBNNUAIINUUNUINNNFININGINIIVII
9 1 a a an A d'
NADY 1¥U NTALANNI-02H TUTINTN HI0NILT

@ %1 a . . IS
TUATITHYUIINNTANGAIUN (glutamic acid) Tagil

4 = 4 a
toulainganua An1svendiad (glutamate
I [ 1 Aaaa ~

decarboxylase, GAD) 11U 139 n3e1 Nunum
o @ o Y A d A A o Z/
dag lumsminnduasdelssamytiadug]
(inhibitory neurotransmitter) lussvvidszain
[ =Y g’/ Y ) Y
druna1e annaluntamsunndlaunisinle
o d‘ % 1

Snp1lsaneInussuulseainaie  vatelsa
wu Ispueulivay Tsadannada uazlsnausn
Ina¥laan1IuaU latinaa LDL (Low density

o P v &
lipoprotein) aAae1Msoa laues uazdudimsaiig
4 < <) A
AN LIUNALADAUIY (Thongekkaew, 2015)
e o 1 4 < a 1
UBNINT FINVINULBINAATII90NILINANTEBY
A g )]
a3y 1 lumdadamunszuiumsnia
= =1 a Id 4 A
Fuptvwnatuarsdszneunis lulaiasanil
< ?,’ aa d 1 =

v Tuanadnad waziaasas diuldsau

Tudaizgndenlunsaesii Tunazimi Ind



715815398 ¥H1INe1aena lu lads1uanasiIve 16(1) : 11-23 (2567) 13

Y
FAUNITINUATIATTIAYAIL 9 VINUIY LFU
UNNNI-DD3BIUDA (gamma-oryzanol) 10 laW5oa
(tocopherol) Tn 1A 1n3910a (tocotrienol) 15152 now
a a H g 1 1
Nusannyilss Terassramelumssisanniny
% =) % a Qy ci 1
aulania tdoadumainad anidsourieIg UV
A LI~
WY BSADAITULD Lﬂuﬁ’u (Parnsakhorn and Lungapin,
2013)

13 1UITENITANYINHIUNIND N

[

a 9 Y Yo 2 '
ﬂ”liN’dﬁﬂlWDﬂaE)QQE]ﬂGlWiJﬁWiﬂTUWQQ YUoYNU
= Y '
ANNITNINUIETY llﬂllﬂ Laaﬂumm% 1IA1NI3

a ~ A a
NIEIDN QAUNYN UASWDFNIVNNIZTY Tagif5um

J

1 L4 3 L% 1 v
t’ﬂiﬂ”l‘]ﬂ%$Lmﬂ@’lNﬂuﬂlu@EJﬂ“lJ“laleJl,maa‘iﬁWEJWNﬁ

U £l

(Kinnersley and Turano, 2000; Komatsuzaki et al.,

2007; Khwanchai ef al., 2014) H9n91AN1511917
Y o Y a 2 g

ﬂﬁ@\?ll'l‘ﬂ'lah’ilﬂﬂﬂ'li\?ﬂﬂ“]i\’llﬂﬂﬂi%ﬂ?ﬂﬂ'li‘ﬂ'l\?

= & A Y A 9
mmwmwummwaiwﬂammmamm“lmm

4 o

IMVAULED FI0T189TUITENUIINITHINAY

a A

AUNIINGY Lactobacillus sp. AT 01NNUTU0
¢ = s a = ' Yt
oulmingauua AmsvonFad Feazdawalidn

ATFUATIEHa150 U114 (Dat er al., 2017;

a A

9
Wongwai et al., 2018) S’JEJVNﬂH‘I'ﬁJﬂﬂy’JEJfUau‘VliEJ

a

Faauisom IidSuaasdsznoudueantiy

2wy o
wnuu Iduny (Le er al., 2019)

a

ANHAULIAUVOITIINUT NUNUYULUN

£} £}

Y o I

MANINMIHTUNUE5 21U UV 1A0N

@ [

a J = 9 2 .
HEA 105 NATIWUFTIINTIA NIIAUAY (Semi-dwarf

]
= [

KDML105) nianyazarumusao Tsa T il
9

Y o @

AoruaInuI I A en 210310911300

= A = ] ] ' '
NITANHINNIUNT WUIN L‘]Ju"U'l'JLfl]']UbJUl'Jﬁ@(’H'JQ

20

Had 1110309 duAT AR AUNINNITAA
Psuamsdweyyadaseiluedn Warlruooa
wagIn1iud Tagianig O-Tocopherol A g Y-
Oryzanols g4 HignTAueyyadaszuIn (A1 1C,,

[ 1 a

ININY 2.68 NaansuaoNaaans) uagl

A A J < a A 4

ANUAWIID TUMITTAIFNANGA (3.89 Uaa luas

ABNTNVDIAI0819) (Department of Agriculture,

o v 9 v A <3 9 9 -4

2017) dwmsudnugauman ldnnwandiunug
1 9 ) a v Y a Id

sEHINIIIoNtia NUT1YINeNNEE 105 1T
Y Aa A 1 2 A 1 '

dndvnntnauven JUTunaaiEens lilee

9
granas Ugn ldmasansdl Tanudumuaelsa
YA v A g ° A ]

Tudd Gawtiiiaia dr-thunaie ierhmaaes
a U Y1 1 a Y
V3 Taalungudihomnvnu wua msus Taad

a < 1 o
naesdwran ¥areuddynuuinanld i ld
9
@7172A0A0 insulin AAAILAZNITHINTUVDIAY
1 dg e o Y = . .
OUATU FIuNINAURTIUD Y triglyceride
2y o ea 3 o~ <
anad uoNIINY THUFAUManG s Ianlu
< 1 a A I
waage Wumsdsziiuguaviianimiuy
4 [ b v Y Aa ua
Uz Tomivoasigman naluszaviolfriams
4 1 1 a a 9
wazTuuywd Tagnunmsauasumsvs 1navig

o Ja < 3 o A Aa ' <
wuﬁﬁumaﬂiuzﬂﬂumsaummazwmqm@maﬂ

a

Y o

' Y
M 17528 hemoglobin Huud THUINVAIY (Rice
Science Center, Kasetsart University Kamphaeng
Saen Campus, 2019)

VINANHULIAUYDITIIWUT U TANBLN

@ 4 '

a g Aa
!LagWu‘ﬁﬁulﬁaﬂﬂﬂﬂmﬂ'ﬁ/l']\iiﬂslfu']ﬂ']iGlu

a
Y
b4

A 4
LUBIAU uazﬂmﬂiﬂwummmimm uae

[

= a Aa J a dyd a2
a1slsznouiluedaniniiaesanie MUITeUIN
o s A =
109152 aaAINeANYINAVDINTTVIUNITNIY
FimwaelTuaarsunuu ezl Tuiiise uay
v
a @ o J
arsdseneuilueanisnualudiindosiiug
v A v Ia < o
VAvguuneaziugauman Tagnisihdiamn
' o Y o @ Y &‘
Arunisiildsenuaziiildniindleiyo
4 4 -
Lactobacillus sp. iNatiuf3unaasunuinegi Ty
1aisa nazarsszneviluedn e lgms
1 A o a I
adryanuiulud Tasawrsorh ldwdaadu

a o J A
Naﬁﬂﬂl"ﬂ@’]ﬁ’]5LW®’qGUﬂ']WUlmu@u'lﬂ@



14 715815398 ¥H1INeaena lu lads1wuanasiIve 16(1) : 11-23 (2567)

ad o A Aa v
IFAUHUNITIDE
G Y T
1. M3A3ENIINIUNIZVIUNM IO
dndesiugiuAuyuunaInuvag
@ v o o da <
mzgn SandmGoasie wazWugaumanain
uraunizilgn Sandanug lan wdnldazen
- I = Y
1-2 A543 AadudelunazinaadnNineandie
9
azunsesou miniuih lliunszuaumssen Tag
2 1y v q ya ¥ A 9
sunnugiludaldtiiumiiedadszaunm 10
a Id @ = %’ 1
wudas Huszezial 24 51 1us g
o 3‘, o 9 A [} 1
N0 9 4-6 52 T9) MnuInTIARUMTuylalu
penszaoy un 13Uszinm 24 ¥ Tue @i lugs
' 1 3 4
Tagii Twnimn « 8 ¥ Tua enszqulidn
1q ¥ a @ ¥ A 9
senuaz lildinanmsmiinainanudou) iedn

Yy a Y o Yy v Y q9
NADIUNANITIDNLLAND ummwmauﬂwazam

a

y Yy v v P A
vinni leudredregouansounguugi 50
~ A X vy v
IR UALTHE 1NoaAANNFY 92 1A91INADII8N
Vv
drrsuiin Il ldnaaoutuas i
2. MUY Lactobacillus sp.
lardusau 25 nsu viRuaTazae
- 4 Aa aa
NaCl Wty 0.85 11los1dud USuas 225 Tadans
Y '
3101111 11199919 11U serial dilution NI LA
A 2 a3 4 -5 o ¥ o
ANR0919 107, 107, 10 az 10° awaiau 11
% A d‘ -4 -5 1%
FLAVUAIINIIBD19N 107 uay 10° vAauenLaL
1y == a 9 a d‘
A5VUVULANITINTALAAAN AINAUANITINAY
Y Y [}
(spread plate) 894UUBIN15IA891%0 MRS agar LA
. Y 9 S @ J
@19 monosodium glutamate LYNUY 5 1losiFud
E) - 4 @
1aza1s CaCo, AU 0.50 1o51FUA TzAVAY
A %’ % as .
139919a% 3 %1 Jaoaanilada1nITued Kim and
Kim (2012) (41 Vangpikul and Itsaranuwat (2021)
oA a = I
vunguugil 37 eruwased 11uial 24-48
¥ Tue asnaevanyae Inlauniusnalea (clear
o [ = o Yy Aa a‘f gi
zone) imsausn InTatiuhldusgns niu

o j 2 Qd’ v o f
’LHLGBE)‘]JEEIVI‘MJVDﬂiHLLuﬂL%@ Lactobacillus sp Tag

ABNAAOUNNTUATUAZATIVTOUTUFIUING

- Y v o A Ao
vodlaTlatimelanasganssail Unsenaansn

18 usunoudo 1

a A d Y v

3. MSIATEMITOYAUNIINAZIINIUNTZUIUNS
1D
. 2 2 ,
NINITENIELDUUTD Lactobacillus sp. Tu
S { o VoA a
9111151203130 MRS broth 1111 unfguivgil 37
< & S o
parnraiee unal 24 ¥ Tua i a5y
AU ULNIN Y McFarland standard No. 0.5 @93
2 Y
NUIMFOUTLIIN 1.5%x10° CFU/AIaaans 311U
o &’ a Aa aa a @ 1 9
Y015 u195 5 Yaaaas wvadlualegratin
9 o J v Aa Y] sa < A
NADINUFANUNNFNUNHAS WUFTWHAN NIy
ATZUIUMTIONLALDVLII A208198% 30 NTU I
MIVNNQUNYN 37 BIAUBATEA NIAIAT
) v
AL 0, 6, 12, 24 11ae 48 GU’JT?N (Marin et al., 2012)
iwoeasufvuanalunsiuudazyianal 1l
o oA o Yy Y v £ )
Yegirumsniin lleonliuiedredovanion
Ngunnil 50 IR UFAIFYT HAIVINHIUNITOU
o Y A = 1 9
M luadlenTeaunaziden aysouAIEAZLIAT
< g
YA 100 1% (mesh) 111 114 T0gAAIINAY (desiceator)
1 o [% 4 a 4 { o 1
aowth llanaieimigiansndnase 11
4. MIAIBNTTANAN DL
o 9 F) d‘ 1
1111202 0INHIUNTLUIUAITION LAY
T1INFOINHIUNTZUIUMTIOALALMTHIN Tuie

o o

9 4 a Y ~

azavedt U FIUNuguuNIUaliaziea
Y

NUUINNTOUAITALLUNTIVUIA 100 (1% (mesh)
Fagreoauaazyila Uszana s nsu aslualauid
=y a s I 4 Aa aa
A wemuoa 80 ulosisua Usuiag 25 Uaaans
° VA 3 ' A d
i liwgnanuiGa 150 soudoud Hunan 24
2134 1WoATUMNUAIAT UIUINTDIAIINTLATY

s A A v
NIOUVDT 1 zl]'lﬂuuu'lﬁ']iaga']ﬂﬂﬂi@\ihlﬂ‘lﬂ

A

A a < @
TEINY NYUNHY 60 DIA UG AT YT nuaseanalu

U

v

= A A
VTN

a

o Noannll 4 arIFATI (WDTD

E] Q

Minnszviae



715815398 ¥H1INe1aena lu lads1uanasiIve 16(1) : 11-23 (2567) 15

5. MyIATAUSIaEIn
Mmnsuanelsuaesniu lae
ani1as91nI5v04 Karladee and Suriyong (2012)
Tasthilaa15@20619 Laza15aza19u1IATHIU
GABA fia1msudu 0,0.25,0.50, 0.75, 1.0 1@
1.5 Jaansuneliaaans Ysuias 0.5 adans lda
TUnaDANARDY MNLAANAITAZAT0 0.2 M Borate
buffer (pH 9) Y5105 1.0 Hadans uazaisazaly
Phenol reagent 1T U 6 11of15ud USuas 1

@ ]

A aa [l [ [ %’ < I
Haaaas wer ldwou 1 Tduslueraiuguily
v
1781 5 U1 Ha991NUUIAN Sodium hypochlorite
Y 9 S 3 S A Aa aa
reagent 1IN 15 1o51Fua YSu1as 0.4 Uadaas
1 Y 9 o o ] [ %f I~ = 3‘,
wen 1oy s ue1adiudu 5 uH 1nuy
' 3 { A
W lddulusrirfounquugil 95-98 0e
= g 2 < o o
sassee 11uan 10 w1A aana 13 ey 1 l5a
' A A A
AgANAULAINANNEIINAY 630 U1 TUINAT Ay
d o =)
Isemueaiily blank tagfivalsuaesnn
TaoeununTIMUeIa1TuInI§1U GABA
¢ >
6. m3IaNzridSnamsdszneuiueaniaviua
[ a Jd 1a
Minsuasigndsuivaisdsenon
= =) Clyl U as
Wuodnnaviua Tasaalasain2sved Moongngarm
and Saetung (2010) lasdlilaaisananiodid uag
41502019019 1UNTAUNAAN (Gallic acid) N
ANUTUTY 0, 0.05, 0.10, 0.30, 0.50, 0.70 1Az 1.00
Haansusoiaaans Ysuias 20 lulasaas la
Y 1
nasANAand MNLINAULTNIAT 980 TuTasans
A 1a1322a18 Folin Ciocalteu phenol reagent 1439 1

10 o Fud 1U511a3 250 lulnsans weruliidnu

N Yy 9 J < < A
HAZIAY Na,CO, tiuau 10 1odtdud Ysuas 1

A aa Y Y o v IS4 <
uanang Wﬁllslwml’]ﬂu JN%qumwgaJﬁmlﬂu

a1 2 91 Tue i lddamganauuasianuen
d‘ o

Aau 750 w1 Tuwas tazAnnufsnuaslssnon

=S a g’l = o

Hueannwiua laaioununs Myesdsnns gy

NIALNAAN

7. MIATHYeyaMeaDA
mmsnadeutdIuiaarsniug uag

a g’l g ' %
@15Usznevilueanniviua Aled1eas 3 %1 (n=3)

o 1

MANMIANRES AANUTINVUNIATFIU LAz
a S =
AAsEna1nunlslsiuni1auae) (One-Way
A ) A & Vo P-4
ANOVA) N3LaUANUFNUNINDY 95 11lo5idua

(p<0.05)

a v a d
WaN13vaazIVIUNA

U %

[ v '3 a Y
1. PM3IIVNVAIVINAINUTNUNNPNUNUASVT

%

da <
WUFaULYian

@ @

A o 9 v o a 9
mamﬁunﬂamwu‘g UVIII“];?JLLW LHAazgU1

o Jda g A Y} ] o A A
Wuﬁ‘ﬁul‘ﬁﬁﬂ V]N']uﬂ'lia']\ﬂ‘ﬁﬁgﬂ'lﬂ ﬂﬂﬁ\imﬂﬂu

2 Y Ao ' v Y <
LUAAUIINYINDDD mmumiw}su1u1mﬂu

32821781 24 52139 WU TTMITVEAIINMNT

v 3 Y o X L A
BUUI lLazﬁ]Hﬂ‘ﬂ’l'ﬂNﬂ’lﬁW@\WlT’UU MNUUIIBDUN

drnugulalugenszaou un'lddseuim 24
3 A Y 9 Y Y Yy A
#2114 iienszgulidnsen nun T1andesdinig
a X 4 2
ATy TagAINE1IVDITINILINVT LAY

9
" o & o @
szeza lumsyy aﬂymzzamﬂumamwu‘g N

A
NN 1



16 715815398 ¥H1INe1Rena 1y lags1wuanasdiive 16(1) : 11-23 (2567)

529219815 UN (52 1309) 0 4 10 12 14

(M

(V)

a

Yy v
2. YSInaEsmuveanInan1za 9
a Jd A
1AMINATIEHUT A EITNVIING1)
v 9 v Jdou A Ay v
naostnugnuAvyuun 1'hidunszuauns
1 %3 g
390 HIUNITZUIUNITIONUALNITHINAI81F D
Lactobacillus sp. TMUAAETINIAT HANITNAADY
N1 USHIUAITNIVIVANVUANAIID 819
vedngmeana (p=0.05) Ao Hl5mmoglurg
0.050-2.866 NAANTUADNTY lAgaNIIZTNANY
YSumaisniuigeaiga de 419ndeaku
ATTUIUNITION (2.866+0.324 HaanTuaoNTy)
A 9 Yy A
5998941 A0 V1INADINHIUNTZVIUNTIONLAY
Y] I < a a o
MsHNN et 12 ¥ 194 (1.972+0.400 Laaniy
@AoNTY) AIUTIINAINAIUNTZUIUNITIONUAS

o I o a
MsnEn 1Wuan 48 GK'JTiN wudsumarsmun

Q) z "0
6.0 -

o

fNaansunensu

a

4.0 -

3.0 o

naasmu ¢
o

anIzae g

@

inmnmnn

Ia

4 o Jw o v dw a o da <
ﬂ1Wﬁ 1 ﬂ'li\?’t’]ﬂ"lJEN"ISJ}'I'Jﬂé}@Q‘Wu‘ﬁVIUVINiﬂJLLWLLag‘WHﬁﬁuLﬂﬁﬂ () WHINUNNYULN (v) NUTaUMan

q

9 =

ueﬂﬁ’cm (0.05040.030 Naansuaensy) luvazh
$andeait lisuianszuiumssenuazmswin
NSua 0.723£0.174 Nadnsuaensy 113y
Pnamsminludwuiauman wui Ui
AIMUILANVUANAIRI NN IAYNIIA DA
(p=0.05) fiv VT 1moglurae 0.254-5.880

a

Jaansuaonsy TasanznnudSuiaaisniun
A A9 Y A

gaNga Av 11INA0INAIUNTEUIUNIIBAUAZNT
Y] I o A a o 1

YN 1Wunat 12 92734 (5.880+0.207 Haansuae
[ A 9 kY A

AFY) 59984911 AD V1INABINHIUNTEUIUNITION

o Id o

Hazn1svan 1Wuan 24 ¥21949 (1.833+0.132

a a [ 1 [ A 9 A [

Haansudensu) luvmzniianluniu

AszUIUMIInLazmMInln TS uaaisnin

MNGA (0.254+0.053 UAANTUABNTY) AININT 2

B lishumsaen

B fhumseen

B rumssenuazniin 6 51 Tuq
B sumssenuazyain 12 42719
B shunissenuazniin 24 92T

NIUA1TIBNLAZHIIN 48 H2 THe




715815398 ¥H1INe1Rena 1y lags1vuanasiive 16(1) : 11-23 (2567) 17

() 707
6.0

5.0
4.0
3.0

2.0

Snamsmu @adnfuneniu)

1.0

0.0

aNMITAIe

v
=

B lusumsaen

B funseen

B shumsaenuazniin 6 52 Tua
B shunseniaznain 12 $1Tus
B fumssenuaziin 24 $2 a9

B FumMsIenaz i 48 1119

Y @

' 9 Y J a 9 v Ia <
/N 2 PSmnamsmun luuaaz@n1zve991In8049 (0) WUFRURLGUUN (V) DIWRUFAUKHAD

@ o

H 1 % 1 1 % 1 % U 1 SO’
NIt AI8NHIMNUNANAUIEAINNANULANA A URENTEETAY (p=<0.05) (A1E190Z 3 ¥1)

iﬂﬂWafﬂiﬁﬂiﬁl11]%3J1i11ﬁ1iﬂ1ﬂ1"11€]\16ﬁ}1’3

¥ A o

Y o I'd A < 9
NAPINUFNUNNYVUNUATWUFTUIHAN AY
ATZUIUNITNINFINN Tagn131191901H Y
AszulIun1Iniildeenuaznisniinane
. 1 9 v @ J Y
Lactobacillus sp. W131 9130aAaga 18 WU g 11
Syraarsmuinanaenuluunazaning lae
@ v A 4 '
MU FH DRV GUUNNEN1IEMIHIUNTZUIUNS
a 1 9 d' T oy/
sen nulsumarsmuiganagai ladiuna
ATTUIUMTIBAUALAITHED UTTu1a 4 117
I a a o 1 @
(0.723+0.174 111 2.866+0.324 WAANTUADNTY)
AIUTIINAIUNTZUIUNITIDAUASHI DAY
I~ <
Lactobacillus sp. {Huran 12 %2109 woilsunaans
v v
mMu1geanddi ludiuiinszuaunsseniag
@ 1 I
NI5HUN Useguia 2.7 1M1 (0.723£0.174 13U
Aa A [ 1 [ 1 Y] Ja
1.97240.400 HAaANTUADNTY) AU 1IRUT AU
3 A
MANTFKIUNIZUIUMII0N WULTIUEINUIGY
I Y
A71917990 TURIUNINTEUIUNTIDALAZNITHID
] I
szunar 6 111 (0.25440.053 11U 1.516+0.293
Haansuaensy) Hazd1INHIUNTZVIUNITION

) I < A A
wazHan Hunan 12 ¥ e awidsnaaisni

1 v
ganaan hirunanszuaumssenagmsngn

' <
52119 23 191 (0.254+0.053 13)1 5.880+0.207

4
AANTUABATY) AINEIAY ANANITANYIY

Z)

WU NTZUIUNITIONVDIVINAIHAADNITINY
A 9 b o ~
Yswaarsmuiludiiniaesaiewug Tagi

J

A 2 ) ' o
ﬂ‘%mmmigwmummmiﬂmﬂuﬂmmazwu‘ﬁ%

a

1 o ¥y A A 9 ' v I
ATNNU MIULUDIUINNVIIUAASTIINUTU

)

' Y
24A152APVVBIANTMUISHAY FIUNIATAIRY
o a I 1 a
Tunmsihlndadluaismu wu nsangaiin u
I 9 = ] o P o
WAAYIINUANAINY FOAAABINUTIEIY
A1TANYIUDY Saikusa ef al. (1994); Roohinejad et
al. (2009); Kamara et al. (2010) Wu21 USu1aans
A Y Aa 3 9 a v 1 Y
musudunlogluwaady Jivdears q laun
ANVUANA AT UNUTATIUVBITIOWUTT12
a a ]
an1zmsdgn uazdSuunsaesilumily
4 @ Aa o
93971520 HALABAAARINVIIUITIVD
Kinnersley and Turano (2000); Komatsuzaki et al.
(2007); Khwanchai et al. (2014) ANV NTLUIUNT
' v Y '
390 19U F2EAMIUFIN taznsuulid1een

J

TrasemsiutSnaasnmuludimnaenug

g’/ A a d' 1 9 =S
saundluiywiiadu 9 1¥u 419818 (Nagaoka,

2005) 1Az 109 (Xu ef al., 2010) 1UAU UoNIIN



18 715815398 ¥H1INeaena lu lads1wuanasiIve 16(1) : 11-23 (2567)

] '
Yy A ' a

FasaaanavieduninanensinulS uaans
AVIUAD HANITNABDITINUIINITHINAY
Lactobacillus sp. @115 ysuaearsnmurlu
) o Ja < Y X Y o =

Frnugaumanld FsaeandonuHanIsANY
V94 Dat et al. (2017) ANV 1IDIIATHINAT

o o Y A A = o Y] X
anaa1ns1v1aNNn1sae vl ueend 19140
Lactobacillus brevis VTCC —B —454 @10150M0A
2 @ I
415011114 2952 ppm 1AM IHINTHAT 24
¥ 19 1FUIABINVITUIVUBY Kantachote et al.
A a 9 A
(2016) NUMIHAAUM LYY Taglduuanizensa

d a

'd

tmﬂ@]ﬂﬁmWUﬁUi@ D L. namurensis A1UITONAAN
MU IAMIAY 396.20 Haansua® 100 NSUAIDEH1
HAZIIUIVYV DI Meengoenlad et al. (2021) O
ANUAINIT0UeINs IFuuaNSonsauanan L.
plantarum L10-11 Tumswaamuilunssuiums

o <3 [ a < §
PHDUHUNITA WU FIVITONAAURULITAND
YSnaminganndedaniugu dssunm 72 m
3. YSaaasiszneuusdnnavinavesvian
ANIZAN )

a Jd (Aa
nNIsNAsIzHSvaarsisenew

= a qy/ 9 F) v Jdou Aa ~ ]
Huedannanuaaindndesiugiunuguuni u
NIUATLUIUNTION MIUNTLUIUATIONLALAT

7 g 1] 1
MINAID Lactobacillus sp. WUAALAINIA Ha
n1snaasd Wy Usuaarsdszneuusan

@ aa

9
‘V]\‘]‘I/ﬁJﬂﬁﬂ’J”IiJLLG]ﬂ@l”l\iﬁlﬂ"l\‘]ﬁuﬂﬁ”lﬂﬂluﬂ"lﬁﬁﬂ

(p=0.05) ApdiilSuimoglusie 5.223-28.313
NadnsuauyaveInsALNaanaensy lasan1izh
~ a g‘z d' A
nusmnaaslszneuiueanninuageanga ae
v 9
an12z919nd9n THIUNINTEUIUNT IO
MI1IN (28.313+0.506 HaANTUANYAVDINTA
a 1 [ A F) v d‘ 1
UNAANADNTN) 8904N1 AB V1INADINAHIU

a o

NIZUIUNITION (17.207+0.042 Haansuduyavey

U

¥y A

nsaunaanaensy) luvaziidiindeiinu
nszUIUMsIenLaMsniin 1iunal 48 $2Tu
“lﬁ'ﬂ?mmmiﬂuaaﬂﬁwﬁqw (5.223+0.009
NaanTuauyaveInTALNAANABNTY) d115 Y

J

E4
‘]J'iiﬂmffni‘]J'i$ﬂﬂﬂﬂu@aﬂﬂﬂﬁﬂﬂﬂlﬂﬂeﬁﬁﬂwu‘ﬁ

a

a < 1 = a oy/

Fuman wun Usuaarsdseneuilveannivue
[P= 1 1 A W o v ana A A

litinnuuanaedeiivediagynieana Aol

YSaegluaig 4.460-8.212 Haaniuanyaved

Asaunaanaensy laganitzanuilsuia

~ a & ~ A9 Yy A

aslsznouueannivuagaiga e 11Ina0IN

1 o I

NIUNTZUIUNITIONUaLMITHEN 1T uaan 24

219 (8.212+0.458 HAANTUAUYAVDINTALNAAN

1 Iy A 9 F) d‘ 1

ABN5Y) 5998911 AD V1INAOINHIUATLUIUNIT

o Id )
JonazmMsHn 1Wunal 48 ¥ 139 (6.936+0.079
NadnsuauyavednsauNaanaeniy) luvaen
v Y
T1N3090 IHIUNINTEUIUMTIDNLASNITHID
Y
IS unamssgnouiusanianug 5.624+0.603

Naansuauyav0INTALNAANABATY AININD 3



Q)

)

715815398 ¥H1INe1Rena 1y lags1vuanasiive 16(1) : 11-23 (2567) 19

20.0

PHunamsiuedniarun (Hadaniunenia)

B lusumssen

B fumseen

| rdumssenuazniin 6 52 Tug
B sumssenuazniin 12 9 Tug

B AuMIIenNLasHLn 24 33 Tue

10.0 B fumsenuasrin 48 ¥ Tue
5.0
0.0
ANNIZA q
350 1
=1
W
& 300 o
€ . Yol
S B lirhumssen
- 250 - '
@ B A 1umMIen
[y -
& 20.0 ' o,
S B Aumsenuazin 6 ¥ 109
= 150 A
({3 v o <
S I Wumsenuazyin 12 ¥ 1u9
= 100 A \ a a .
% a a B AumMsenuazrain 24 %3 Tug
= 50 o
=2 i o <
@ B Aumsenuaznin 48 ¥ 1u9
00 A
aNITAN q

d’ = a ¥ ! 9 Y v Jdou a o Ja <
w3 PSnamsiuednninualutnaz dn1zue191Ina99 (N) WUFRUNLGULN (V) WUFAUHEN

o w

g

H 1 % 1 1 % 1 [ % ) %‘
HINEIHe AI9NHIMAUNANNUIAAINTANUIANANAUREITAIATY (p=<0.05) (fI0819aZ 3 41)

= a
Manan1sanIlsuinailsiseneu
= a ¥ v v - o ¢
WuoANNIHUAYDIVIINADINIAOIT N UT 1Ay

ﬂTiﬁW‘lsl}YJiﬂﬁ?ﬂﬂi%ﬂ?ﬂﬂWiﬁWiﬁﬂﬂﬂ!Lﬂ%f‘lTi

J

WINAY Lactobacillus sp. WU 1AL A1OWUT

£}

v v
nenssenevilueanniua luiSmugananiy

a =

v [ A v k) v o
UANAINNU Iﬂﬂmm’l?ﬂﬁﬂiWUﬁﬂU‘ﬂMﬂgNuW Uy

a

v
Psuaensdsznevilusdnianuagengaludii

U

v 9
ﬂé’ﬂﬂ‘?lvlllNTL!‘VNﬂi%’U’JuﬂT‘Nﬂﬂlmzﬂ”ﬁ‘HﬂJﬂ

a o a

(28.3130.506 HAANTUANYAVOINTAUNAANAD

'
A '

ﬂgil) UAZAISANIUUDVIINTUNTZUIUNITIBNLAS

e

A oA A o

MIMinAIegaUNI o NateLBINIINTIIN YT

3

v A a a A g
Wunuguun Jarsuoulnleeriuiniiu

a15syaeulunguiailiuesd (flavonoids) &4
I a
Wumssznoulnalalaansoodalnalalys
niaeglunguuesasiszneuiluedn (Lee er al.,
2007; Shen et al., 2009) NaTaazaelaa lud
o = g’/ ] ?:.' a I
MazaeNUL 15U 11 WU Laresd lay 1y
M (OKi et al., 2002; Finocchiaro et al., 2010) ’e;{fg!,afl
- - 2 4
UsuaesueuInlsetivunvuiiioszeziian
A X ' a
AssomiiuaIY denalilSuiaarsisenou
= a g’; d'd 9 ] 1 rﬂ'
Wueannavuaniludinanasedranatiio
ADANADINVIUIIIVDY Ratthanatham et al. (2013)
1 A A .§ 9 Y

nuN Weszezamsseniuyuludiindsasen

o

Y 19 2 o 9 A ) ¢
3 WUD Ulﬂllﬂ VNIV UYIAT V1INBUUA mzmn"lw

q



20 715815398 ¥H1INeaena lu lads1wuanasiIve 16(1) : 11-23 (2567)

a A @ a 1
U9 uﬂimmﬁﬁuauiwvl%mua@awmﬂ’n
%’ﬂﬂﬁz 50 Lﬁ@ﬁ?uﬂigﬂﬂuﬂTﬁ\?@ﬂu]u 72 G]?'JIM\?
é J Y @ A S A (a
G]f\ﬁlgllﬁﬂﬁ1\ﬁ]1ﬂ"’lﬂ')‘wu‘§ﬁuu’iaﬂ?JTJiiJWﬂ!

= a & A 2 A g '
ﬁ15ﬂ§$ﬂ@ﬂﬂu@aﬂ“ﬂﬂ'ﬁuﬂLW?J“'IJUL?JE]"'UTJWTL!
% j’
ﬂi%ﬂ?uﬂ?iﬂ@ﬂtlagﬁuﬂﬁjﬂﬂl"]f@ Lactobacillus sp.
9
TagnuNdsumearsdsenouilusannivualu
TINFAIUNTZUIUMTIBAUALATHID 12, 24 LA
< S A "9 9 d' (N gi
48 GIf:]IiJQ Mﬂiﬂ?mq%ﬂ”N“UTJﬂﬁ'ENVIUlIJW1u‘VNﬂ1§
ﬂig’iJ’JUﬂ”l'iQf]ﬂLlﬁé'iﬂ]iWﬂlﬂ ‘]Jiﬁiﬂfl‘l 1.2, 1.5 lag
] I

1.23 1911 (5.624+0.603 11)14 6.828+0.088, 5.624+0.603
I I

ulu 8.212+0.458 110 5.624+0.603 lfl]u 6.936+0.079
NaaNTuaUYaVINTAUNAANADNITY) AINEIAY
A Y v A <3 1 a
Luﬂ\iﬁ]'lﬂ"ll'l'JW‘l«!ﬁﬁUH’iaﬂlliJiJﬁ'lill’E]uTVIUl“]ffﬂuu

1 =\ 9 = a 3‘,
U)G'I%311ﬂ]'iﬁ'i1@ﬁ15ﬂ5$ﬂ@ﬂﬂﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂ]ﬂ
9
MINUNAIAD Lactobacillus sp. HANNTEUIUNIT
NGI %Qﬁﬂﬂﬂﬁjﬂx‘]fT‘UWﬁﬂWiﬁﬂH"lﬂ"liLﬁllﬁ%ﬂiill
v a v o Y Y X

ﬁ'li@]']u@léliqllﬁﬂﬁigi]'lﬂﬂ'liﬁllﬂi']“U'l'Jﬂ'JfJLGHE]

. . . A Y @ o
lactic acid bacteria Nu&n 1A1NOIMITHIN 1LY

@ 4 9 1
4 TRYNUD 1@un Lactobacillus plantarum MIM60383,
Lactococcus lactis subsp. lactis MIM60392, Lactobacillus
fermentum MIM60393 1Las Lactobacillus paracasei
Y
MIM60396 W31 MINIASIN1IRE Lactococcus

. . Y a a
lactis subsp. lactis MIM60392 TS inaiansilueanga
ﬁ’q@ (Le et al.,2019) llagi]'lﬂﬂ'lﬁﬁﬂ‘hﬂﬂ1iﬁﬂ/ﬂ

4 14
W@ I503 WA Lactobacillus plantarum, Lactobacillus
acidophilus L@ ¢ Lactobacillus casei 114159 RTEY
= a a J I 4
PSnaasilueadaseld 34.4 1Wesidud (Huang

etal., 2019)

a1l
Q
= a
MnaRanIsAank1lSuIMaIsTNIVINaY
a a & ] v o ¢
fﬂiﬂigﬂ@ll‘l’\ll!@aﬂ‘VNWiJ@]"UﬂQGU"I’JﬂE‘]@QWMﬁ
v a v Jda < o
°I/'I‘]J°I/'I§J°]§11LLWLLa%WuﬁﬁuLﬁaﬂﬁW1uﬂ§$U’Jufﬂi

9
n9Fan Tasmsthdnnsaesaroiuguiriu

= o Y )
A5ZUIUMINFINM Tasnsvi lisenuaziirly
% &l 1
NINAIE 0 Lactobacillus sp. WU ATLUIUMT
~ A a EY 9

nMaFImne sl vaasmun 18 lud)
b o ¢ {

MAOITONUT THVUZNNTZUIUMITNINFININ

1] 9
gnsamudsunaasdsznovuiluean wmllﬁ'

Y Y o Ia < 2
Glmnmamwugﬁumm INNANIITIVYUTINTD

'
o a2 v

1 11 umsaseean1ad U IdeneIN U

'
a 1

9
Y v J
W‘Illﬂmﬂ11/]NIﬂ“]flﬂﬂ15‘11@\1519])13‘103?“]\1?”81/‘!111;

a

° o I a @ J
et liauniundadusiormsguain1d
2 2
wonnIntl edunsmihdeyasinnanisnaasil
1Hlumsdaduludenus Inaddmsudihense

9t o Y 1 @
ml@uaiﬂmqmmw'lmammamu

paanssnlsemea

Y
Nt ldsunuaiuayunsItean

a

@

o o 1 a a J a
TIUNNUAVUSNITUNTITUTIUINYIFITAT 1Y

v 9

pazudanssy lumsiinuaivayuanuitoaiu

Jawv o 1

IeINaas oAz uIANTIN NN Fundamental
Fund 1J52317)9u1l520nas 2564 Az idevevennm

I 1 A o o Y o Ao &
L“]J1!’0EJNENﬁ1ﬁiﬂﬂ1ii‘ﬁnuﬁuﬂﬁl§uﬂu’mEILI

@

HAZYPVDUA UAULIANGIAIAAT UNIINO

[

= ti‘ ti‘ Y a ua a °
9Uas¥5 1 Tumswemereal§iian1save vl

e @

@

a dyo < 1 Y I l =
q1m%ﬂuﬁm%qmﬂmﬂuamm

1BNA1301909

Dat, L.Q., Ngan, T.T.K. and Nu, N.T.X. 2017. Gamma-
amino butyric acid (GABA) synthesis of
Lactobacillus in fermentation of defatted
rice bran extract, p. 1878. In AIP Conference
Proceedings. American Institute of Physics
(AIP) Publishing, USA.

Department of Agriculture. 2017. Tabtim Chumpare

Rice. Available Source: https://www.doa.go.



715815398 ¥H1INe1aena lu lads1uanasiIve 16(1) : 11-23 (2567) 21

th/pvp/wpcontent/uploads/2019/11/Anno
DOAPublicl11. pdf., March 20, 2019. (in
Thai)

Finocchiaro, F., Ferrari, B. and Gianinetti, A. 2010.

A study of biodiversity of flavonoid content
in the rice caryopsis evidencing simultaneous
accumulation of anthocyanins and proantho
cyanidins in a black grained genotype. Cereal

Science 51: 28-34.

Huang, Y., Wang, H. and Zhu, C. 2019. Effect of

lactic acid bacteria fermentation on antioxidation
and bioactivity of Hawthorn Pulp, pp. 1-7.
In TIOP Conference Series: Earth and
Environmental Science, 3" International
Workshop on Renewable Energy and
Development (TWRED 2019). I0P Publishing,

Guangzhou, China.

Kamara, J.S., Konishi, S., Sasanuma, T. and Abe, T.

2010. Variation in free amino acid profile
among some rice (Oryza sativa L.) cultivars.

Breeding Science 60: 46-54.

Kantachote, D., Ratanaburee, A. and Sukhoom, A.

2016. Use of Y-aminobutyric acid producing
lactic acid bacteria as starters to reduce
biogenic amines and cholesterol in Thai
fermented pork sausage (Nham) and their
distribution during fermentation. LWT-
Food Science and Technology 70: 171-177.

(in Thai)

Karladee, D. and Suriyong, S. 2012. Y-Aminobutyric

acid (GABA) content in different varieties
of brown rice during germination. ScienceAsia

38: 13-17.

Khwanchai, P., Chinprahast, N., Pichyangkura. R

and Chaiwanichsiri, S. 2014. Gamma-
Aminobutyric acid and glutamic acid contents,
and the GAD activity in germinated brown
rice (Oryza sativa L.): Effect of rice cultivars.
Food Science and Biotechnology 23(2):
373-379.

Kim, M.J. and Kim, K.S. 2012. Isolation and

identification of gamma-aminobutyric acid
(GABA)-producing lactic acid bacteria
from kimchi. Journal of the Korean
Society for Applied Biological Chemistry
55: 777-785.

Kinnersley, AM. and Turano, FJ.  2000. Y-

Aminobutyric acid (GABA) and plant
responses to stress. Critical Reviews and

Plant Sciences 19: 479-509.

Komatsuzaki, N., Tsukahara, K., Toyoshima, H.,

Suzuki, T., Shimizu, N. and Kimura, T. 2007.
Effect of soaking and gaseous treatment on
GABA content in GBR. Journal of Food

Engineering 78: 556-560.

Le, B., Anh, P.T.N,, Kim, J.E., Cheng, J. and Yang,

S.H. 2019. Rice bran fermentation by lactic
acid bacteria to enhance antioxidant activities
and increase the ferulic acid, P-coumaric
acid, and Y-oryzanol content. Journal of
Applied Biological Chemistry 62(3): 257-

264.

Lee, Y.R., Woo, K.S., Kim, K.J., Son, J.R. and Jeong,

H.S. 2007. Antioxidant activities of ethanol

extracts from germinated specialty rough



22 715815398 ¥H1INeaena lu lads1wuanasiIve 16(1) : 11-23 (2567)

rice. Food Science and Biotechnology 16:
765-770.

Marin, J., Kerdchoechuen, O. and Laohakunjit, N.
2012. Composition changes of fermented
brown rice. Agricultural Science Journal
43(2) (Suppl.): 557-560. (in Thai)

Meengoenlad, P., Soemphol, W., Oonmettaaree, J. and
Tanamool, V. 2021. Increasing of Gamma-
aminobutyric acid (GABA) content in
fermented mushroom (Nham-Hed) by using
high potential lactic acid bacteria as a starter.
Burapha Science Journal 26(1):168-179.
(in Thai)

Moongngarm, A. and Saetung, N. 2010. Comparison
of chemical compositions and bioactive
compounds of germinated rough rice and
brown rice. Food Chemistry 122: 782-788.

Nagaoka, H. 2005. Treatment of germinated wheat to
increase levels of GABA and IP6 catalyzed
by endogenous enzymes. Biotechnology
Progress 21: 405-410.

Oki, T., Masuda, M., Kobayash, M., Nishiba, Y., Furuta,
S., Suda, I. and Sato, T. 2002. Polymeric
procyanidinsas radical-scavenging components
in red-hulled rice. Journal of Agricultural
and Food Chemistry 50: 7524-7529.

Palmiano, E.P. and Juliano, B.O. 1972. Biochemical
changes in the rice grain during germination.
Plant Physiology 49: 751-756.

Parnsakhorn, S. and Lungapin, J. 2013. Germinated
rice benefits, p. 10. In Institute of research
and development, RUMTT, eds. The easy

to make germinated brown rice and its

benefit (1°ed). Triple Group Co, Ltd.,
Pathum Thani. (in Thai)

Ratthanatham, P., Laohakunjit, N. and Kerdchoechuen,
O. 2013. Phenolic compound, anthocyanin
and antioxidant activity of germinated colored
rice. Agricultural Science Journal 44(2)
(Suppl.): 441-444.

Rice Science Center, Kasetsart University Kamphaeng
Saen Campus. 2019. Sinlek Rice. Available
Source: https://dna.kps.ku. ac.th/index.php/
research-develop/rice-breeding-lab/sinlek-
rice-variety, March 27, 2019. (in Thai)

Roohinejad, S., Mirhosseini, H., Saari, N., Mustafa,
S., Alias, 1. and MeorHussin, A.S. 2009.
Evaluation of GABA, crude protein and
amino acid composition from different varieties
of Malaysian’s brown rice. Australian Journal
of crop Science 3(4): 184-190.

Saikusa, T., Horino, T. and Mori, Y. 1994. Accumulation
of gamma-aminobutyric acid (GABA) in
rice germ during water soaking. Bioscience
Biotechnology, and Biochemistry 5 8 :
2291-2292.

Shen, Y., Jin, L., Xiao, P., Lu, Y. and Bao, Y. 2009.
Total phenolics, flavonoids, antioxidant
capacity in rice grain and their relations to
grain color, size and weight. Cereal Science
49: 106-111.

Thongekkaew, J. 2015. A Greatly Useful of GABA
for Health. KKU Science Journal 43(2):
205-211. (in Thai)

Vangpikul, S. and Itsaranuwat, P. 2021. Isolation
and selection of lactic acid bacteria with

potential probiotics from traditional Thai


https://dna.kps.ku/

715815398 ¥H1INe1aena lu lads1uanasiIve 16(1) : 11-23 (2567) 23

local pickle products. RMUTSB Academic
Journal 9(2): 150-163. (in Thai)

Wongwai, A., Prasertbumrung, S., Seetha, D. and
Meepripruk, M. 2018. GABA and antioxidant
activity of germinated brown rice Pathumthani
1 with four kinds of water, pp. 437-442. In 4"
Pibulsongkram research academic conference.
Pibulsongkram Rajabhat University, Phitsanulok.
(in Thai)

Xu, J.G., Hu, Q.P., Duan, J.L. and Tian, C.R. 2010.
Dynamic changes in ‘Y-aminobutyric acid
and GAD activity in oats (4dvena nuda L.)
during steeping and germination. Journal
of Agricultural and Food Chemistry 58:

9759-9763



24 715815398 ¥HINe1aena 11 1ads1wuanan 2% 16(1) : 24-35 (2567)

13 IN RN 1saMIA Pseudomonas aeruginosa
Potency of Natural Phage in Pseudomonas aeruginosa Lysis
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ABSTRACT

A phage, also known as a bacteriophage, is a bacteria's natural predator. Phages can
sustain themselves by relying on bacteria to increase their numbers. Many pathogenic bacteria
are now resistant to antibiotics. Therefore, phages can be used as an alternative method to Kill
antibiotic-resistant bacteria. Pseudomonas aeruginosa is an antibiotic-resistant bacterium
because it can produce biofilm, which contributes to more resistance than other bacterial
species. In this study, a natural phage capable to destroy P. aeruginosa was isolated. It was
found that the shape of the PAMFUP2 lytic phage under a transmission electron microscope
belonged to the Myoviridae family. It had a lytic life cycle that was able to destroy P.
aeruginosa by causing a clear zone lysis. The phage PAMFUP2 was specific to P. aeruginosa
TISTR 1287 strain in a specificity test. It was also able to inhibit P. aeruginosa TISTR 357,
but not the other bacterial strains. The phage PAPMFU2 less than 20% could destroy P.
aeruginosa TISTR 1287 when incubated in a solution with a pH value of 3 and a temperature
of at 70°C. The stability of destructive capacity was maintained when the pH solution was in
the range of 3-12. Additionally, a single PAMFUP2 phage could inhibit bacteria growth for
up to 7 hours. Phage PAPMFU2 significantly (P < 0.01) inhibited biofilm formation of P.
aeruginosa TISTR 1287. Based on the above characteristics, natural phage PAMFUP2 could
be used to destroy P. aeruginosa in the future.

Key words: Phage, Biofilm, Pseudomonas aeruginosa

INTRODUCTION have potentiality to lyse bacterial cells

The gram-negative  bacterium (Clokie et al., 2011). The lytic cycle of a
Pseudomonas aeruginosa is commonly bacteriophage begins with infection when
found in plants, soil, and water (Wu and Li, the phage attaches to the host's surface and
2015). In hospitals, P. aeruginosa antibiotic inserts phage nucleic acid into the host
resistance is recognized as a serious problem cell. The phage genes will then be
(Livermore, 2002) because it adapts to its expressed, replicated, and packed to form
surroundings (Hirsch and Tam, 2010). phage particles in bacterial cells. At the
Consequently, using antibiotics to treat end of the lytic cycle, the bacteria cell is
infections is problematic. Discovering an lysed, and a new phage is released (Ofir
effective method to treat P. aeruginosa and Sorek, 2018). It has been reported that
infection is critical for hospital care. P. MDR bacteria can be killed by phages
aeruginosa multidrug resistance (MDR) is (Lindberg, 1973). Phages have numerous
caused by a combination of mechanisms, advantages, including the ability to infect
including lactamases, aminoglycoside-modifying only specific bacterial cells (Loc-Carrillo
enzymes, target site modifications, and and Abedon, 2011). Phage numbers are
multi-drug efflux pumps (Santajit et al., self-controlling as they can multiply when
2011). Antibiotic classes that cause MDR the target host bacterial strains are present
include aminoglycosides, antipseudomonal and increase their numbers only at the
penicillin, cephalosporins, carbapenems, infection site until the target bacteria are
and fluoroquinolones (Hirsch and Tam, 2010). eliminated (Dufour et al., 2015). Therefore,

Bacteriophage or phage is a virus bacteriophage therapy is a treatment option
that infects bacterial cells (Ofir and Sorek, that has the potential to be a viable solution
2018). It can be found in almost any environment for antibiotic resistance (Rohde et al., 2018).
(Casto et al., 2016). Bacteriophages were first Phage has the potential to be a natural
discovered in 1915 by William Twort alternative method for lowering the number
(Clokie et al., 2011). In 1917, Felix d'Herelle of P. aeruginosa infections in food (Hemalata

realized that bacteriophage is specific and et al.,, 2020). In 2013, Hungaro et al. reported



26 715815398 ¥HINeIaeNa 11 1ads1uanasi v 16(1) : 24-35 (2567)

that phage has been shown to be more
effective to reduce Salmonella enterica
infection in chicken skin than chemical
agents. They suggested that phage could be
used as an alternative treatment agent instead
of traditional synthetic preservatives in the
food industry. According to Reyneke et al.
(2020), they reported that bacteriophage
isolated from rainwater can be used as a
biocontrol as it can destroy and effectively
regulate the reproduction of P. aeruginosa
infection. Forti et al. (2018) successfully
recovered 23 lytic phages from sewage
samples on inhibition of 40 strains of P.
aeruginosa from cystic fibrosis patients hosts.
Similarly, Adnan et al. (2020) successfully
isolated phage MA1 from Pakistan water
resources. In this work, the basic features of
the P. aeruginosa TISTR 1287 lytic phage
isolated from natural sources were examined.

MATERIALS AND METHODS
1. Bacteriophage isolation

P. aeruginosa TISTR 1287 was
obtained from Thailand Institute of Scientific
and Technology Research (TISTR). It was
grown on Luria Broth (LB) media
(Himedia ®, India) for 16-20 hours at 37°C. It
was used to employ as a host strain for
phage isolation from soil sample collected
from reforestation area at Mae Fah Luang
University, Thailand (DMS Latitude: 20°0281.0"N
and DMS Longitude: 99°53'46.0"E). A total
50 grams of soil sample was suspended
and properly mixed in 50 ml of water. The
sample was centrifuged at 4500 rpm for 5
minutes at 4°C. The supernatant of phage
was collected and filtered with a pore size
of 0.22 pm membrane filter (Nest®, Korea).
An 8.6 ml of supernatant was added to 100
ul of the host strain's overnight cell culture
and 1 ml of 10x LB media (Himedia ©,
India). The supernatant was shaken at 180-
200 rpm for 24 hours at 37°C. Supernatant
was centrifuged at 4500 rpm for 5 minutes
at 4°C and filtered through a 0.22 pum
membrane filter before being kept at 4°C.
The cell lysis zone of isolated phage was
assessed using a spot test.

Plague assay (Dong et al., 2018)
was used to evaluate phage titer in test tubes
by combining 5 ml of soft agar pre-incubated
at 50 °C, phage filtrate, and bacterial culture
(OD = 1.0 at 600 nm.). The phage-bacteria
combination was placed on LB agar plates
and allowed to dry for a while. The phage
was purified by choosing a single clear
plaque after 16 hours of incubation period
at 37°C.

2. Phage amplification, purification, and
stabilization

Phage was multiplied and precipitated
with 2.5M NaCl and 20% PEGS8000 (Bio
Basic, Canada). A single phage plaque was
combined with 4.8 mL of LB media containing
100 pl of overnight host culture. Then, it
was incubated for 24 hours at 37°C with
shaking at 180-200 rpm. Supernatant was
centrifuged at 4500 rpm for 5 minutes at
4°C and filtered through a 0.22 um Syringe
Filter (Nest®, Korea). The single plaque
was picked and amplified for 3 rounds.
Then, phage supernatant was mixed with 1
ml of 2.5 M NaCl in 20% (w/v) PEG8000
and chilled on ice for 30-60 minutes before
being centrifuged at 9000 rpm for 30 minutes
at 4°C. The supernatant was removed and
centrifuged at 9000 rpm for 5 minutes at
4°C. All remaining supernatant was discarded.
A 200 pl of 1X Phosphate Buffered Saline
(PBS) was used to resuspend the precipitated
phage. The spot test technique was used to
identify plaque forming units in the purified
stock, and then the appropriate dilutions
were plated. The stock was stored at -20°C
in 20% glycerol.

The stability of the phage PAMFUP2
at different temperatures and pH levels was
studied. A phage solution at 10® PFU/mL
was incubated at 4, 20, 30, 40, 50, 60, 70,
80 and 100°C for 1 hour to determine their
thermal stability. Using the double-layer
overlay approach (Dong et al., 2018), the
phage titers were then calculated. The ratio
of phage titers at different temperatures to
those held at 4°C was used to calculate the
relative titer. Three separated experiments
were carried out. The stability of the phage
PAMFUP2 at various pH levels was investigated.
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A phage solution (10° PFU/mL) was incubated
with Tryptic soy broth (TSB) media
(Himedia ®, India) with pH 1.0 to 14.0.
Using the double-layer overlay approach,
the number of phages was counted after
incubation. The relative titer was calculated by
comparing phage titers at various pH to
TSB medium without changing the pH.
Three separated experiments were carried
out in the study.
3. Transmission Electron Microscope
(TEM) study

The phage suspension was applied
to the formal carbon film surface with 200
mesh copper grids. In a negative staining
procedure, phage was stained with 2% (w/v)
uranyl acetate on a carbon covered grid.
The grids were examined using a Hitachi
transmission electron microscope (Model
HT7700, Japan) and operated at 80 kV.
The morphology of phages PAMFUP2 was
observed wusing Transmission Electron
Microscopy. The sizes of each phage's 10
viral particles were measured and averaged.
4. Analysis of the Host Range

Pure culture of 14 bacterial strains
used to evaluated for phage PAMFUP2
specificity. There were five strains of P.
aeruginosa (TISTR 1287, DMST 37186,
TISTR 357, TISTR 781 and TISTR 1101),
three strains of Escherichia coli (TG,
TISTR 527 and TISTR 780), two strains of
Bacillus cereus (ATCC 11778 and TISTR
687), two strains of Salmonella typhimurium
(TISTR 1470 and TISTR 2519), Enterobacter
aerogenes TISTR 1540 and Staphylococcus
aureus TISTR 746. Briefly, 1 pl of 10°
PFU/mL phage suspensions was spotted
onto bacterial lawns and incubated overnight
at 37°C. The spot morphology was evaluated
and classified as "+", a clear lysis zone;
"T", a turbid lysis zone; and "-" no lysis.
Three biological replicates were subjected
to host range analysis utilizing the spot
testing method.
5. Killing assay of bacteriophage

To evaluate lytic kinetics (Guo et
al., 2019), phages with variable multiplicity
of infection (MOI) 0.1, 1 and 10 were
cultured with mid-log-phase of host strain

P. aeruginosa TISTR 1287 culture (OD600
= 0.5) on 96-well culture plates at 37°C and
180 rpm. As a control assay, 100 ul of LB
broth and 100 ul of P. aeruginosa TISTR
1287 (OD600 = 0.5) were employed in a 96
well culture plate. After incubation, the
Kinetic data were acquired by utilizing a
microplate reader (SPECTROstar® Nano,
U.S.A) to track the change in absorbance at
600 nm for 7.5 hours at 30-minute intervals.
6. Biofilm prevention assay

The ability of phage to inhibit
biofilm formation was tested by mixing
phage suspensions of 108 PFU/well with 150
ul aliquots of diluted P. aeruginosa 1287
culture in flat-bottomed polystyrene microtiter
plate. The biofilms prevention test was
performed with minimal modifications (Guo
et al., 2019). Briefly, an overnight culture of
P. aeruginosa 1287 was diluted 1:100 with
fresh TSB medium and incubated at 37°C
for 4, 8, and 24 hours. TSB without phage
was used as a control. The formation of
biofilms was then assessed using crystal
violet-stained biomass. For crystal violet
(CV) staining, the plates were rinsed three
times with 0.9 % NaCl solution. The
biofilms were dyed with 220 ul of 0.1 % CV
solution for 10 minutes. They were washed
three times with 0.9 % NaCl solution to
remove the excessive CV, and dried in the
air. To dissolve the bound CV, 220 pl of
30% acetic acid was applied. The eluted
stain was transferred to a new microtiter
plate and the absorbance at 590 nm was
measured. Three separate experiments were
carried out. The T-test was employed to
differentiate between significant differences.

RESULTS AND DISCUSSION
1. Plaque of bacteriophages with P. aeruginosa
TISTR 1287 as a host

The plaque characteristics of
bacteriophages isolated from soil sample
are shown in Figure 1. Single plaques had
a round shape with a diameter of 3.51 £ 0.77
mm. (n = 17). Spot testing revealed a distinct
cell lysis zone on the plaque, indicating the
presence of an isolation phage specific to
P. aeruginosa TISTR 1287 as the host. The
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number of amplified phage using enrichment
method increased the phage yield to 7.00 x 103
PFU/mL (data not shown). After 3 rounds
of amplification and purification, isolated
phage was named PAMFUP2. Bacteriophage
can be found in almost any environment. A
number of lytic phages against clinical P.
aeruginosa ATCC PAO strain were isolated
from sewage at Ilam University of Medical
Sciences (Azizian et al., 2015). Phee et al.
(2013) identified 80 phages from P. aeruginosa
environmental and clinical sources. There
are 2 phages named JBD4 and JBD44a

isolated from P. aeruginosa ATCC15524
and P. aeruginosa ENV110BP, respectively.
According to our findings, there is a
reforestation area in which lytic phages
could be isolated. The phage PAMFUP2
was successfully isolated from soil samples
collected from reforestation area at Mae
Fah Luang University's in Thailand using
the enrichment method. This is the first
time a P. aeruginosa TISTR 1287 lytic
phage isolated from an uncontaminated
environment has been reported.

Sy

Figure 1 Single clear plaques of isolated phage PAMFUP2 after amplification.

2. Stability of phage PAMFUP2 under
various temperature and pH

Thermal stability study shows that
phage PAMFUP2 could survive at various
temperatures (Figure 2). Phage PAMFUP2
showed high stability at 4 to 60°C temperatures.
A few phage PAMFUP2 particles could
survive at 70°C. However, no survival
phage was observed when phages were
incubated at 80 and 100°C temperatures.
The phage PAMFUP2 has the same
temperature tolerance range as other members
of the same family. It can survive at
temperatures ranging from 4 to 60°C, with
fewer than 20% surviving at 70°C. In
comparison, phage vB PaeM SCUT-S1 has
a greater proportion of survivors at 70°C
(Guo et al., 2019).

Infectivity of the phage PAMFUP2
maintained at pH 3.0 to 12.0 is shown in
Figure 3. The phage PAMFUP2 had a poor
infectivity when it was incubated at pH
3.0. Only about a quarter of the phages
survive. From pH 5.0 to 11.0, it is fairly
stable. There is a relative survival of more
than 70%. There were no plaques found at
pH 1.0, 2.0, 13.0 and 14.0, indicating that
they were completely inactive. Phage
PAMFUP2 is acid sensitive when compared to
phage MA1 (Adnan et al., 2020), which
can live at pH 3.0. This phage PAMFUP2
is basic and able to withstand pH = 12.0,
whereas other phages, such as vB PaeM
SCUT-S1 and vB PaeM SCUT-S2, demonstrated
lower resistance to basic solution. They
can withstand a maximum pH of 11.0 (Guo
etal., 2019).
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Figure 3 The relative number of infectious PAMFUP2 phage particles after incubating at
various pH values (1.0 to 14.0) for 1 hour.

3. Morphology of phage

According to electron microscopic
imaging in Figure 4, phages PAMFUP2
particle exhibited icosahedral heads and
contractile tails, indicating that it belonged
to the order Caudovirales and the Myoviridae
family. Phage PAMFUP2 particle consisted of
57.75 + 3.66 nm in width and 60.51 + 2.74
nm in height of icosahedral head with a
contractile tail of 124.00 £ 5.50 nm in
length and 17.64 £1.60 nm in width, respectively.
Our report resembles that of Guo et al.
(2019) using P. aeruginosa PAOL1 as a host,

and 12 virulent phages were recovered
from a water sample in Guangzhou, China.
There are only 2 different phages named
vB_PaeM_SCUT-S1 and vB_PaeM_SCUT-S2.
These phage structure revealed from TEM
photograph with icosahedral head with contractile
tail. They are belong to Myoviridae family
(Guo et al., 2019).

Olszak et al. (2015) reported 28 found
phages using 18 strains of P. aeruginosa as
hosts and there are 2 strongest lytic activities
named PA5S0CT and KT28. Phage PASOCT
morphological features studied revealed that
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it belongs to order Caudovirales and the
Myoviridae family. In addition, Forti et al.
(2018) reported all 23 isolated phages
belong to the order Caudovirales that can
lyse P. aeruginosa. Adnan et al. (2020)
isolated phage MA-1 from wastewater
using P. aeruginosa 2949 as a host. Phage
MA-1 structure belongs to Myoviridae
family. This lytic phage produced clear
plaques against susceptible bacteria having
well defined boundaries. These plaques
were ranging in diameter from 1.5 to 3.0

T T

mm. The size of the clear cell lysis plaques
generated by phage PAMFUP2 is comparable
to that of MA-1. The phage PAMFUP2's
morphology was found to be very distinct
from that of other isolated phages. Phage
PAMFUP2 has a smaller icosahedral head
and a shorter tail size than phages PASOCT
(Olszak et al., 2015), E215, E217 (Forti et
al., 2018), MA-1(Adnan et al., 2020), vB
PaeM SCUT-S1 and vB PaeM SCUT-S2
(Guo et al., 2019), which are all members
of the Myoviridae family and Order Caudovirales.

Figure 4 Image of negative stained phage PAMFUP2 particle using 2% (w/v) uranyl acetate.
Phage particle was visualized under a Transmission Electron Microscopy operating
at a voltage of 80 kV (scale bar = 100 nm).

4. The specificity of phage PAMFUP2
Phage PAMFUP2 only caused selective
lysis on P. aeruginosa TISTR 1287 and P.
aeruginosa TISTR 357 (Table 1). However, it
could marginally lyse two strains of P.
aeruginosa TISTR 37186 and P. aeruginosa
TISTR 1101, whereas there was no activity
observed against the other strains used in
this study. According to these data, phage
PAMFUP2 had a high-specific phage based
on its host range. It has been reported that
the other specificity of phages vB PaeM
SCUT-S1 and vB PaeM SCUT-S2 showed
selective lysis on P. aeruginosa strains
ATCC 15442, ATCC 27853, PAOL, PALWL1.001,
PALWL1.002 and PALWL1.003. Both
phages did not display a distinct lysis zone
with Stenotrophomonas maltophilia ATCC
51331 (Guo et al., 2019). Bacteriophage vB

PaeM LS1 could infect all P. aeruginosa
strains 0212, 0205, 1-1, 5-1-1, 5-2-1,
DLBL1 and DLG isolated from mink and P.
aeruginosa strains PAOl, DY-1, DY-2,
DY-5, DY-6, DY-9, DY-10, DY-11, DY-
12, DY-13, DY-14 and DY-15 isolated
from human (Yuan et al., 2019). Adnan et
al. (2020) reported that the MA-1 phage
has a moderate P. aeruginosa host range
(6/20), which makes it comparable to this
result.
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Table 1 Host range analysis of bacteriophage PAMFUP2 against different P. aeruginosa

strains and other bacterial strain

Bacterial species Strains Specificity of
Phage PAMFUP2
P. aeruginosa TISTR 1287 +
DMST 37186 T
TISTR 357 +
TISTR 781 -
TISTR 1101 T
Escherichia coli TG1 -
TISTR 527 -
TISTR 780 -
Bacillus cereus ATCC 11778 -
TISTR 687 -
Enterobacter aerogenes TISTR 1540 -
Staphylococcus aureus TISTR 746 -
Salmonella typhimurium TISTR 1470 -
TISTR 2519 -

Remark: "+" a clear lysis zone; "T" a turbid lysis zone; "-" no lysis.

5. Lysis kinetics

The growth curves of P. aeruginosa
TISTR 1287 infected with various MOI
phages PAMFUP2 are shown in Figure 5.
The result showed that phage PAMFUP2
could control the number of P. aeruginosa
TISTR 1287 in 60 minutes and continued
to limit the growth of P. aeruginosa
TISTR 1287 up to 450 minutes. Only
single time phage addition could control P.
aeruginosa TISTR 1287 up to 7 hours. The

phage PAMFUP2 takes shorter time to
suppress and reduce the number of
bacterial host P. aeruginosa TISTR 1287
as compared to the phage vB PaeM SCUT-
S1 and vB PaeM SCUT-S2 (Guo et al.,
2019). They reported that these 2 phages
inhibited bacterial host P. aeruginosa
PAO1 growth after 3.5 hours of incubation.
Therefore, the host cell lysis becomes
inefficient after 12 hours of culture.
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Figure 5 Lysis kinetic of phage PAMFUP2 against the growth of P. aeruginosa TISTR
1287. Bacterial growth was monitored at different multiplicity of infection (MOI)
of 0.1, 1 and 10 for 10 hours. (P.A. is P. aeruginosa TISTR 1287)

6. Biofilm inhibition assay

Figure 6 shows the ability of phage
PAMFUP2 to inhibit biofilm formation of
P. aeruginosa TISTR 1287. Phage PAMFUP2
demonstrated significant limited biofilm
formation at 8 (P < 0.01) and 24 hours (P <0.001)
incubation, whereas biofilm biomass was
not significant at 4 hours incubation. Phage
PAMFUP2 not only inhibited P. aeruginosa
TISTR 1287 growth (Figure 5), but also
inhibited biofilm formation. These finding
results were similar to those of phages MA-1
(Adnan et al., 2020), vB PAeM LS1 (Yuan
et al., 2019), JBD4, and JBD44a (Phee et
al., 2013). In our results, the lysis Kinetics
discovered that the phage PAMFUP2 could
kill P. aeruginosa TISTR 1287 for up to 7
hours without adding new phage particles
(Figure 5). The phage PAMFUP2 had effectively
suppressed planktonic cell growth for 7
hours of treatment and exhibited good
results in preventing biofilm development
(Figure 6 and 7).

Other in vitro tests reported that
virulent phage vB PAeM LS1 which was
isolated from local hospital sewage had
significantly reduced biofilm formation of
lung-infected P. aeruginosa DGL strain
after 8 hours of treatment (Yuan et al., 2019).
Moreover, phages JBD4 and JBD44a showed
in vitro biofilm inhibition on P. aeruginosa
strain UCBPP-PA14 (PA14) after 24 and
96 hours of treatment (Phee et al., 2013).
Adnan et al. (2020) also reported that of
phage MA-1 could inhibit P. aeruginosa
2949 growth and biofilm formation at 24,
48, and 74 hours. Similar to these finding,
phage PAMFUP2 was able to inhibit biofilm
formation after incubation of P. aeruginosa
TISTR 1287 and phage PAMFUP2 for 24
hours (Figure 6). All of these characteristics
suggest that phage PAMFUP2 could be an
alternative treatment for eliminating P.
aeruginosa TISTR 1287.
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Figure 6 Effect of phage treatment on biofilms formation over 24 hours. Crystal violet
staining is used to assess biomass. Lighter bars indicated P. aeruginosa TISTR
1287 (control) and dark bars showed co-culture of P. aeruginosa TISTR 1287
with 10° PFU/mL phage PAMFUP2. (NS = Non-significant difference, ** =
Significant difference (P < 0.01), and *** = Significant difference (P < 0.001).
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Figure 7 As a surrogate for biofilm growth, the absorbance (optical density) of dissolved
crystal violet was measured at 590 nm. P. aeruginosa TISTR 1287 was compared
to P. aeruginosa TISTR 1287 incubated with phage PAMFUP2 for 24 hours.

CONCLUSION

Phage PAMFUP2 had ability to
inhibit biofilm formation of P. aeruginosa
TISTR 1287 growth in vitro. The infectivity
property could be maintained at pH 3 to 12
and 4 to 70 °C temperatures.

SUGGESTIONS

The lysis kinetic will be prolonged
for a longer period. The phage cocktail
should be investigated further to broaden
the scope of phage treatment applications.
In the hereafter, the capacity of the phage
to kill additional clinical strains of P.
aeruginosa will be studied. Furthermore,
the genome of a phage that has been
isolated will be studied.
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o o W A a ¢ X . . . & . . & . . .
AAINY: LUANLT Elﬂg]‘ﬂﬂ‘]s!, V031 Rhizoctonia solani, ¥931 Bipolaris oryzae, s¥931 Pyricularia grisea

ABSTRACT

This study aims to isolate soil bacteria from rice fields and to determine antifungal activity of the isolates.
Ten soil samples were collected in Bang Len district areas areas: Lam Pa Ya, Bang Sai Pa, Nil Phet, Sai Ngam and
Bua Pak Tha subdistricts, and were cross streaked on Tryptic soy agar (TSA) medium. A total of 112 bacteria was
isolated. Dual-culture antagonistic tests were conducted for all bacterial isolates against rice pathogenic fungi on
PDA medium at 28°C for 5 days. The findings showed that only 3 isolates, namely N5-5, G4-1 and G5-5, had
antifungal activities against Rhizoctonia solani, and only 4 isolates, namely N1-1, N5-5, G4-1 and G5-5, had
antifungal activities against Bipolaris oryzae. However, all isolates had no antifungal activity against Pyricularia
grisea. Selected bacteria were cultured in nutrient broth medium for 18 hours, and cell turbidity was adjusted OD
600 nm to 0.5 (10°cell/ml), added 1% inoculum in NB medium and incubated at room temperature (25-30°C) at 200
rpm shaking rate for 48 hours. The cells were centrifuged at 12000 rpm at 4°C for 2 min. The supernatant was added
to the PDA medium at a ratio of 2:18. The antifungal activities were measured as the mean colony diameter for
growth inhibition. One of the isolates (G4-1) had a moderate level of antifungal activity against R. solani at 54.29%,
whereas the isolated N5-5 had the moderate level of antifungal activity against B. oryzae at 55.55%. Next, the
optimization of antifungal production was studied in an NB medium at pH 3, 5, 7 and 9, respectively, and shaked
at 200 rpm at 25, 30, 35 and 40°C for 48 hours. Results demonstrated that the isolated G5-5 cultured at pH 5 and
25°C had a very high level of antifungal activity against R. solani at 85.33% and B. oryzae at 66.94%. The
morphological study of antagonistic bacteria G5-5 showed that it was a gram-positive rod with single and linear
cell arrangement and endospore development. Therefore, we suggest that the antagonistic bacterium belongs to the

genus Bacillus.
Key words: antagonistic bacteria, Rhizoctonia solani, Bipolaris oryzae, Pyricularia grisea
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I~ ° a & Y
uiiedn uazi linagoumsniayvreudost Aae
a I [ o
INAUA point inoculation tuan 574 ing
P v v
NAa0d 351 1nHUIdenguugl uay pHN
Y v
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P v & X Y A
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suanzefifny

9
v v

o A A a 7 X '
uﬂlﬂﬂ‘ﬂliﬂﬂgﬂﬂyV]ﬂﬂﬂ\jl“ﬂ@i1ﬂﬂiiﬂ
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=l

1d7g

3
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pAnYI7 YT 1Az A NHAIENNTUTIUING

U
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e =) 3

£
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a d aa

6. M5ANTHVoYANAdA

a 4 =

U121 ANNYTUTIUNNA T (one-way

v v

ANOVA) %5 ounaf1uIaa1n11ud Seeas uag
1 d' a 4 [ @ (d’ 1%
A1Rae TaeAAI1eiANUTURNUTNILAVAIY
WeuTosay 95 (»<0.05) Tasl¥1UsunTH SPSS

Version 23

av a d
NAaN13IV8LLALIDITIUNA
& U | a %) tg ISIG
1. MIHUAIDL AU HazMIAAUENIFRUUANISY
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Tudpu
<3 @ ] a o 1
Huaeg1eanluud $1u9u 10 uvaq
Y9919 1UE1582818 0.85% NaCl 1a0NIT LA
AWIIBINNMHUIZAUVUNATAIVUDINIT TSA
[ 4 a I <
Uuhgungiines (25-30°C) 1Wuran 24 57 Tua
%’, A d:!'d (% U [y
1NNNUADN A TaUNNANHAULUANAIIN UV cross
Y a Lg 1 [ a A Y
streak 1HUTANT WU AWNTDAAUBNLUANIT B 18

a ~

112 o Tosian f9915199 1 ¥99auUnN

q

36113 DNY
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i
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18Taen2 1 lusssumansluay Muazus

FRUIIANY Taemnizaunminsnyas lussu
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N13A Glgﬁsﬁ UIZUANUNAINHAIVOIT 1IN U

q

o
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A Y Aa A 1 A Y
Funadonlonsnanomsdasuutaslnssasig
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UYsznsgaunsdauusuiniy Taganiy

¥
A A

adenmedu pH iHedAu tazlSuusgems

2 T a d' o % dy s 1 1

Aeg19auMinAaLenaeLA1 pH 1459 7.00-
v dy a I a =

8.00 an¥aztdoAwduaumteIunse

APANE0INUII9TIUITIUD A Pimsirikul ef al.

@

2016) # lddnuImMsnsIvmgaunsdluauilgndn

[ @

a a dy d' o 1
STUUINHATOUNII IUNUND Nl 1nTe9 39MIa

P
a Ada A a

UATTIFTNT WU AuNNulasinounsd Uilleau

=

< a = A Id 1 [ Y
wWuawriles a1 pH Wuawaniesdsdunai
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HazAIINVYT M UUANGE0YIE 1IN 7.381-
7.695
I a A a ¢ A Y
2. wamsnagoumatdunuanGeilgifnuvesau
2 2 . 4
1AUUF¥DIT R. solani VUDIYIST PDA UNUN
Aa 0 I [y A < zg
QN 28°C 1111121 5 U HIBIUNTTNUFOI
a g ¥ X S
RIYANINIZIAIUTD 1INUUITIWINATDY
@ gi zg 1 Aas
AN UM TFUEUFDI N0 15A 1A8IT dual

S A

k4
culture WU NUUANLTININUA 112 1@1‘;15!@1/]

L
=Y z:‘d é(w g’/ dy 1 Y A
uadl 3 TeTaan Ngnsduduyesinelsa’ld fe
= J J
"lf]I‘;IﬂaV] N5-5 G4-1 thae G5-5 Wlesiguanis
v 9
ﬂﬂﬂﬁl%@i'll‘ﬂ'lﬂﬂ 12.50, 40.00 it g 36.67%
o v X ~ a a o & )
ATNTAY “]Nllﬂigﬁ‘ﬂ‘ﬁﬂ'l‘wﬂ'liflﬂﬂxiﬂgsluigﬂﬂﬁ'l
o = A R Yy o
AT INN 2 UAZHINN 1 BITDAAADINVI1YITU
MINYVOI Thapanaphongworakul and Saimongkol
A YR a A c&’ a A
(2015) Nladanw1dszanTanveurauuanG Y
a J o 4
ﬂgﬂﬂy Bacillus megaterium @18 WUF No.16 Tu
Y 9y v d o
fﬂiﬂ’]“ﬂﬂlﬁiﬂﬂWUQlUL!,‘I/N"U’ENGU']’JWM‘E NU6. U131
S A a o
wawllaicmammmmmLiﬂﬂgﬂﬂymwﬂ’c’rauuu
a I [
91115 PDA 1875 dual culture 11111281 4 U

1 aA a J o ¥ a
NWUN LL‘]Jﬂ‘VI!,iEl‘l]g(]ﬂmelﬁWll”I'iﬂEl‘iJENﬂﬁ!,%iflJu"llﬁ)\i

1=}

2 o ° aa A
MINN 1 i“ﬁﬁlmzfﬂTM’JHHIGIGMZWI"UENLHWWIL gnn

[

f

&l . 1 9 1 1 =
1%951 R. solani ueaz 1o Tsian lauana1ae g1
v o w aa - P v ¥ X
Wodagneada Tasiodidudnmsdususesi
hl.E]IG‘IfLﬁ N RSLPN-1, RSLPN-2, RSLPN-3 itag
RLSPN-4 1N11 1 41.65, 26.78, 26.08 ua e 42.35%
AUEIRY LA ABANADINUITIBIIUNITIDIUD
A Y o [ A
Montealegre et al. (2003) nlaviinisaataen
a A a q zi‘ .
suanz el Iny lumsnIuguEes R. solani 618
A A [ o
(AG 4) 1no I5alungivoma WU a1u150aaLen
a A a Yo A
uuanEeluduldsiuau 20 ToTaan uatiiies 3
~ vAa I a A
ToTaian MuassguauianisidunuaiFe
a o 1
Ufdny 1dun ToTaan 639 629 uaz 640 Tasd
P, v & 1w
1WoSHuaAMSsIuE 110U 31.50 34.50 LA 34.67%
o @ I A A [
ey tazsenunuanFengu Bacillus
4 2 s . ,
sp. BN NUUANToIUNQN Bacillus sp. 813150
o gj.: 1 1 c;} 9 d' A A 1
gu0931n0 Isaaril 1diiesnnuuniiGeongu
4
Bacillus sp. @13150a51910u 1953 chitinase,
z§ Jd 1 dy
glucanase {101% cellulase Fuoulsiivarauise
[ Y 4 o
dosaareasntuesndiznouludulestarinld
Y v
A1150505INT03 U951 1A U (Tipsing et

al., 2019)

9 1A 1 g A o
L!,Elﬂhlﬂfmﬂll‘ﬁaﬂﬂuﬁ%i g Tununsguneuivau

undeTanvo s srialolaan $11u (leTasan)
a1 L1-1,L1-2, L2-1, L2-2, L2-3, L2-4, L.2-5, L2-6, L2-7, L2-8, 13
(1373634 PN 1007127 08.176) L2-9, L2-10, L3-1
g 2 L4-1, L4-2, L5-1, L5-2, L5-3, L5-4, L5-5, L5-6, L5-7, L6-1 10
(13°57°29.9”N 100°12°04.9”E)
valnsth 1 Bl-1, B1-2, B1-3, B2-1, B2-2, B2-3, B2-4, B2-5, B2-6, B2-7, 15

(14°02°56.9”N 100°11°37.9”E)

B2-8, B2-9, B2-10, B3-1, B3-2

1141nsth 2 B4-1, B4-2, B5-1, B5-2, B5-3, B5-4, B5-5, B5-6, B5-7, B6-1 10
(14°03°12.7°N 100°11°45.2"E)
HaWws 1 N1-1, N1-2, N1-3, N1-4, N2-1, N2-2, N2-3, N2-4, N2-5, N2-6, 16

(14°07°23.1"N 100°13°59.6”E)

N2-7, N2-8, N2-9, N2-10, N3-1, N3-2
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‘:‘ 1
MIN 1 (919)

UHAININVRIAY stialo)asan 3113 (lolaan)

Hawwes 2 N4-1, N4-2, N4-3, N4-4, N4-5, N4-6, N5-1, N5-2, N5-3, N5-4, 23
(14°07°43.2°N 100°14'31.3°E)

N5-5, N5-6, N5-7, N5-8, N5-9, N5-10, N5-11, N5-12, N5-13,

N5-14, N6-1, N6-2, N6-3

Tnsaw 1 Gl1-1, G1-2, G2-1, G2-2, G3-1 5
(14°04°23.2”N 100°10°25.7”E)
Tnsam 2 G4-1, G4-2, G5-1, G5-2, G5-3, G5-4, G5-5, G6-1 8
(14°05°00.9”N 100°12°05.3”E)
atham 1 P1-1, P1-2, P2-1, P2-2, P2-3, P2-4, P3-1 7
(14°09°13.0”N 100°12°53.7”E)
12tham 2 P4-1, P4-2, P5-1, P5-2, P6-1 5

(14°09°02.0”N 100°12°40.9"E)

ALY 112

~ a a aa a I A < ¥y 2 . oA o I @
13190 2 ﬂi%ﬁ‘ﬂ‘ﬁﬂWW‘UfNLmﬂ‘Vlﬁﬂﬂaﬂﬂﬂﬂuﬂﬂﬁiuﬂﬁﬂﬂﬂﬂ R. solani VU113 PDA 1IN 28°C Wy 59U

stialolaan wlediFudmadudalalafiveato (%) Uszansmwlumadud
N5-5 12.50+0.02° SEae
G4-1 40.00+0.01°¢ sEAUs
G55 36.6740.02" SEae

1} £ 1]
MGG AI0NHT a - ¢ NAnU lunuauReIny vunedadianuuanaanuedaliisdnyneananszau

anureiidesas 95 (p<0.05) n=3

(a) (b)

d’ v ¥ tg . oA o < v
MUN 1 NMTYVYIUYDI R. solani Tﬂﬁlvlﬂi"]ﬂ’d‘ﬂ G4-1 UUDIM15 PDA UNT 28°C 1iuaan 574

(2) UAIVAY (b) 1NUNATDY
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v
IS

dal J )
108L¥DI B. oryzae UUDIN1T PDA UUN
Aa 0 I [ A o dy
UNHU 28 C 1Wuan 5 U HI0UNTLNUTD T
Y Y F)
WIYANIUINIZIABUYe 310U ATeY

U a’/ z 1 ay
ANNAINITDIUNMTIUIUFDIIND 15A 1A8IF dual

v
a A (%

Fonavua 112 loTaian
QJQ’ gll z 1
3

Y A
EJ‘UfJ\il"]fE]i1ﬂE)Iiﬂh1ﬂ 19

culture WL 1NLUUA
uasl 4 ToTaan fiflgn
o Twian N1-1 N5-5 G4-1 18 G5-5 #A15197 3
HAZAING 2 F9A0ANZITUTIBIUNITITIVD

Rajasekar ef al. (2019) A laAnnaauiianiaiiy

a A a d a A A A 1 A A (4 g
wuanFellndusnamnyNegmiloaunure
51150917 B. oryzae WuN@INTAAALEALUATRITY

A
16 20 o Taran luswunilgnssadu B. subiritis
Uag P. fluorescence Tas'loTatan PI (Bs) 5 i

a a Y g’/ é‘ 9/::4‘ 1 1Y
dszaniamnsdudusesilaangaminy
52.96% 5099131 PI(PP) 1, PI (PP) 2 1182 PI (Bs)
8 UANNINY 52.59 52.22 1AL 49.26% ATNE1A L
@7u PI(Bs) 9 uag PI(PH) 17 Use@nsninms

Y v
U 1INY 19.26 1AZ19.63% MUAIAY

~ a a aa a I A < ¥ oA o I @
13190 3 ﬂszammwmmxmﬂmLiﬂﬂgﬂﬂqum‘lumimm B. oryzae VU9 PDA YN 28°C Wy 59U

s¥ialelatan wledidudmstiudnlafiveure (%) sedumsiu
NI-1 3.00+0.01° M
N5-5 48.67+0.03" 1
G4-1 32.46+0.03" i
G5-5 46.60+0.01° M

] Y 1
NG A0nNHT a - d Nennulunuaufennuy mnedadianuuananuedeiivedAyneananszay

ANUERIUTREaL 95 (p<0.05) n=3

(a)
a o & & oA o <3 o
MNN 2 NMTYVIUYDI B. oryzae Iﬂﬁl‘lﬂicﬁmﬂ N5-5 UH®IM15 PDA Uu% 28°C 1ilunan 5 7u

(2) IUAIVAY (b) 1NUNATDY

o

B. oryzae

(b)
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Y
amMsnaasulszansainlunsduds
2 Y
1¥031 P. grisea WU LUATIS ONIHUATIUIY 112
1 = d' U g‘}
ToTaan wun 1yl le Tmanlameneausaduda
a .&I . Y
NTRIYVIUYDI P. grisea qﬂ
¢ A N a
3. Wan1Inaae UV TNV lanfinuaiiSe
y 2 o & A v
asavulumsdudauresinnelsaluun
L;l a A a L 1
meanuanzelinylue1mis NB Uy
a o I o [
gunites (25-30°C) 1iluran 18 42 Tug U5y
] 4 T W a Y] ¥
AMUYUIEAG OD 600 nm 1A 0.5 IBNHITD 1%
lup1%13 NB ugnives (25-30°C) 6a5 1061
Id < y 4 Y
200 rpm (11111 48 ¥ Tus Yunenradoonay
A 44 g -
IATDINYUIHIBINAINITI 12,000 rpm QN
o I A o U
4°Cunal 2w diulanaueiris PDA

1 S A = a a
wu vuanise'le Twan G4-1 Tilszansninluy

v
= a0

o ¥ a X R
NTYUVIINITIATYVDIUYDI R. solani "lﬂﬂﬂ’cflfﬂ um
[ Y ' o <
INNY 54.29% @giu53ﬁﬂﬂ’]11lﬂﬂ'l\1 sogaaunilu

A a1 " o
Llﬂﬂﬂliﬁlllﬂicﬁmﬂ N5-5 1ag G5-5 UAUNINU 48.57
v
o 42.86% ﬁﬂigﬁﬂ‘ﬁﬂ'lWGlLlﬂ'lifliJfNﬂ']iL“‘l]iﬂJ
tg ' o o X Y @
ﬂl@ﬂl‘lﬁ@i”lf)giui%ﬂﬂﬂ”l FITDAAADINUVI1YITU
a o A Y o
A15398UD9 Donmez ef al. (2015) NIAAALEN

a A a a yy o
uuanGennauysnaladumnluvanziadives

a A & . 1
YsInAqININOAIUANIFO I R solani WL
o A v ¥
musanausauuaniselanavua 73 To Taan lu
o L4 I a 4
sruiiuuuaiited§ing 15 loTman Tasll
T S

THuUNTIUgUFDIIAIUA 0.20 - 2.30 cm Bazd

Aa A o g’/ a Y ti’
Uszansnmlumsdugs msnsgvoudulowros,
1919 12-83% taziliensaoulszansnInmms

v 2
§UIINTITYVDUFT B. oryzae WIIMUATNITY

Y

loTaran N5-5 Hlsz@nsamlumsdudaimsnia

& Y A a1 Vo
YOUFDI B. oryzae loaNgA VAUNINY 55.55%

[ o Id

agluszaviunans sesasniununiite’le To
AN G4-1 uag G5-5 UANNINY 44.44% ¥

a =) u g‘.l a dg’ 1
Uszansnnlunmsdudinmsnsyveuresiogly

o o

TAUAT AIN15199 4 @Qﬁ@ﬂﬂﬁ’ﬂﬂﬁlﬂi”ﬁlﬂuﬂ”ﬁ

an

98U04 Ramachandra et al. (2016) nldiinsna

)

=S A o a

wonuuaiiFeoulalidlunisnivqunisady

Y
YOUF051 B. oryzae WU ANTOAALEN IATIUIU

Y
o o I

39 ToTatan Tusruruiisrwundlu Bacillus spp.
23 ToTa1an 11ae Pseudomonas spp. 16 1o Tasian
1a e Bacillus (BA2) wwa e Pseudomonas (PS1) i

a a v & a ti‘ Y
dszaninmlunmsdudinisniyvouryesld

gaga MAY 52.22 1Az 53.33% ANa1AY

d' a A J A A a d’d’ Y zg o oy/ Ay
MINN 4 ’1.]53ﬁ‘ﬂ‘ﬁﬂTVW@Qﬁ’15Lll‘VIWTJE)UL’d‘VI"lJ@QlL‘Uﬂ‘miUﬂgﬂﬂ‘lﬁﬂﬁi1\16\]u1Uﬂ1§fJ’UENL‘]fE)iTUu@ﬂfiﬁ PDA

oA o < v
VU 28°C tTuan 5 u

stialolaan 031 R. solani (091 B. oryzae
Sadlaladl (cm) mstfuda (%) Sadlalad (cm) matiuga (%)
N5-5 1.80+0.05 48.57+1.43" 0.80+0.01 55.5540.55°
G4-1 1.60+0.06 54.29+1.74° 1.00+0.04 44.4442.22°
G5-5 2.00+0.05 42.86+1.43" 1.00£0.08 44.44+431°
control 3.50+0.01 0 1.80+0.03 0

1] Y 1]
UGN AI0NHT a - ¢ NAnU lunuIauReIny vuedadinnuuanaanuedalitsdnyneananszau

AnuFeuevaz 95 (p<0.05) n=3

o w a @

5]
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4. HANSANHITANIZIIHINZTNABNITHANTS

v
v U a

= a dJ
gudsveanuanizelfing
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=1

é’ S A a o [}
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a o I o @
gunQines (25 - 30°C) 1fluan 18 %2 Tus Uy
ANMUYULEAT OD 600 nm (1A 0.5 (10 cell/ml)

a @ z§’ d' [ 1 A Y
AN YD 1% U815 NB NU5ua1 pH (5uAY

a

AL 3 5 7 uag 9 YNNI 28 30 35 1Az

Q

o @ 1 < o !
40°C 991931181 200 rpm Wurnan 48 92 Tus Tunen

=3

J o 1 1
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42 4
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1 o

. 9)::::' a = [
solani Vlﬂﬂ‘ﬂﬁ;ﬂ UANUNINY 85.33% “lN@QGl‘L!

o = Yy o

FLAVPININ FIA0AAADINUIIHIUNITIVIVDY
A Y v A A A
Montealegre et al. (2003) N lannataonuuaiiSe
a 4 ¥ {0
URdnduldnrunuisesi R solani Moo Tialuy

A 1 aA a I a a
UgaIng wu LL‘iJﬂ'VIL'iElﬂg(]‘]jﬂHNﬂTil,%'iﬂJumuI@

]
S 1 a

A1 pH HazQUNYIUANA1AY 1A8 B. subtilis 639

)

=\ a a Sldd' cs' 1 ] d'
NﬂWilfﬂiﬂJmUTﬁqﬂﬂﬂQQﬂﬂW pH 5.0 YUNQUNHU

a Q

0 . =2 2 a Y=
37°C wag B. lentimorbus 640 IM3iqanIalaa

[
a0

Nganail pHs.0 UuNgauuil 28°C a9 B,

= a a 9}:3:3' cA' 1
lentimorbus 629 Mﬂ?il%iﬂgl@]ﬂi@lVlﬂﬂ‘V]q{v‘mﬂ1 pH

a

5.5 Unfgungi 10°C wazanemanzaulums

L]

e o

A

' Y
AIUANLFDI B. oryzae A Lﬁmwmﬁaﬂummi
A

A oA a o <
NB nUAT pH 3 5 48 7 YNNQYUNHYY 25 CL‘]J‘N

a

v v
a1 48 92 1ua Dilseansnmlumsdugaimsnigy

'
1w =

ci’ Y A a1 '
51]@\1!%@311ﬂﬂ‘|/]’q{°‘| UAUNINDY 66.94% CBQE]EQJ:],’LJ

] ]
a2 =

FZAUGY AWAAIIUAITIN 5 AN 3 - 4

5. mamsAnEIanazMIFugIuIngulosdy
J

voauuanizeilfiny

wiewuaiizelfing le Taan G5-5 11

=1

1 Aa Id
Cross streak YH91113 NA YUN IUNYY 25°C 13lu
o Y o 9 = A
1121 24 ¥ Tu9 1a2U 1V UTUVVUATY 1N
Yy 9 o ] A
asragairelanassganssaiunylguaain
A1a9ve1y 1000 11 Anw131919 nazanvus
j’ FY 1 g A A = 1 1
ey wuInTluuuanzeunsuyIn U3UI1ume
2 = Y & [ [ I =
IN159AIT89eUBIsaAIALILATADN WL Uae I
9 < v A
msasseuladies dailunuanGeana Bacillus
AN NN 5 ADAARDINUNITANHIVDY Nicholson ez
I a
al. (2000) Bacillus \iluninua lsdname 15 Ingn
1 == - 9 4 =\ 1
nauuuANGeuNTuUIN Naiales uaziunag

1feNaINKanY

~ = A A A a o &K
MINN 5 Waﬂ’]ﬁﬁﬂy']ﬁﬂ'ngﬂ!ﬂu']ZﬁlléuaﬂL!Uﬂﬂﬁﬂ]lﬂi"]ﬂaﬂ GS-Sluﬂ'ﬁWaﬁﬁ'ﬁﬂﬂﬂ\u%@ﬂﬂiiﬂ VYUDINI

PDA 11f 28°C 13lunan 5 5u

gauHad ('C) A1 pH 031 R. solani 1091 B. oryzae
Saslaladd (cm) masiuds (%)  Sadlalai (cm) mssiudia (%)
25 3 0.66+0.03 85.33+0.67° 0.80:£0.02 66.94:£0.44°
5 0.660.01 85.33+0.22° 0.80+0.02 66.94:0.44°
7 0.99::0.06 78.00+1.33° 0.80+0.01 66.940.22°
9 1.10+0.01 75.55+0.22° 0.90+0.02 62.8140.44"
30 3 3.52+0.01 21.78+0.23" >2.42 0
5 0.88+0.01 80.4440.22° 1.26+0.02 47.93+0.44°
7 1.23+0.05 72.67+1.11° 2.16+0.03 26.00+0.67"
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‘:‘ 1
M990 5 (919)

a o ' X A
Qmﬁ{]u (O A pH %091 R. solani %931 B. oryzae

Sadlalail (cm)  M3EUEa (%)  Sadlalad cm)  MSEUE (%)

9 0.79+0.02 82.44+0.44° 2.1620.02 26.000.44°
35 3 0.74+0.07 83.56+1.55° 1.50+0.01 38.0240.23°
5 0.84+0.02 81.3340.45" 1.90+0.01 21.49+0.22"
7 0.950.02 78.89+0.44" 1.90+0.05 21.49+1.14"
9 0.84+0.01 81.33£0.22° 1.300.03 46.28+0.67°
40 3 3.50+0.03 22.22+0.67" >2.42 0
5 2.00+0.01 55.56+0.22° 1.50+0.05 38.02+1.11°
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ABSTRACT

This research proposes a method for diagnosing pneumonia on chest radiographs using a variety of
machine learning methods for disease analysis. Most pneumonia is caused by a respiratory infection, such as
bacteria or viruses, and pneumonia causes pleurisy, a condition in which fluid fills the lungs, making it difficult to
breathe. The researchers developed a computer-aided pneumonia diagnosis system for the automatic diagnosis of
pneumonia by designing a data group design and using a machine learning model: support vector machine (SVM),
K-Nearest Neighbor (KNN), Artificial Neural Network (ANN), Adaptive Boosting (AdaBoost) and Logistic
Regression. By this method, the weight-mass binding technique was adopted by using the values of the assigned
weights from learning data, obtained scores, matrix assessment guidelines, precision standard, recall, F1 score, and
area under the curve to be generated as weight vectors for learning guidance. Learning groups and test results were
based on a series of chest radiographs of the dataset for experimental use. In this test, the 1,340 images of normal
lungs and 1,704 images of abnormal lungs were divided into data sets for learning, and another group of images
used as test data that consisted of 233 images of normal lungs and 390 images of abnormal lungs. Based on the
research, the developed program was able to analyze the test images with speed and the discriminatory accuracy

results yielded 94.38 percent and 84.9 percent of both base-learned and non-learned data, respectively.

Key words: classification, machine learning, pneumonia, chest radiograph

UM MINNINAI859TNT900 TagldItmsiszuiana

a 4 an =) Y
Iiﬂﬂﬂﬂﬂ?ﬂﬁ%’ﬂiiﬂﬂ@ﬂé}ﬂlﬁﬂ NINUAZAUNTIZTITINITNITUDINITULIIUIUDI

v . A as aa o
I a o
(Pneumonia) ulummmlmmn?’(a%mmnﬁg@m AT I ULUUYA18ITNT @1N150IHIRED1NIT

M XA g gy < A g P
Tan 31915 A s auE Ul LU s U NSy Hoavruiiosdu 1dodrasiasa iioiluilsy Towd

[ Y Y ] kY 1 =
I
(Acute respiratory infections : ARI) taziiluaumng Tumsinudileldediaiumae

a o

' a < < l
[ a < o 1
nanAeMIIdeFinveunne1gaing1 5 1 91nns msdtielsnleauanludnianyieeny

o g,l - < I o o 1 A =2 = o ¥ Aad 13
d1sransTanaaily 15% deyavinesaniseuls 3TN L REUINDN 5 1 9z0nuITNIs TN

o < A = Ay ya
Tlan (World Health Organization, 2021) @310 8351715118130 UAN ﬂi@lﬁﬂ\?‘ﬂllﬂﬂuiﬂﬂinﬂ

. . G . =
ﬁaaﬁﬂ?ﬂiiﬂﬂ@ﬂﬂ?ﬂiuﬂizmﬁqﬂﬂ (Ministry of oa Crepitation ¥19® Bronchial breath sound Tagl

Aaa o Y=R .
Public Health of Thailand, 2019; Ministry of Public Al lumsdiaduleauanlats 75% (Cherian

Health of Thailand, 2020) 910ATENTIEI1TITUL et al., 1983; Harari et al., 1991; Smyth et al., 1993)

\ = d’ U
qu ﬁﬂi}zWﬁJWi)ﬂ’386WﬂTSﬂﬂﬂﬂjijllﬁ”Jﬁﬁiﬁ}L%ﬂ%aﬁ ualuuensal toaNuFaluYeINsasIv lsalu
IS d'd

9 ' ' o 1 a dy A
apssuduusnoglus901guINnI 65 1 1Az 01y nsafil ldguahinudmmisvoansdayon

1 ya o

v A Al A~ 1
0-4 3 9panAsInaln ﬁ?ﬂﬂ%ﬁﬁlluﬁ]ﬁﬂiuﬂ?i YALIU ‘ﬂi’ﬁ]ﬁl]')ﬂ‘ﬂllfﬂﬂ1i?ullﬁﬁ@@ﬂﬁu@ﬂ@]@ﬂ’lﬁ

1] 1] % =y A 9}
WauanIosenyielumsitanslsndeauiu Fnun1id viean1dzunsndeu (Bradley e al.,



M3815398 ¥H1INaeNa 11 1ads15u9nar5 158 16(1) : 50-66 (2567) 52

2011; Harris et al., 2011) §949178350139329N14
] a oa A a A Y <

e Riiamsaimuauie 15 uuuinialums
] dy A & U I
vavenweniuaiavziluaunguealsa uay
aunsomenldndnldedgndeaunmzay Tae

Y Aa oA [ ax
M3nsanIelgiansmusantadulIsms
Y o g v o <3 A

Tadail 1. msasviudiuiuida@en (Complete
Blood Count : CBC) 2. 158529158 UaUDI 11
FTEINIUNDU (Acute phase reactants) 3. AIN5IT

¥
NN 4. ﬂﬁﬁi’ﬁ]ﬁ%%ﬂlmﬂﬁﬁﬂ 5. NTATIINN

(M) nnileatlnd

&} S A
LYaLUANLT Y

(V) Mnieaninaan

2 Ao
1¥® Atypical bacteria 6. PM13A59NH 1T 15 LAz
Jd A
7. MINAFDUNILDIFAU (Tuberculin test)
an aa o v
FPMsasdnane 1nnnnInsIdnIeen
% % 1 &’ S A
Tufagiiuds iamnsauenaunqnindeuuaiio
[ 1 % U I~
niolhsaldseavany uaormdluuuinialums
c&’ A 1] @ 1 1 .
vonrenuiuana end29819%U Perihilar
peribronchial interstitial infiltration Wnnulutdea

4 a v o <
1J’33J1/llﬂﬂfﬂ1ﬂ“hiﬁﬂ\1ﬂ1w1/l 1

i S

(M) Mneaninan

g -7
wo e

d‘ v A
HMNN 1 NINIIANTNON

NMINUNMIUITTUNTTUNDI VWY
d'd d' 9 [ aa [ 1 [ =
AUANUNIVINUMIINING T5ADINAINA5 9T
nnsenlullszmealneg w5y Buernnaesd

a 4 < an
N5399AU1A5I9 AT IZHNLIT I oa e
a 4
Hoya1lseAbg (Noisiri ef al., 2022) MTATIVN
Tn3a-19 Tagl¥n13i5oui1Han (Deep Learning)
(Metkarunchit and Charoenpojvajana, 2020) N19
1 4 a S A aa [
MUMNBAFITEABNN UADS D ININETIATZ LA
1n3A-19 (Saengkaew ef al., 2021) 991135811
' A A ] Y o an '
aalszmanneIteslaimsuuzindsmang q
¥ Y
Moot 11ensTUIUMSaY 9 Tumsitanelsailen
4 v A as ~ Y a =
v lagldnmsaansisen TagIsmsiouiiyean
ag = 9 A 3’;
V19I5 wagmISeudveunieduulsedu
) < [ a a

anuduialumsisudyalszansninves

[

maluladnisdianelasldnouiianos ¥ae

(Computer-Aided Design : CAD) Tumumsanenn
NMINTUNNG (Le ef al., 2020) N1TUUITIUAN
(Sanguansat, 2019; Kubat, 2015) 4agm3a3 19010
1y (Srikaew, 2009) 111} 2560 Kundu et al. (2021)
iueins 09833 eusiFaaniived1 DenseNet-121
Sadlunmiiaes CNN TS ISR 121 5 1ite
lénisitianelsaleauiu 3na1ulTeved
Ronneberger et al. (2015); Milletari et al. (2016); Jeelani
et al. (2018); SChlemper et al. (2017); Rajpurkar et
al. (2017): Zhang et al. (2021) 1§uiaa1u35o# 19/

1 v A I 1 ] oA
MNDYTITNNNI NN 2 ﬂqu“lmuj AN 1

'
oA

A 9 = 9 d' ~ ax = 1
ﬂ@ﬂ’c‘lh‘l/]sl"]fﬂ”lili YUIVDAUATDUNYIITNITIAYT LA

a

o a 4 [ I 901 an
ﬂiUW1i1ilmf’Ji<anJ(1u"l§J'Jﬁ]$l‘]J“Llfnﬁ'Ju“]ﬂ'J‘ﬁfﬂi

Yo 2 A Y A ¥ o A
GL‘Vii]"IH'JH'Jl!i@'UiJ"Iﬂ“UHLW’E)GL‘Vi AANITIBUINUNN



715815398 ¥HINe1aena 11 1ads1wuanan 1% 16(1) : 50-66 (2567) 53

mianzawlumsaadule uazngui 2 Wunquin 14

a 9 A A
MITHUIVBUATOWLUNAIIT
mstszurananinnuglinaaz Inseg
VYDINTINW (Morphological Image Processing) Ao
aszuaumsszurananinlagmsasunlag
o 1 A 9
anyaz3ls1anTelasaaiiauednIn s
A = y X <
Uszwranatomioun miuiiugiulaonaly
1&un MIVeeAIN (Dilation) N3EG0NIN (Erosion)
HarMIM1In3aa5 191 NVDININ (Skeleton) Tag
MIVBAINAD MIVEI8VUIANN Il daaIU
' v
IAUNINIAN (Uniform) 150NN ABNITED
I
Ve M Iasaasavesmn it unssuIums
Y (g [ Y o aan 9
M IA59ai NHANUIING UBNIINUUGINITNS 19
Torlois udUIFU M35 Opening 11ag Closing
= Y d’ [ =) 22
MIGEUIVDUATOI ANUTMITEU] Ay
ans = Y A ' Y
Bmsvesmsiouivounsod amnsaulesnla
I 1 o t!y =y 2 a9
(w3 nquadil 1. MsTeuIuuulgaau
. . =} 9 a9
(Supervised learning) 2. msmauggmu"lwgﬁau
(Unsupervised learning) (1a1g 3. miﬁﬂufuuumi
suusele (Reinforcement learning) ndaImen’ld
= = o 4 1 I
ANYIDINITIATIVRANYHE LASWUI VUBIUNT
A Y I 1 v o J ..
Liﬂuggﬂmmﬂwmmﬁuwu‘ﬁ (Non-associative
. = 4 = [ o 4
learning) 1AL NITITIUTUVUNANNTUWUST
o 4 ]
(Associative learning) HAEAITUINVDINYBY LU
v o )
pon laillu ANNT1sTerdY (Short-Term Memory:
STM) ez ANITL82812 ( Long-Term Memory:
o [ 1 =1 = I
LTM) @115y Tasavielsearneyduiluns

o J Y = = Y 1 Y
1ADITUDINYHY VICADINNITLIYUILTUNIU NIT

= 9 [l = o I
Feu3vedlnssviglszanmendiuuneeniy 3
[ 9 1 = 9 a9 ~ 9
ngu 1dun msGeudunuiidaou msiseuiuuy
a9y =) 9 a
lutideon wagmsiSeuiuuumsaaiunsle
[ g’/ a o c?d = 4 .di
AU NUITeUIINTagszaeative
o o a 4 4
HUAUINITHAUINITATIVIATIEHAIWND NS
Iuanelsnleauinainninalesad@nsieenlae
o an ~ P A . .
9171875 N1TLTUIUDIUATDI (Machine Learning) Tag
1o o o 9 1 v A Id
lusinavnamsiudimwanessduaziugduuy
I [ Aa v e A
M unuuszauami Tluanudden1d193503

=) 9 ti ad 1Y [
!iEJ‘L!EEIIENLﬂiE]\‘lLL‘]J‘]J‘l’iﬁWEJ'J‘ﬁi’MJﬂ‘Uﬂ1§ﬂ§’]Jl]?\i

A Y

. Y A vy ¥ A ~
ﬂ1WﬂE]uL‘ll1LWE]'1Whl,ﬂﬂﬁ/lﬂﬂﬂf]\ilﬂﬂ‘l/]’(,jﬂiﬂﬂu

s A Y o % I A A dy Y
yalszaanieldd 1wl mniealoiloadu
o 7 aAa % &’
FrmFumsinaneIsaAN19Ng 190N oA UNI9

d 3 = =
msunnd Funwamalumsaamsnanuna lu lag
Mmindnnalszmea tazn3idsmsase 1l le

o 4 Y ] 1
UseTorinu15AN19NTI0NOU 9 BNAIDEIITU

T3aTa3a-19 Wudu

AaA o a X%
ABAUHUNITIVE
as Y a oA o
I5NMIATIINIIHeIlRIANs Taanisiin
v a Yy A a P
MN5TIaNIenu IFNe AT 1IzviLarasI1sn
o 3 %
Yoavy Tuthytiuianuiraialums lduia
v A 1 ~ aa % Y <
MNTITNT90N uaM TNz INIne 15a 1R s2157
g 9 o YA Yno 2 & & 19
UUABIIAYAIFIIY NINAITIIUAUAUIID
9 A A A Y aa o 9
awsaasunsoaloie 1% 1uni1sInane 145
3 A Y [ Y < o
vu o liimssnu 1ded1asa5 aanaaslunin

]
=

n2

o nsdseniana
MNTITNIT0eN [ ,
MNABU

NTUINANHUE . -
: - agaeaule
IAUVDINTN

MNN 2 UNUANTZUUMIIHIRe T5AleanIw



54 715815398 ¥H1INeIaeNa 1w 1ads1uanasi v 16(1) : 50-66 (2567)

NMNN 2 F1W15005V1eaINYTTNO U
VBIUHUNIN IAYTINYDITEVUNTINING T5A1)0n
] I [y
auTagulaee NI ULNUATNYBY 1. MINTIANTI
90 2.7M31UTTUIANANINNBY 3. MITUINANHUY
wuveIn I 4. midadula uaz s.gudeya Tae
[ I ?1'1 9 g’z g’z
szudseemiuvunoulanivua 5 vunou

9
#111500FU18TUAUBENaZIDoA TUN1T119IU

Y v
v v v A

AYNIHUAAIT

¥
U QU

auTunaulUMFINNUIY

Y v

TuapUN 1 dIUTVNINBUNA Aonih

v A a d'd %

MNSIaNns1envedloatlng vazleanlanyae
| o 3 9 A [ 1
WuTsnteauiuuiinmsinudeyamaniiangy

v A d' a ] a
voInnsadnsenninavaz luna

g’; A o @ v 9

TuaauN 2 ninsUsunInne LU

4 [ a d 1 o
LﬁENi]1ﬂﬂ?ii‘]Jﬂ1W3JTJLﬂi1$“ViﬂQ3J?TLL‘U‘]J V1IN

mmammdewindunmm 256 szau udihms
ANUANTA Tael93TMT Contrast Limited Adaptive
Histogram Equalization ( CLAHE) 1uisnas
YSuFaTnunsulunuuiiliodnedld saae el

<
NN 3

9 v
% S

TUuAoUN 3 N1stASeudoya (Data

. A Y 1 v a Y
Preparation) 110 lagan1ma1e5a @9 1nns190018)
MIMIMHUA Labels Y033 INTITNI 900 TAg

] 1 a I

miuuanguind nazmatulindiauan Tag
° 9 ~ Y a1
mmuagadoyalunsFouiodn 1,340 2 INUDY
amdeadnd wag 1,704 nnueanmeaniailng
HAZYAVOINITNAGDY 233 AW TUHVVUDN

gdeyalunuuealnd uaz 390 Mwvesnw

a

1oanAnilna

(M)

(V)

MWA 3 35M3 CLAHE TumsiSuanuaudaveanin (m) amduniiy (v) mwnilsuuds



715815398 ¥H1INeIaeNa 1u 1ads1uanasi v 16(1) : 50-66 (2567) 55

=) k4 kA
maiseu] Taemsl¥

a oy A
Iulﬂaﬂ1il5ﬂu§ﬂ“’]\ﬂﬂii’]\i

MIIATIEHMS
-
a a |l v a ¢
nanooladadn ahuluavvesaming
vasszfiu s m
KNN > ..
Precision.., ¢y
WamsneINsalgaMe
Recall.,. N -
MUIUATLUUUAIY o @ vonihid
AdaBoost > > > , < . gl
- Wezilunnungy @ Jorw
SUM > AUC..
Neural Network >

H 1 3 1 g v U A
2A 4 Msmalnimintazmsaaguls

Y 1 v
VUADUN 4 1NNV 4 MITHIAIAINIG
¥ o . ax = Y A
HINTN (cost function) IABATMIFoUV0UATO
1 g’/ % 1 9O’ % 4
HARZUVVTUIZADIMIAI01 M NN NING
naeunvewgatoya lluianila drardinaa

wiin eenudaitoanulUddesndulihd g

a

Toe

=3

Y A [ v YN Y1 o
gUINa1850Y LW@ﬂiUﬂ'li‘HllﬂﬂWl’Jﬂ'N

o

, o
wminnangalumstihly1doau dweaasduniw

;:'1 = Hq ¥
M3199 1 uaasseazdeavesssuuilsnagey

A v A ..
UABDUN 5 NITAAAUID (Decision)

See

2 <3| = = 9 A o
VUHADUUIL ﬂuﬂ1ilﬂiﬂﬂlﬂﬂﬂﬂlﬂgﬁﬂu1lﬂ

e

9 =

Y o ) Yy 9 X Y
NATDUNUFAUDYANNINITLIYUZLUAN ﬁNllﬂ
v ~ Y A axn
HAANTIINNITLTYUIVDUATDILVUYDIYITNIT
A o v Aa d 19 v A
L‘INE]LHSJW]ﬂﬁui%iuﬂﬁWﬂ]ﬂim’ﬂ‘llf]gaﬂTWiﬂ’d

nyweniluleninaniolealilnd

~q ¥
szuuilsanulumsnaass

sTUUlsEIana
I'4
MIAUAAINA
szuliams
Tsunsulumsiszuiana
9 ) @ = 9
gudoyad s umsisoud

TudoyadmSumInadoUnong UM

o9 U
=}

YU

CaNve

TuTas Inswayos Intel corei?
NUIBAIUD 16 GB
Nvidia 1660
NUIBAIUD 6 GB
Julad 10
Matlab 2019b Licensed: 40967708
nndeatlnag 1,340 NN
mnjea'liilnd 1,704 7N
neadna 233 N
mnoa lidnd 390 AN




56 715815398 ¥HINe1aena 11 1ads1wuanan 1% 16(1) : 50-66 (2567)

A Y3 = A A
NAITNN 1 uaasliriudunsoslaly
MSNATOUILVY 1Az IUIUTOYAVDININD Y
v o 4 .
$9dmseen Wiolylumineass TaguleanInves
oadnAdiuiu 1,340 M vaznindealiynd
o 9 ~ 9
919U 1,704 2 TugiudeyalunisiSeud uas

Y

giudoyad 1M uNIsSNAToUUONgIUNTSoUS

U

TasuanIwedlleal nA9IHIN 233 MW LAZNIN

1oa lunas1uIu 390 AN

v
Y [

dw Y o s a
M ianlsamsumsdsetiuna
a saq Yo o a 9
Lll‘ﬂiﬂ“ﬁﬂi%ﬁ?ﬁiﬂﬂ?ﬁﬂimﬂu‘ﬂﬂi&aEUEN

ao 3’, d’ (3 A [ 9 A ]
QWU’J%EJUULW’E)‘ll%ﬂﬂﬁBaﬂﬂ]i%ﬂﬂ‘iglﬂﬂﬂlﬂy’aﬂ"lll

Y v 9 Y A~ I
Qﬂ@]@ﬁiuijﬂﬂl@yﬁ ﬁyﬂmegagﬂmwumsﬂuau

. 9 Y Aa g
Negative (N) uazalgﬂsuauaaﬂmmmnﬂuum

Positive (P) I3 ﬂﬁcl%'ﬂzgﬂﬁmumia”lﬂﬁaﬁ

- NI NFANUFVAY (Confusion Matrix)
AemsndiAy lumsiannuansovesuusana
TumsudTymmssuundssnn minasadi 2 5T
msuongaiualfifusuiusuvesrauinesa
True Positive (TP) Waa Uy 959 True Negative (TN)
WaUINAI False Positive (FP) HazAIA UL False
Negative (FN) figaueniszinndsn aunsouansan
&1 P=TP + FN 18z N=TN+FP nams#1u1e

51 13 Tugs199 2 (Saraubon, 2020)

3191 2 Lll‘VI%ﬂ“]?“llfZNWafﬂ5ﬂ1@fﬂ5ﬂfﬁ1ﬂ‘%JUﬂTiﬁ5’3%Wﬁﬂl®ﬁﬂ1WdWﬂ§Q%‘lﬂi’Nﬂﬂ

Expected class

Positive Prediction

Negative Prediction
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True positive (TP)

False negative (FN)

Negative

False positive (FP)

True negative (TN)

1 ) o I
- ANNUNUEGT (Accuracy) gnvualily
[ U o ] A o ] Y =
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ﬂﬂﬂo"lu’)u@'lﬂﬂ"lﬂ‘ﬂ\iﬂllﬂ f)ﬁ'i']ﬂ')"lllllllufhllﬁﬂﬁ
Tuaumsi 1 (Saraubon, 2020)
TP+TN
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TP+TN+FP+FN
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2020)

TPrate = L 2)
TP+FN

'
a

- WU (False Negative : FN) Ao AN
o ] v A a 3 a A o J [ 1
Vl'lu'lflllll@]i\?ﬂﬂﬂmﬂallufﬂiﬂ ﬂ@ﬂ'\u’lﬂ?'\l‘lllﬂiﬂ 114
2 d' a é’ A a %
TINNAVU AD DI mmaa‘umumﬂﬂuﬁumi
73 (Saraubon, 2020)
FN

Nrae = (3)
* TP+FN

- WauInald (False Positive : FP) @47
o ] o A d‘ a 3 A o U a 12
Mg liasanuaainady Ayl 939 uaas
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N4 (Saraubon, 2020)



715815398 ¥HINe1aena 11 1ads1wuanan 1% 16(1) : 50-66 (2567) 57

FPrate = l @)
FP+TN

A A A
- HAAUNUNDI9 (True Negative : TN) a4

v
a

o o o X
mueasenuaenavy lunsal siuen qllfﬂ‘i\?

A A a g SA a
Uazadninayvy na E]ﬂ, I mmaaummma

uaaaluaunsi 5 (Saraubon, 2020)

Nrate = i (5)
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Recall = L (6)
TP +FN
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"UfNﬂ’J”Illl,!,ijufhl,!,aﬁﬂﬁﬁﬂﬂﬁu Llﬁﬂﬁl’l’ﬁuﬁuﬂﬁ
{1 7 (Saraubon, 2020)
2*Precision*Recall

F = — (7)
Measre  Precision+Recall

- G,,,, AUNAYTVINAAADTIAIADIVDI
! A4 A A Ya A
AavLazMsiEenAUNUNTI naadluaunisn s

(Saraubon, 2020)
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Predicted Predicted
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B Normal e = 1339 Normal 95.6% 32% 1339 Normal 96.0% 40% 1339
§  Pneumonia b s 1704 § Pneumonia 14% 96.8% 1704 é Preumonia 359% 965 % 1704
3 1344 1699 3043 5 1344 1699 3043 s 1344 1698 3043
(a) Number of instances (b) Proportion of predicted (c) Proportion of actual
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Predicted Predicted Predicted
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Predicted Predicted Predicted
Normal  Pneumonia 3 Normal  Pneumonia s Normal  Pneumonia by
_ Normal S ® 233 Normal 924% 17.1% 233 Normal 66.5% 335% 233
3 . ® =
§  Pneumonia 1 319 390 }(’; Pneumonia 66% 82.9% 390 }:’; Pneumonia 28% 97.2% 390
2 166 457 623 b3 166 457 623 b3 166 457 623
(a) Number of instances (b) Proportion of predicted (c) Proportion of actual
(N) Logistic Regression
Predicted Predicted
Normal Pneumonia z Normal  Pneumonia b Normal Pneumonia b3
B Normal 156 77 233 B Normal 923 % 17.0% 233 Normal 67.0 % 330 % 233
5 = _
3 . El : =
E Pneumonia 13 377 390 g Pneumonia 77% 83.0% 390 § Pneumonia 339% 96.7 % 390
169 454 623
)2 b3 169 454 623 s 169 454 623
(a) Number of instances (b) Proportion of predicted (c) Proportion of actual
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<
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(a) Number of instances (b) Proportion of predicted (c) Proportion of actual
(M) kNN
Predicted
Predicted Predicted
B ) Normal Pneumonia b3
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o ™ 3 .
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ABSTRACT

The objectives of this study were to compare the growth, feed intake and feed cost of mud crab fattening
under hatchery conditions. Two treatments used in the study were: 1) fattening of mud crab species Scylla
paramamosian and 2) species S. olivacea, with 15 replicates per treatment, at 20 days. The results showed that S.
paramamosain had an average percentage of body weight gain ( 11. 1542. 54% ) and specific growth rate
(0.70+0.15%/day) higher than S. olivacea (9.05£2.55% and 0.57+0.15%/day, respectively). However, both crab
species exhibited similar daily feeding rates, averaging 2.95+0.54 and 2.71+0.59% of body weight/day for S.
Paramamosain and S. Olivacea, respectively. The average feed cost for cultivating both crab species did not
significantly differ, ranging from 149.35 to 159.80 baht/kg. From the research, the cultivation of S. Paramamosain
resulted in higher weight gain compared to S. Olivacea, highlighting the significance of crab species in influencing
growth outcomes. This finding emphasizes the importance of considering crab species as a crucial factor in the

economic aspects of crab cultivation, aiming for higher production yields.
Key words: mud crab fattening, growth, cost
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ABSTRACT

Raising Red Tilapia in cages is often accompanied by birds eating fish during the first culturing period.
Guarding against bird infestation has increased the number of red tilapia. Anti-bird detectors currently use infrared
detection to detect them. It cannot be separated from other living things, like birds, and therefore it is not suitable
for guarding bird infestations in cages or on the ground. Therefore, the research team had an idea to develop bird
guarding systems with image processing techniques and high-frequency waves by bringing in image processing
principles to help distinguish between terrestrial beings that are birds or not. If a bird-like object was found to be
greater than or equal to 50%, the system will send the status to the ESP8266 board and then perform a high-
frequency repulsion by randomly selecting three types of frightening sounds, namely an eagle barking, a dog
barking, and the sound of firecrackers. The research method is divided into four steps: planning, analysis, design,
and implementation. The results demonstrated that the YOLOv6-s algorithm achieved an accuracy of 0.084. In
terms of processing speed, it operated at 0.1 frames per second, and the F1-Score was determined to be 0.082. High-

frequency sound can guard birds against a distance of 5 to 10 meters.
Key words: bird guarding systems, image processing, high-frequency
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Figure 5 Bird repellant
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Figure 7 Arduino IDE Sample Code Random Sound
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ABSTRACT

The purpose of this paper is to use bibliometric analysis tools to explore and examine
the research productivity for Rajamangala University of Technology Srivijaya. The research
data sets were obtained from the Scopus database, and the time period was set from 2005 to
2022. The data were analyzed by means of VOSviewer and Bibliometrix software, and graphical
knowledge maps were created. It looked at how publications, distribution, h-index, co-
authorship, and research hotspots have changed annually. Five hundred twenty-four
publications altogether were attained. The findings indicated an increase in the number of
research publications during the study period. Most of them were from agricultural and
biological sciences. Internet of things, transmission electron microscope, water quality, wood
plastic composite and microstructure were the trend topics. The study is helpful for researchers
in identifying current research contexts, trends, and the future research and development
directions of Rajamangala University of Technology Srivijaya.

Key words: Rajamangala University of Technology Srivijaya, Research productivity, Research

trends, Bibliometric analysis, Biblioshiny, VOSviewer

INTRODUCTION

Thailand's economy is in serious
peril. To recover quickly from the Covid-19
epidemic, the government must invest in
Research and Development (R&D) and
allow innovation to lead the way. R&D must
receive adequate financial assistance from
the government in order to propel the
economy with innovations. R&D programs
must also meet the actual demands of
industry. Thailand's gross R&D expenditure
from both the public and commercial sectors
in 2018 was barely 1.11 percent of GDP, or
roughly 182 billion baht. According to
UNESCO, this expenditure was lower than
that of other nations in the same upper-
middle-income category, which was 1.41
percent of GDP. Meanwhile, high-income
nations spend twice as much on R&D,
accounting for 2.43 percent of GDP.

Rajamangala University of Technology
Srivijaya (RUTS) is one of the universities
in the group of Rajamangala University of
Technology. RUTS creates practitioners with
the potential to succeed in the workplace and
utilizes information intelligently to attain
their own goals while meeting societal
standards. RUTS has the objective to develop
organizations and society in the region and
country by applying science, technology, and
innovation under the vision "The University
of Innovation for Society". The vision aims to

produce professional practitioners in order to
be a standardized labor force that generates
high income and increases the country's
competitiveness at the international level
(Rajamangala University of Technology
Srivijaya, 2022).

Bibliometric analysis is becoming an
increasingly important part of the evaluation
methods available to R&D policymakers to
help them make decisions (Isamail et al.,
2012). Its popularity has grown in recent
years, and this may be attributed to the
innovation, availability, and usability of
bibliometric tools like RStudio, Sci2,
Bibliometrix (Aria and Cuccurullo, 2017),
VOSviewer (Van Eck and Waltman, 2010),
and scientific databases like Scopus and
Web of Science, and cross-disciplinary
bibliometric technique pollination from
information science to research. The
methodologies for bibliometric analysis are
divided into two categories: performance
analysis and scientific mapping (Naveen et
al., 2020; Naveen et al., 2021a; Muhammad
et al, 2021). Performance analysis
investigates the contributions of research
elements to a certain field (Cobo et al., 2011,
Antonio-Rafael and Jose, 2004). Descriptive
analysis is the characteristic of bibliometric
investigations (Naveen et al., 2021b).
Science mapping looks at the relationships
between research aspects (Kent et al., 2021;
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Cobo et al., 2011; Antonio-Rafael and Jose,
2004). The examination focuses on the
intellectual exchanges and structural
connections that exist between research
parts. Methodologies utilized in scientific
mapping include citation analysis, co-citation
analysis, bibliographic coupling, co-word
analysis, and co-authorship analysis (Kent
et al., 2021; Dirk and Marc, 2018).

However, from a scientific point of
view, based on a literature review, only a
few authors have attempted to make efforts
in exploring and examining the research
productivity based on the available data
from the Scopus database. Therefore, in
order to complement the previous research,
this paper aims to provide an overview of
the research productivity with a study case
in RUTS by using bibliometric methods.

MATERIALS AND METHODS
1. Data Collection Method

The process of this exploration started
by using affiliations ‘Rajamangala University
of Technology Srivijaya’ (Affiliation ID:
60092137) as the main keyword in the
Scopus database. Following this, the result
phase was able to retrieve a total number of
524 documents that were published between
2005 and 2022 (June 2022). This study
focused on various aspects which include
looking at citation information, bibliographical
information, abstract and keywords, and
funding details.
2. Data Analysis Method

For data analysis, all information
was exported in BibTeX format. VOSviewer
software and Bibliometrix, an R-tool for
comprehensive scientific mapping analysis
software, were utilized to analyze the data
and create graphical knowledge maps. Annual
changes in publications, distribution, h-index
status, co-authorship status, and research
hotspots were examined

RESULTS AND DISCUSSION

The bibliometric analysis of our
study is divided into 6 categories which also
carry multiple sub-categories. The main
categories are: 1) Forms of publications, 2)
Documents by subject area, 3) Sources, 4)
Authors, 5) Topics trends, and 6) Countries.
The sub-categories developed under Authors
were: Most Relevant Authors, Top-Author’s
Production over the Time, and Collaboration
Network. Their findings are important
because they generate the bibliometric
information which can be used to unravel
high impact research that contributes to
generating new knowledge at RUTS. The
data extracted from the Scopus database
comprise 524 articles and 305 authors
published between 2005 and 2022 (June
2022).
1. The Main Information about the
collection
Forms of publications

Overview of publications on Scopus
provides information to analyze different
document types. It elaborates on the outcomes
according to placements. In this context, the
article is observed to have a total of 418
documents, marking the highest count
among the various categories. Following
this, conference papers account for 102
documents, while notes and book chapters
have 3 and 1 document, respectively.
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Figure 1 Number of documents published per year

As seen in Figure 1, the documents
were published the most in 2021, followed
by 2020 and 2018. The chart in Figure 2
shows that Songklanakarin Journal of
Science and Technology (SJST) stands in
the first place chosen by RUTS researchers
to publish their papers. SJST has been
published by the Research and Development
Office, Prince of Songkla University, Thailand
with high-quality scientific papers since 1979.

SONGKLANAKARIN JOURNAL OF SCIENCE AND TECHNOLOGY
INTERNATIONAL JOURNAL OF AGRICULTURAL TECHNOLOGY
WALAILAK JOURNAL OF SCIENCE AND TECHNOLOGY

ACTA HORTICULTURAE
ADVANCED MATERIALS RESEARCH
FISHERIES SCIENCE

CHIANG MAI JOURNAL OF SCIENCE
CYTOLOGIA
JOURNAL OF NATURAL MEDICINES
:J‘ KASETSART JOURNAL - NATURAL SCIENCE

PRZEGLAD ELEKTROTECHNICZNY

Sourc

TRANSACTIONS OF NONFERROUS METALS SOCIETY OF CHINA
VETERINARY INTEGRATIVE SCIENCES
AGRICULTURE AND NATURAL RESOURCES
AIP CONFERENCE PROCEEDINGS
AQUACULTURE RESEARCH

CHEMICAL AND PHARMACEUTICAL BULLETIN
INTERNATIONAL CONFERENCE ON ICT AND KNOWLEDGE ENGI

INTERNATIONAL FOOD RESEARCH JOURNAL

INTERNATIONAL JOURNAL OF GEOMATE

o

The journal provides an interdisciplinary
platform for the dissemination of current
knowledge and advancement in science and
technology. Besides SJST, this can see the
top-five yearly documents per year: the
International Journal of Agricultural Technology,
Walailak Journal of Science and Technology,
Advanced Materials Research, Acta Horticulturae,
and Advanced Materials Research.

°
n
S

N. of Documents

Figure 2 Most Relevant Sources

Documents by subject area

The subject area involved in RUTS
research is demonstrated in Figure 3. As
expected, the subject area that received
more attention from  researchers was

‘Agricultural and Biological Sciences’,
which marked 177 articles. Additionally,
the subsequent subject areas of interest are
‘Engineering’ and ‘Biochemistry, Genetics
and Molecular Biology’ and ‘Computer
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Science’. In viewing the agricultural and
biological sciences area, the researchers
focused on veterinary, environmental science,
and earth and planetary sciences subject

Other (21.5%)

Medicine (3.0%) —

Environmental S... (4.6%)

Physics and Ast... (5.8%)

Chemistry (5.8%)

Multidisciplina... (6.5%)

areas. It is noted that some authors published
articles in the area of Energy, Mathematics,
Pharmacology, Toxicology and Pharmaceutics
and Social Sciences (21.5%).

/ Agricultural an... (18.8%)

— Engineering (13.7%)

™ Biochemistry, G... (6.9%)

"~ Computer Scienc... (6.8%)

' Materials Scien... (6.8%)

Figure 3 Documents by subject area

Source Impact

H-index is considered as one of the
important indicators for the influence and
reputation of journals. As visualized in
Figure 4, Fisheries Science was the journal
that ranked with the highest H-index at 7,
followed by Journal of Natural Medicines
(6), Transactions of Nonferrous Metals
Society of China, and Chemical and
Pharmaceutical Bulletin (5). Other journals

with the lowest H-index indicator were
Songklanakarin Journal of Science and
Technology, International Journal of Agricultural
Technology, Walailak Journal of Science
and Technology, Advanced Materials Research,
Kasetsart Journal — Natural Science, Agriculture
and Natural Resources, Scienceasia, Bioorganic
and Medicinal Chemistry, Journal of
Experimental Marine Biology and Ecology,
and Phytochemistry Letters (3).
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Figure 4 Source Impact

Impact measure

Figure 5's bar graph shows that,
among the top 20 influence journals, the
Journal of Cleaner Production had the most
effect, with about 400 publications, roughly
two times more than Nature Journal (220).
The International Food Research Journal,
Transactions of the Nonferrous Metals
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FOOD CHEMISTRY
PHYTOCHEMISTRY LETTERS
ENERGY PROCEDIA
CYTOLOGIA

IEEE ASIA-PACIFIC CONFERENCE ON CIRCUITS AND SYSTEMS, PROCEEDINGS, APCCAS
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Society of China (English edition), and
Journal of Natural Medicines were other
extremely fruitful sources. In contrast, there
are fewer papers in Food Chemistry,
Phytochemistry Letters, Energy Procedia,
Cytologia, and IEEE Asia-Pacific Conference
on Circuits and Systems, Proceedings,
APCCAS (with under 50 documents).
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Figure 5 Total citation
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Most Relevant Authors

This horizontal bar graph identifies
the authors who were most relevant with
fractionalized frequency measure in research.
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RAWANGWONG S
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NONTHAPUTHA T
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E U-TAYNAPUN K
KUMNGERN M
CHIRAPONGSATONKUL N
BURAPA R
CHATTHONG J
MASAE M
CHOOKLIN §
SUDTONGKONG €
KAEWBOONMA N

RATANAWILAL T

o
w

6
N. of Documents (Fractionalized)

As seen in Figure 6, Tanyaros, S. (10 articles
fractionalized) leads in publication followed by
Tongnunui, P., Boonsong, W. and Boonchouytan,
W.

©

Figure 6 Most relevant authors

2. The Science Mapping Analysis

Top-Author’s Production over the
Time

In 2021, four authors-Kettratad, J.,
Senarat, S., Jiraungkoorskul, W., and Kaneko,
G. dominated the group of authors with a
high number of publications, as shown in
Figure 7. Pongpiriyadacha, Y., Morikawa,

KETTRATAD ]

SENARAT S -

TONGNUNUI P~ . - @ - o
BOONCHOUYTAN W -
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T., Muraoka, O., Ninomiya, K., Yoshikawa,
M. and Chaipech, S. were the authors who
came in second place among the year 2012
top authors. Additionally, Kettratad, J.,
Senarat, S., Tongnunui, P., Boonchouytan,
W. and Pongpiriyadacha, Y. had the highest
production as an author from 2006 to 2022.
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Figure 7 Top-Author’s Production over the Time
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Trend Topics

The number of keywords appeared in
published papers between 2005 and 2022
revealed the various topics of research
documents. As depicted in Figure 8, during
2007 and 2009, there are two famous terms
used by authors, comprising “eucalyptus”
and “spice”. Since 2011, the occurrence of
words in papers showed the development of
themes. It is indicated that the top topics
dominated from 2016 to 2018. Regarding
this, “Thailand” and ‘‘article” were the
famous terms in 2016 and 2017 with freq 60.

log(frequency)

rthizome
molecular structure
animalia
spice
4
Pplsces
semi-solids
eucalyptus

aluminu

myxobolus

:'ﬂl.:;] structure

alpha glu cosidase
. nuclear magnetic resonance

enzyme Inhibition
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The next rankings were ‘“animals” and
“nonhuman” (freq 48, 2017), “animal” (freq
42, 2018), “controlled study” (freq 41,
2017). After that, the frequency of keywords
showed a downward trend in the following
years. For instance, in 2021, the highly
common themes were “Internet of things”,
“transmission electron microscopy”, “water
quality”, “wood plastic composite”, and
“microstructure”. However, these terms did
not have the same high frequency as

previous years.

thailand

I article
nonhuman
animals
animal

controlled study

Ll‘::\;;.,:m-:-:_i drug

chemistry

I tensile strength
priority journal
animal experiment
human F
animal tissue
il Tubber  dr. g effect
growth rate
animal cell

scanning electron microsct

= \I\';E‘I'I\E" ot "'I\Ill_l‘a

triacylglycerol

lipase-2Iol

Figure 8 Current research trends

Topics dendrogram

The dendrogram revealed the order
and connections of keywords through a
hierarchical map. Each term in this map is a
collection of topics concerning the research
topics which are used by authors in papers in
Rajamangala University of Technology.
Figure 9 shows the terms divided into two
categories with the colors red and blue. The
first cluster in blue shows how there are two
groups of published papers. The research
trends for "mangrove” and "Thailand" were
displayed in the first group. The second group

of research topics included "scanning electron
microscopy,” "Decapoda crustacea,” "growth
rate," "Internet of things," "tensile strength,"
and "rubber.” Meanwhile, the red cluster was
divided into two parts. It is apparent from the
first part that the authors' keyword choices
were "drug structure,” "molecular structure,"”
"drug separation,” "plant extract,” and “plant
extracts." The second part dealt with the
relationships between the phrases "animals,"”
"human," "drug impact,” "genetics,” "gender,"
and “chemistry."
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Figure 9 Topics dendrogram

Factorial Analysis

As visualized in the conceptual
structure map (Figure 10) with the Multiple
Correspondence Analysis (MCA) method,
the topics were divided into three clusters of
the domain indicated with red, blue and
green color. It can be seen from the terms
displayed in the domains that each portion
expressed all relevant words in the same
group. The blue-colored domain contained
topics concerning ‘“‘animal experiment”,

“animals”, “animal cell”, “animal tissue”,
“human”, “chemistry”, “enzyme activity”.
The green domain included the connections
of keywords of “drug structure”, “molecular
structure”, “drug isolation”, “plant extracts”.
Meanwhile, items in the red-colored domain
contained relevant words of “growth rate”,
“Thailand”, “mangrove”, “decapoda crustacea”,
“rubber”, “tensile strength”, “scanning electron

99

microscopy”’, “Trang”, and “Southern region”.
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Conceptual Structure Map - method: MCA
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Figure 10 Factorial analysis

3. The Map based on Bibliographic Data
The data of co-authorship analysis
in Figure 11 indicate that the top authors
have collaborations in publishing papers.
The size of the circles expressed the number
of publications. The colors represented the

co-operation clusters. The top researchers
of collaboration network were Kettratad, J.,
Tongnunui, P., Tanyaros, S., Tarangkoon,
W., Thongprajukaew, K., Chirapongsatonkul,
N., Sudtongkong, C., Nitiratsuwan, T. and
Sangthong, P.
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Figure 12 offers a record of the
networking map of collaboration to identify
the nations actively working with RUTS.
The figure depicted that Japan (67 documents)
was a country that collaborates most in
publishing research articles, followed by the
USA (25 documents), China (18 documents),
Malaysia (15 documents), and Indonesia
(10 documents). The figure also revealed
that many lines were connected to each

thg&a}nd

other in the collaboration network of
Thailand. This implies that countries in the
European region prefer to collaborate with
RUTS when publishing articles in research
activities. Most of the countries in Europe
were Sweden, United Kingdom, Germany,
The Netherlands and Denmark. It demonstrates
that collaborations among countries will be
able to increase the amount of publications,
compared to publications in a single country.

Figure 12 Countries Co-authorship Networks
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According to the number of co-
occurrence topic frequency between 2005
and 2022, Figure 13 depicts that the similar
colors are shown in the same cluster. There
are 12 clusters corresponding to distinct
colors. The red-colored cluster included the
top terms concerning “Thailand”, and
“animals”. The purple-colored cluster contained

topics of “unclassified drug”, “plant extract”.

antiBlofip activity

traditionglmedi

internet of things
bioch@gmistry
phylogr‘"y immgiologiil
classifigagion
ssificagic ®

machinery

electron
carbon cycie

carbon

o
e
b ™ dgﬁ 4 L 4
5 'vigm i3 fatepeid
L@G >
DI(*SOK -
bandpigs filters i -
tel o th\w igium
-
fermegiation
frigivtil Welging il @aim
lac

proces§icontrol id

su(h(’ghnnss

cine

antibactelal activity

female

signal transduction
epithelium cell

cattle

cell adhiesion

skt gene

adamtsi? gene

101

The keywords of the green-colored cluster
consisted of “drug structure”, “animal cell”,
and “zingiberaceae”. The old rose-colored
cluster was composed of themes relating to
“female” and “cattle”. The dark blue cluster
contained “rubber”, “tensile strength”, and
the lime-colored cluster included topics of

“molecular structure” and “‘chemical structure”.
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Figure 13 Co-occurrence network map of most frequently used keywords

CONCLUSION

In this study, a bibliometric study
based on Scopus database was performed to
assess the research productivity of Rajamangala
University of Technology Srivijaya during
2005 and 2022. The result reveals that the
university has improved an absolute number
of overall publications. A notable mention
of this research result is that during the
years covered in this study the publication
rate achieved by RUTS is the fifth compared to
the universities in the group of Rajamangala
University of Technology. Other interesting
result based on this study is that, as mentioned

in the previous section for the scholarly
documents recorded in Scopus, the publications
in agricultural and biological sciences,
engineering, biochemistry, genetics, and
molecular biology area give the highest
contribution to documents. They actively
collaborate with other universities such as
Prince of Songkla University, Chulalongkorn
University, and Mahidol University. Furthermore,
the top three sources that researchers published
are Songklanakarin Journal of Science and
Technology, International Journal of Agricultural
Technology, and Walailak Journal of Science
and Technology.
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ABSTRACT

The purpose of this study was to find out the balanced proportion and characteristics of substrate culture
derived from mixed leaf sheath of banana and sawdust. Starch paste was used as cementing agent. The proportions
of leaf sheath of banana and sawdust of 4 ratios were as follows: 1) 100:0, 2) 75:25, 3) 50:50, and 4) 75:25 by
weight (4 replications). The results of the physical study found that all ratios were able to form substrate culture.
The physical appearances of substrate culture were well adherent. The average dry weight was in the range of
121.10-130.06 gram. The bulk density was in the range of 0.27 - 0.29 g/cm3. The average water absorption was
high in all proportions at the average of 217.40-299.98%. The average decomposition was 11.04-16.75%. The pH
of most substrate culture was moderately acidic (pH 4.78-6.38) and the Electrical Conductivity (EC) was in the
range of 1.70-7.23 dS/m. In addition, the macronutrients (nitrogen (N), phosphorus (P) and potassium (K)) were
found in all proportions with more potassium (K) content compared to other nutrients. Considering the quality of
each proportion, the third proportion was the most appropriate for developing as substrate culture. This proportion
is easily obtainable, exhibits good water retention, possesses safe pH for plants, and is convenient for handling and
transportation. Specifically, it has an average bulk density of 0.28 g/cm3, water absorption of 252.98%, dissolution
in water of 14.56%, electrical conductivity of 2.67 dS/m, pH of 5.89, and nutrient content of 0.09%, 0.05%, and

1.45% for N, P, and K, respectively.

Key words: leaf sheath of banana, sawdust, substrate culture
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Figure 1 Dried banana leaf sheath
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Figure 2 Dried sawdust
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Table 2 Physical appearances of substrate culture from various ratios of banana leaf sheath and sawdust

Ratios by weight of banana leaf sheath : sawdust Physical appearances
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400 (Table 3)

Table 3 Determined physical characteristics of substrate culture from different ratios of banana leaf sheath and

sawdust

Ratios by weight banana

Average and Standard deviaton of Substrate culture

Dry weight Bulk density Water absorption Decomposition
leaf sheath : sawdust R
(€3] (g/cm’) (%) (%)
1 (100:0) 124.97+6.63 0.28°+0.01 254.99°£9 31 16.75°+1.02
2 (75:25) 130.06+6.94 0.29°+0.02 217.40°+12.78 15.51%°+1.59
3 (50:50) 126.08+6.76 0.28"£002 252.98"+4.59 14.56"+0.77
4 (25:75) 121.10£5.50 0.27°+0.01 299.98°+7.52 11.04°+0.51

Means in a column with the same letter are not significantly different (p<0.05) by Duncan’s new multiple range

test
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Table 4 Determined chemical characteristics of substrate culture from different ratios of banana leaf sheath and

sawdust (n=3)

Ratios by weight of banana pH EC Nitrogen Phosphorus Potassium
leaf sheath : sawdust (dS/m) (%) (%) (%)
1 (100:0) 4.78 7.23 0.46 0.35 4.93
2 (75:25) 5.71 4.45 0.06 0.08 2.82
3 (50:50) 5.89 2.67 0.09 0.05 1.45
4 (25:75) 6.38 1.70 0.09 0.06 0.99
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ABSTRACT

Animal husbandry has become increasingly popular, leading to a shortage of forage. The dwarf Napier
grass can be a good forage grass. Therefore, the purpose of this research was to study the effect of plant spacing
and stem characteristics on the growth of dwarf Napier grass at the Agricultural Training Center, Loei Rajabhat
University. The experiment was a 3x2 factorial in the randomized complete block design, involving 2 factors. The
first factor consisted of three plants spacing viz. 50x30, 50x40 and 50x50 centimeters and the second factor was
made up of two stem characteristics viz. 2 and 3 buds per stem. The data were recorded every 10 days until dwarf
Napier grass was 40 days after planting. The results showed that dwarf Napier grass was statistically different in all
characteristics at 40 days of planting. The dwarf Napier grass planted at a spacing of 50x30 cm showed the highest
statistical significance in terms of leaf length, plant height, stem diameter, yield per plant, and total yield. Using
cutting with two-bud stems resulted in larger leaves, more shoots, greater plant height, stem diameter, yield per
plant, and total yield. Therefore, the combination of a planting spacing of 50x30 cm and using cuttings with two
buds per stem showed the most favorable growth conditions for Napier grass. This information is valuable for
promoting efficient cultivation practices for famers engaged in livestock farming, particularly those focusing on

Napier grass as animal feed.
Key words: Dwarf Napier, spacing, stem characteristics, yield
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Table 2 Yield and yield component of Dwarf Napier at different spacing and bud number

Tiller diameter (mm) Yield per plant (g) Yeld (kg/rai)
spacing 50x30 15.89a 49.38a 4,078.52a
50x40 15.22b 46.09b 3,856.79ab
50x50 15.55b 45.47b 3,051.85b
F-test wk * *
Bud number 2 16.12a 51.10a 4,022.25a
3 14.88b 42.10b 3,302.52b
F-test wk * *
spacing x Bud number
50x30 2 16.80a 54.78a 4,398.22a
50x30 3 14.79¢ 42.84d 3,758.81b
50x40 2 15.85b 50.09b 3,951.20ab
50x40 3 14.57¢ 4191e 3,762.37¢
50x50 2 15.72b 48.54c 3,717.33b
50x50 3 15.34b 41.58e 2,357.04c
F-test s s %
C.V. (%) 22.25 52.83 26.67

ns = not significantly different. *,** = significantly different at 0.05 and 0.01 level of probability, respectively.

abed

different letters in a column are significantly different (p<0.05) according to Duncan’s multiple range test



75815998 YH1INNaeNA 11 1ags1¥uAaf5 %8 16(1) : 116-126 (2567) 125

agl
Q
9 a
mslFszezilgn 50x30 uduns vua
] 4 = 9 J d' dd’ Y a
nouniug 2 an HunnTiuAundsanga linanaa
1 1 d’ 1 W a 9 \ 1 A
ao ligaiiga 1110y 4,398.22 Alaniuee 15 A
1 a a d' Y
mnzauaemssaaylauiniiga waslina
a ad =< & ' o da
nananga 0iluszezilgn uazvinaneuiugh
0o q Y vt v
asuuziinunuasnsgnaulalgnua

4
wilesunse

Paanssnilszma

Yoo UAMIATINIGTIVYANYINITIOI QY
a Y 2 o A
wuTavesnguilesuasenaaimslgniisaszna

'
o Y

4 ava 32
02 Neniueyusulsznalumaiveluasall

(ONA1391994

Department of Livestock Development. 2003. Good
Tropical greases. 4" ed. The agricultural co-
operative federation of Thailand., Ltd. (ACFT),
Bangkok. (in Thai)

Isuwan, A., Chobtang, J. and Poathong, S. 2012.
Effects of Nitrogen Fertilization on Yield,
Chemical Composition and Fertilizer Use
Efficiency of Pennisetum Purpureum Cv Mott.
Thaksin University Journal 15(3): 93-100.
(in Thai)

Lertsansiri, K., Haitook, T. and Cherdthong, A.
2019. Cutting level of forage grasses on
yielding and chemical composition during
winter season in the Northeast of Thailand.
Khon Kaen Agriculture Journal 47(suppl. ID):
385-390. (in Thai)

Muangprom, P., Tudsri, S. and Sripichitt, P. 2015.

Yield and chemical composition of 6 dwarf-

napier cultivar/lines under the low fertile soil
in Buriram province. Agricultural Science
Journal 46(3): 321-331. (in Thai)

Office of Agricultural Economics. 2021. Agricultural
Economics Information by Product Year
2021. Office of Agricultural Economics Printing,
Bangkok. (in Thai)

Rusland, G.A., Sollenberger, L.E. and Jones Jr., C.S.
1993. Nitrogen Fertilization Effects on Planting
Stock Characteristics and Establishment
Performance of Dwarf Elephant grass.
Agronomy Journal 85(4): 857-861.

Swasdiphanich, S. and Tudsri, S. 1994. Effects of
cutting intensity on yield and chemical
composition of Dwarf Napier grass
(Pennisetum purpureum cv. Mott), pp. 72-83.
In Proceedings of the 32" Kasetsart
University Annual Conference: Plants. Ministry
of Science, Technology and Environment,
Bangkok. (in Thai)

Throngkarwin, N., Lasan, S., Dinmueangchon, S.,
Deemee, S., Kaewkunya, C. and Chantanam,
T. 2021. Growth, yield and nutritive value of
three Napier grass varieties cultivated in
lateritic soil condition. Khon Kaen Agriculture
Journal 49(suppl. I1): 187-194. (in Thai)

Tonmukayakul, N., Muangpan, J., Chotchutima, S.,
Tudsri, S. and Sarobol, E. 2019. Effects of
Stem Cutting Management on Germination
and Grass Yield of Napier Grass cv. Pakchong
1 as Forage Crop. Thai Journal of Science

and Technology 9(3): 324-332. (in Thai)


http://mis-app.oae.go.th/
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Rusland%2C+G+A
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sollenberger%2C+L+E
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Jones%2C+C+S

126 75815398 YH1INaeNA 11 1ags1%uAaf5 %8 16(1) : 116-126 (2567)

Tudsri, S. 2004. Tropical greases. 1" ed. Kasetsart
university press, Bangkok. (in Thai)

Tudsri, S., Sukaket, S. and Pookpakdee, A. 1996.
Dry matter production and quality of some
Tropical greases. Kasetsart Journal (Nat.

Sci.) 30: 293-302. (in Thai)



715815398 ¥ 1INe1aena 1y lags1wvuanasdiIve 16(1) : 127-148 (2567) 127

v
N ¢ A

=X Jd = Y d a d Y
ﬂ1§ﬂﬂ1§l1@ﬂﬂﬂﬁ$ﬂi’)‘]J1’]1\3!ﬂﬂJelJ'€’NNﬁﬂﬂﬂ!“ﬂmﬂﬂlﬁﬂﬁi’)u‘ﬂﬁﬂ‘nﬂﬂﬂ1ﬂ

A

nszvIuMsuandameausalfnienlaaliisnuiAineuaues
Study of Chemical Composition of Organic Liquid Product from

Catalytic Cracking Process using Response Surface Methodology

Tyase miouua
Chokchai Mueanmas

Received: 2 October 2022, Revised: 16 December 2022, Accepted: 17 January 2023
QU i
unnage

¥ o d A o = Y 1 a t&’ a Yy o @ [
uniuthduddneamlumsnag i uuvasnaadomaural laa 100 T2 UM TUANAIVUAT I
Aaa A A o X Aa A o o Aa S = s
Ugnserwiia HZSM-5 ludlfnssiuunuuiuomionannannuiuouaI1dunsd ¥909alsznouved
a @ 4 a A J o a 4 U a 4 a =1
HAAAMINVDUNAIDUNITIVLININITNUATIZHA1TNgU ToraWud (olefins), WI1517 U (paraffins), Ny
a aa a 4 a
(naphthenes), 02 15310 (aromatics), 00NTIUN (oxygenated) ttaz InBUNNU-02 15U1AN (mixed naphthenes-

a

. [ 4 a o Qy ci’ d' = a ] o < =Y
aromatics) 108309152 a9AV03IUITEFUILNOANYINAVOIQUHYNTUBII 400 - 600°C tazANTII il
[ - 1 I'4 a 4 a a
Tu929 23.20-68.70 hr' AvesAdsenovuves TotaWud (olefins), N131W U (paraffins) ttae 82 15U1AN
. a o I's a A JdA A Y ' v a 4 o 9 Y
(aromatics) Tun@nnaviveunardunsdnnaa 1a USuavesasuaaznquazgninszivazihdeyam 1yl
9 A Y o = [ 1 9 as c&’ a = A 9 Y
msdaaumaie lsiunelsnavesaisuaaznauaredTnurInoUauos Fanan lavinmsIdauns
o 1 4 Aa 3 a a - a 1 a 4
e wua e ldguugll 460.3°C wazau3115 98 23.2 he' vz 1dUSunaarsnquleailud (olefins),
a = a . aa a J =
w1519 (paraffins), sunu (naphthenes), o I511an (aromatics), 90NHFIUN (oxygenated) LA unauunnu-
92 1501AN (mixed naphthenes-aromatics) 1N10U 19.5%, 13.9%, 7.0%, 29.8%, 18.8% tiaz 10.8% AUa1A1 1ag
1 1 dyd Y A o A @ [ g’a A Y o [ o ' '
auvnartiianulndaimesnuramInaaeusudy avugumsnlddmiumsihmelSinavesansuaazngu
=S A A v o W aa c'R o aan @ 1 aan d' A
VAU TutazifedIAYNNada Feszeznarlumsmilgnsevesdusalazenminzauas 20
~ Ay v = o q Y YU = o o A o Y o X A Ao
Wi aramsnaaedi laninmsanyi i ladeyamerduiladeidawald ldsnavesremaunarnd

o [ 1

J a2 J a2 a . =2 )
pan1lsznouved Tetawlud (olefins), W11 U (paraffins) Lta1g oz I511@an (aromatics) YA FINUITIAYDI

o

A o A 1 ~ Aa A = ¥ o 4 Y I dy a A
EJ\WIE)ﬂ'l5@1Luuﬂ1i®ﬂN§Jﬂi$ﬁ‘ﬂ‘ﬁﬂ1W611!fﬂill]ﬁEJ‘H“LH?J‘LHJ'l'ﬁlls]fﬁﬂﬁ?ﬂlﬂulaﬁalwaﬁ%ﬁﬂ1w1ﬂﬂ@]i\?

o o W ? o J o S a o J a a J v Y v aan
AaInY: umuﬂmn, @Qﬂﬂi%ﬂ’ﬂ‘ﬂ'ﬂNlﬂM, ADANUNUBIUNAIDUNTY, ﬂi%‘]J’J‘L!ﬂﬁlL@]ﬂﬁ’Jﬂ’Jﬂ@]’JLiﬂﬂ{]ﬂiﬂW

WANGATININTIUNAINN AR sumans wninedsinida Inonvaings sunethnzeen dwmiarngs 93210
Energy Engineering Program, Faculty of Engineering, Thaksin University, Phatthalung Campus, Paphayom, Phatthalung 93210, Thailand.

* Ya s A da g A . . .
g«luwuﬁﬂﬁ:mmm 'lﬂmmﬂmanmauﬂﬁ (Corresponding author, e-mail): chokchai@tsu.ac.th



128 715815398 ¥HINe1aeNA 11 1ads1wuanani 1% 16(1) : 127-148 (2567)

ABSTRACT

The palm oil has the potential to use as a source for liquid fuel production. The catalytic cracking process
with a HZSM-5 catalyst was carried out in the horizontal reactor to produce organic liquid product (OLP). The
composition of OLP was analyzed in the fraction of olefins, paraffins, naphthenes, aromatics, oxygenated and mixed
naphthenes - aromatics. The aim of this research was to study the influence of temperature (400 - 600 °C) and weight
hourly space velocity (WHSV) (23.20 — 68.70 hr'') on the composition of olefins, paraffins and aromatics in organic
liquid product (OLP). The quantity of product distributions was analyzed and modeled using the response surface
method (RSM). The predicted results showed that the composition of olefins, paraffins, naphthenes, aromatics,
oxygenated and mixed naphthenes - aromatics at the temperature 461.9 °C and WSHV 23.2 hr' was 19.5%, 13.9%,
7.0%, 29.8%, 18.8% and 10.8%, respectively. These were very close to the verification experiment results.
Therefore, the models for the prediction of the product distributions were adequate and statistically significant. The
optimum residence time for OLP production was 20 min. Based on the finding in this work, it provides insights into
the operational factors for maximizing the quantity of olefins, paraffins and aromatics. Moreover, it has tremendous

guiding significance to the efficient operation of transforming palm oil into biofuels.
Key words: palm oil, chemical composition, organic liquid product, catalytic cracking process
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Figure 1 Experimental setup for catalytic cracking of palm oil to organic liquid product
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A v o W ~ Y
ANUNNBTIAYVOIAUNITN (2) - (7) ILUAAIAY
%’ayaﬂm Analysis of variance (ANOVA) ALA A
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Table 3 Analysis of variance of the developed model for %Olefin, %Paraffin, %Napthenes, %Aromatics,

%0Oxygenated and %Mixed Napthenes - Aromatics

Jose ﬁﬁ A %0 Olefin % Paraffin % Napthenes
F-value P-value F-value P-value F-value P-value
Model 64.39 0.0002 15.16 0.0048 48.87 0.0003
A 169.16 <0.0001 53.88 0.0007 63.16 0.0005
B 64.16 0.0005 3.15 0.1363 11.54 0.0193
AB 6.11 0.0565 2.78 0.1563 20.36 0.0063
A’ 57.63 0.0006 15.77 0.0106 149.12 <0.0001
B’ 6.43 0.0521 0.53 0.4982 15.74 0.0107
Lack of Fit 0.62 0.6644 1.84 0.3716 4.03 0.2053
Adeq Precision 26.309 10.610 19.296
C.V. (%) 6.02 9.31 9.91
Std. Dev. 0.99 1.10 0.83
Good of Fit R’ =0.9847 R’ =0.9381 R’ =10.9799
Jode ﬁﬁnm % Aromatics % Oxygenated % Mixed Napthenes -
F-value P-value F-value P-value F-value P-value
Model 68.30 0.0001 29.52 0.0010 22.67 0.0019
A 54.52 0.0007 94.07 0.0002 71.15 0.0004
B 132.35 <0.0001 2.29 0.1909 0.36 0.5764
AB 0.19 0.6844 15.19 0.0114 0.97 0.3697
A’ 154.27 <0.0001 1.96 0.2208 35.57 0.0019
B’ 16.19 0.0101 35.91 0.0019 15.61 0.0108
Lack of Fit 3.50 0.2301 0.11 0.9490 0.22 0.8777
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Table 3 (Continuous)

o A= % Aromatics %Oxygenated % Mixed Napthenes -
adananmn
F-value P-value F-value P-value F-value P-value
Adeq Precision 22.356 15.741 12.507
C.V. (%) 3.52 9.18 12.90
Std. Dev. 1.23 1.55 1.50
Good of Fit R’ =0.9856 R’ =0.9672 R’ =0.9577
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Figure 2 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Olefins
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Figure 3 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Paraffins
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Figure 4 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Naphthenes
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Figure 5 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Aromatics
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Figure 6 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Oxygenated
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Figure 7 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Mixed

Naphthenes — Aromatics
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Table 4 Optimization criteria to maximize %paraffins at optimized condition for catalytic cracking process of palm oil

Optimized condition

Optimization Lower  Upper %

Description Predicted Experimental
target limit limit Different
value value
Temperature (°C) In range 400 600 460.3 462 -
WSHV (hr') In range 23.2 68.7 23.2 23.2 -
%0Olefins Maximize - 19.5 19.4 0.5
%Paraffins Maximize - 13.9 15.2 -9.4
%Naphthenes Minimize - 7.0 6.6 5.7
%Aromatics Maximize - 29.8 34.7 -16.4
%Oxygenated Minimize - 18.8 15.4 18.1
%Mixed Naphthenes —
Minimize - 10.8 8.7 19.4

Aromatics
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ABSTRACT

Yarn warping preparation is called “warping”. Warping is a step in the yarn preparation process aimed at
obtaining suitable yarn length and the desired number of yarn strands. Warping is both important and difficult,
because the step requires labor and long periods of time in practice. This study, therefore, was aimed at solving
these problems by designing a warping machine which reduces the distance that the operators need to walk during
the process, rendering the warping process more convenient, less time-consuming, and less labor-intensive. This
study designed a prototype of a warping machine which relied on the rotation of a horizontal, cylindrical warping
wheel to wind the yarns. The wheel can rotate in both clockwise and counterclockwise directions. The warping
wheel contained two main moving parts, namely, the movement of the wheel (rotating) and the movement of the
ball screw with the linear guide (moving along the wheel). The utilization of the horizontal warping wheel machine
demonstrated a 56.45% decrease in the time required for warp preparation, a reduction of 66.66% in the number of
wheel operators, and a complete elimination of the distance operators had to walk during yarn warping, as compared

to the traditional warp preparation method.

Key words: yarn preparation, warping machine, horizontal warping wheel
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= Forward

Ball screw =
Forward

Limit switch 1 =

Reverse the direction
of seal manually

Motion switch
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Power swicth =

Motion switch
= Backward

Ball screw =
Backward

Limit switch 2 =

Reverse the direction
of seal manually

Motion switch
= Backward
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Photocatalytic Degradation of Rhodamine B

1

g o Jdy A v A o J dox A w a2 ] o 3
WIANN AUNTAUNGS - DINTYNT IUNTVINE ™ BIANT UNWUTUNT ™ LT 1BUDT IULDN

Pongthep Jansanthea ', Atchariyaporn Janhongz*, Teerapat Nopnarin2 and Aimon Wanaek’

Received: 4 November 2021, Revised: 24 October 2022, Accepted: 28 November 2022

UNAALD

Y
a v

A g @ Jda o J a D J a Aa I =2
amdvsilumsdunsizizanoen lya/allsnoon lesdnouTnada (ZnO/CuO) nuaNuilukangs

< 4 4 1 aan
sazilanuuTanige lasdsennauioludeds lulasvl o U Hdudus al§asendreuaslums

q

a A @ o Yya o a a Aa I g‘l 9 Y Y o
aa1815a10uD NTEVIUMTTUATILH laglssanosmanuasalsnossanluaisasau wanlvnnuuay
a3 ° 4 {o o v ¢ J
anaznouddluasuuivase udnhluanudoudlreaau lulasnunmaslu 450 Sad Wunal 10 w19

] o a ~ g ) o 9 =
AMUAINTZUIUMI AR TNl 300 ossiaaiFed 1Wual 3 93 Tue Mansrvanbue Iasead 1awan

] J v o a 4 o 1 aaa A o N Y o a d Y a
wgﬁqmsu TAUIIUINYT !Lﬁ%‘ﬁ”lﬁ]’é)\iﬂﬂi$ﬂ’é)'iJ"U’é)\m’JLSQ‘]J;]ﬂSEﬂ‘V]ﬁQLﬂiW%‘ﬁ‘lﬂ NMMIANTICUAIYINAUANIT

4
=) [

4 a I'4 4 Jd Aa a J
@eaVUTITond (XRD), matinliEesnsmudwesudunsusadnlnlasalail (FTIR), matiandosganssan

a d

1 a @ [ @ 4 '
DIANATOUUVVADINTIA (SEM), AZINATANITIANITATLIINEINUSTITIONT (EDS) WUIHANVD

a

zno/Cu0 ulananszninuenyy Inueadedoon laduaz TuTuadiinfinoon lad nyladFu
Y

=

) o a @ I~ s o o J
Us2noURIUTY Zn-0 ez Cu-0 duguinedianvuziludasuauiudoudalvuiaeynia 0.25 x 0.47
=\ o 9 1A 4 a =Y 9 o w
luTaswas UsgenilsznouIdunaed nowas uazoondiau Usmmiosas 35.8,32.6 uaz 15.8 Awd1ay
[ J i a A { ) o aaa a 4
mIdunszyianieds lulasndawaldinaauiamaaiivaznamenwiadmivlgnser i Tauam ladnd
@ 1 aan 1 { a £ < o
YoIA 159U A381 Zn0/Cu0 U laNTauUT gnsge aAnuiundngs tazanuaiuauoveo YNNG
J @ 1

1 = a A = a9 aaa a aan
drumsanelsz@ninmnmsaarsTsaluiarelfnse T Tauam ladnduesdnssilfnse1 Zzno/cuo

o Y o a d Yy 9 a2 a oy a o
ﬂ5$1/l1§‘ﬂﬂiﬂﬂﬁﬂﬁluﬁﬂﬂaﬂiﬂ’ﬂma@ ﬂﬁ?llﬂﬁ%ﬁﬂ?ﬂlﬁ]ll"lJu"lJENIiﬂ13Ju1J mamﬂuﬂaamﬂ’ﬂmaﬁ -

"aniruadl anzinemaasiazima Tulad vAnedunrsgeasand suneiies diiagasaad 53000

: Program in Chemistry, Faculty of Science and Technology, Uttaradit Rajabhat University, Mueang, Uttaradit 53000, Thailand.
Paniwundl augazmans WuANedesrigeasand duneiios Jiniagasaad 53000

: Program in Chemistry, Faculty of Education and Technology, Uttaradit Rajabhat University, Mueang, Uttaradit 53000, Thailand.
*wniniand auzinomansuazimalulad wininedeswigeasand duneiies Twniagasaad 53000

} Program in Physics, Faculty of Science and Technology, Uttaradit Rajabhat University, Mueang, Uttaradit 53000, Thailand.

* ya P A da g A . .
@,uwuﬁﬂsxmuam lsuaidaiannselind (Corresponding author, e-mail): u61031520123@uru.ac.th



715815398 ¥HINe1aeNA 11 1ads1wunani 1% 16(1) : 164-177 (2567) 165
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Stdaannlas T Tamas w1 Zno/Cuo Tilszansammmsaarts lsaiuiifesas 80.68 Tural 240 w1

HAZUAAINOATUNIND 0.0065 ADUIN

mman: Anfineenlad, Fefdeonlud, nenInda, Tulasil, Tsaiud

ABSTRACT

Zinc oxide/cupric oxide (ZnO/CuQ) composite with a high crystallinity and purity phase without impurity
was successfully synthesized via a microwave method for use as a photocatalyst in the degradation of rhodamine
B. The synthesis process used zinc acetate and cupric acetate as precursors. The suspensions were treated via
microwave irradiation at 450 W for 10 min followed by a constant-temperature calcination process at 300°C for 3
h. The phase transitions, functional group, morphologies, and elemental compositions of the resulting synthesized
powders were characterized via X-ray powder diffraction, Scanning Electron Microscopy, and Energy dispersive
X-ray spectroscopy. ZnO/CuO crystals were found to be mixed phases of hexagonal zinc oxide and monoclinic
cupric oxide. The functional group is composed of Zn-O and Cu-O bonds. The morphology is agglomerate granular
with a particle size of 0.25 x 0.47 pm. The elemental compositions contain Zn, Cu, and O with 35.8%, 32.6%, and
15.8%, respectively. The experimental findings showed that the microwave method is the cause of favorable
chemical and physical properties for the photocatalytic powder reaction, such as high purity phases, high
crystallinity, and high uniformity of the ZnO/CuO powders. The photocatalytic degradation of rhodamine B using
these ZnO/CuO powders under UV light illumination was studied. The rhodamine B concentration analysis was
done using UV-Vis spectrophotometry. The highest rhodamine B degradation efficiency by the ZnO/CuO was 80.68

% in 240 min at a kinetic rate constant of 0.0065 min .
Key words: cupric oxide, zinc oxide, composite, microwave, thodamine B
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4
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Chemie, India) taz 1513 Ul (C,H,OH, 99.9%,
) (% [ I'd
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Y
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a 4 1 4 A o w g‘/ 9

pond laG0619auysal taziiefsaaIsAIAY
1 a = A k4
FIUNUNIYAD (Jansanthea e al., 2021b) 9 14
a [ o 3 1 % 4
Han AT UAG ZnO/CuO aIUMITUATIEN ZnO
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a Q‘{ [ 4 a J a
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A5Y MnHwIaleg1endunI 1Y 1A llas1am
@ 9 d' a 4 ci’
anazmne lagl¥iaTeans 1L NI51ag 1 U
Iy I~ 4
YOITIALONE (XRD, Bruker, Advance D-8, USA),
4 4 J a a 4
wyeeyizeinsunesudursusamilnlasiines
(FTIR, Perkin Elmer, Spectrum RXI, England),
Ja [
NapIaNIIMiolanAToULULADINTIA (SEM,
JEOL/JSM-5410LV, Japan) LaztA3043AN5N5£18
[ [ 4
WEWUSIF 0Ny (EDS, Oxford/IncaPentaFETx3, UK)
=4 a a = =
nsAnEIlsansaInnIsaatelsaiuil lae
aaa a 4 o
Ufnsen Il Tauamladnd asrvaenlaesi
Aaaa I'4 a Aaa
UgnserluSueamasvuia 100 adans
Usznoudrsasazarslsaiui 5 Haansudo
ans USu1as 50 adans nazanslfnsern
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Funsiei la1f5ua 0.05 N3y (1 ASuADART) Tae
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G6W, Japan) 314U 2 1A 90219 1ULUIAING
v
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¢ o o o .
wosaziildSuaunanisaady (Adsorption-
. eger . Yy [ a I
Desorption Equilibrium) A1en150051 Tatinidu
~ g 2 AA g A
1721 30 W19 v Eluniiadluna 30 w1
o aan 4
lumsihlgnseisuenmeiszgnniunasniial
Y A g 3 o ' a
AEIATBINIULNIMANUAZINUA2981915 1105 3
Uadans N0 9 30 UIN HALNIDINIUAINT B4
a o
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Yy 9 A A w1
HYIUABEDON ANMTNTUYBY 1A NUTITAn1 TaY
Td1a5098an51 10 Toaa-3qbaalnlas v a
a 4
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(Jansanthea et al., 2021a)
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v 1UfAT e zn0 nufinudniiiszuums
L%EJ?JHJ‘L! (100), (002) uaz (101) ﬁ 31.85°34.552°
1Az 36.358° AIWAIAY AR IATIAS WHANYBIEN
oz Tnuea zn0 enf3eufeuiudeyainasgiu
JCPDS viu@tav 01-089-7102 (Yousaf et al., 2021)
JUupY XRD ¥93d3 91581 CuO UiNnHdnved
Taseadrmanuun Ty Tuadtin CuO uaaIsEUI
MS@EAVU (111, (111) uaz (-202) 7 35.74°
38.95°ua% 49.21° mua1ay TagnfTeumeuny
foyan1AT§1W JCPDS HN101AY 00-001-1117

(Nabila and Kannabiran, 2018) R RIERE] a nN387
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TuTuaaiin cuo Fliwan1Inaaodaonndoan
Aa o { o 4
91U278UD9 Chang ef al. (2013) NHUATIZH
at 4
Zn0/Cu0 Tav35 laTasmoesnoa soanaNgIvoa
~ Vo VAo SN YA 3 =
ANUAAIIAIBE1NTUATIZH bauANUT UKEAN
1 =\ A’ 3 =
g9 uaz lunuiindu 9 vesasuwilon naasds
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ANUVTENTYoUNT FIdUUAAINA1ITINA
Tagaseaoszansnmvesdnsalulgaseninla

uan ' lafnd (Das and Srivastava, 2017)
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3. msanznnylanFudamaiingiSeinsua
esudunsusaanlnlnsaladl
msaazHuyTanFudomaiiayizos
nudesudursusasalasalatlveadnia
UiAsefidunsizi 181us99 400-4000 Ao
Iufiuas Nguugives nauaaidanIng 2
F0619 Zn0 V3 q03 UsngRinudnuanaiuse
Zn-O 419 1Y 448 AOIFUAIUAT (Chitra and
Annandurai, 2013) @3UA29814 CuO ﬁqw%ﬂsmg
FANManIAAITUEE Cu-O N 498 AT 602 AD
LY UALNAT (Karthik ef al., 2011) HagAI0E19

ZnO/CuO Y3 1NYNNTN 436, 450, 498, 602, 1406,

(%)

MIABINIU

COy>

ZnO

ZnO/CuO

1562, 2859, 2929 LAY 3414 ADIFUANAT FAAA
WUTLUDY Zn-O N 436 1A 450 ADIFUALNAT

WUTLUDI Cu-O N 498 LAY 602 ABDIFUAINAT
A v
UONINUTINVWUTZUDI CO,” N 1406, 1562 AD

a =2 o 1% A (2 1
uAas sainezilsing luanlnasuiodiegis
a J J a
vounaiayFosniudrosudunsusaaninlas-

alatlomasounazialue1nia (Sundar et al.,

QU

2018) @IUNNT 2859 1AL 2929 ABDIFUALNAT LAY

=

[ 9 H
vWandu c-H Faudull 1§ faanamsasdui

] Jd o o
maeo nazuy ey -oH d1usaduna lan
AI1UD 3000-3500 ADLEUALNAST (Chitra and

Annandurai, 2013)

400 900 1400 1900

2400 2900 3400 3900

& ' a
unay (ABIFUAINAT)

MW 2 FTIR alansuvesdnsalgnse

a d o a 14 a 1'%

4.mMs5AszvdugIuIneIdramaiiandes
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1 o 1 aaa A o S ¥
30000 1911 YoIA AT IUHATeNdUATIZH K WA
HAAIAININA 3 DYNAVDIANTAYNTE ZnO I
o F) S A o o g Y .
dnuuzamomaaisdudndudou (Abdollahi et
al.,2021) HyuraoynIn 0.19 x 0.45 lulnsiuas

J @ 1 aan @ I § [
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113535208211 19 T ¥0 97190 AR NIE Tuuia
I < %
aumatlunaaszauu Tuuas (Hwa et al., 2019)
o [ aan = I
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< ° v & Y]
Waaduayon1zn Ui uneuIuIa 0.25 x 0.47
é [ @ a Y A @
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SEM HV: 15.0 kv
SEM MAG: 30.0 kx

SEM HV: 15.0 kv
SEM MAG: 30.0 kx

SEM HV: 15.0 kV

SEM MAG: 30.0 kx Det: SE

WD: 9.93 mm

2pm
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RUAEM Sc MJU

VEGAS TESCAN|

VEGA3 TESCAN|

RUAEM Sc MJU
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5. mIRNzHsIgenszneudiamaiinmsia
MINTZNENAINHT TN
MIAATIEHIIReIRIzROURuMAiln
M5IANTNTEIENAINUTITIonF Vo IA 1T 9
U§A301 manaasdanini 4 Eps anlaniuuos
zno uaaslififiuinisindenzd (zn) nazsig
2OATIIU (0) (Yang et al., 2021) 1D upafilszney
Ysuiudesay 67.0 way 15.0 mud1dy lag
B518IU Zn:0 1MAD 1.03 : 0.93 viselszana 1:1

MUNYHY dIUANIIPNTE1 CuO U1NDINAY

(Cu) uazs1goonduiluesflsznoy (Hwaer
al.,2019) 51asosas 62.5 uag 17.3 Aua1a
Tudas1eI1 0.99 : 1.0 agan31l[N381 Zn0/Cuo
Tavliodsznouveesigdeny @ nosuas uaz
o USuiaseeas 35.8, 32.6 uay 158
AuaIAU uaﬂmﬂﬁﬂxwum@ﬂm (Au) MI VDY
(C) wazsaneau (Si) if}wmmmm%mmim%’
indeudas alfaseniioldinanisi I s1q
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j’ d' a 4
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0.8 Photolysis
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1N s UszanammsaaisTsan
UuTve @159 0381 ZnO/CuO, ZnO, CuO,
waz Tl Talada fussdnnmmsanivegiisos
Az 80.68,71.4, 63.19 11ag 11.4 A1UA1AY dIU
%aumﬁm%’ﬂmﬁﬂﬂﬁﬁ"%m (Kinetics) @94 1agn15
WABATZN I In AJA, AU1IAT (Jin ef al., 2016)
(M 6) sasimsaatelsaiuiiveadaigg
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[} @

I J o
gogaare Ismiuiilulimungeausmansouau

]
S

i 1 (First Order) (Mukwevho et al., 2019) 1799
fas1vaumansgagau191ndnsslfns o
Zn0/CuO TagiTead 19 UANUAINITOUDINITITI

4
Ugnsor T lauanladndvesdiodralaaail

a [~
Zn0O/CuO > ZnO > Cu0 > 1 1a ladea Tagazifiu
Y a a = =
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Fouaz 9.28 1AL 17.49 MNAIAY azlAIAINEAT
a I 1 a H
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152aNTNINAITE08AD18VD9 ZnO/CuO AN
ZnO tiag CuO M1z 1NMsiiagunon Tnaanuy
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ad o Yya 3 [
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v A @ 1 o aan o 4
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290 14 (Chen er al., 2002; Li and Wang, 2010)
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etal., 2020)
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ABSTRACT

Musa acuminata cv. Gros Michel is originated from the Southeast Asia region. It is considered as an
economically important fruit tree in Thailand. The suckers are commonly used for propagation and plant tissue
culture for increasing new pathogen-free plants and genetic uniformity. This research was divided into 2
experiments. The first experiment investigated the effectiveness of different concentrations of sodium hypochlorite
on surface sterilization of sucker including treatment 1 10 % NaOCI followed by 5 %, treatment 2 20 % NaOCl
followed by 10 % and treatment 3 30 % NaOCl followed by 20 %. The second experiment examined 4
concentration levels of BA at 0, 2.5, 5.0, and 7.5 mg/l. The results revealed that NaOCI at 30% followed by 20%
showed no statistically significant difference in survival (100%) compared to NaOCI at 20% followed by 10%
(91.67%) after one month of cultivation on MS medium. In experiment 2, at 0 mg/l BA showed the best growth in
terms of plant height, leaf length, leaf width, and root length at 6.60, 5.82, 2.47, and 11.27 cm, respectively after
three months of cultivation. However, multiple shoot formation was not obtained after culturing for 3 months. The
culture medium with 5 mg/l BA could induce multiple shoots, with the observation of four new shoots after culturing

for three months.

Key words: Musa acuminata, plant tissue culture, sterilization, benzyladenine, multiple shoot induction
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ABSTRACT

Sandy beaches are hotspots for accumulation of marine debris from direct human activities as well as those
transported by the wind and currents. Plastic is the most common type of debris found on beaches, and this plastic
debris can be divided into 4 different size classes: macroplastic (MAP, >25 mm), mesoplastic (MEP, 5-25 mm),
large microplastic (LMP, 1-5 mm), and small microplastic (SMP, <1 mm). In this study, we analyzed the amount
of plastic debris in the intertidal zone of 3 beaches in Rayong Province: Ao Makhampom, Suanson and Maptaphut.
The results showed that different areas had significantly different amounts of plastic debris (p<0.05). The greatest
amount of MAP, MEP and SMP was found on Ao Makhampom beach; most of which were fragments and fibers.
LMP, however, were most commonly found on Maptaphut beach; most of them were polypropylene pellets.
Interestingly, the vast majority of fiber type -LMPs were polyethylene and were likely from fishing nets and ropes.
On the other hand, most of fiber type-SMPs were made of cotton blended with other synthetic polymers, rayon and
nylon. These small fibers were perhaps from clothing and laundry activities. The relationships between MAP and
SMP (r = 0.642) on all 3 beaches, and between MEP and LMP (r = 0.719) for Suanson beach were found. Such
relationship between large plastic debris and microplastics could be used for rapid prediction of microplastic
contamination on sandy beaches. In addition, a correlation was found between the microplastic content in sand
sediments and in stomach of moon crab (Matuta victor) (r = 0.882), indicating the possibility of using moon crab

as a bioindicator of contamination of microplastics on sandy beaches.

Key words: marine debris, plastic, microplastic, sandy beach, Rayong
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%18 macroplastic (MAP)

% vz mesoplastic (MEP)

% vuz large microplastic (LMP)

% vez small microplastic (SMP)
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Macroplastic masuzvINilew

miaaIuau

WIANIUAINA

polyethylene plasticized #2, polyethylenimine, poly (styrene-co-
divinylbenzene), thymolphthalein,

polypropylene, polypropylene+poly (ethylene:propylene)

poly (ethylene:propylene:diene), polypropylene+poly
(ethylene:propylene), poly (styrene-co-

divinylbenzene), thymolphthalein, polypropylene+poly
(ethylene:propylene), polypropylene

polyethylene medium density, thymolphthalein, poly (dimer
acid-co-alkyl polyamine), nylon

> 90% cotton, polypropylene waxes

Mesoplastic 181Nz Uil

miaaIuau

WIANIUATNA

polyethylene medium density (2), polyethylene plasticized #2,
polypropylene+poly (ethylene:propylene), poly (styrene-co-
divinylbenzene), thymolphthalein, polyethylenimine
polypropylene, polyethylene, thymolphthalein

nylon > 90% cotton, poly (carbonate urethane), thymolphthalein,

polyethylene (3)

Large AR AR I LY

microplastic

miaaIuau

HIANIUATNA

Polyethylene wax: low density, polyethylene medium density
(3), polyethylene, polypropylene

+ poly (ethylene:propylene), rubber fiber, polyethylene
plasticizer #2, poly (carbonate urethane),

poly (propylene:ethylene), novolen

color masterbatch polypropylene + white pi, polyethylene
plasticized #2 (3), polyethylene

medium density, (3)

polyethylene plasticized #2, polyethylene medium density (3),
poly (carbonate urethane),

poly (styrene-co-divinylbenzene), polypropylene (3), polymer of

2,2,4,4 tetramethyl-7-oxa-3, 20-d, nylon > 90% cotton
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puNEaan mansg Uszianindmos
Small ﬁWﬂE)'TJiJz"UHJﬂEHJ cotton fiber+rayon 95% elastan 5%, cotton 80%, cotton 33%
microplastic rayon 49% nylon 16% elastan,
cotton fiber, cotton
HIATIUAY cotton, cotton/rayon/acrylic, poly (ethylene terephthalate), fabric
poly (ethylene
terephthalate), cotton, agave (2), cotton 33% rayon 49% nylon,
16% elastan, cotton+polyester
HIANIUATNA cotton/rayon/acrylic, cotton 33% rayon 49% nylon 16% elastan,

nylon
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, - Macroplastic = Mesoplastic  Large microplastic ~ Small microplastic
mianag naunaIaan
(MAP) (MEP) (LMP) (SMP)
nAo Macroplastic 1 137 115 442
yzuilow Mesoplastic 137 1 .550% -.503
Large microplastic 115 .550 1 -213
Small microplastic 442 -.503 -213 1
naaIuau Macroplastic 1 -.091 -.060 236
Mesoplastic -.091 1 719% =313
Large microplastic -.060 719% 1 -435
Small microplastic 236 =313 -.435 1
MIANIUATNA Macroplastic 1 -.162 158 .549*
Mesoplastic -.162 1 =271 -.424
Large microplastic 158 =271 1 .140
Small microplastic .549% -.424 .140 1
37U Macroplastic 1 226 011 .642%
Mesoplastic 226 1 237 -.167
Large microplastic .011 237 1 -.237
Small microplastic .642% -.167 -.237 1

13 o d o ] v o @ aa
* Panuduiusnvedaliisd Ay neada (p<0.05)
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ABSTRACT

This research aimed to 1) survey the behavior, potential and need of the elderly for healthy tourism in
Khao Kho District, Phetchabun Province, 2) develop a semantic web that is suitable with the elderly for supporting
the healthy tourism planning by using the ontology and the content-based filtering, and 3) assess the users’
satisfaction toward the semantic web. The samples classified in 2 groups include 384 elderly people who traveled
in Khao Kho District according to Cochran's formula by using the convenience sampling for surveying the behavior,
potential, and need of health tourism and 30 elderly people who were selected by the purposive sampling method
used to assess the satisfaction toward the semantic web. The results found that most of elderly travel for relaxing,
suffer from the potential body and the technology using skill problem at a high level, and have an opinion that the
semantic web’s defined functions is necessary at a high level. The semantic web’s functions consisting of 4 parts
are 1) searching the semantic tourism places, 2) giving the tourism data’s rating and processing the content-based
filtering, 3) mapping the node name and attribute name between the ontology and relational database with the API
mapping tool in the level of class, property, attribute, and value, and 4) displaying the tourism recommendation.
The semantic web’s performance in recommending information has F-measure of 94.7 % . The elderly have

satisfaction toward the semantic web at a high level.

Key words: semantic web, ontology, content-based filtering technique, elderly, health tourism
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T: Transportation

To: Travel on R: Route

P: Place
A: Access

Ontology

<>

@ =[‘Bus”, “Private car” ‘

Semantic Rules |
?P hasP_name String W:\
1

@ = “Route12” “Safe”

@ = Phathatphasonkaew temple

7R hasR _name String
7R hasR_state String
?T hasT _type String

?Privare car To ?Rotel2 A ?Phathatphasonkaew temple

Tourists

Content — based filtering (with knowledge
mapping)
- Retrieve semantic data from ontology
- Input voting to related attraction classes from tourists
- Create user’s profile of related attraction classes
- Calculate and select higher weight attraction classes as
recommended classes

- Map recommended classes with tables in the relational
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ABSTRACT

Sorption isotherms of mussel and Hom-kradang-nga rice snacks were determined at 35 °C and 45 °C with
a controlled humidity system using a saturated salt solution with aw ranging from 0.2 to 0.9. It was found that the
equilibrium humidity of the product increased as the aw value increased at constant temperature. The characteristic
shapes of the curve plotted between moisture content and aw values of snack were sigmoid. GAB mathematical
models highly correlated with the experimental data of the equilibrium moisture content of products at 35°C and
45 °C. The SEE values were 1.10 and 1. 13, respectively, and the R’ value was 0.99. Additionally, L* color and
hardness values decreased during the 4-week storage at room temperature (p<0.05). While moisture content and
aw tended to rise (p<0.05), a* and b* color values were not significantly different (p>0.05). Furthermore, the
product was safe for consumption because the total microbial count was less than 1x106 cfu/g. The yeast and mold
content did not exceed 100 cfu/g. The snack product received an overall liking score in the range of 6.70- 7.10 (out

of 9) indicating a slightly moderate liking.
Key words: Sorption isotherms, quality change, snack
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ABSTRACT

The purpose of this study was to determine the effects of wheat flour substitution with Sungyod rice

flour (0, 40, 60, and 80 by weight) and maltodextrin (0, 30, 50, and 70 by weight) on physical qualities (color

value and texture testing), chemical qualities (humidity and fat) and sensory testing of cookies. It was found that

the increasing amount of Sangyod rice flour resulted in a decrease of L* and b* values, but an increase of a*

value and hardness of cookies. The sensory values in terms of color, flavor, taste, crispness, and overall liking had

significantly improved (pS0.0S). Consumers showed the highest preference score at 60% of rice starch.

Increasing maltodextrin content in cookie product did not significantly affect the color values (L*, a* and b*) and

the moisture values (p>0.05). The hardness value will increase significantly (pS0.0S). The substitution of

Maltodextrin at 30% in cookies received favorable score in taste and the highest overall preferences (8.18).

Key words: Sungyod rice flour, maltodextrin, cookies, wheat flour, healthy food
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ABSTRACT

The present study was about the comparison on growth of Neck orange (Citrus reticulata Blanco) on five
Citrus sp. rootstocks containing with Native pomelo (C. grandis (L.), Thongde pomelo (C. maxima (Burm.f.),
Citron (C. medica), Kaffer lime (C. hystrix), and Bitter orange (C. x aurantium). To evaluate the suitable rootstock
for Neck orange production, five-year-old Neck oranges were grafted with five different Citrus sp. rootstocks in a
cleft method. It was performed by cleft grafting with branches that were 5 years old. The sample plants were planted
in 17-inch polybags for 7 months at the Fruit Department of Plant Science, Faculty of Agriculture, Rajamangala
University of Technology Srivijaya, Nakhon Si Thammarat Campus. A completely randomized design (CRD) with
five replications and four trees per representative was used for the experiment. The result showed that rootstock of
Bitter orange generated the highest average plant height, 40.31 cm, with a significant difference, followed by Kaffer
lime, Native pomelo, Thongde pomelo, and Citron, at 38.44, 38.32, 37.15, and 21.68 cm, respectively. In the case
of scions’ height, the rootstock of Bitter orange gave the highest of average height of scions (23.30 cm), followed
by Kaffer lime, Native pomelo, Thongde pomelo, and Citron, at 21.75, 21.74, 15.67, and 11.30 cm, respectively.
In addition, after 7 months of cleft grafting, the highest number of branches per tree of Neck orange was found on
the orange tree from a rootstock of Bitter orange. It was 4.47, and the next highest numbers were 4.45, 4.40, 2.64,
and 2.42 branch/tree for Kaffer lime, native pomelo, Thongde pomelo, and Citron. Therefore, Bitter orange is a

superior rootstock choice than Citrus sp.
Key words: physiology, Neck Orange (Citrus reticulata Blanco), rootstock, citrus
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Table 1 Temperature, relative humidity and rainfall during the experiment.

Weather Year 2017 Year 2018
December  January February March  April May  June
Temperature (°C) 27.95 30.23 32.12 32.99 30.25 33.52  33.88
Relative humidity (%) 87.95 87.92 84.21 80.42 81.12  83.69  81.28
Total rain (mm) 607.50 226.60 110.28 11470  112.40 109.50 110.00
Average per day of rain (mm) 19.60 3.93 3.70 3.74 3.53 3.66

11 : Meteorological station (2019)
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Table 2 The average of plant height (cm) of Neck orange on various rootstocks after cleft grafting for 7 months.

Rootstock Plant height (cm)/ Month Average
1 2 3 4 5 6 7
Native pomelo 28.30"  31.60° 32.50° 35.70"  42.03°  46.24" 51.91° 38.32"
Thongde pomelo 28.56°  29.13° 3096 35.53" 40.83" 44.03"  51.05 37.15°
Citron 16.65°  16.70° 18.74° 20.01° 24.80° 26.32° 28.54° 21.68°
Kaffer lime 28.56"  30.76° 3395 3631° 4386 46.41° 49.8" 38.44°
Bitter orange 29.63°  30.26° 32.13" 3555"  47.43"  48.64" 58.54" 40.31°
F-test . - . sk sk . . sk
C.V. (%) 7.02 2232 1823 1779 2293  23.02  27.11 15.68
** = significant at 0.01 level
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Table 3 The average of height of scion upper stem (cm) of Neck orange on various rootstocks after cleft grafting

for 7 months.

Rootstock Height of scion upper stem (cm)/Month Average
1 2 3 4 5 6 7
Native pomelo 1053 13.50 16.30°" 19.16° 24.56” 29.79% 38.39° 21.74°
Thongde pomelo 1036 12.08 16.93° 21.25° 2563 28.65° 37.36° 21.75°
Citron 8.58  9.58 9.64°  1034° 11.57° 1435° 15.10° 11.30°
Kaffer lime 840  8.63 10.88" 13.66" 2040 22.48% 25.65% 15.67°
Bitter orange 1033 1229 14.16° 20.50° 31.21° 32.34° 42.28° 23.30°
F'test ns ns kk kk kk kk kk kk
C.V.(%) 2072 1932 2772 29.15  31.03  29.77  26.15 18.51
** = gignificant at 0.01 level
ns = non-significant

value follower by different letter are significantly different according to DMRT

Figure 1 Characteristic of plant height and height of scion upper stem of Neck orange on various rootstocks after
7 months of cleft grafting. : (a) Native pomelo, (b) Thongde pomelo, (c) Citron, (d) Kaffer lime and (e)

Bitter orange
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Table 4 The average of lower stem diameter (cm) of Neck orange on various rootstocks after cleft grafting for 7 months.

Rootstock Lower stem diameter (cm)/Months Average
1 2 3 4 5 6 7

Native pomelo 049 052" 065° 069"  0.69°  0.69"  0.69 0.63
Thongde pomelo 0.57 0.65° 0.73° 079  0.86° 088"  0.89 0.76
Citron 044 055 056" 059" 0.60°  0.62°  0.62 0.57
Kaffer lime 051 057 061 064" 065" 067"  0.67 0.62
Bitter orange 0.54 058" 061" 0.67° 069" 070"  0.70 0.64
F-test ns * * *% ** *% ns ns
C.V.(%) 448 947 2463 2256 23.06 2520 25.32 12.58

* = significant at 0.05 level

** = significant at 0.01 level

ns = non-significant
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Table 5 The average of upper stem diameter (cm) of Neck orange on various rootstocks after cleft grafting for 7 months.

Rootstock Upper stem diameter (cm)/ Month Average
1 2 3 4 5 6 7
Native pomelo 0.30 0.36 0.39 0.45 0.45 0.47 0.47 0.41
Thongde pomelo 0.30 0.31 0.43 044 047 0.48 0.49 0.42
Citron 0.29 0.30 0.30 034  0.39 0.40 0.40 0.32
Kaffer lime 0.31 0.33 0.33 0.38  0.38 0.40 0.51 0.39
Bitter orange 0.35 0.37 0.38 040 042 0.45 0.47 0.41
F-test ns ns ns ns ns ns ns ns
C.V.(%) 11.13 1433 2892 2596 2527 2824 31.16 21.32
ns = non-significant
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Figure 2 Characteristic of number of leaves per tree of Neck orange on various rootstocks after 7 months of cleft

grafting : (a) Native pomelo, (b) Thongde pomelo, (c) Citron, (d) Kaffer lime and (e) Bitter orange
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Figure 3 Average of number of leaves per tree (No.) and number of branch per tree (No.) of Neck orange on

various rootstocks after 7 months of cleft grafting.
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ABSTRACT

This research aims to design bamboo wardrobe furniture products by applying Kansei engineering
techniques and to create an idea for designing wardrobe products that can respond the behavior and needs of
consumers. Initially, the survey data were analyzed by using quantification theory type 1 (multiple linear regression)
in the form of a forecast equation for expressing the relationship between Kansei words and product characteristics
to make a new product model. This study revealed the bamboo wardrobe products are designed and developed the
product characteristics in the area of use, the material used to make the plates on the wardrobe, the opening style of
the door, the appearance of the wardrobe, and the structure of the wardrobe in accordance with the emotions,
feelings, and needs of consumers. The results of this study showed that new wardrobe products developed product
characteristics in line with a sense of identity, which has the greatest impact on consumer satisfaction. The average
satisfaction score is 4.50, which is good. Additionally, it was found that this research serves as a guideline for

helping designers to design new products that can better respond to consumer behavior and needs.

Key words: product design, wardrobe, kansei engineering, bamboo
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