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ARTICLE INFO ABSTRACT
Article history: An acetic acid bacterium, Nguyenibacter vanlangensis AR-
Received: June 20, 2022 R3 was isolated from rice rhizosphere and exhibited nitrogen
Revised: August 16, 2022 fixation as well as plant growth promotion properties. In addition,
Accepted: August 22, 2022 the bacterium can produce exopolysaccharides (EPS) to promote

Available online: September 8, 2022  nitrogenase activity in the bacterial cells. These research objectives

DOI: 10.14456/jarst.2022.13 were aimed to purify and characterize EPS generated from an acetic

acid bacterium, N. vanlangensis AR-R3. The pure culture was

inoculated in Glucose-Yeast Extract-Peptone (GYP) medium broth




Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022

ISSN: 2773-9376 (Print), 2773-9473 (Online)

Keywords: acetic acid bacteria,
exopolysaccharides (EPS), Column
Chromatography, Nguyenibacter

vanlangensis AR-R3

(2% Glucose, 0.5% Yeast Extract, and 1% Peptone). The obtained
culture supernatant was concentrated using a rotary evaporator,
and then crude exopolysaccharides were precipitated with
absolute ethanol. Crude polysaccharides were further purified via
DEAE- Sephacel Column Chromatography and Sephacryl™ S-400
Column Chromatography, respectively. According to the results of
the study, exopolysaccharides purified from N. vanlangensis AR-R3
exhibited 4 average molecular weight sizes (Mw) of 2.180 x 10°,
5.638 x 10°, 5.523 x 10° and 1.990 x 10° Da, respectively. Sugar
composition analysis of all 4 polysaccharides revealed the same
composition of two types of monosaccharides, glucose and
mannose. Regarding to purified exopolysaccharides from N.
vanlangensis AR-R3 had molecular weights and monosaccharide
compositions difference from other acetic acid bacteria reported so
far. Thus, exopolysaccharide purified in this research would be a

novel polysaccharide.
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wnlanedudnailsadudu (Crude EPS)

4.3 prsuend nlanedudnalsamae
poauulasulang W (Column Chromatography)

4.3.1 lon-Exchange Chromatography

nsuendnlanedudnailsamelasunle-
nyluuukanAsuUszuiln DEAE-Sephacel Tag
11198 DEAE-Sephacel 1A usnwianiniaalilu
asavanelufoy lensenlonmnududu 0.1 wosda
wansazanwaulaina mntdudnaeadienisiiiuii
nduatluluysinasnn 9 auli wansyatediuds
Ugoefislil¥iannmsneuy ansavaneaulains vin
mMsdaeatiniansieduaueatianimdunans
(pH 7) antiuUSuanmaasisasazanensalelns-
AaosnAMuLY 0.1 uadila Tnodaiald 30 unil
&awadethndulsinannn o Wuieaiunséns
Aretrefuaueaiianimdunans (pH 7) aantiush
nsussRaadtupedutLii (81.6x20 cm) Usuns
30 fiaaans neldonsinislua (Flow Rate) 1 Tadans
el MntuhnsUSuanw (Equilibrate) taalu
ARRALLUAITETaEANY Tris-HCL (pH 8.5) AULTNUU
25 fadluans aunseiuaadien pH windu 8.5
nvutieg1vasazarod nlanedudnanlse
Wty (Crude EPS) 91nnnsmaaestof 4.2 uluan
uneduiisesnsinisnasenandradu vinms
Wiusegsanmedui vasnay 5 Tadans Lﬁa??uqm
nsTnandaeg19 91nturin1sa1anedudday
grlwlesianlulsunng 2 whweslsunsaoauy e
9IN5VEA190E1999NINADANUMBAITAL A
lwinsunaslsnaududu 0.5 Wans luusuins
3 whwesUSnsaeduy antuthfmedduusias

MA8ALIATIVIAAINTAANAUARULEINIAILETIAGY
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240, 260 kay 280 WUNLULIAT WATASIDILATIEH
Usuaumslulawmsnlaesiuaieds Phenol Sulfuric
Acid [19] LLé’amaai’mwmiamﬂﬁuﬂ?{mmﬁmm
8198 Y 490 wilulwng MUEIFU Y155V
waenfogreiifidnlanedudnenlsdidnde fuves
wiaziia ntwhnsaneznowdlawedudnanlse
Yoaudaziia muisnislude 4.1 1 evhnisuen
3avislutunousioly

4.3.2 Sephacryl™ Column Chromatography

19899 A Sephacryl™ S-400 Resolution
(Amersham Biosciences) fiviusnwnaninaalsly
A1958%a19L0VTUBAAINULTNTY 20% UINLN
ansavanvdnlafis andudraeadetingu auli
lwansyaeiudvaesi<3ldaannnznou w
ansavanvdulafis ¥n1sans lwanu3snisinedy
23 a3 mmfuﬁ’]mwﬁagmamaé’mﬁ XK (id. 16 mm:
XK 16/100) Inguf UAnuAuuziinves Sephacryl™
GE Healthcare Bio-Sciences AB Lagvinn1susuann
walunedudin 2 wiadeansazanelufiounaolss
ALY 0.1 wasila Ingldonsinisiva 22 Aadans
fadalus WWunan 24 2lug

4.3.3 msluandegadnlenedudnailse
Wuduaslumadul

ansazanddunes EPS Pl uasiin (Peak) 71 1
Pnmsneaested 4.3.1 Ysums 1 fadans thulvan
ARaa e Sephacryl™ S-400 Colurmn Chromatography
(4.3.2) Fdnsnsiva 22 fadanseedalus ant
Mn1svzaeansazaslafsunaslsnaUL Ly
0.1 yosia lnuiAudleg1avannay 2.2 Tadans
AnanulnslidvesneduiaienisinAIn1sganiu
AAULATIAUETIAAY 240, 260 Waz 280 WITWLAS
waznTIBATIwUTINamslulawsalaesanlunn
naeAA2835 Phenol Sulfuric Acid [19] WA TAAN
mi@ﬂﬂﬁuﬂ?{uumﬁ'mmmaﬂ?{u 490 W lULUAS

NFIRINUUIINISAUTIUTILNABARIDE 19RO -
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NoAWTNALSALT 198U LaTANAZNBUA

A158¥a780N WAL U MU NNST0 4.2 waY

avangnznaudnlanedudnalsandusieiindulu

YSumstlon 9 in1Insadasgiuiunaulisiu

[18] wazAslulawnsalaesiu [19] voudnlawad-
< & a £ 2 W |

wdnanlsnusans wasudtegalildlunisveass

Jumausa

5. MINTIVAATIFVONAUTENBULINIA LN AL
#9835 Thin-Layer Chromatography (TLC)

mansTinsissUsznauiinaliana
W eaeaeds TLC vhlneiansazanesiog 108 nle-
wedudnanlsdu3avsiilsdanmeeassdei 4.3.3 i
ynslelasladluanmefivnsaudsasazanonsn
Insngeelsezdin (TFA) mududugavingviniy
2 uesda (IneuSung) luvaeaudlwndes dalduu

=

Tupsesliirugou (Heat Block) fimaumnil 121 eer-

q U
v

wadea Wunar 2 9909 3niusemensa (Co-
Evaporator) 890 3-4 ﬂ%ﬂé’qat,ﬂ%"aﬁmaqmyaﬁmﬂ
(Speed Vacuum Concentrator) autduna1audingia
Ainneiosdusznourenimialuanaiisifeis
TLC (Silica Gel 60, Merck Co., Germany) T¥ansazane
51783 n-propanol: 1 (85:15 TngUsanms)
waad oufl ¥n1snsaaTiAsizvdaenisasd
ansararensagansniduty 5% luemuen Uiy
TLC Wevlugevanfoufiguuail 121 ssmwaiioa

Wunan 10 wi

6. MI9TIVAATIFY OvAUTENOUL 1A luan A €7
9875 High Performance Liquid Chromatography
(HPLC)

MMsBudunan1InTIIIATIE eIl TENaU
ihanaluanaiieivesiaedns EPS U3gnavilagis
HPLC #8ua3 89 Water Alliance 2695 Separations
Module (Water Corporation 2013, USA) Tagla 'Lgf nau

Wudve (Mobile Phase) msinslva 0.6 Tadans
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AOUY LATATID

Detector (RI) IngiUSeuliisuivinananglaa uaz

wiuluaunsgu tngldaniizveanseddun1sng

v

UAYYUNIY Refractive Index

FASIEVRFAILUAIS1N 1

M13197 1 annglunmsnmadesiziiiaialuana

Welaeds HPLC

4

Parameter

Optimized condition

Chromatograph:

Column:

Eluent:
Flow rate:

Detector:

Detector temp.:

HPLC Waters e2695
Shodex SUGAR
SP0810,

Column Size (mm):
I.D. x Length, 8.0 x 300
H,O

0.6 mL/min

Refractive Index (RI)

40°C

Column temp.: 80°C

Injection volume: 10 ut

7. manvaaanTIzihminluana

mAnreimiiluanaveudnlanedudn-
alsddiusnu3ans 91nnisnaaseton 4.33 i
AN98EANUUINTOWNILNTLATBNTBWUIA 0.22 luATou
Aszsivdviinluanalaeds Gel Permeation
Chromatography freLA3as Water Alliance 2695
Separations Module (Water Corporation 2013,
usA) Tneldvndudusaee (Mobile Phase) 8031
nslva 0.6 Jadansrou?l wazas1adudeygIume
Refractive Index Detector (RI) Tnew3euiioutimin
lutananu Shodex® STANDARD (Pullulan) Type
p-82 wiinlanana (Mw) il 7.360 x 10° (P-800),
3.480 x 10° (P-400), 2.000 x 10" (P-200), 10.7x10"
(P-100), 4.71x10* (P-50), 2.11x10%, (P-20), 0.96x10"
(P-10) wag 0.61x10° (P-5) @@ W (Da) (Showa

Denko KK., Japan) lnglda@ni1aganand oslunis

ATIVIATILAA IR UMT19T 2

v

A13197 2 anzlunnsiriiasigiiininluana

a5 HPLC

Parameter Optimized condition
Chromatograph: HPLC Waters e2695
Column: Ultrahydrogel™ 2000,

Column Size (mm):
I.D. x Length, 7.8 x 300
Eluent: H,O
Flow rate: 0.6 mL/min
Detector: Refractive Index (RI)
Detector temp.: 40°C
Column temp.: 80°C
Injection volume: 10 wt

8. N1INTIVNATIEUSUIIUTAY

159939951 RUS U USRI U LA LAY
38 Lowry’s method [18] 14 Bovine serum albumin

(BSA) 1ulUsAumsgI
9. MINATILIUTUINUINIGS

A1536AS18U US UL IRNaN U laed S

Phenol Sulfuric Adid [19] Wingleahuimaunmsg

10. MmammTuwIzgeusnlanedudnailss (Specific

value)

MsMAIT TR Ld nlenedndnalsd
\Duefivsuenanuuigrivosmedudnalsd mdn
I3lnsnnsiiAUS e smua s FeUSal
TUsiuvmun feeunns

Specific value (pmol/mg) = Total Sugar (Rmol) (1

Total Protein (mg)
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NanN1sANYILaZaAUIIENa
1. NanIsHAMS N T WaAUTNAILSH

wuailiSeesdRnesaulasiau N, vanlangensis
AR-R3 s madaudaidene msilunzaudngy
Tdnandnlanedudnalsnniee1nis 3 vila Ao
Nitrogen Free Medium fifltiniaglasaiduunas
ASUBY, Glucose-Yeast Extract- Peptone, Glycerol-
Yeast Extract-Peptone #8391nnsanAznoutdnie-
wodudnanlsdeienuealith wurzneuvesnle-
woaudnanlsetedsduoims Glucose-Yeast Extract-
Peptone unfian faiuisdnidensns Glucose-
Yeast Extract-Peptone (GYP) dviuidond aile
msuanneaudnanlsdrely wazannisneaeados
\euunili3uovdin N. vanlangensis ARR3 luams
Avadewman GYP Usinas 1,000 fiaddns tuan1iy
Y9INSIABITBULUULETAINE 200 SOUSUNT
ﬁqmmﬁmmgw,%aﬁ 30 pernaides W 2 Tu
lonanandnlanadudnalsalnesiuminiy 8.769
lulnsluaneiadans dedenndosiunisseanuly
wuaiiSensslulasiau A. siamensis MTCC 40427 4
anunsondnisnlanedudnailsalusmisidsaie

WuLAEIY [10]

2. wan1suenusgusionlonedudnmilsinaes lon-

Exchange Chromatography

91015188 nlgnedud nalse Ldudu
(Crude EPS) svinlsiusgvisneaodinilasuilans il
¥1ln DEAE-Sephacel 21nN15MAABINUNATDINDE-
uwdnenlsasiuan 2 fin fie EPS PI (Peak I) Fadufia
vén wueglutimasadl 3 fa 12 Fadufinveswod-
uwinanlsndildBainnefuiaa uag EPS PIl (Peak Il
\Wuiiasedagaznuiiadl 2 eelutamviasn 91 15 Fa 25
(U 1) Faduiregrmdansvgdnefioasazane
Unlaslapsunaslsannuidudu 1 Tans wanaan

@

Wudiavasmedudnalsandaniziuiaa 1ntuyin
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AL AusIuaandIBeg1avRafia EPS Pl wagiia EPS
PIl laUSunanananlagsiuvasdnlonadudnanlss
windu 3,415 wae 510 llasiua Andunsldnduau

(Recovery) 71.1% tag 10.6% muaIRU (51971 1)

o
s
o
s

==240nm =5-260nm
~=280nm ~®=490nm

w
s

a
s

Peak Il

w
°

1 M NaCl

20
25 mM Tris-HCL (pH 8.5)
o N 10
PN N 2
EPSPI EPS PIl ’

1 13 15 17 19 21 23 25 21 29 31 3
Fraction number (5 mU/fraction)

sUR 1 InslildnsuenuSans Crude EPS #e DEAE-

Y 9

»
s

Absorbance at 490 nm

Absorbance at 240, 260 and 258 nm
s

°
°
°
s

1 3 s 7 L

Sephacel Column Chromatography

—-240nm

peak Il —5-260nm
peak Il
1.00 —#- 280 nm 1.00

—a-d%0nm

=
B
Absorbance at 490 nm

Absorbance at 240, 260 and 280 nm

pool |

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 & S0 95 100 105 110 115 120

Fraction number (2.2 ml/ fraction )

U 2 Tnslyidnsuonu3aqvs EPS Pl éae Sephacryl™

S-400 Column Chromatography

3. wamsvuignaionlaneaudnailsdlngs el

Filtration Chromatography

91nn15iRe81e EPS Pl dailunandn
ndaannisvinliuians dreaoduriuia DEAE-
Sephacel w¥iINsuENUSANS BnAsadaensHY
Aodulvila Sephacryl™ S-400 Wan15nAaDINY
nslndvesnedudnalsasiuiu 4 i arenufe
Peak | T2UTIWNVABAF88199) 35 89 40 (Pool 1),
Peak Il S2UTIINMaEARI8E 971 55 89 64 (Pool II),
Peak lll TIUsmAINVRBAFI0E9T 64 B9 75 (Pool Il
ez Peak IV ianammwaamﬁaaﬁiNﬁ 77 §4 86 (Pool
V) suddu (U7 2) Yinmssaamasnsiegidluus

azfinldusunaunandnvomedudnailsniuignd
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nauLla8TLVNAY 80 (1.67% Recovery), 1,128
(25.6% Recovery), 1,587 (33.0% Recovery), wa
28.6 (0.59% Recovery) lulaslua auasu (M99
7i 3) aziuladndnlenedudnailsafinunodud
wiln Sephacryl™ 5-400 Tu Pool I, Pool Il kag Pool

Il AW uINA31 Crude EPS A ebalatinuy

AadUR 30 Wi wansinSnlanedudnarlsarinau
Weaeanoduiudafinnnuvianiindy esan
Funeunsiulusrazaedutiannsafdalusiud
Vudleusenandedrainlisnlaweaudnadlsai

IafianuuIgvizunTu

A15197 3 MsuenuIansidnlewedudnalsdainuuaiiiseasdfin Neuyenibacter vanlangensis AR-R3

Total Protein  Total Sugar Specific value Recovery
Step of purification
(mg) (Lmol) (LlmolV/mg) (%)

Crude EPS 1,237 4,801 3.880 100
DEAE-Sephacel

EPS PI (Peak 1) 832 3,415 4.105 71.1*
EPS PIl (Peak II) 373 510 1.37 10.6
Sephacryl™ S-400

Pool | (peak I) ND** 80.0 0 1.67
Pool Il (peak 1) 9.62 1,228 128 25.6

Pool Il (peak 1) 10.8 1,587 146 33.0
Pool IV (peak IV) 2.98 28.6 1.73 0.59

*EPS PI firi1u DEAE-Sephacel LLﬁaﬁﬁlﬁU%qwéﬁaﬁaaﬂaé’uﬂ Sephacry™ $-400

**ND: Not detected

a519fl 4 dhudhluanawisveadnlanedudnailsnaieds Gel Permeation Chromatography (GPC)

Aauii Sample name Retention time (min) Mw (1de) (Da)
1 EPS Pool | (Peak 1) 6.367 2.180 x 108
2 EPS Pool Il (Peak II) 11.607 5.638 x 10°
3 Std. P-800 14.544 7.360 x 10°
4 EPS Pool Ill (Peak III) 14.938 5.523 x 10°
5 Std. P-400 15.563 3.480 x 10°
6 EPS Pool IV (Peak IV) 16.402 1.990 x 10°
7 Std. P-200 16.415 2.000 x 10*

4. 6aN15nTIVUATIIU N IANS

eundnlanadudnailsduianian
edutiuia Sephacryl™ S-400 s 4 fin fe Pool I,
Pool I, Pool Ill waz Pool IV 1nasaaiiasevitmd
Imaqaﬁw’?ﬁ Gel Permeation Chromatography

Tagley Shodex® STANDARD (Pullulan) Type P-82

13 3 2w beun P-800, P-400 wag P-200 Lu
dmiinlaananinggiu wuitusaziaduinin
Tuianatads 2.180 x 10°, 5.638 x 10°, 5.523 x 10°
Lay 1.990 x 10° aadiu muainu (gﬂﬁ 3, 57991 4)
91NKANTIINAAY Pool | kag Pool Il ifn Retention

time WU 6.367 wag 11.607 Wi Wethudnses
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dhninlaanaifeutuasuinsgiu Pullulan wui
Tu Pool | ag Pool Il ifin Retention time Hoanin
P-800 uanaindnlanedudnailsdly Pool | uay
Pool Il fuualnginin P-800 viliAnii3iase
i lanaldduduaiivszanu dedufsdesd
madenldansunsguiidminlanadiuinndy

P-800 11u"3AsEIeaL e ARk ueUINTY

5. HaMINTINAUATIVVOIE UssnoaulImaluanaiied
A5 TLC

P-200

Detector Response
Pooll
—poolll

E %Mao

e

7 ey |

T T Ty T T v
o 200 400 800 a0 1000 1200 1400 1600 1800 200 2

Retention Time (min)

3U% 3 lasulvunsuvesnsinseidminluena
voudnlenedudnailsausans aan

Neuyenibacter vanlangensis AR-R3 §1875

Gel Permeation Chromatography

5. HaM NIV AUATIFVOIE UssnauiImaluanaiied
A5 TLC
31NN1TATIVTLATIEY 03A UTENOUU AR
lutanaid ervend nlenedud nalsausgnsves
wuAlSeeEd@n N. vanlangensis AR-R3 ik UADANL

(™ 5400 97w 4 fim A Pool I, Pool

¥1n Sephacryl
I, Pool Il kg Pool IV Ime3§ TLC wud e nle-
wodudnanlsdaia 4 fin WJuwdnlonedudnanlse
wiiatgielinedudnalse (Heteropolysaccharide)
UsznawﬁaaﬂfwmaiuLaqal,?{mmﬁauﬁuﬂmu 2 %ilg
fio nglea uasuslua (3UA @) uagvinmsBudunants
NAADIT 196 UA 187D High-performance anion-
exchange chromatography (HPLC) wuinesAuseneu

umaluananeivesdnlgnedudnelsiuiansves
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£
o

N4 4 e Nan15MAaeda0nad oai UNANITNTIA
AnmeiesdUsznautmaluanaiieadaeds TLC d
wamsfnuideiinansvasowumnasluanms
enuerUsznovvesgslunedudnalsduiaduwon
203 N, vanlangensis TNOILGI" uay VTH-ACOL 714
dmaglasaduundsnivou Tnsvszneudaeuema
Tuanai eafssrdoi od Ao ylasa [11] w3y
wuRiiSe A bogorensis NRIC 03117 fildndieseaifiu
uwidsansuaudasznaudaethmalianaifien 3 in
fo nglaa wulua warwsulua uaziimdnlana
ffoundn 100 Alamadu 8] Wedsadouuaiize A
bogorensis #aetinnaglasaduundsansuaunui
annsondangelunedudnalss (Homopolysaccharide)
ianlgnuny (Fructan) 7 fesdUsznauvesiinia
Tuanaifeafivssinfedio winlaa [9] Acetobacter
fenmanunsalumsnaanedudnelsdiiuszneusae
naluanaiiies 4 wia nglaa nuanlaa wulua
waznsang lalsin lugnsauluaislngdssunn
6:2:1:1 [20] Acetobacter sp. SKU 1100 @11150HER
nodudna-ladUsznausaetnalinanaifio 3 vl
1#ur nalea nuaelaa uazusulua uazduinin
Tuanawiiu 120 Alamadiu [6] Wnlewedudnalsa
91 Kozakia baliensis f10fUsznavtraalaiana
e 2 9 Ao nglea wasnuaelng duminluana
11NN 700 Alamadu [21] TuwuailiFees@dnana
Gluconacetobacter xylinus ATCC 53524 #lén ) laa
v uuma sa1s veuausandawedudnalss wila
waglaa Fadnduselumedudnanlsdivsznausie
fiqwmaﬂqiﬂmﬁmﬁ"’wm%ﬁmﬁm [22] wonaniifawy
msnenunslfumueaduwdemnivoudmiudss
WouunitSe G. diazotrophicus Pals Fsilmnaannge
Tunsnsdlulasiau warendueglusinity (Endophyte)
uaond nlaned ud nanlsa i dunumdrdalunisli
wueiieiidnganiis (13 lnedlanedudnarlsd

fananuszneussualiianai el 3 v Ae
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nglea Muaalaa uazksiulug 23] InHamsAnyide
< P a a % A v '

ziula11n150U8 suri nveaunan 190 uwnas
msuauluomsiausdefldnandnlanedudnalss
einaran Ui sunlaasrusenaurasnedndnan-
1sA [8, 9, 11, 23]

v O Py a « a &

faulun1sAnwIn1sNanLd Nlanadungn-
AlsAv83 N. vanlangensis AR-R3 Tuauidedieag
gmsiaeanidunasmsveuiuiinianglaa wud
wuATSeanenlanadndnailsavialyi Wiosin
foeAUTENauYeNINalaNaned LasuuIAYes
lutanaveud nlanedudnailsdunns1991n
wuaSuesdRnanadufinatisiulaganieiu

N. vanlangensis TNO1LGI" hag VTH-ACO1 Fadu

wupfSeanawdeaniu (6, 8, 9, 11, 20, 21, 22, 23]

--=Front

BIL ‘M

K o

Glucose ma .
Mannose =3 . 'l

o i

sUft 4 msiisssiesd Usznavveniimaluiana
Wenveud nlawedudnalsavosuuaiise
2e¥HN Neuyenibacter vanlangensis AR-R3
#1673 TLC Wisuifsuivansazaneyina
Imaqaﬁmmmgm
@i 1. miazmaﬁwmaﬂgiﬂammgm
@i 2 miazma‘fwmaLLquuammgwu
Lauﬁ 3: Pool I

w@ud 4: Pool Il

dyuna

wuaiiiseesdRnesslulasiau N. vanlangensis
AR-R3 nandnleneaudnanlsdlsunndigelueims
Feadema GYP ﬁﬁﬁwmaﬂqiﬂmﬁmmdam%uau
Mnmsuenuiqnsidnlenedudnalsddensdu
Tasuilansi#l wudnlenedudnanlss 4 vum 7ifl
psfUsznavthmalinanadsunieutufienglaa
wazuuulua uagnuindudnlanedudnailssudia
TndunnsnannuuaiiSeanaieadud eldunas
afuauluemsidsnd osetu wedudnanlse
uFans MnuuaiiSeordfnatunsatiunAne
Anandaludiusig 9 wagirldussyndldlu

HARAMEIMT 1ASeed1919 WRBTANNIINTTUNNE

AnRNssUUsZNA

s

VDUVSURAMAIYIRATTINE ADIEIVENPNERS
W Inerduwmalulagnszaouna1suys uazaud
AUNAINUAIENIITININ @10uITeTInemans
wazmaluladuvassemelne Alviauoyesizs
Tunsldgunsainisnaaes waziad oadenis
ANPIFNENT LaTTIUILANUAEAINTRIUSURANS
WeldlunsAnwuaznimaaesaurtilianised
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volume of the baking pastry while the moisture content
decreased. The gelatinization temperature increased with an
increase in the sugar level in the formulation. Peak and final
viscosities decrease with an increasing sucrose content. Moreover,
Cookies containing 10% sucrose resulted in the highest hardness.
Sensory data on a 9 point-hedonic scale indicated that the panelists
liked cookies that contained 20% sucrose over other samples. The
cookie containing 20% sucrose showed the highest score for all
sensorial attributes (p<0.05). Therefore, the difference in sugar
content ultimately affects the quality of the baked products as well as

consumer acceptance, which is an important factor for the recipe

design of the low-sugar Khanom Ping.
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ARTICLE INFO ABSTRACT
Article history: This research aims to prepare the eco-friendly blended
Received: June 21, 2022 biofilm between polyvinyl alcohol (PVA) and cellulose (CL)
Revised: August 29, 2022 isolated from the Nelumbo nucifera Gaertn stalk using sodium
Accepted: September 8, 2022 hydroxide. Then, the stalk fiber was bleached treatment with

Available online: September 23,2022 hydrogen peroxide. The highest cellulose content was archived at
DOI: 10.14456/jarst.2022.15 21.47+1.53 % w/w of dry lotus stalk. The blended biofilms at

Keywords: bioplastic, Nelumbo different weight ratios i.e., 90:10 (PVA-CL10) 80:20 (PVA-CL20) 70:30
nucifera Gaertn stalk, cellulose, (PVA-CL30) 60:40 (PVA-CL40) and 50:50 (PVA-CL50) were prepared
polyvinyl alcohol by solution-casting method. The result of structural analysis by the
FT-IR technique indicated that the CL extraction process
mentioned above efficiently eliminated hemicellulose and lignin
components from lotus fiber. The result of a film morphology
study using a Scanning Electron Microscope (SEM) indicated that
the surface characteristic of films became rougher when the

amount of CL increased. The water absorption and water vapor
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permeability testing showed that the water absorption of PVA-CL

films at all ratios decreased compared to the PVA control film.

The percent water absorption of PVA-CL films increased with the

enhancement of CL content, while the water vapor transmission

(WVTR) rate decreased. The highest percent water absorption
(97.49 £ 0.29) and WVTR (358 g/hr. m?) were achieved from PVA-

CL50 and PVA-CL10 films, respectively. In addition, the result of

the biodegradability analysis indicated that PVA-CL films with a

high content of CL possess good biodegradability corresponding

to the water absorption property of the film.
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v Umtnags (@  Wuws(mb)  Wwidnans (@ Buwws(ml)  UFues (ml)
PVA 0.20 10.00 - - 30.00
L - - 0.20 40.00 -
PVA-CL10 0.18 9.00 0.02 4.00 27.00
PVA-C 20 0.16 8.00 0.04 8.00 24.00
PVA-C 30 0.14 7.00 0.06 12.00 21.00
PVA-CL40 0.12 6.00 0.08 16.00 18.00
PVA-CL50 0.10 500 0.10 2000 1500
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AIANBIANWUENNIYAINYBINAUTININ PVA-

CL Nn31eusing 9 uanasa U7 2
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(d) (e)
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(©) PVA-CL30 (d) PVA-CL4O0 wa (e) PVA-CL50

PNANLEASA IR a uT I N Ey
PVA-CL asnsad gl uilduldlunndnadau
anunsaasnflausenaniiliunlalagliiinnisg
uanvin Tneuiavesiidunsdauusszuasaniu

WswanunYuiloUsunaueaglaaluilauinay
MsAnwIAMaNTANELTININ PVA-CL
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cm™ Wa FT-R awlmnsy LLamﬁ’aEUﬁ' 3 1oy FTIR
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KamsiTiarmasalumagadui
(% Water Absorption) vadflduvadeu PVA-CL i
931 IUAN qimaiﬁmﬁmiwﬁimﬁmﬁﬂ TGN

@ -
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NIIAIURN

GEN % Water adsorption
PVA 151.29 £ 0.78
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PVA-CL10 92.16 £ 0.37
PVA-CL20 93.15£0.20
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PVA-CL40 96.61 £ 0.30
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nNanIINaaeIansliniuIfay PVA
gilrmgaduiigaiian (151.29 + 0.78%) Liesn
luianavesnedliiaweanased Usenaus ey

lansendadiuiuuin Jalnaaudfvevin uazildy

ISSN: 2773-9376 (Print), 2773-9473 (Online)

cL %ﬁmms@ﬂ%ﬁﬁwﬁqm \osnluianaves
cL farunfundngs vililuanavesiunsndad
Tluitdulsionn iWefiansanmwauisalunisgn
Futhwosiidudaniwwen PVACL 7ishsnausing 9
wuindeuiutas CL ity arwaiusalunisge
Futhwesiiduaniutudntos iesniidunaniia
U3ua CL 110 Auanunsalunisnssneiives
waglaaluansaransazsas ietugUhuflduass
Snvnziiuinfivguszanniy (U7 2) uaziilothildy

witliidunauuagyiliwaglaanliazaiely

'
a a

figuusdrminnisgaduinuinumleasendai
waesguaziinnisnasiuadalinnuagy vied
anwaugpanglalasiaa dwalirinnuaiuisalunis
padutiivesiidu PVA-CL fangedu (11) Tnofldu
PVA-CL50 axdien favagnageduiigean (97.49 +
0.29)

4. awanansalunisunsrnulovwesiidy

NAN15TLASIEY §RsIN1SUNT Huleti
(Water Vapor Transmission Rate; WVTR) 9837l@
VdoU PVA-CLAISRSEIusNg 9 faedsnsinsie
Taevin (Gravimetric method) Wuan 168 $7lus

(7 Tu) UAAIRIFUT 5

400
350 / g . g g g ad
s 300
§ /— = = L 3 e 3 A
250 ./I L - - - 2
'__—___.——: PN o o o =
200
24 48 72 96 120 144 168

1 (Falue)

——PVA/(L10 —@pePVA/CL20 cfpePVA/CL30 —m—PVA/CLA0

—@— PVA/CL50

JUN 5 8nnsunsiulen (WVTR) vesildn PVA-CL Tdns1diusing 4 Wiaasuly 7 Ju



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022 35

ISSN: 2773-9376 (Print), 2773-9473 (Online)

120
= 100
G
=
=
E
2 80
=
2
=3
=
3 60
2
&

e

w3 40

-5

@

=2
20

5 7 14

szyzaan (Au)

—e— PVA/CL10 —m—PVA/OL20 —p—PVA/CL30 —@—PVA/CL4A0 —@—PVA/CL50

U 6 Wesldwin1sgesaanevesilan PVA-CL fidasndiusg 9 Wenamiull 14 Ju

nan13 ARSI Huletves
&y PVACL fishsndusing o wudn Sesmsunssinu
lothwasiidumanafindanin PVA-CL fuunltiugedu
dlovariily wazdlonariiuly 48 $alus (2 Su)
Sasnisunseu lothveafiduasiSuasiiluyn
Snsndan wazivan 72 Falua gy PVA/CL10 92
Snsmsundrinulotigegn whiu 358 g/hrm’ uay
fldu PVA-CL50 axfidnsinisunsiulevean
WU 230 g/hrm? nan1snaaenansliiiudn
Usinaamedlhillaueansgeduasisaglaaluildudl
nasterdmsmsunsilotvesdidimaraindanm
nanAe Lﬁ@ﬂ%mmwaqiaal,ﬁm%u nsundrnulath
yosiiduaziiansias ilesniwaglaaduluana
fiimsinGodasiaiisiifusdou vilfieaglaad
mwmﬂuwﬁﬂqa (Crystallinity) sateUsunaes
nyilansendaluasldvomedlifiaueanegenaedl
YTunaanas yilnddunanainin mdlaudluns
Aatuntsunsniulednniudsmalid1snsnis
wnsehulevhvesiidusiias [15]

5. anuanasalunisgesaaialanig
ANV

NANTIATIZIANLETAlUNSEDYEAE
Iimatnmvesiidunnaey PVA-CLASA AR 9

Y ad a H C = 1Y v
pgIsmTiaTeaeuvindunal 14 Tu Asosay

Nsgauaa18veIildy wansdguil 6 9nn1sAnY)
AMUAILsaluNsgesaa1elanIeIn YRR AY

PVA-CL 18n5187u619 9 wudndlonaiwiuly 1 du

3

Wy PVA-CL50 agdinsgasaaslaniadianings

'
d

PNan (82.97%) wazilay PVA-CL10 aziinsgoudans

Q

fmadanmeniian (29.31%) Tasfldy PVA/CLAO
wag PVA/CL50 @runsagesaarglanuaniglutian
5 $u luvaugdifidn PVA-CL10 PVA-CL20 uag PVA-
CL30 aansadesaanglavunnigluian 7 Tu a1n
Han1sAaRsRanaLandliiuIiauNEy PVA-CL

o & as A . % A
’«mLUuWﬁN%ﬂ’]miaﬁJaﬁJamEﬂﬂLawmaimmmbﬂ

a a

ANuBuLarkuailieluiu uazUSunauvagladaly

AAuRi Uy zdewalvddudainuaiunsalunis
Ho8aa1 AN 1IN NARTUALE LHDIseNA AT

v
°

USinagaglaauinagianuanansalunisgadui

v
3 ]

49 (Mapns199 2) hlidlduanansagaaudulusu
196 wenanilwaglaadulinuaudilunistesaans

lanaginmaieadunid Jedemaliiduiansinis

YRUAANYNTININGA [24]

dyuna

nsanawaglaaainiiuludivaledie

asavarelansulansenlenuarnenuiinag



36 Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022

asazaslasiauilesoonladidunszuiunisidl
Uszandnmlunismdnedigaglaauaziniueen
NniduleliA rrfevaznandnvoasaglaadile fidn
WAy 21.47 £ 1.53 Adugan1muay PVA-CL 7
Samdausing 4 annsadusuiduliduldfaeisng
naodususiisarsarats lnoifinnisaieiusy
segnIeaely PVA uay CL Suduldainuanis
Ainnwiishemada FT-R Wewiuuuna CL Tuildy
awhliiuiavesfidudianuesussaniy Sevaz
nagaduivesiiduiingstu wimamannsaluns
unsrilethuesiduavanas Tnefiduiidarfosas
nsgatuiuasamanssalunsundiiulegs
Tign AeWldn PVA-CL50 (9749 £ 0.29) uag PVA-CL1O
(358 g/hr. m?) MIUAIAU KANITANBIAIINAINITH
lunisgesaaislanisdaninluduvesilduians
Tiiudn Aiduifivsana CL geazdosaaeld dal
arwdiiudtuaruannsolumagaduthesiidy
nanabadunuildunatafindin nnanseninaned-
hilausansseduazivaglaaiiatnandlutmans
fodutanmadoniiinuduinsdudwindoy
ansaanuiuiunisldnedwesdunsieiila
wennimninmsAnwuasimunaudis 9 LU
auURdenavesiiaulifiaumnzay faunsadn
Haunanainuay PVA-CL luuszgnaldauludaiu
U33940910115 w3 0Tann1en1sinyasluddu
deluls doidumsiiuyarliunveandslinig

msinues wavanlamasyludundenladnee

AnRNssUUsZNIA

Ya o ca s

ANEKITUUBVRUAM AUGINIAIART Uay
AgIneIeanswazmalulad umInedesvdy-
Jagoasnsal lunszususgudud Alinsaduayy
guUnsal a1siadl uaz ta3esilorng 9 Tunisvinide

g o av & Jyvo & ' vy
ATy Adeullvdsaaaslulaies

ISSN: 2773-9376 (Print), 2773-9473 (Online)

LONE15919949

Zhao G, Lyu X, Lee J, Cui X, Chen WN.
Biodegradable and transparent cellulose
film prepared eco-friendly from durian rind
for packaging application. Food Packag Shelf
Life. 2019;21:1-6.

Ratanasongtham P, Nikhammo A, Phlachit N.
The Study of Water Absorbability and Water
Permeability of Bioplastic Blend Film
Between (Cassava Starch Glycerol and
Cellulose Extracted from Monthong Durian
Bark. The 8" Academic Science and
Technology Conference; 26 March 2021;
Valaya Alongkorn Rajabhat  University,
Pathumthani; 2021. p. 529-36. Thai.

Kabir SMF, Sikdar PP, Haque B, Bhuiyan MAR,
Ali A, Islam MN. Cellulose-based hydrogel
materials: chemistry, properties and their
prospective applications. Prog Biomater. 2018;

7(3):153-74.

Klemmm D, Heublein B, Fink HP, Bohn A.
Cellulose: Fascinating biopolymer and
sustainable raw material. Angew Chemie -

Int Ed. 2005;44(22):3358-93.

Sun D, Onyianta AJ, O’Rourke D, Perrin G,
Popescu CM, Saw LH. A process for deriving
high quality cellulose nanofibrils from water
hyacinth invasive species. Cellulose. 2020;

27(7):3727-40.

Tongsawang A, Suwannawatanamatee K
[The improvement of paper properties from
banana pulp with carboxymethyl cellulose].

J Appl Res Sci Tech. 2022;21(1):11-21. Thai.



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022 37

ISSN: 2773-9376 (Print), 2773-9473 (Online)

10.

11.

12.

13.

Singchai B, Trakulpukdee N, Thonglim S.
Essential oil from nelumbo nucifera stamen.

J Sci Tech. 2017;25(1):27-34.

Chen Y, Wu Q, Huang B, Huang M, Ai X.
Isolation and characteristics of cellulose and
nanocellulose from lotus leaf stalk agro-

wastes. Bioresources. 2015;10(1):684-96.

Tanwar R, Gupta V, Kumar P, Kumar A, Singh S,
Gaikwad KK. Development and characterization
of PVA-starch incorporated with coconut
shell extract and sepiolite clay as an
antioxidant film for active food packaging
applications. Int J Biol Macromol. 2021;185:
451-61.

Liu D, Sun X, Tian H, Maiti S, Ma Z. Effects of
cellulose nanofibrils on the structure and
properties on PVA nanocomposites. Cellulose.

2013;20(6):2981-9.

Abdulkhani A, Hojati Marvast E, Ashori A,
Hamzeh Y, Karimi AN. Preparation of
cellulose/polyvinyl alcohol biocomposite films
using 1-n-butyl-3-methyl imidazoliumchloride.

Int J Biol Macromol. 2013;62:379-86.

Xu S, Jiang M, Lu Q, Gao S, Feng J, Wang X,
et al. Properties of polyvinyl alcohol
films composited with hemicellulose and
nanocellulose extracted from artemisia
selengensis straw. Front Bioeng Biotechnol.

2020;8:1-11.

Rachtanapun P, Luangkamin S, Tanprasert K,
Suriyatem R. Carboxymethyl cellulose film
from durian rind. LWT - Food Sci Technol.
2012;48(1):52-8.

14.

15.

16.

17.

18.

19.

20.

Chungsiriporn J, Pongyeela P, Chairerk N.
[Production of molded pulp packaging from
rice straw and bagasse coating by chitosan].

Burapha Sci J. 2022;27:20-30. Thai.

Karkhanis SS, Stark NM, Sabo RC, Matuana
LM. Water vapor and oxygen barrier
properties of extrusion-blown poly (lactic
acid)/cellulose nanocrystals nanocomposite
films. Compos Part A Appl Sci Manuf.

2018;114:204-11.

Kunthadong P, Peekoh M, Sindanjark O. [Bio-
composite films based on cassava starch
reinforced with durian rind cellulose fibers].

RMUTP Res J. 2019;13(1):39-50. Thai.

Reddy KO, Maheswari CU, Dhlamini MS,
Mothudi BM, Zhang J, Zhang J, et al
Preparation and characterization of regenerated
cellulose films using borassus fruit fibers
and an ionic liquid. Carbohydr Polym. 2017,
160:203-11.

Abderrahim B, Abderrahman E, Mohamed A,
Fatima T, Abdesselam T, Krim O. Kinetic
thermal degradation of cellulose, polybutylene
succinate and a green composite: comparative

study. World J Environ Eng. 2015;3(4):95-110.

Uma Maheswari C, Obi Reddy K, Muzenda E,
Guduri BR, Varada Rajulu A. Extraction and
characterization of cellulose microfibrils from
agricultural residue - Cocos nucifera L. Biomass

and Bioenergy. 2012;46:555-63.

Kharazmi A, Faraji N, Hussin RM, Saion E,
Yunus WMM, Behzad K. Structural, optical,

opto-thermal and thermal properties of



38

21.

22.

Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022

ZnS-PVA nanofluids synthesized through a
radiolytic approach. Beilstein J Nanotechnol.

2015;6(1):529-36.

Fatima T, Jolly R, Rafig M, Shadab GGHA,
Shakir M. Exploring the bone regeneration
potential of bio-fabricated nano-titania
reinforced polyvinyl alcohol/ nano-cellulose
based composite film. Results Mater. 2021;
12:1-12.

Cazén P, Vazquez M, Velazquez G. Composite
films of regenerate cellulose with chitosan

and polyvinyl alcohol: Evaluation of water

23.

24,

ISSN: 2773-9376 (Print), 2773-9473 (Online)

adsorption, mechanical and optical properties.

Inter J of Biol Macromol. 2018;117:235-46.

Laxmeshwar SS, Madhu Kumar DJ, Viveka S,
Nagaraja GK. Preparation and properties of
biodegradable film composites using modified
cellulose fibre-reinforced with PVA. ISRN Polym
Sci. 2012;12:1-8.

Gulati K, Lal S, Arora S. Synthesis and
characterization of PVA/Starch/CMC composite
films reinforced with walnut (Juglans regia

L.) shell flour. SN Appl Sci. 2019;1(11):1-12.



Journal of Applied Research on Science and Technology (JARST), Vol 21, Issue 2, 2022 39

ISSN: 2773-9376 (Print), 2773-9473 (Online)

\, Jdournal of Appilad Ressarch

\ JARSTJournaI of Applied -

oQ Research on Science and Technology

\ — Rajamangala University of Technology Thanyaburi

A5 lduseleviannuaanasunssusnunulasauveuluIunaunse

Utilization of Oyster Shell as Coarse Aggregate in Concrete

Uszaa A’ waz N3 naun’

Prachoom Khamput' and Tawich Klathae”

'npdendngsulesn Auglenssuans uninedemelulagsvuerasyys 2.Unusnll 12120

yangnsivTimnssules Inedumalulaggnavnssuuaznisannms uninedemalulagsvieaaniide
9.UATFE55IUIIY 80210

"'Department of Civil Engineering, Rajamangala University of Technology Thanyaburi, Pathumthani
12120, THAILAND

“Department of Civil Engineering, College of Industrial Technology and Management, Rajamangala
University of Technology Srivijaya, Nakhon Si Thammarat 80210, THAILAND

“Corresponding author e-mail: Tawich.k@rmutsv.ac.th

ARTICLE INFO ABSTRACT
Article history: This research aims to study the feasibility of using stone
Received: July 12, 2022 dust (SD) to substitute fine aggregate at 100 wt% and oyster shell
Revised: September 1, 2022 waste (OSW) partial coarse aggregates replacement at 25, 50, 75,
Accepted: September 8, 2022 and 100 wt% to produce concrete. The ratio of cement : fine

Available online: September 26, 2022 aggregate : coarse aggregates was 1:2:4 wt%. The properties of
DOI: 10.14456/jarst.2022.16 concretes such as compressive strength at 7, 14, 21, and 28 days,

Keywords: compressive strength, water absorption capacity, and unit weight of concrete at 28 days
oyster shell waste, stone dust, were investigated. The result showed that the compressive
water absorption strength of concrete decreased with an increasing rate of OSW
replacement while water absorption of concrete increased led to
unit weight of concrete decreased. When the values were
compared with the Thai Industrial Standards Institute TISI.213-2560
STANDARD FOR READY-MIXED CONCRETE, which met the
minimum specification of concrete (than 18 MPa) at 28 days. The
results indicated that OSW25 and OSW50 concrete were met the

minimum specification. In terms of the production cost, SD to
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substitute fine aggregate at 100 wt% and OSW partial coarse

ageregates replacement at 25, 50 wt% reductions in the material

cost by 23-31% when compared with CT concrete.
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utilization (food or medical), type of soil in the planting area, climate, and
a numerical height model of the planting area. As well as, remote sensing
data which are Normalized Difference Vegetation Index, Green
Normalized Difference Vegetation Index, Normalized Difference Water
Index, and Tasseled Cap Transformation. Consisting of Brightness index,
Greenness index, and Wetness index, etc. Besides, the researcher
analyzed additional data from the developed database to explain the
spatial change of Yam cultivation in Chiang Rai Province. According to
Aerial photographs during January — April for the past 5 years (2017-2021).
The results of the analysis revealed that the trend line of Normalized
Difference Vegetation Index (NDVI), Green Normalized Difference
Vegetation Index (GNDVI), and Greenness indicate that plant cover in the
survey area tends to decrease. Furthermore, Normalized Difference
Water Index (NDWI) and Wetness index have a downward trend as well.
From the results of such an analysis, may affect the abundance and
extinction of Yam. Thus, the development of the above database can

be used to make decisions about plant conservation in the future.
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A Study on Determining the Potential Source Area of PM, s Using Bivariate
Polar Plot Technique on Short-Term Monitoring Data in Bhan Phi District,
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ARTICLE INFO ABSTRACT
Article history: The issue of particulate matter less than 2.5 microns (PM, )
Received: August 30, 2022 has been conceming and important for many countries and Thailand.
Revised: September 29, 2022 Many studies in Thailand have focused on the contribution of source

Accepted: September 30, 2022 types determined by a receptor model, the relationship between PM, 5
Available online: October 18, 2022 and meteorological factors, and the impacts of PM, 5 on human health.
DOI: 10.14456/jarst.2022.18 In terms of enforcement and management, it is important to know

Keywords: PM, s, air pollution where the pollution comes from. A statistical technique, Bivariate Polar
source, air quality, BVP, Bhan Phi  Plot (BVP), has been used to determine the potential source areas
District affecting air quality and PM, 5 levels at the monitoring location.
However, fewer studies are using the BVP in Thailand, especially in rural
areas with many air pollution sources surrounding the monitoring
station. Moreover, most studies used long-term monitoring data in the
analysis. This study was conducted in Ban Phai District, Khon Kaen
Province. The results show that 6 days of the 13 days monitoring period
with the concentration of PM, particulate matter exceeds 50 pg/m’,

the 24-hour average standard of Thailand, and is the interim target 2
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(IT-2) of the World Health Organization (WHO). In addition, the results
showed that the analysis of short-term hourly monitoring data of PM, 5
could reveal changes in concentrations related to meteorological
factors and atmospheric stability. The BVP technique identified the
potential source areas of PM,s over each period, and their locations
changed depending on emission and meteorological factors of the
corresponding period. The potential source areas are on the north side
of the highway, Ban Phai District's urban area, and the open buming

area on the east side. The pollution sources on the southem side of

the air quality monitoring station do not exhibit as a potential source.
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ARTICLE INFO ABSTRACT
Article history: This study presents the application of loT technology for
Received: August 16, 2022 temperature and humidity monitoring on hatching native chicken
Revised: October 5, 2022 eggs in an electric incubator to reduce the damage to the egg. The
Accepted: October 12, 2022 test group was divided into a non-tracking electric incubator (T1)
Available online: October 28, 2022 and a tracking electric incubator (T2) while holding the 120
DOI: 10.14456/jarst.2022.19 eggs/ group. The data was collected on the initial egg weight

Keywords: hatching chicken egg, (g/egg), infertility at day 7 (%), fertility at day 7 (%), embryo
electric incubator, Internet of things mortality at day 18 (%), chicks mortality at day 21 (%), hatchability
(%) and crooked toes (%). The temperature and humidity data
were sent to the database server every 30 min. From the results,
summer temperature showed thesummer temperature was
highest at 3.30 — 5.00 pm. (38 - 39.5°C) our technology notified
the high-temperature alert to farmer. Then, The T2 treatment

showed that the embryo mortality on day 18 (14% ) was
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significantly less than T1 (26%) (P<0.05), and the hatchability of
T2 treatment was dramatically increased (15%) (P<0.05). However,
initial egg weight, infertility at day 7, fertility at day 7, chick
mortality at day 21, and crooked toes were not different (P>0.05).
So, the loT technology for tracking and notifying the temperature
and humidity during the hatching process showed increased
efficiency in egg hatchability, coupled with the low-cost system
for implementation. The farmers can use this approach to increase
production efficiency and reduce problems which occurring by

using electric incubators.
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ARTICLE INFO ABSTRACT
Article history: Identifying an aircraft from unknown-target information
Received: July 12, 2022 using radar is an important mission for national security to decide
Revised: October 11, 2022 military strategy. The fighter aircraft is primarily designed to air
Accepted: October 20, 2022 combat missions, which can inflict severe damage and is an

Available online: November 3, 2022  important factor in a tactical advantage. Analyzing unknown-

DOI: 10.14456/jarst.2022.20 target information via radar system requires highly experienced

Keywords: fighter aircraft, radar experts and military intelligence to identify fighter aircraft types.
system, data mining, neural However, training experts to analyze data accurately can be time-
networks, smart weapon systems — consuming and costly. Therefore, the fighter aircraft classification
requires modern approaches to comply with smart weapon
systems for learning complex information to support the
decision-making expert and solve the shortage of human
resources. This paper generates the classification model of fighter

aircraft based on unknown-target information using Feed-forward
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Back-propagation Neural Networks to learn complex information.

Besides, this concept solves the shortage of skilled personnel.

The created model is efficient and flexible, with learning and

testing data with 95.38% and 86.30% accuracy, respectively.
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Model 208, JF-17, MiG-29s, Nanchang A-5C, Pilatus

PC-7, Su-30MKM, Yak-130, Unknown]
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Velocity O Chendu F-7s
FoundHeight (O F/A-18D Homet
FoundDirection (O Hawk Mk 208
FoundDay O JF-17
FoundTime O MiG-29s
StartAirport O Nanchang A-5C
StopAirport O Pilatus PC-7
HideHeight O Su-30MKM
HideDirection Hidden O Yak-130
CountryCode Layer O Unknown
Input Output
Layer Layer
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1 2 3 4 5 6 7 8 9 10

Chendu F-7s 1 0 0 0 0 0 0 0 0 0
F/A-18D Hornet 0 1 0 0 0 0 0 0 0 0
Hawk Mk 208 0 0 1 0 0 0 0 0 0 0
JF-17 0 0 0 1 0 0 0 0 0 0
MiG-29s 0 0 0 0 1 0 0 0 0 0
Nanchang A-5C 0 0 0 0 0 1 0 0 0 0
Pilatus PC-7 0 0 0 0 0 0 1 0 0 0
Su-30MKM 0 0 0 0 0 0 0 1 0 0
Yak-130 0 0 0 0 0 0 0 0 1 0
Unknown 0 0 0 0 0 0 0 0 0 1

w199 Uun19if8usid9dn (Deep  Anuamdnvazvesadeyangnihuldlunisseus
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Sumeuil 2: Activation
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Trial and Error Method [18] LLUUﬁWﬁ@GﬁQﬂﬁ%’]dsﬁu
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(Classification) a1y & sa Ayt anlunisin
UszdnSa1mveuuudiaed Ae A1AUGNA Y
(Accuracy) @ sdaduiUosifusuas MSE il oTaen
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nnasdn 18Nl Yoy avesy il naeulaednig
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ARTICLE INFO ABSTRACT

Article history: It is important to understand the dynamic behavior of
Received: September 19, 2022 the vehicle’s wheelset and the values used to assess its running
Revised: November 1, 2022 stability when an increase in the speed of an infrastructure
Accepted: November 4, 2022 maintenance vehicle for commuter rail is required. This article

Available online: December 1,2022 presents a guideline for measuring the vehicle's performance,

DOI: 10.14456/jarst.2022.21 emphasizing the wheelset variables, including lateral displacement,
Keywords: infrastructure yawing, and acceleration. This research was divided into three
maintenance vehicle, lateral sections: an application of the theories related to wheelset
displacements, yawing, bogie motion, a synthesis of the standard on rolling stock equipment
wheelset, running stability for shock and vibration, and an experimental result from a 1/6

scale model of the infrastructure maintenance vehicle created
to mimic the behavior of the real vehicle with a maximum
running speed of 60 km/hr. The study found that when using the
parameters of a track gauge of 1 m and a nominal wheel radius
of 380 mm, the values of wheelset lateral displacements, if
running on a straight line and curve, shall not exceed 10 mm, 19

mm, respectively, and the average lateral accelerations of the
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bogie and the wheelset are 37, 270 m/s?, respectively. From the

experimental results of the 1/6 scale model running on a roller

rig at the maximum speed, it was found that the yaw angle shall

not exceed 1.72 degrees, and the average lateral acceleration of

the wheelset was four times higher than that of the standard

value. This could be caused by the maximum running speed of

the scale model at 34.9 km/hr which is much lower than that of

infrastructure maintenance vehicle at 60 km/hr.
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Y9I IAUALITOULATNTNTLUNNVDINATFIY EN
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A319i 2 Prsvesimnuaads (RMS) filflunsnageugunsaiaumnnsgiu EN 61373 [6]

A21UL99 RMS (m/s?)

JUnuuNINIAgaY Aumiediinm pgngigeunu x ALY y AULSIUNU Z
(Longitudinal) (Transverse) (Vertical)

1. @annzUnf uAssalvl 2.5 a7 5.4
Waas 17.0 34.0 38.0

2. miTaenaanangldiu unssalu 20.0 37.0 42.5
Waas 135.0 270.0 300.0

3. NTTUVINTULY uAssalvl 300.0
a8 1000.0

vanBws) : A1 Root Mean Square (RMS) Ausnsaneniiialdfgauiy 0.707

(n) @) (A)
3UN 4 (n) 3090uUn3IMN9939 (V) YALVUNGY Uaz(A) YANARBITagaNUTIMNeT1aeY

M19199 3 ANNTITNTVBITATEUUITIVINNDTIUALYNTNRDS

W1nas sagoutrgmedss  sageuUIjImIeIaes
1. thwtingnsa (ke) 17,000 67.5
2. ANU1IHT0 (Mm) 8,450 1400
3. ANATIIAIIA (mm) 2,875 540
4. ANNERITD (mm) 1,080 219
4. szeznaIMTNDanaImas (Wheelbase) (mm) 5,000 667
5. Sz8gAUNaIRg8fden (Back to Back) (mm) 923 154
6. 3miidofitmun (Wheel Radius) (mm) 380 63
7. AUNIN9VBIAD (mm) 135 28
8. ApUVNIae (Wheel Profile) 51002 51002
9. ANUNNMIaln (Track Gauge) (mm) 1,000 200

10. ABUYSIN4 (Rail Profile) uIC60 UIC60
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wagngAUmdauy (Similarity Laws) A3835n13
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FoUUNTINTUNAY 17.4 26.2 uay 34.9
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This article shows a simulation of water turbine energy
generation using LabVIEW. The objectives of this research were to
1) design and simulate the generating electricity from water
turbines, 2) find an error in the simulation, and 3) find the
characteristics of electricity generation with water turbines. Input
variables are flow rate, pressure, torque, speed, voltage, and
current to calculate water power, turbine power, electric power,
water turbine efficiency, generator efficiency, and total system
efficiency. A graphic user interface can adjust the flow rate and
electric load. These variables will be displayed on the monitor,
which makes it easy to control and understand the dynamics of
the generating electricity from water turbines. The following
findings were obtained 1) the simulation result has an average
water power value of 266.67 W, an average water turbine power
value of 51.13 W, an average electric power value of 41.17 W, an
average water turbine efficiency value of 17.87 %), an average
generator efficiency value 80.49 % and an average total system

efficiency value 14.39 %. Which has a combined error of 1.55 %
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or an average error of 0.26 %, 2) the simulation can show the

relationship between the volume of water flow and the power

produced, the relationship between turbine efficiency and the

power produced, the relationship between turbine efficiency and

the volume of water flow. The forecast error values were

estimated by root mean square error (RMSE) with values of 0.14,

0.59 and 0.06, respectively.
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ARTICLE INFO ABSTRACT

Article history: This research aims to analyse and develop catalysts for use
Received: September 20, 2022 in membraneless alkaline glucose solution fuel cells. Glucose solution
Revised: November 14, 2022 is a polyalcohol group. Glucose solution can be developed for use in
Accepted: November 16, 2022 oxidation reactions. The advantage of glucose solution is that it is a

Available online: December 19,2022 form of renewable energy, contributing to its suitability for

DOI: 10.14456/jarst.2022.23 alkaline fuel cells. Catalysts for cathode electrodes for use in
Keywords: alkaline fuel cells, membraneless glucose solution fuel cells are studied in this
glucose, reduction reaction, research. The AgMnxOy/C catalyst is resistant to the oxidation of
cathode electrode, fuel cell glucose solution. After doping with glucose solution fuel, it is

possible to test the electricity generation efficiency of alkaline fuel
cells using glucose solution fuel at a concentration of 0.1 M. For the
anode electrode, the catalytic performance of PdNi/C was further
improved by synthesising Ni with Pd in a 1:1 atomic ratio. The
experimental results involve a direct glucose membraneless
alkaline fuel cell (DGMAFC). Using the PdNi/C anode and the
AgMnxOy/C cathode showed a higher power density of about 77.30
% than using the PdNi/C anode and the Ag/C cathode. Therefore,
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selection of glucose solution can be developed for renewable energy
toincrease energy. It is then necessary to study physical characteristics
such as the alloy ratio and to study the electro-oxidation-
reduction reactions of catalysts using scanning electron microscopy

(SEM), energy dispersive X-ray spectroscopy (EDS), and cyclic

voltammetry (CV).
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damlatilounglaalasasauuulsifideidonsiiu (A
Direct Glucose Membraneless Alkaline Fuel Cells
(DGMAFQ) NS Buiieu s e s euisen PANIC
Hutauelun waiasejisen AsMnxOy/C Wuta
wAlvALaAIAIAEIL LRIl NAINN IS e
UfjnNsen PANi/C \utauelun wazALsIuAsen

Ag/C 1\ Judaualng Soway 77.30 Aaunisidenly

asavanenglaad aduimgAvarunsaimundy
wasumaunuivsudsulduldliAnyselovdlu
AUNE 1Y IAgIIN1IANYIFN¥UENINIEAIN
gnsduvelanghay wazn1sAnwIuasen
2anT AT U-SANTUVRW LI W ATe1nemaila
Scanning Electron Microscopy (SEM), Energy
Dispersive X-Ray Spectroscopy (EDS) tag Cyclic
Voltammetry (CV)
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AdAy: lwadldamdsdanlad nglaa UFATen

unin

waawewmdweamlatduuulifidodendiu
fﬂ’mu"w’laﬂqiﬂﬂ (Glucose Membraneless Alkaline
Fuel Cel) lawmung yuuunsdeud aind wina

LA 2 & a

ngleasiaiios Fulunsdeudemiweivailnensy
(Direct Liquid Fuel Cell) 31nn15WaIuNg Uhuuigad
& a o = T v A ' | v
Weauasnanandlifimsladedenadudwalisim
Auvulun1sud g sud s wWaseildly
nuddelallaldlavewan@du (PH &l sings Inesau
FIAUNISHANYNAY weilumang Ui NNt Uy
fanaasnaliR s AT lutwalnalinsduda
asWomas MsdulaaT¥ ama e us s ATen
9198 waliu A5 e13 Andureteandiau (Oxygen
Reduction Reaction, ORR) i an1stUa suwdadle [1]
sdwaliUszans nmaswad 1 olnd sanasmiuly
v v ¥ A4 A Y v o=
ae sl unsud lat gmf na a1 uia

Hdudedimsiaundussiiseiiaunsanumuse
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mMsinUfATenoondiadu il elvfivsnzansensly
Fusnfisedmiviusnelusadidemdena
M URAsedmuiuelvelugas
15 udu UniTed nwid s s A oranlans
wandii (PY) [2] willesanlavedanaminaaeudng
9 dadunsud daymdana nswmunsais
UAAT 1 ualnad Usznoudelangsiind u end
Au/Nifoam [3] Ag/Nifoam [4] 1 @ ¢ MoOy/
B-MnO, composite [5] #aL59U{ A3 87 MnxOy 1u
#1590 F A5 17 LanaU§ AT 87 Oxygen reduction
reaction (ORR) Siuwiltiuin Tumsaranedidnins-las
Famlard Fawsmiaduiinsedanndouuasduny
71 [6] UszAns nmeueadals siAzen MnxOy wans
U§jA 381 Oxygen reduction reaction (ORR) ot weg iy
Valence state anualsdngIueei s au]isen uae
AnuwazueInNan [6-8] Calegaro uagAny [9] uangln
WIUIANUEIRUS 521319 MnxOy UWAS UaWaanga
% d-electron pathway g wmsij 79% Calegaro uay
ARLE IINNSANWIRATIUG T8 MnxOy UsednSam
N
FafuunaAdeisdunaelumsvnaes
Fupszidns wWisendsiilanenaudaiies-
W Tauuian 3835 uAMSUaU (AgMnxOy/C) w5y
Huiassiisendauslng Wowdeusussufasen
MnxQy 338MU579 Ag grasaalszans amly
nswaAnszualiil i et oy ad nanaand e Tag
Answidnuasduedlifind sstudeweialendn
Taununi (Cyclic Voltammetry) 1A51398 Ny
MENNTBIR AU R Iund oD IanmseuUUEed
N30 w%’amﬁgﬁmeﬁﬁmmﬁmaqﬁﬂizﬂauﬁnm
s sufasedemaiaawninsaladuuy

NLAYNSINUVIS BN (EDS)
A5AAUN5IY

MTHTeUA U IUGATEITIMTUT el UR
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N5LASEI 20 wt.% PdNi/C

N334 20 wt.% PANi/C USuna 1 nSy
TngihasAnsusuianauUsunu 0.8 nfu asusznau
wwalawiga (1) Aaalse (AWIMRINEEIALNALALREY)
U3ual 0.1 n3u wazasusznavinifa(haaslsa
(Aaanzsniniia) Usinw 0.1 n3u wavadly
dhusAnloseudsuing 50 dadans antuniu
ansifunan 24 Falus MniulSuaies (pH) e
asazaelaifvulansenlandutu 2 Tuans Tl
pH Uszunal 11 uansuszneulahvululslalase
(NaBH,) myuanssiaidunan 24 $2lus fgaumgd
80 semaldua easuimunnsosansiilédnede
thndu 2-3 sou lveuwidugouauioufigumgf

80 parwaea Wulian 48 Falua
MTATEUA U IUGNTEITMITUTUAINA

1. NMSLA3BU 20 wt.% AgMnxOy/C

Wwigua1sazaty 1 MANO, UFu1ns
10 1adans wag a1sazate 1 M KMnO, 10 Uadans
wanliinfunelimsmuiionmnd 80 esiwaidua
iy viem 65% HNO, sumsavaedl pH 1lunsn
loensazanedunsaudinnangamniilugrsiuds

Tileaaumndl 0 psrwaled asavansnasALNauay

q U
v v

fiddahRunniuiuuenagneulnensvyuiss
wazilUouuied 60-70 esmwaldea tuiian
12 F7las Femznouves AgMn,di b nd ey
0.49 n$u WstiUsAannlessu 50 fadans nuli
Wi (@uft 1) antueen Vulcan XC-72 Carbon
U1 1.50 n§u @snidsieannlosay 30 adans
waziAslenuea 3 Jaaans Wiludansiledin 10-15
w @wdl 2) mnduhdud 2 mweufudud 1
ilusansledn 10-15 wift anduthaznoulas
dunanitldluouuisiigamgdl 60 ssmwaiBea Wu

e 24 Hal uazthlueniigaumniif 400 esrnwaldes
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aaa

Wunan 2 F9lus a2ld Hudansaiizen 20 wto
AgMnxOy/C

2. M358 20 wt.% Ag/C

Ma3eN 20 wt.% Ag/C U3unad 1 n3u g
asesusudanau Ui 0.8 n3u uazasuszneu
Fareslunsn (Mutasanigan Ag) Usuia 0.2 n3u
nauaslutusiranlessuliuing 50 dadans
Mntunuasiduna 24 $alus densuimuauiu
Ao (pH) Awasazangleoulanseonlae [Nt
2 Tuans s Aioauszanm 11 enaisusznau
Taaealulslalase (NaBH,) nauansnetdunan 24
1l igamgdl 80 ssrniwaiea Wlensuimunnses
ansfilddnseihngu 2-3 sou thlveuwidlugouan

Soutigamgll 80 evmwadva Wuran 48 Flu
M5ATI9TOUDNANYAIN 19N IENIN

N8839anIsAUDLANATOURUUABINT1A
(Scanning Electron Microscope, FT-SEM ?Jﬁa Quanta
450 FEG) Anwndnunizuaeil uia wazgusnaves
FuseuAsendinTon Tnglddedreiiuionazas
Snwarguing dhdegsiiuiaudluinuuuviuing
Hogalagldtanlunisidenfiafiegistuuriunsg
#9879 LU Conductive Carbon Paint k&g Double
Slided Carbon Tape tJufu waz@nw1iiAszv
‘U?mmﬁmaaﬁﬂimauﬂ%nmﬁuﬁﬁ’;ﬁnLiwﬁﬁ%m
mematinaiUuningaladhuunszaenasauvessed
Londg (Energy Dispersive X-ray Spectrometter, EDX

?Jﬁa Oxford Instruments X-Max 50)

MITHTEUTITUYIUABEA UIUNATE (Catalyst ink)

a

wisunsvaaeulagd i s U fAsen
USunew 28 Jadnsu LazazanunIua1sasaNgnNgy
Telalnsnuea uavirusiranlosou snsndy 7:3
Tned3uns wazidrunauiinseulusansledn

Wuan 30 uil wisliansazanewdniiu

N5 3EuT L W1917971 (Working Electrode)

Tnedniming Wi a5 veued gy
(Glassy Carbon) #18msasq T urHaNL1UIIAaN
lopou Mnvud1edeiUsrnlesauuasidarin
ALAZDINABLENIUDEA 95 %V/V gﬂﬂ%ﬁ‘ﬂﬁﬁ 393U
LOVIUDATLIUENNAYINITNEAAITAZANY 5 W%
Nafion (U38% Sigma-Aldrich) U3ues 1.5 lulasans
a1 Nafion Wi SVINAVEAA1THYILADER LSS
UFATeN 5 lailashns WnlY 24 92l Fahluiinsies

oA lYAANLIALNLYS

MsNATIIUsEaNEA M UTIUGATE A I
maeimpinlananlauninums (CV)
MsANAASIURATNTINA AgMnxOy/C
vosmaindfisenidnduludomaaimanglaa
waza1sararsueanilay (KOH) memalialendn-
TIAUNULUNNS MAUAAINITIHLADS AT Y 29A7
Anglniingn -1.2 V 83 1.2 V 8R51mMsnsainumeny
(Rough Scan Rate) lv11AU 50 mV.s" LazdnIInIg
aunuaztden (Fine Scan Rate) windu 10 mV.s™
nsAnsdesduluansazaroueanilall
(KOH) a1t u9u 0.1 Tuans USuiew 50 Sadans
ntuilansazaed udadasuialulnsioudy
1981 30 it Tu Glass Cell siadalulf 1y a1ui s
fussiiontuieiedmnuSooann (Emstat)
TaglalufidfssufAseukulanenanfidy
Pt Wudalniingw wadlddrlnihdanes-danes
naslsAdudalniingeda
nsfnwiluansazansiinnanglaauas
ansazanoueanilal (KOH) Inetivansavanetma
naleaasluansararelnunaeslansonlen Wudu
0.1 Tuans YSunad 50 dadans Tadianududu 0.1
9 0.5 Twans lnwasu aufiunsAnwiaiuieinu

ms@Enwlasduluansavarsweanilall
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msIausyansaimvensadidaimasinanglaa
uvioamlaunmsiausyansnimvessadifoinas
hmanglasuvuueaniladiassfiser PdniC
AU Ae/C Uag PdNi/C /iU AeMnxOy/C

pouil 1 Faiussufiten Usua 0.05 n3u
navasluasararouunlonu Usuns 20 lulasdng
navansavIald e RS ans e 5wl
ROUTT 2 FARIAISUBY YU 2.5 X 3.0
wuiuns trluneiuuuuulansausuag 910ty

o & =

iudenawnulaatellvesiedmiussuieasiuse
UN3e1 vuIm 2.0 x 2.5 lwudung 2191U W1ans
fussufizernnaeud 1 ssuiasuuitaiueuay
v wdnilUevandeuiionmgil 70 sarmisaidea

Wuan 45 u
MIES Lalelsn 1l uazusiulaueme (Air Cathode)

N5LP5 oNuRUA TN TagtnsEanY
Tasunnnsdanlidiouin 2.5 x 3.0 LGURLLAT wag
nswssuLHulaue1ne (Air Cathode) WENASUBY
Ffimsndsussarsimnaou (PTFE) salwilvuin

2.5 x 3.0 [WUGLUAT

n15NAFEUYSEANENINYAGsTaIWAaan lautloy
Wwaimanhmanglpalnenss

m%aum'ﬁasmm}wmaﬂqiﬂaiﬂmﬁaﬁm
arsavansiimanglaalidanududy 0.1 Tuand
meansavanglnumadeslensonlonidudy 0.1 luans
ntudeuasazarodilasadoutlstauelundae
dns1Nsina 0.5 Saddnsreuyl wardeusinian
Tnsesdeuilstualnadosnsinisiva ¢ Tadansde
UM FD9ITUIAUNA BIAIAMUATUNIY (Decade
Resistor Boxes) Lfi 9 3nA1a1106 198 ne l 1910
waéﬁamémamﬁagﬂﬁ 1 ImgUSummnuduniy
371 90,000 &4 3,000 Tovix wardngUnsainIvnaes

UsrdvBnmaegun 2 lnefivaneian 1 Ae Aeiimes
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Juiinua, 2 s dafiimeseuardng i, 3 Ae
NaBIAIAIUAIUNIY (Decade resistor boxes), 4
A9 UoLmBsUNeINA, 5 AD UBLABSUNANSIHDINAY,
6 Ao waditewdweanilatdoudomadnonse
EULLUUL%aﬁLﬁ'm (Fuel Cell TSU 01), 7 Aw 970

AN5AYAULYDLNAY

naBIAIAUARTUNIY (Decade Resistor Boxes)

Glucose Membraneless Alkaline Fuel Cell
Multimeter

JUN 1 msserasinauasdndluihanead

ERRIGN

JUN 2 n1sindszdnsanwadideimasansavany
nglaauuulufig aidens1usuiu Ar

Cathode Al95UN1TBBALUU

Nan1sAn¥ILazaAUsI9Na

NITANYIAN UL NAIENINYDIH UTIUNNTE I Ua
MTIATIXUTUINE AN TIog Ui uTaU T

NANISALASISH A NWAE N UR IV IR

UfA581778LA394 Scanning Electron Microscope
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(SEM) NMAveneunneieiu wudidiselfisend
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Fnwazidunsanay wazezdudungquiousyin
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Anvinanwaluzui 3 - 5 uazuani1siiAss
23R UsENaUNIRATlf81A3 89 Energy Dispersive
Spectroscopy (EDS) WU’J"]ﬁWLVIdILﬂ udndI1uve

AsaUfisenyiinging 9

AL39U 587 PANI/C TSNBaEUN UL

Y

wngduruududungudsuuuiuiansveu B

q

| a

Wunalddswasefivzuranuidalunis

VinUfisenas uanenagui 3

‘.’l:v :‘
v
=]

JUn

3 ANYUENIINIYAINYBIR LTIV T8N
PANI/C 4z oI UTENaUIBITIA A LT
Ufjisen PANi/C

JUN 4 dnwagnianignInvesd s nsen
AgMnxOy/C UagdAUTENoUVRITINAIIIT
Ujjnse1 AgMnxOy/C

ALseUfATE AgMnxOy/C fidnvaziiui
Audunseananswindnunn inzdunuuiudungs
fouvuitufiniueu wansdeguil 4

fssUfATen Ag/C fidnwagiuiiandu
NINANVUIAENNIN LN1gA Uk dunguiou

UUNURIAISUBY UansAsgun 5

aaa

JUN 5 dnwagniemenmuesdisalfisen Ag/C
WAzeIAUTENBUVRISIARALTIUGASYT Ag/C

A13197 1 UATIVHABIAUTENBUVBITINAILLATEN

Energy Dispersive Spectroscopy (EDS)

fiL59 29AUsENaU $aeazlng
Ufjiisen V93579 thwitin (wt%)
Pd 5.88
PdNi/C
Ni 6.36
Ag 0.17
AgMnxQy/C
Mn 0.53
@) 8.11
Ag/C
Ag 0.63

IR 1910015 TLATIE WA
D9AUITENOUVDITIM AIELATOY Energy Dispersive
Spectroscopy (EDS) @a.lumsiinsigviesnusyneu
sanzYaliteandt 3 90 udrnhumaads ¥
Wunaiaveans eeile EDS 39013l nanis
nnassluisesiosaslnouninvetesnlsenouves

= | v A & a o
519 Aa1ALAG oW Llnsad Ui b lud unTaud s

Ujnaen
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M5 ATIIUTEaNTN MG UTIUGATE AT I
gremainlonanliaunuuns (CV)

1. dmsudusaufisentiwelun

8
PdNi/C
L — = PdNi/C -0.1MGlucose P
S 6| - PdNiC -0.2MGlucose 7
P4 — = PdNi/C -0.3MGlucose [
£ - - = PdNi/C -0.4MGlucose AN
> 4| PdNi/C -0.5MGlucose - </
B
c 7N\
S Lo
- P 2030y
2 R SRR S
£ 1,*54/{%}’; s 2
4 T A g

30 Ofem==

'2 T T T T

40 05 00 05 10
E vs Ag/AgCl

U 6 lwndnhaunuluunsuvesdng sujasen
PANi/C Tuaisazante KOH 0.1M uag
ansavanenglaafienudadu 010203 0.4

05M ‘17" scan rate 0.01 V/s uss81n# N,

F3eAzen PANI/C (U 6) Wlaidade
arsazaronglaad mnududy 0.1 M azuans
UfA3eneendiadiutas Potential 7 -0.35 f4 0.19 V
wazlvan Current Density W 2.87 mA/cm? il
Potential -0.099 V #2139UfA3en PANi/C 7ils130
mgasaranenglaa elansisersendinduyia
Potential 71 -0.68 §9 -0.72 V wazlwa 1 Current
Density i 1.23 mA/cm? i Potential -0.70 V &1
fisaUfizen PANI/C Wieideseansazanenglaad
ANITNTY 0.1 M azuansufiseneendinduliien
Current Density unnnin3esas 57.14 1l ola13e
Agasazatenglaa lnenisidulany Ni $auiu
Tang Pd aunsavaeiiuufiseteendinduves
nglaa Jaduarsngulndueanssed 351A1v04
Tang Ni d51anlaiune i eifeuivlang Pd 3adl
wdltulunsie

a

InnsAnwautanisiiauiseninend

aaa

(Redox Process) va4d a3 aU e ematinly

AdNLwnuLuns [10] vludaduidenananisiia
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[

Aaanwagnsiiuedl lngldimalinn1sinsiei

adnwaemanillninie3slaaanliawnuunsda

o)

nalnnisiinuiseadlviirvesdaiselfisen Pd
fitauelualuaniizeang fansdlfivinisaunuly
FramiTigaanaus1esfng -1.2 53 0.5 V vs Ag/AeCl
finsiinugisereendiadunaninisnaduiazgady
voslalasauuuiuiivesiassufasen (Fauansly

U 6) saaunisi (1)

Y

Pd_Habs/ads+ OH — Pd- HZO + e (1)

Tugr9arrun19dng -0.5 §9 0.5V vs
Ag/AgClL aziinUnngnisainisgaduredlansenlas

legou (OH) vuWuAve 1T ATe1 (Pd) A

=

aun1si (2) Fasuaulugnsanudsdndanaunnng

v
P a

wanINUGIEnIsiinUAseneendadures Pd A
aun1sy (3) wag (4) lagp1ad un9d1un LN ATy
Fouriuiudimesnismelalasiauiieguuiuiives
AU ATeN

Pd + OH' Pd —> - OH, + € 2

Pd-OH, +OH —> Pd-O+H,0+e (3)

Pd - OH,+ Pd-OH,,, —> Pd-0+H,0 (4)

NANNANANTNINAT 0.5V vs. Ag/AgCl
WAANISET 19T U Pd (Il) Oxide VNN WHIVBIA 3454

<)

UfAsendutuusnvasnisiineanleduuiuilans

'
aaa a1 '

AusenTen uay mmmmaﬁﬂélﬁuqﬁuﬁam
UfAsendaidulaveonledifiunniuluane
msaunudeunduiitaenumednddanseming -0.25
§19-1.20 V vs Ag/AgCL UfATeN153anTuves Pd ()

Oxide FunATuAIaNN1TN (5)

Pd -0 +H,O+2e —> Pd-20H (5)

2. dAmsuinsauisentanalng
n1sAnwIviin1snaaedluaisazaisnen

AlauANUTLTY 0.1 M Feaziiulainiloalnueig
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Anodic current #2159 FAT81 AY/C (GUTR 7) wang
UfATeneondiatu 3 funus duvdsdi 1 92960
finglaiin 0.17 59 0.25 V iunsnedves Monolayer
AGOH uaw Ag() [11] Tushuwinla 7 2 Aédndlvif 0.25
f19 043 V iinUjAsen1sgedudidnnseuves A0
wazindu Hydrous oxide Funefly dndlusumai
3 ndndlalit 0.57 f9 0.76 V Hunsilufavesiaiss
Ufnsen Ag uazAndu Oxide mauen WleviufAzen
Tuseumsaunusoly [11]

FsaUAGe1 Ag/C (Ul 7) uansuFAzen
$Wndu (Cathode current) lusunu s 3 uax
funsdi 4 wanadnglniingas 0.30 89 0.56 V way
Anglniingag -0.10 §19 0.05 V auaau 1 Silver
oxide AoLfloena1nY33 Anodic current [11] §2139
U381 AgMnxOy/C (gﬂﬁ 7) loawnuang Anodic
AgMnxOy/C Andngluliln

0.40 i1 1.10 V 1unsilusavesdansaujisen Ag

aaa

current AL U AT 81

waglAnTty Oxide A18uBn

— 64|7 "~ - AgMnxOy/C N
e —— AglC ro
C
<
E
>
2
(5]
=
£
g
s
O
4l : : : :
10 05 00 05 10
E vs. Ag/AgCI
3Un 7 lgadnliaunuluwnsuvesdnsugisen

AgMnxOy/C way Ag/C Tuansavaie KOH
0.1 M scan rate 0.01 V/s U3T81N1A N,

(% '

Tug1u9989A UTENBUMNXOY YBIA 2139

UFATeN AgMnxOy/C (5U7l 7) wansufAzendsndu
FAAAGINANA -1.20 §9 -0.50 V 18 un5i usn

Y93RL39UHAT81 MnO, tievUfAseluseunis

awnuaolunsaunisi 8 Feiudeaunudig -0.50
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-0.15 V ifiauAse1n199adudid nnseuves
MnOOHO™ fvaunit (7)

e AgMnxOy/C -
g 44 | = = AgMnxOy/C -0.1MGlucose o]
c -+« +AgMnxOy/C -0.2MGlucose 7
= — - — AgMnxOy/C -0.3MGlucose L
%’ - -+ = AgMnxOy/C -0.4MGlucose :
S 24 |---- AgMnxOy/C -0.5MGlucose
°
€ .
3 T

-2 T T T T T

E vs Ag/AgCl
U7 8 leadnliaunuluunsuvesdnssugisen

AgMnxOy/C Tuansazaie KOH 0.1 M 13©
shwasazaronglaaiaaududu 0.1 0.2
0.3 0.4 0.5 M ¥ scan rate 0.01 V/s

U5381N77 N,

10
Ag/C "

€ 8{- - AgIC-0.1MGlucose )
o + + Ag/C -0.2MGlucose 1
g 6]~ — AdIC-0.3MGlucose 1
; ---= Ag/C -0.4MGlucose 1y
§ 2l Ag/C -0.5MGlucose I
[}
©
O 0. memem i e T

-1.0 0.5 0.0 0.5 1.0

E vs Ag/AgCI
5UN 9 lwndnliaunuiluunsuvesinseufisen Ag/C

Tuansazane KOH 0.1 M LlTenqu@15azane
ngleafimuidudy 0.1 0203 04 0.5 M7
scan rate 0.01 V/s Us581n# N,

aaa

aun1snisiinuisenveddansuusniila

aunsi (6-9) [12]
2MnO, + 2H,0 + 2" —» 2MnOOH + 20H" (6)
2MnOOH + O, —> 2(MnOOHO) (7)
2(MnOCHQO) + 2e- —> 2MnO, + 20H"  (8)

AUNNTIW : O, + 2H,0 + de —> 4OH  (9)



134

nsfnwiluaisazaneiananglaauas
asavatsueaailatl (KOH) laeifuasazaeta
nalaaasluansararelnunadeslansonlen Wudy
0.1 Tuas USuna 50 faddns ndlanududy 0.1
fi4 0.5 Tuans laeendu

fs9UN581 AgMnxOy/C Ag/C dode
shoansazarenglaafinnududu 0.1 0203 04
wag 0.5 M (gﬂﬁ' 8 WA 9) ANITANUADATLAN
Ufnseeendinduls %aLﬂuﬂmauﬂ'ﬁﬁuaa%’miwm
FafoansliAnameUisenddndu uarufisen
Sindusranauilefiuaiuidutuvesansazay
nglaa da3U7 8 way 9 F9019dn135UNIUVRY
lelasansusuitlsiiliiindoansazarenglaadiaany
uduanndt 0.1 M Gsenadnvnenisviufizend
nand dwnaliuaniA1uisensanduanas dusu
A39UN N7 AgMnxOy/C uag Ag/C (ﬁ’ﬂzﬂ‘l/ldl 8
ua 9) Wieidesoansazaenglaaiinundudiu 0.1
M gemsuansuisenufisensantdu Juilvneasy
1A9182139UA381 AgMnxOy/C wag Ag/C @115
iluldludaualnavonsadifomasildansazans
nglaaiiudemaduasararsdaniladld uasd
ANNENsaluNInUsanIsiinuiseneendindu
Fodefeansazaenglaa

Tun1s¥auseans nmvosead.d inds
589 NTIUNATE15EMI9 PANI/C fiu Ag/C 99
gUnsalfsguT 10

aaa

fausaufAzen PANI/C Lludauelun uas
FuseUfA%en AgMinxOy/C Hudaualng (U7t 11) 4]
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Paclobutrazol (PBZ) is a growth regulator that has been
widely used to stimulate mango flowering by soil drenching. This
study aimed to investigate the suitable concentration of PBZ and
the number of application times that can induce flowering by foliar
application. The experimental design was Completely Randomized
Design (CRD) with 10 treatments and 4 replications. ‘Mahachanok’
mango trees were used in this study. They received two and three
PBZ foliar applications, applied at 15 days after pruning (DAP) with
1,000 2,000, 3,000 and 4,000 meg/L and repeated with PBZ 2,000
me/L for the second time and third time at 30 and 45 DAP
comparing to 2,000 mg/L of PBZ at 30 DAP and non-PBZ application
as the control treatment. The results showed that PBZ foliar
application stimulated earlier flowering and a higher percentage of
flowering shoots than the control. The earliest flowering was
presented when they got 1,000 mg/L at 15 days and repeated at
30 days with 2,000 meg/L of PBZ, flowered within 106.5 DAP and
72.5 % of new shoots flowering. Moreover, the length of mango
panicles with PBZ treatments was significantly shorter than that of
the control treatment. PBZ doses and the number of application
times caused phytotoxic symptoms in vegetative shoots and
inflorescences. However, there were found phytotoxic symptoms

of shoots and panicles on the PBZ treatments at the rate of 2,000
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mg/L and above, at the first foliar application (15 DAP). The

phytotoxic symptoms on shoots and panicles occurred after mango

trees received foliar application at 15 and 90 days, respectively.

INTRODUCTION

Mango is considered a commercially
important tropical fruit crop in Thailand. The
cultivation of mango trees is highly well-known
among planters all across the country. This is
because mangoes can be cultivated for a variety
of consuming purposes. Various species of
mangoes are grown for ripe fruit production,
while others are used for fruit preservation and
production, and they can be edible as fresh
fruits like apple fruits. The annual production of
mangoes plays an important role in the Thai
economy. The well-known commercial cultivar
is Mahachanok.

Mango flowering is a physiological process
that starts fruit production [1] and it is the first of
several events that set the stage for mango
production each year. It also influences the quality
and quantity of fruits [2]. Mango trees flower in
response to the age of the last vegetative flush
in tropical conditions. Synchronization of the
vegetative tree canopies is a necessary first step in
the flowering management program. Synchronization
growth is best accomplished by tip pruning all of
the stems on the tree [3]. The next step is to
decide whether to use paclobutrazol (PBZ). PBZ
has been used with considerable success to
induce flowering in several fruit crops such as
apple [4], pummelo [5], apricot [6] and mango [7].
PBZ inhibits gibberellin biosynthesis reduces

vegetative growth and induces water-stress

tolerance and increases total non-structural
carbohydrates (TNC) [8]. PBZ has been widely
marketed throughout the tropics to stimulate
mango flowering. Soil application of PBZ has been
found to be more responsive in regard to
suppressing vegetative growth and enhancing the
reproductive growth in mango [9]. Studies have
shown that PBZ is needed to be applied annually
to increase mango fruit yields [10]. In recent years,
many reports showed that the application of PBZ
by soil drenching produced an uneven distribution
of the chemical throughout the plant, as noticed
by the uneven size of the panicles in the lower
versus the upper part of the tree. Overdose may
cause undesirable effects such as stunting of
flushes, panicle malformation, vegetative and root
growth of mango was reduced [11]. In areas where
PBZ is applied regularly, there may be a risk of
environmental contamination due to its residues
persisting in soil for a very long time [12]. In another
experiment, but with the variety ‘Namdokmai-
sitong’, the application was carried out 15 and 30
days after pruning with doses of 500, 1,000, 1,500
and 2,000 mg/L, which resulted in a decrease in
vegetative growth and an improvement in the
number of flowers and buds [7]. In this context,
the objective of this work is to evaluate the effects
of PBZ doses applied by foliar application
and foliar application time on flowering of

‘Mahachanok’ mango.
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MATHERIALS AND METHODS

Experimental details

The experiment was carried out in the

orchard of Tropical Fruit Research and

Development Center, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom
province, Thailand. Mango trees cv. Mahachanok
aged 6 years were selected as samples. Tip
pruning was used to stimulate new shoots from
all the branches of the tree (Figure 1). PBZ
application rate was 200 mL of PBZ per shoot.
The trees were randomly selected, and their
shoots were marked around the canopy of each
tree. The trees were monitored for flowering

after the foliar application of PBZ.

Figure 1 New flush at 15 days (a), 30 days (b)
and 45 days (c) after pruning in

‘Mahachanok’ mango.
Experimental design and data analysis

This study employed the Completely
Randomized Design (CRD) method. Ten shoots of
a mango tree represented one replication. There
were four replications with ten treatments
conducted in this study, as shown in Table 1. The
data were collected in terms of parameters,
including the percentage of flowering shoots, the
time duration from the stage of shoots pruning to
the flower emergence stage, panicle length that
was measured when 50% blooming, and
phenological changes of shoots. The data were
analyzed using analysis of variance, and the

means were further calculated using Duncan’s

New Multiple Range Test (DMRT) at p< 0.05.

Table 1 PBZ doses and the number of foliar

application times in each treatment.

PBZ (mg/L)
Treatment
15 DAP 30 DAP 45 DAP
1 (control) - - -
2 - 2,000 -
3 1,000 2,000 -
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PBZ (mg/L)
Treatment
15 DAP 30 DAP 45 DAP
a4 2,000 2,000 -
5 3,000 2,000 -
6 4,000 2,000 -
7 1,000 2,000 2,000
8 2,000 2,000 2,000
9 3,000 2,000 2,000
10 4,000 2,000 2,000

RESULTS AND DISCUSSIONS

The study results showed that the foliar
application of PBZ could induce a higher
percentage of flowering shoots than the control
trees. The mango trees received 1,000 mg/L at
15 days and the treatment was replicated at 30
days with 2,000 mg/L of PBZ. They obtained the
highest percentage of flowering shoots of 72.5%.
On the other hand, the control trees did not
have any flowering shoots. Foliar application of
PBZ could stimulate earlier flowering. There was
a significant difference in time taken from shoot
pruning to flower emergence of ‘Mahachanok’
mango. Trees treated with PBZ had a significantly
earlier time to flowering than the control tree.
Trees receiving 1,000 meg/L at 15 days and
repeated at 30 days with 2,000 mg/L of PBZ had
the earliest flowering at 106.5 days from shoot
pruning (Table 2).

A significant difference was found on
the length of panicles. The mango trees treated
with PBZ had a significantly shorter panicle
compared with the control. However, the higher
concentration of PBZ gave a shorter panicle.

Panicles from the trees receiving 2,000 mg/L of
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PBZ at 15 days and repeated at 30 days with
2,000 mg/L and repeated at 45 days with 2,000
me/L of PBZ had the shortest panicle of 15.5 cm.
The panicle length applied three times foliar
application was shorter than that with twice
times (Table 2). The acceptable panicle length
was 30-35 cm.
The shoots receiving the PBZ
application showed its effect by significantly
decreasing the length of shoots and panicles
(Table 2). In this study, the phytotoxic symptoms
of shoots and panicles were found on the PBZ
treatments at the rate of 2,000 mg/L and above
at the first foliar application (15 DAP). The shoots
receiving the PBZ at 4,000 mg/L at 15 DAP were
stunted and panicle malformation was found
(Figures 2 and 3). PBZ doses and the number of
application times caused phytotoxic symptoms
in vegetative shoots and inflorescence. The
phytotoxic symptoms at shoots and panicles
occurred after mango trees received foliar
application for 15 and 90 days, respectively.
Pruning after harvest helped the
emergence of floral buds, which gave rise to the
new shoots. This produced more homogenous
and strong buds for the next harvest. Subsequently,
stems and shoots started to emerge at the same
time [13]. PBZ, which is associated with climatic
conditions and branch maturation, brings about
conditions that are suitable for flowering.
Furthermore, the combination of this product
with nitrate sprays fosters floral initiation [3].
‘Mahachanok’ mango trees are in the group of
plants with intense vegetation capacity. Shoot

tip pruning decreases the auxin synthesis at the
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apex of branches [14], causing the transport of

assimilated cytokinin to the axillary buds of

branches under flowering conditions, contributing

to the formation of axillary inflorescences [15].

Table 2 Effect of PBZ on the percentage of flowering shoots, time to flowering and length of a

panicle of ‘Mahachanok’ mango after foliar application of PBZ at a different rate.

Treatment  Flowering shoot (%)  Time to flowering (days) Length of panicles (cm)
T1 0.00 ¢ 172.75 a 42.13 a
T2 12.50 f 111.25 ¢ 33.00 c
T3 72.50 a 106.50 d 37.75 b
T4 32.50 de 107.25d 28.63d
T5 37.50 cd 107.75d 28.50 d
T6 55.00 b 107.50 d 16.28 f
T7 25.00 e 107.25d 24.65 e
T8 45.00 bc 107.75d 15.50 f
T9 40.00 cd 107.50 d 26.65 de
T10 7.50 fg 162.25 b 2550 e

F-test * * *
cv.(%) 22.28 1.26 4.81

Means in each column followed by the same letter (s) are not significantly different at the 5% level by DMRT.

* = significantly different at p< 0.05

In mango trees, PBZ is known as one of
the widely used plant growth regulators. It is
basically used to inhibit gibberellin synthesis,
which subsequently induces the process of
flowering and fruiting. As a consequence, the
vegetative growth decreases, and reproductive
organs and the yield potential increase. The
stage of flowering is very significant since it is the
first stage of attaining fruit. In the literature, a
number of current studies have significantly
indicated that the quantity of flowering
contributes to yields, and the duration of time
that flowers start growing s significantly
influenced by the time of fruit maturity. It has

been accepted that early flowering gives rise to

early fruit maturity. However, Mango trees used
as commercial varieties do not flower regularly
each year. In general, flowering is also alternate,
causing considerable variation in the time of fruit
maturity. The induction of flowering will certainly
guarantee higher yields and promising returns to
the planter [16].

After PBZ is used with mango trees, the
chemical is transported up through the shoots,
and because of its anti-gibberellins properties,
the synthesis of flowering inhibitors is blocked,
which, subsequently, allowing the flower-promoting
factors to work. In this study, the effectiveness
of PBZ application was found in decreasing

shoot length. This is because PBZ inhibits
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gibberellin biosynthesis by preventing the step
in the oxidation of ent-kaurene to ent-kaurenoic
acid [17], inducing unelongated shoots, even
though cell division still occurs. Triazole compounds
are anti-gibberellic that could adjust the
gibberellin levels in shoot buds. PBZ application
could increase the number of flowering shoots
because the vegetative growth is low, and the
reserves in the tree are higher. Similar findings
were also found in Silva et al.’s [18] study on
mango cv. Kent. In ‘Tommy Atkins’ mango,
triazole products foster a transformation from
the vegetative phase to the flowering phase, a
cultivar that is difficult to change the phases [3].
Similarly, resembled results are reported in
apples [4]. Additionally, PBZ is also found that it
could induce flowering in mango trees because
vegetative growth was decreased. The involvement
of gibberellin in mango was also reported by
Yamashita et al. [19], who maintained that
gibberellin acted as a flowering inhibitor. The
use of PBZ could stimulate a higher percentage
of flowering shoots than those of the control
trees. The finding in this research was also
supported by the study of Yeshitela et al. [8],
who claimed that PBZ produced the highest

number of flowers per panicle in mango trees.
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The trees that received PBZ of more than 2,000
mg/L by the foliar application were stunted, and
panicle malformation was found, giving rise to
the decrease in the physiological and biochemical
characteristics of leaf tissues in terms of PBZ
doses [20].

PBZ, a triazole derivative, has been
effectively utilized to induce and manipulate
flowering, fruiting and tree vigor in several
perennial fruit crops. Nevertheless, the use of
PBZ in mango is quite prevalent. Soil application
of PBZ has been effective in promoting flowering
and increasing vyields in many fruit crops.
However, conflicting reports on its impact on
fruit quality parameters are observed. Apart
from reducing gibberellin levels, PBZ increases
cytokinin contents, root activities and C : N ratio,
whereas its influence on nutrient uptake lacks
consistency. In soil and water environments, PBZ
has been described as an environmentally
stable compound with a half-life of more than a
year, under both aerobic and anaerobic
conditions [21, 22]. However, the multiple foliar
application of PBZ was effective in promoting
uniform off-season flowering in mango trees,

without detrimental side-effects on non-uniform

growth retardation and flowering [23, 24].
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Figure 2 The normal ‘Mahachanok’ mango (a) and phytotoxic symptoms of shoots after PBZ foliar
application for 2,000 mg/L at 15, 30 and 45 DAP (b), 3,000 and 2,000 mg/L PBZ at 15 and
30 DAP, respectively (c), 3000 mg/L PBZ at 15 DAP and 2,000 mg/L PBZ at 30 and 45 DAP
(d), 4,000 and 2,000 mg/L PBZ at 15 and 30 DAP, respectively (e), and 4,000 mg/L PBZ at
15 DAP and 2,000 mg/L PBZ at 30 DAP and 45 DAP (f)
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Figure 3 The normal ‘Mahachanok’ mango (a) and phytotoxic symptoms of panicles after PBZ foliar
application for 4,000 and 2,000 mg/L PBZ at 15 and 30 DAP, respectively (b), 2,000 mg/L
PBZ at 15, 30 and 45 DAP (c), 2,000 mg/L PBZ at 15 and 30 DAP (d), 3,000 mg/L PBZ at 15
DAP and 2,000 mg/L PBZ at 30 DAP and 45 DAP, respectively (e), and 3,000 mg/L PBZ at

15 DAP and 2,000 mg/L PBZ at 30 DAP (f)

CONCLUSION

The PBZ applying as foliar application
after pruning for mango trees cv. Mahachanok
could induce earlier flowering, and it also
increased the percentage of flowering shoots
more than the non-sprayed trees. There was a
significant difference in the time taken from
shoot pruning to flower emergence of
‘Mahachanok’ mango. Trees with PBZ application
have significantly affected faster flowering period
than the non-sprayed trees. The earliest flowering
was presented when they got 1,000 mg/L at 15
days and repeated at 30 days with 2,000 mg/L
of PBZ. Moreover, the length of mango panicles
with PBZ treatments was significantly shorter
than with control treatment. However, the rate
of PBZ use that negatively affected the phytotoxic
symptoms of shoots and panicles was observed
at more than 2,000 meg/L when first applied (15
DAP). Therefore, concentrations of PBZ and the

number of foliar sprays could influence flowering

period, panicle length and phytotoxic symptoms

in mango trees cv. Mahachanok.
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