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Detection and development of novel SNPs markers to shorten the time of cassava breeding
for low cyanide, resistance to root knot and cassava mosaic disease
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Cassava (Manihot esculenta Crantz.) is the fifth most important food crop in the world after
wheat, maize, rice and potato, as well as one of the important economic crops of Thailand, which is
the world's largest exporter of cassava products. Currently, there is an outbreak of cassava mosaic
disease (CMD) causing severe yield loss. The objectives of this research were to develop molecular
markers associated with low cyanide, root knot and CMD resistance, and to use these markers in the
selection of cassava varieties. This research was conducted in 2017-2021 at the Biotechnology
Research and Development Office, using Genotyping By Sequencing (GBS) technique and Genome-
Wide Association Study (GWAS). Single nucleotide polymorphisms (SNPs) markers associated with low
cyanide, resistance to root knot and CMD were found. The novel primers of each SNPs marker were
designed using tetra-primer ARMS-PCR technique. It was found that SNPs S16 735381 on chromosome
16 was associated with cyanide content, S2_5300154 on chromosome 2 was associated with root knot
disease resistance and S12 7926132 on chromosome 12 was associated with CMD resistance. The
novel SNPs markers were accurate in the selection of cassava varieties with the traits of low cyanide,
resistance to root knot disease and CMD at 76.64, 70.42 and 77 percent, respectively. The three SNPs
markers were used for screening of 250 cassava varieties and found that 9 varieties were genetically
related to CMD resistance and low cyanide, namely C33 Pirunl, Pirun2, HANATEE, Kaset-Lopburi,
MMAL63, CR79, MPER325 and OMRE 62-03-27. And 4 varieties genetically related to both CMD and



root knot disease resistance were TMS-972205, TMS-980505, TMS-980581 and TME B419. The use of
molecular markers related to agricultural traits is particularly useful in plant breeding. It can reduce the
number of plants planted for phenotype selection, select multiple traits at the same time with
accuracy, reduce the breeding time and provide plant varieties having desired genetic characteristics.
Key words Molecular marker, Cassava breeding, Low cyanide, Root knot disease resistance,
Cassava mosaic disease resistance
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1. mwaneesanesudfiduniusfudnmneleeniuda audnamilsanmiuusslsatusng
Sudmzvias
1.1 msAne3lulndaewalulag GBS
W suieg RS wed iU ealunsemelulad GBS laedmidomiugiiudyvdidl
UStnadlaenlud 7iseausnee musesuues 3anm1 wasanie (2558) dmsudnuaed 1unilsasinuy
Fadomiugiiud s e unusedusie auTIeeLes YIUT0 uavAN (2558) ANtuAfn
Ao uTud NS w2835 CTAB waginswiialunmiamalulad GBS dwsudnwuram A umusolse
Tusnasiudend sl msfnensiuuuanand ealesdTus (GWAS) W afumies owmnealudf duius i
SnuEAINaILAa1 (Rabbi et al, 2020)
1.2 mAneiulndvasdnunelveludn uazarudumulsasmnuy
Yipsesiusalleenluddae33 picrate paper AAuUadan Hague wag Bradbury (1999) Tneda
picric acid 1.4 nfu avanelu 100 HadAms 2.5% (W) sodium carbonate NMLLINTEATY Whatran #1
asluansazaney picric acid Uaoeluwis 6in picric acid paper 1110 1 x 3 1% AAUUNUDIMARANAADY
10 15 Tada03 1iufl 20 ssrwaldva drsfudwends 100 Hadndu Tdlunaeawun 15 Gadans
{11 0.1 M phosphate buffer (pH 8.0) U331¢15 0.5 Gaddns ualiasiBen Tarii sl picric acid paper
Unl¥figamniivies ww 12 #3law 151 picric acid paper fulutiUsines 5 fiaddes thluTadinisgandu
wasd uemed U 510 wiluns WsuiuamnesgiuvesUsmallvenlud A ssduanandud usine

dwsuillulndvesdnuawimumilsannualiteyaansenuues Ysunse uazan (2558)



13 miﬁﬂmg‘ULLUUﬂ’J’lﬁJL%GNIEN%I‘IJSJLﬁ@ﬁﬂﬁ%ﬂ%@\muﬂﬂﬁﬁﬂﬁ
thiyailulndannmsinsesisnomalilad GBS sndansesgaun (Filter) 71 call rate > 0.8 uae
Polymorphic Information Content (PIC) > 0.1 mﬂﬁfuﬁwaﬁﬂéﬁmumiﬁ@ﬂiaqammw TWasgiiguuuy
audenledlun (GWAS) Tnedumswilaiudiiedasiuusasdnvasvedlund (USinalvelus
TuiaTudUznas taganuduniulsasnui) Inedasziuu Mixed linear model (MLM) (Kang et al.,
2008) AalUsunsu TASSEL 5.0 (Bradbury et al., 2007)
2. msoanuuulnswiasvaumsasneaiud §2e35 tetra-primer amplification refractory
mutation system polymerase chain reaction (tetra-primer ARMS-PCR)
thieyaadudi A ot eatudnuaruinalvenlud arudumulsasnuuuaslsalusig
Tudusnds Wl Tumseenuuulnsiwesveues ssmneaiudun azsunds Tngldsanswas Primert
(http/primerL.soton.ac.uk/primerl.html) WipflA Tetra-Primer ARMS-PCR 0 1 fusivsuaaies eaviang
atlvdazlrlnswes wau 4 idulunisnsiaaou Usenaunae Forward inner primer (FI) Reverse inner
primer (RI) Forward outer primer (FO) tag Reverse outer primer (RO) NnTuhmsnan e vnzay
(condition) lumssi uuSinasiiBuelagld GoTag® Master Mix (Promega, USA) agsuiiandlelndves
yalwsaeivonrdomneatuduiardnune uanineasdeslu Table 1 Suiind ayaULUULaURID e

v ¢ = a ¢
nldanyalnssesvennsemingaiiud

Table 1 Sequence of primers of SNPs markers associated with low cyanide, root knot

disease resistance and CMD resistance used in Tetra-Primer ARMS—PCR technique

Annealing Expected allele size
SNPs position Trait Sequence
temperature (°C) (bp)
S16 735381 Low FI :GTGGACTCACAGAATCACAAGTCATTGTAC 60 T allele: 246
cyanide Rl: GAAGGGGAGGAATTATTTCTCACCCA C allele: 207
FO: CTTGGCAAATTCTGAGGCTTATTTATGG
RO: TGGTGGTTCTTGAAATCATAGGAACAAA
S2 5300154 Root knot | FI : GAGCAAGCCGAGCCGATGTTC 58 T allele: 276
disease RI: CAACTGCTGCACCACCGCACTA C allele: 188
resistance | FO: TGCCGATGCTGGTCATGCTACTACT
RO: TGCAAAACAGGGACCAAATGAACCT
S12 7926132 CMD FI - XXXTTTCCATGTTTCXXXXXXXXXX XXX 58 T allele: 204
resistance | RI: XXXGTACAAGAATCTTGXXXXXXXXXXXXX G allele: 145
FO: XXXAGTTTTATGGACXXXXXXXXXXXXX
RO: XXXATGGACTAAAATXXXXXXXXXXXXX




3. mIvaseuANUgNdesaaTaInEaludlumMsAnEaniuSTudUzvas

thyalwsesveudssaneaivdioonuuuld naaeutuietaiduevesiudzdaan
WUaesauUTIveeaud IeiulIsrens NTIRINTNYAST 31U 71 Wae 137 Wug dmsudnuaeiiumu
TspsnuuuazUsinadlaentus snuddu Inevintuizen PCR ie GoTag® Master Mix (Promega, USA)
uazldgamgilumsifisiinafiduen Table 1 naieinansiinUiinamiduelnevididn
sl 3alueaeznilsa 2.5 Wosud deudeedifenluslug wazihludesuaudduensoy
FURNAME18LA3 09 Gel-Doc UV Transilluminator (Bio-Rad Laboratories, USA) Juiindeyaunu
Aidueveaniemsnpaiiudusiazdnuns

Winngvianugnsieweaaseweaivd Ingldaunisansieauves ige et al. (2021) fsil
ANUQNABY = (TP + TN) /TP + FN + FP + TN)

TP = true positive, Slnduarilulndaenndosiuludnuaziidoinismeuin (B anudmm)

TN = true negative, Slulnduasilulvdasnedosiuludnuaedifesnsnisau Wy Anuseuss)

FP = false positive, Slnduazillulndllaesndosiuludnuaedidesnsmeuin

FN = false negative, Slulnduaziflulndlilaonrdosiuludnuasisosnismay
thuiintoyarnugnifeseardomneaiudusardnuay

4. msRadeniusiusvdalagldiesommneaivd 3 dnuus
thaalnswesveuedomaneaiuding 3 dnwe Ussnaude S16_735381 525300154 uay

S12_7926132 lUAnideniiugdud e nasanuuasmiuriuveaug Idenelsssees nsu3nmanuis

1

91u3u 250 Wug leeld S12 7926132 i3 owuneativdaunulsaluansiudends dndaniug

q

s

Tudduusn mnduinisdadendnvaslvenlusamuarduniulsasnly drewndeamneadud
S16 735381 wag S2 5300154 Md19U
NAMSVINABILAZIANTR!
1. mavmuesessneluanasiudnduiusfuadnunsloeludi anudumulsasnuualsaly
ANtUEUZAAY

dnwazBainadluenlud suduendaildlumeveassduou 100 s fBinadeenlus seming
8.26 - 815 mg Hydrogen cyanide (HCNV/kg Ymiinam vhmsnun3lulndvearsommneaidlusluge
wellad GBS 9 nthiiassk GWAS wulresvisneafudsnunu 40 sumis Aduiusiuusinallsenlus
pg19il Hod Aty Ineia15ai1971nAN logarithm of significant level [Hogy, (P)] T onin 5 i Invaguuy

Taslulwadi 13 uaw 16 (Figure 1)
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Chromosome

Figure 1 The Manhattan plot for GWAS of HCN in cassava 100 varieties. X-axis shows

chromosomal positions. Y-axis shows —log 10 (P-value).

anwazdunmliannuy Sudwsvdildlunmsneassdnuu 71 Wug Addeyaduiinsiauy
Qll = v a 6§ d‘ a 6 o o 1 d‘ LY v 6w
PNLEAIDIANUATUNULTASINUL HANISIATIEY GWAS WULAS DIMUNE@UAIINIY 6 SNLLa NEUNUSHU

ruAunmilsasnUueg il deddaylag A1 -logy (P) lidesndn 5 Ganueguilasluleuil 2 uag 14
(Figure 2)

—logso(p)

Chromosome

Figure 2 The Manhattan plot for GWAS of root knot disease resistance in cassava 71

varieties. X-axis shows chromosomal positions. Y-axis shows —log 10 (P-value).

anwazAuUlIAlueIg Rabbi et al. (2020) yinsfinw GWAS Ingldnguussannsiiudwevias
$11u 5,130 TAAuT WannT wil a1 Intemational Institute of Tropical Agriculture (ITA) Useinelud 5o
Toyaalulnivensznnaiudzvd Anvilnemeallad GBS wuisswsneatudndiusivausiumy
Tsalua 9 ud Uz na s o suniis S12 7926132 dA1 -logy (P) WAy 112 Feihdndsailvdasna 1

WeanuuugalnsaesdmsumsmyraeudnuemaiugnssuAeiur R nusslsAlua siud s s



2. msoanuuulnswiasvaaasasmneaiud §ae33 tetra-primer ARMS-PCR
thioyaswnisesemmneatud Sadunmasuadinalelys 1 fuwmis sufsoyadfuves
Fhuvinadndifes FiedesudnvasBalaelug eougmsmusslsesnuuuaslsaluniugumg
TUldlumseenuuulnswesselusunsy Pimerl anmamsmanmei wanzadlunsfisiinad S ueves
Fuvtsafiud $1uau 40 wa 6 sumus 7Rt esTudnvar i inallseluswasaus unuselsesnuy
ud iy wualnsaesdnvaay 1 ya WwouAidueifienssimeuaziatios loun 16 735381 (ashilan
71 16 fumis 735381) dwisudnenurUSinadlaenlud S2 5300158 dmsud nunadmsielsAsINUY

Way S12 7926132 dmisudnwarAuyulsalunsiudgzuas (Table 1 uay Figure 3)

Chrt Chr2 Chr3 Chrd Chrs Chré Chr7 Chr8  Chro Chrid Chrll Chrl2 Chri2 Chrid4 Chris Chrié Chri7 Chrig

sz_rslzomsrztl =l | | H |-| I | H |-|

512_7926132 $16_735381

Gene: peroxidase Gene: caldum-

Gene: £3 ubiquitin ligase

dependent protein
kinase 29

Figure 3 Position of SNPs markers associated with cyanide content, resistance to root knot

disease and CMD. Related genes are described in boxes.

HansvhuRAseiTensiudeesRouevesiudzvas wui anwaszlsunadeenlug @wnse
uondlulnivewusaydadaveuiudevaslddaau Inefusi T lulndvlaiemelsluia (heterozygous)
CT aufinuauRoweun 397 246 way 207 Aiudlaauauiidue 397 awaluyarduemuau Ilulnd
wilglaluluia (homozygous) TT iinuauAduwINA 397 uax 246 A dndlulndvialaluleia CC
WLAAUDUA LS UvLR 397 uay 207 ¢LUa (Figure 4A) § 591HANNTILATIEN GWAS 1U3n a4 s
516 735381 fusfsialuln CC asuansiiulnddinadeenluds

anwazAunulsasnUy funusatdud 525300154 Flulvd TT agtinlauf@uwevinm 421
ua 276 Avua luvaeAidlulndismelsludta CT auiAnuaudiduerunn 421 276 way 188 giua lasuau
e 421 gruaduyaduemunu (Figure 48) siusAsi3lulyd TT svuanail i fiflenusinmuse

TsAsnuu



anwazAumulsaluane duvisadud 512 7926132 3Tulnd TT aziawaufdueuum 291
240 ua 204 Avua Fulndiewmelsleria TG aufinuaumdueninm 291 240 204 way 145 Aiua wazdlu
nd GG uauAB RN 291 240 waz 145 Fiua IneduauAdue 291 waz 240 Aluadugafdweniuy

(Figure 4C) vugnERulnd TT wae TG zuansiilulndndanuimumusielsaluaneiudiuenas

A B C

M CC CT TT M

M GG GT TT

le—291 bp
=240 bp
| =204 bp

397 bp
<— 421 bp
<— 276 bp
[«— 246 bp <— 188 bp

| e=— 207 bp

145 bp

S16_735381 S2_5300154 S12_7926132

Figure 4 DNA amplification with primers of SNPs markers using Tetra-Primer ARMS-PCR
technique in cassava. SNPs S16_735381(A), SNPs S2 5300154 (B) and SNPs S12 7926132 (C)
were associated to cyanide content, root knot disease resistance and CMD resistance,
respectively. The genotype of nucleotide allele is described above each lane. Arrows show

the size of DNA bands. Lane M = Marker/DNA ladder.

Fun s Ud S16 735381 13 sunelnanaleeilus vin og Tudud unseu (ntron) vesdu
manes. 166007500 4 449 18 calcum-dependent protein kinase 29 Tnedl Ariuaened aef UT1891WVS
Maduh et al. (1995) Fs321y31 potent protein kinase C (PKC) Aentiasivanuidufivueduenius uay Zhang
(2012) KM MAP kinase nazdfulwenlusflidussdvszneuunssuunsdneyyaiedhuiiseeendiou
(reactive oxygen spedies; ROS) WaymIment NAsUNS Lusasaa e (hypersensitive cell death)

Fumisadivd S2_ 5300154 ieewmneluanadunulsasnua egluduenteu (exon) vesiu
manes.02G059900 4 i udu £3 ubiquitin ligase T umumdrdalunsd dyanaueead i mua
NEUUNTEeY laun mstevaanelsiuiarnsnevauemiiifduiuy lnenswulsiuyadfu
(ubiquitination) IfurTssanawtiwsne wifindnvesy el Audomsimundmanelusiuionsvane
wenanivhi mssuiatussrdusiiuhlgazmniulunssuumsdduanameluead QEEAVRTATL
pauauadlunstosiumues Wu mavidseesliu mamevensadifoveadadelsn wasmamdsansmely
e (Duplan and Rivas, 2014)

suvsalud $12 7926132 13 smnelananad umulsalusinaiudymds og sy neiu
manes.12G076200 % manes.12G076300 (Rabbi et al. 2020) Tnet saosd il 1 udu peroxidase

Vit Tuszuuteanuvesiig (plant defense) wazlusnUaAT U9 19U NN OAITBSANTULAZFULUTY



(lignin and suberin formation) N1 W auvinaved auUsEnauNT LEas (cross-linking of cell wall
components) Miduareilnlnadndudsdloisedmumatsouedogduridavelseiis wmuoddy
YaseanTuskay ROS (Almagro et al. 2009)
3. mandeUANgNd BBt lunsRaden U Tudsud

dnunzBanadlvenlud dhyelnsweveusiomaneatud S16 735381 ieaouifuseg wRldue
vosfudnds S 137 s W eneaeumLgnFasee? ssaneliana TneiTeuifiouseming
sukuUmaUR eSS Inallwen e sinniudsvd difufemnituiivgnifeiulud 2564
ffvsnallenlusi agluaae 87.40 - 911.60 mg HCN/kg dninan wuined snaneadudinaunt i
Temugnaedumseing aﬂﬁuﬁ:ﬁuﬁwwﬁﬁﬁ%aﬂuﬁ FnIn 250 mg HONAg Ymiinem Seeae 76,64

Fnunzdrummilsasnuuthyslnsiesveaed savmneaiud 525300154 nadeuiuiiogs

a v

a s L) v o U & = = 6] 2/
AL UBVDINUA UL U 71 WUT ‘UQ@JGUE];JUaWIUIVlUﬂ’)']ﬂiﬁ]']um']u%ﬂi']ﬂﬂll PHINBNUTDY UTUIIN

wawAa (2558) nuiiedpsnealidivannull Werugndedunsdadeniusiudwsvdsidany
AunulsasInuu Segay 7042

aneaza 1un1ulsalun 19 915189184 Ige et al (2021) wag Codjia et al (2022) WU
emaneatiud S12 7926132 lriemagndedlumsdndeniusiudsvd s uvnselusin Yevas 77-80
a. msdndenussiudsvdneldintonnneaiud 3 dnuus

HaN13ARLE BN LE TudUzna 191wiu 250 Wuglaeldins swaneadudiunulsaluaig

]

Yo saa =

S12 7926132 Aaid onleiug iduaududuniulsaluas S1uu 17 wWug 9ndudiandndendiai

]

sheiaesanuatiuden 2 dnwae leun S16_735381 (WSmnadlwenluden) wag 525300154 (Anafuvy

s

selsATnU) Wi nguus T uuRSuernuduyulsalusuazUT Il luden Sdwnu 9 Wus
leiun €33, Agaul, Wyau2, vinundl, inwmsany3, MMAL63, CR79, MPER325 wag OMRE 62-03-27 (Figure 5
uaw Table 2) dmsunguiugitunuiBueermusnumuidselunuadisasnua S8 4 wug éun
TMS-972205, TMS-980505, TMS-980581 ez TME B419 (Figure 5 Lkae Table 2) I@aﬁ’uﬁ: C33 TMS-972205,
TMS-980505, TMS-980581 Wz TME B419 1T s @i 1umudi 16 311270 ITA (ntermational Institute
of Tropical Agriculture) g CIAT (International Center for Tropical Agriculture)

Yo caa

U A o ' o Y A Ao o v oA A ]
HaN1SARLE onAena 1 il lnug Ml uuliuiaedid nuagmemsineasi AviuiuwE eldendy
= a A .. [ = ¥ d' = 6 1 U Y L 1
W3wilngu (gene pyramiding) M3fadianseiATewelanaliusylevdsenisuiulsaiugegtwn
\ewngwasdmnuiivnisvUanidiedadion Inetnusulssiugamnsadienanzsiuniivaufidwend
anwaedensl] vilvansaaniuiUan ussnu wazalddnels (Table 3) wasilumssiiuamuuiug

TunsAnE BN NYUENINSINENSNADINITINA
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“‘»Lh“““

= Marker
L S —— gem #on &u = TME3
cc homozygous* N B S e S =S =
Low cyanide S16 735381 = €33
= TMS-920057
TT homozygous s - - = TMS-972205
RN resistance jios 2 — TMS-980505
S2_5300154 = TMS-980581
= TME B419
= DW
T allele s
CMD resistance
B
M = Marker
9 = Pirunl
CC homozygous *
Low cyanide 10 = Pirun2
>>>>> 11 = HANATEE
12 = Kaset-Lopburi
‘I'I'homozygous’ — T — — —
RN resistance 13 = MMAL63
14 = MBRA18
15 = CM323-375
16 = CR79
17 = MPER325
T allele 18 = OMRE 62-03-27

CMD resistance

S12 7926132

Figure 5 Marker-assisted selection using SNPs markers associated to cyanide content
(S16_735381), root knot (RN) disease resistance (S2_5300154) and CMD resistance (512_7926132)

in cassava varieties from foreign country (A) and from Rayong Field Crops Research Center (B).
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Table 2 Summary of genotype of cassava varieties examined with SNPs markers associated

to cyanide content, root knot disease resistance and CMD resistance

TME3 x X v
TMS-920057 x x v
TMS-972205 x v v
TMS-980505 x v v
TMS-980581 x v v
TME B419 x v v

MBRA18 x x y

CM323-375 X x v

Vv: favorable genotype, which are low cyanide, root knot and CMD resistance

x: unfavorable genotype, which are high cyanide, root knot and CMD susceptibility
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Table 3 Comparison of conventional selection and marker-assisted selection for cassava breeding.

Breeding of cassava
Conwventional selection Marker-assisted selection
Trait 3 traits Remark
Root knot
Low cyanide CMD resistance (Low cyanide, Root knot
resistance
resistance, CMD resistance)

Mum Ber of F1 1,000 1,000 1,000 1,000 —
Cost of senotyping - - - 160,000 Baht *

. . . 100 m* .
Araa 1000 m 1000 m 1000 m~

(100 plants from selection)
Cost of planting/season 62,500 Baht 62,500 Baht 62,500 Baht 6,250 Baht ‘
Cost of Pherotyping 100,000 Baht 100,000 Baht 300,000 Baht 50,000 Baht -‘
Duration 10-12 months 10-12 months 10-12 months 10-12 months |—
Duration for pyramiding 10-12 months "P
of 3 traits | 10-12 months Ik
Area 20040 m: ‘
Cost of planting/season 125,000 Baht .',
Cost of Phenotyping 100,000 Baht| 100,000 Baht | 300,000 Baht ¥
d3UuNaM VNG

1. wamsinszialulnddowalilad GBS wagnsd nwiguuuuaind eulesdluy (GWAS)
i dunued omneadudlyal smuou 2 w3 eemne lun aldud Si6 735381 duiusiudiunallsenlud
waz allud S2_ 5300154 duiusiuamanulsasnUy

2 Wannlwsuesii enadeues osanuaiUdsewmeila tetra-primer ARMS-PCR 1121 3 4l
aies dw3u 3 dnwaue Tun Wanadsenludan mmiumilsamnuiuazemadnmmdseluiaiudemd s

3. A N p3uBaLA3 sevnead UdlunmsAaid entug S16 735381 (USunailwenlusiein)
S2 5300154 (A1106 1unIulsasInUa) way S12 7926132 (A2ud 1uniulsalua 19 uddsna 9)
TPNUQNABY SeEAe 76.64 70.42 Uaw 77 MUAIRU

0. wamsfadoniusuduzvd s 250 Wuilagldied emmneatidin 3 dnvae daden
IenguiugAtuwaltiusumulseludnaagloeludsin dnnu 9 siug wegngaiugfduualiug
sialsplussuazlsemnus S1um 4 s

mathwanIdeivldusslevd

1. e psmneadvdis 3 galwsiwediwaunduannuided wldlunsdmdonitus

fudgvdaiieblsd vz desns Uszneusne Uinailvenluden fumlsannuuuassiuyulse

Tushafuduynds inseamnevisanuiliirnugndesnnnii Segay 70 Fadedndlussavsames
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2 msldies swaneluan alunsdad onius Y reandunsernsvesiiaf asvhmsugndaiden
Smansidosms iiaameiuil Srossr adie uarssemaer iU ulseius nmadnidendnuas
ynafilundunsd nunedernsenrlunsssaseu Salda g uasld Sunanssyuand sond e dafumsld
\nG oovenelsanaazeana e elumssseaeuiulrduas ponsusivd TunsdaiE onsnmiTis Aeiden
il Sniadumsteeamas nsseresdelsannmsns ety Audolaras s

3. 13 pavneadUddemalln Tetra-Primer ARMS-PCR 1 flenwazenn Ielddne laidadld
yaansfifeunungewediu aansosidunsluies foameT-luenafified oxdlefugld i
A3 0eMT05 13 ausnuaUA i e uazsal dununsnaeUes 10 UM enInTIaeUAT U
1w dlefieutumeiladun Faflsenussanns 100 vvsesuvisdmsumeiia real time PCR waw
310 U as s uwmatla Pyrosequencing

0. Mipnushe aansothiesemaneaiildva 3 yalwswes TdFaEeniugliviud

5. 13 eavneaiivdvesd nunirUSunailselusdien S16 735381 veameyAnsYasluunmes
naArIMsinYes Jemsuszng intemmneluanaatiudnduiusiuuTinalvenludhaiafudusvaes
B manes. 166007500 tawiidue 2203000058 FuitBufenasufme 10 Uns1Au 2565

6. 1P oveatUdvesd nuaweudumilsalusmaiuduends 12 7926132 thiluldweven
TumiAds s meldied ssmngluanalumsdadendnuaed vl seluseiudwsnda duduau
U 2565-2567

WBNE5N9B

F0u0 yneeTegAY UseiiAeaiien ganms Snymsmaal eRanual wewan 215795500 VRN Uaed L
IR, 2558, METMLNUELUSHEI LA YRR YR IA e vl T A nd vesu auas aunm
wniouiusludensiudmmvgs remaamiSewumyerodatan nafnnmamws. 185 i

Y90 RedvauAn nyand yaduns gaudni Bequmily uaslem yapda. 2558 mMsdnidenuay
Ussidudeusnssusiudwsndsiummildifoudessnuy. senusaamAdoatiuamy sl
drinnuiauinermansuasmalulaguviend, 2.Unusl. 69 i,

TsrluiudUzunauasnmstasiundn. dinidewauinisensnuiing. (1-67 1.1 (nettathai.org)
Accessed May 2022.

ANTAUNANTNENT TNNUATYERINTNYAT. 2564. adAnTAFUAINERsineiusUssma U 2563.
AUGANSAUNANSNGAT FTNIMUATEININTNGAT NTENTINWISIazaNNTL. 164 i,

AUNITELATYENINTNYAT. 2563, dnunsaiduanussidAssasiuiliy U 2564. Srtinideiasugna

NTNYRNT é"lﬁﬂﬂ"lﬂLﬂi‘Uﬁﬁ%ﬂ"ﬁLﬂWi NILNTINUATUATENNTEAL. 240 .
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Y i a £
N1SUENUAAALEDN Streptomyces sp. NHANEITDNHNTNIYININTUNITAIUAY
dy . o Y 1 3 9°I /
\%931 Ganoderma boninense swAlsaaRAuUIANLNIY
Isolation and selection of Streptomyces sp. producing antifungal
compounds for control of Ganoderma boninense causing

basal stem rot disease in oil palm

F9¢ guia Bedloy S81WUS 2903 Bvdwed LindnA adaRg

Teera Chookaew Yingniyom Riyapan Worakorn Sittipong Therdsak Sawatsuk

UNANED

Tspduundiitiuannidosn Ganoderma boninense Wulsaiimdaszualuiui
UgnUrduitumanialdvesussmalng swidedifngussasdiiiowsn dadon wagfnu
FANENINVDIATANANRYIUANN Streptomyces sp. Giamiqums??asw G. boninense ALuN1T
NAABUABUAAIAN 2562 Deiuensu 2564 Lagugn Streptomyces sp. 3MNAUTBUEIIUUIEY
dfuluituiineldsiuan 21 faegna 18 Streptomyces sp. 1 167 lelaan dadennis
Huufiindsetes 6. boninense #1735 dual culture wu 4 lelaian (CW2 CW5 CW9 uag
Ks1) Sudedenar 100.00 wazlelsian KS10 Fudedosas 93.52 1ilanaaeunisdudlagld
dhnsendeadenuin lolwan CW5 CW9 war KS1 Iimsudedesas 100.00 sarnnsnaaou
#18 dual culture wazn1sldunsead sad e nsAnwiaiuluaraIdy 165 rRNA WU3n
Telatan CW5 CW9 uag KS1 dnsuunidu S. morookaense lelwian CW2 @e S. atratus uay
Talaian KS10 Aa S. luteireticuli N1sNAdeUUssANS ANVt sat AR 1uT afns e
\efiaesdiAna1n S. morookaense CW5 sian1s8us wiiesn G. boninense A1833 poisoned
food technique WU N NT¥AUAIINLYUT Y (0.01-100 mg/ml) arusadud wud 09
G. boninense l#¥ava 24.67-100.00 Tasanmidudu 10 me/ml dudislégeansosas 100.00
waglinanistiududieuiniu hexaconazole imundadu 1 me/ml nransvnasuandly
171 S morookaense CW5 7 Aaidanlda1uisnaiunuid a3 G. boninense ag 14

a

UsgdnsnmluszauesujuRnsuaziuwuimahluiauniluidusideldlunisaiuaulsa
andwuiauudusellueuian nsuidediduauidensni dnswauide
S. morookaense 1tglun1sauAulsAEIRULIYRIUNANENTUITIAINWeTT G. boninense

[
o o e =)

AEARY: W Streptomyces sp. U1aunsiu LsAdRULLY N13ATUANNISTININ

Abstract
Basal stem rot disease in oil palm caused by Ganoderma boninense is now a
threatening disease in oil palm cultivation in southern Thailand. The objective of this

study was to isolate, screen, and investigate the antifungal potential of the crude extract

Auiidunduiiugsrugisnd amtuidedivlsuasfivnauwmndsnu nsdvinisnues
Suratthani Oil Palm Research Center, Field and Renewable Energy Crops Research Institute, Department of Agriculture
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from the selected Streptomyces sp. for their antagonistic ability against G. boninense.
The experiment was studied from October 2019 to September 2021. A total of 167 strains
were obtained from 21 samples of oil palm rhizosphere soil in southern Thailand. All
strains were tested for antagonistic properties against G. boninense using the dual culture
test. The results exhibited that four strains (namely CW2, CW5, CW9, and KS1) achieved
the highest activity at 100.00% followed by the strains KS10 gave the inhibitory activity
at 93.52%. Furthermore, the strains CW5, CW9, and KS1 demonstrated the strongest
inhibition (100.00%) from the dual culture test and exhibited greater activity in the
culture filtrate test. Based on the 16S rRNA gene sequence analysis indicated that the
strains CW5, CW9, and KS1 were belonging to the S. morookaense. Whereas the strain
CW2 was S. atratus, while the strain KS10 was S. (uteireticuli. Crude ethyl acetate extract
from S. morookaense CW5 were employed using the poisoned food technique. It was
found that different concentrations (0.01-100 mg/ml) were able to inhibit G. boninense
from 24.67-100.00%. Crude ethyl acetate extract at 10 mg/ml exhibited the highest
activity at 100.00% as well as can be competed with hexaconazole (1 mg/ml). The results
showed that the selected S. morookaense CW5 was able to effectively control
G. boninense in vitro and may have potential as bio-fungicides in order to regulate the
target spot of basal stem rot disease in the future. Moreover, this is the first study to
develop S. morookaense for the biological control of basal stem rot disease in oil palm
caused by G. boninense.

Keyword: Streptomyces sp., oil palm, basal stem rot disease, biological control

A1

Mndeyalurawiud 2565 Uszinelnedtuiugnurdiminfuuszaia 6.18 §1uls &
nanAmUdutiulsrana 17.59 dudy Mufivgnindinitusaskandatiduiduivualiy
iy Taelul 2564 dfufivgnirduisusasandaurduintulssann 6.06 d1uls uas
16.79 &1UAYU MIUEIRY ﬁuﬁﬂqﬂﬂﬁémﬁwﬁuﬁaulmyjagjmqmﬁﬂ,ﬁﬁmLﬂﬁaaaz 86.00 Va7
U@Jﬂma‘mﬁwﬁuﬁmizmﬁ fivdo¥ovaz 14.00 ﬂi%%ﬂ@&ﬂﬂﬂﬂﬂsu 9 (AMENTTUNTHAIUN
AN NTBLAUTUUNTNENFUANNYAT, 2565)

Tspduinurduinfuainies1 Ganoderma boninense (G. boninense) vinlsua
nananasvse bllinandnias (Yurnaliza et al., 2020) LﬁaLﬂuisﬂquLqumémﬁwﬁu%ﬁuﬁumEJ
wunsszuInveslsaegneniansluiiuiivgnurduhsumanialdvessanelng A
Femeanlvgnuludidiidueny 10 39uly eghslsfinnu annisasiuiidmalsadidu
Unduthifunui msszuinvedlsafiumldimuluuduhifuostesanies 1 afauing
Tiifuinuasnaduegnann aumdnaniominnisugnmduiiuunuiiuiiduiuasugn
ouvtisuduunduintueisinn waeinisismetrduriniuliluutas fadunisadiaunds
avaudeaunnvodlsaly W1 G boninense dailudoamalsafivlufu (soil-borne plant
pathogen) annsaunsHiumsavasvsaies (basidiospores) #3BULNINTEAIBHIUNINTZUY
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570 (Siddiqui et al, 2021) m3nuaenavuduUIdu T ukansInduloveud o ladld
yhanevietidssnelufuidnidudusuiunnud: vdmindusuunduhifuasBuduane
omssananiduensszeraavinevesnsifalsafiannsadanald uinsdannoinisvedse
Tussezusnreunuaenidiatiy ¥ildein
nsdamslsagduiunduiiiulaensldained Tinanmsdudmdonuaunisian

Tsalilnsedl 1fesannies G boninense fiszpzrindamaisszey uaznsunsnszanedinig
spuUsININALAiden G. boninense WWudediailiansiafinndoniadns (Hushiarian
et al,, 2013) Lﬁaﬁﬁmmﬁuﬁﬂqﬂﬂwémﬁwﬁuﬁmemmssuaﬂiﬂé’wéful,mméuﬁwﬁuléjﬁaa
wut arwannsalunsilfiAelsavesidos 6. boninense e1agndud et uagfusyun
medaineluuinadu q fafunisauauiden 6 boninense neT2353sduultiufias
annsamuaslsngduhUduiuldesaiissansamn

Streptomyces sp. Lﬂu?\;ﬁuvﬁEjﬂiﬁﬂﬁﬁﬁﬂiza%%ﬂﬂwiuﬂﬂigvEJg\‘iL%E)’i’] G. boninense
d91891unani1sdud sluseduiosufoansdgeaniud oioudouiuid ogfunss
U;j‘f]ﬂ‘égu 5| (Shariffah Muzaimah et al., 2020) L%¥u Pseudomonas putida (Shui et al.,
2021) Burkholderia spp. (Yurnaliza et al., 2020) Trichoderma asperellum (Muniroh et al.,
2019) wag Bacillus cereus BKA 10 (Mardiah et al., 2018) §ﬂﬁﬂLﬁlaLU§8ULﬁ8UQ§u%§§
FanmndteglufuszriiedsiuildnnuanignrduhiiuiliAauas lsiAnlsndduiingae
walulad Next Generation Sequencing wuin 9aunignaguitiiunuvluniseuauiiears
Tsaddunidudsiuluanisuindounusssund Aenquuenfluiedn (Anothai and
Chairin, 2022) ImaL%aﬂfq'mLLaﬂﬁiuﬂaﬁwﬁwudaﬂmLﬁuﬁ?a Streptomyces sp. 11NHI508AY
70.00 - 90.00

ogslsfinnu YBun3dufiindfiiiussaninmeonisdudates G boninense uaxiinng
wawndugadarinenisidulvgeglulssmeniady dlosnldusvaulamnsssuinves
Tsadduninduintunnnou witadusidnaimuilidudauiten 6. boninense anewusi
wonldanmisssuianieludsane fafudeduiauinislydasdmsveunulsadidui
UndsniufiAndululssmalng nisusnuazdaidon Streptomyces sp. flanunsondnansoon
gnavadanmlunissudades 6. boninense anvglndiduiniduinduissndudos
ANEUNSANY

gunIaluazdsnIg
Jangunsal
1. gunsainstiusaeg e lawn gananadin Uinnedl nsganwduiin
2. ansiadl laun ethyl alcohol 75% dimethyl sulfoxide (DMSO) ethyl acetate
3. aﬂmiLgﬂﬂLﬁ%’a laun potato dextrose agar (PDA) glucose yeast-extract malt-extract agar
(GYMA) international Streptomyces project medium no. 2 (ISP2)
4. gunsafluvosfiRing Idun auewnadsade didede niedsmnuduled dovsinde
Lﬂ%@ﬂﬂébuizlmamil,wumgu (rotary evaporator)
28019
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1. MsNUAIRE19R

AushogaAusouduindinhsiunnuuasignundininsufiauysal ergannnd 10 Tdu
10 uarlaifinisuansornisveslsadduuilufiuiicng 1 6un Smiagums asmugiond nsed
P59 UATATEIINTIY TiNQe uazasan lneyaTiseiuauan 0 - 15 lwuflung udiogadiu
fuay 2 90 g9y 100 ndu Wuwdasay 3 9a Agnlidntu anduisiuliuieiionmgdveady
a1 10 Fu rewitluusnide
2. m‘sLLEJnL%’a Streptomyces sp.

F108 199 uT A 9auLRe Yhawenide Streptomyces sp. #2833 soil dilution spread
plate Buvndeedsiuuiuna 5 niu wealuthnduisshideusuns 45 fadans uaviioans
asnSiaz 10 Wi (ten-fold serial dilution) MemansuvILaeERuiisyfuN1T091e 10° 107 uay
10”° Y5u1ms 100 lulasdns vue1us glucose yeast-extract malt-extract agar (GY!\/\A)
(1A 3 nalidixic acid ‘UiiJ’Wli 25 pug/ml hag cycloheximide U165 50 pg/ml LW aguds
wuATISELNsHAULaT091) LﬂaaﬂuLLmuaaa‘lwmmwmmmﬁ Ummawammwmwunm
14 Ju \ivlalailves Streptomyces sp. ifdnwazuAndaiy L‘WEJISU‘Vlﬂﬁ’eJUUi%aVlﬁﬂWWGUaQ
Streptomyces sp. fuenldronssudades 6. boninense (Shariffah-Muzaimah et al., 2015)
3, psAAdaNYe Streptomyces sp. fifiuszAnsnwdanistiudadesn G. boninense

vusazlelanveade Streptomyces sp. uenldumagauuszansnmlumsduds
{991 G. boninense (G. boninense wonuasiiiunnsavegluiesufiinislsndiy o gudide
Urdunuasiegond) #2878 dual culture Tneid said 031 G boninense YuD M3
international Streptomyces project medium no. 2 (ISP2) Wuan 7 Tu LLasLﬁyaﬂL%a
Streptomyces sp. Tidauenldlaen1sindounenms 1SP2 luuuInswasinInTeuIIue s
Aeate 2 wuiwng Wunan 5 Fu 91ntuld cork borer vuadusinugugnats 5 fiadiuns
191¥T8UT D31 G. boninense udailusluauensiieatiuide Streptomyces sp. luuwua
59T uTUL © Streptomyces sp. LA 99INVOUITUDMSLE B0LT B 2 Wwufuns Uud
qmmﬁﬁauﬁunm 9 U L‘U%EJ‘ULﬁEJ‘UﬁUﬁﬂﬂ’JUﬂuﬁ’J’NLQWWL%@ﬁ G. boninense (Shariffah-
Muzaimah et al., 2015) 719UNUNITNABDILUY CRD 97UIU 3 51 Yvunnvesdaiig o5
G. boninense TugarIUALLATYANAZDU UTayad ldfuinmniesagn1sduds (percent
inhibition of radial growth; PIRG) n¥eraznnstiuda = (R, - RY/R; x 100 Iae Ry Ao Sriivas
L%@iﬁﬁﬁ@,ﬂ%ﬁ%ﬁﬁﬂﬂ%@y uazR, Ao %’ﬂﬁmaqL%aiwﬁm%muummssqﬂwmau (Lim et al.,
2018) Amdonlelaan Streptomyces sp. Tilszansawlunsiudates 6. boninense
4. mMInadauNsiusulesn G. boninense daerinsendeutaves Streptomyces sp. i
AaLaanla

ihleleanves Streptomyces sp. filvnan1stiududosn 6. boninense 49gn 5 Sudiy
wsnumageunsfudndesn G. boninense AptinsendsndelneilSsuiiisunaiu dual
culture Faazdnidonloluanilinansdudude 6. boninense geannssiusia dual culture
warnsldiinsendsnds dusunsmadousieiinsendonde Sunndmdulovende
Streptomyces sp. YUAGURUANENA1 5 Tadiuns Fdesliunemsuds 1SP2 wiu 7 Yu iy
Tuemsman ISP2 U3uns 250 fiaddns Lweh 140 seuseunit Wuan 7 3u vuilguvniivies
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mﬂﬁ'juﬁ’]mmgum%aLLaﬂL%aﬁﬁmmL%"ssa‘u 6,000 sauUsiound \Juan 10 undl nsesdausi
lageidonsos 0.45 luaseu thinnseudsadenausiuiuems PDA Tudasidau 2:1 waslu
IMUBIMNSEBNTD (USunasiu 20 dadansreaiueims) seliinemsuis anduld cork
borer YA UHLALENAN 5 TaAlng 191298UT091 G. boninense Mdssliuu 7 Fu wé
tlUemsanansaIueImsia e Umﬁqmmﬁﬁauﬂunm 9 Tu WisuisuiuyanIuAY
(positive control) fnauthnduilenideluemis POA wazilSeuiiguiugaAIuAl (negative
control) finay cycloheximide U511015 50 pg/ml Tuo1115 PDA 1M9UKUA1T1AAB9MUY CRD
$1uam 3 91 Tavuradaiid o G boninense vaaAAIALUATYANAAEY YTy Al |4
Murnmiesaznsduds dadenlolatanvende Streptomyces sp. fidUsyansawlun1s
Fudaides G. boninense gega (Muniroh et al., 2019)

5. nMsanuunviln Streptomyces sp. lngnsmiannuiinalolnavas 165 rRNA

v o

§nsuun Streptomyces sp. Aidadantaluseiusin (species) lnen1sinsienddiu
Wareadu 165 rRNA L3 u9nannfLdueves Streptomyces sp. woazlalgiandigyaanin
Fidulodnaguvesui®vm QIAGEN (Bacteria Genomic DNA Kit) thalduiefiaaldifinuiuin
arumatia PCR 1dlwsiuas 27F 5' (AGA GTT TGA TCM TGG CTC AG) 3' uag 1492R 5' (TAC
GGY TAC CTT GTT ACG ACT T) 3' (Hamid et al., 2020) msmaaw%mmmmmmwmémﬁmeﬁ
PCR Fre3eznlsainadidnlnslnida vindnsiaet PCR vasiudau 165 rRNA Aldvhlsiusand
# 28 QIAquick PCR purification Kit (QIAGEN, USA) W& 1WA L8 ulou1TLAS1¥ s uianau
Tandlolnaludiuveiu 165 RNA Tnodwiiegsluiinsizdaiuiua anntuididuiug
flfssuiisunnuadrofugiudeyalu GenBank lagldlusunsa BLAST 84 the national
center for biotechnology information (NCBI) (www.ncbi.nlm.nih.gov/BLAST) LT 9 TILUN
YUAUDI Streptomyces sp. kari1a1autIAd Lo lnANIas19AUdUNUS LTI TRIUINNS
(phylogenetic tree) Inglaluinsu MEGA version 7.0

6. NSANAAITAN ANBIUINNLY @ Streptomyces sp. N AALANLARBN1TE UL 1% 851
G. boninense

die Streptomyces sp. "Laimawmﬁwamﬁé’ugﬂ@ﬂ@@?’?ﬂﬂﬁﬂﬂﬂﬁwmaauﬁaa dual
culture waznadeudstinsendsade woduemnsidasadowar 1SP2 Usunns 100 Jadans
gl 140 seusiound Uuﬁqmmﬁﬁaﬂ Hunan ¢ Tu antugede Streptomyces sp. adlu
P MSIABT oA ISP2 USunas 1,000 daaans e 140 SoUsaUNT Umﬁqmmﬁﬁaa WJu
1087 7 TU wunwaa Streptomyces sp. 98NN IMITLA BT B Immut,w“imﬁmmﬁaiau
6,000 soURDUT tWutian 10 urf thduveamaiiuenldasnaefvhazareeiaesdiam
Sasrdu 1:1 TnoU3unms wondiuefines@ianeon vien 3 ade denveamartuuuluszmesa
¥Na£a1880NFILLAT DINAUTLNIANTUUUMLY TiAufU 45 mbar gauvgll 40 ssmwaLTya
AUL5259U 120 s0UMBUNT (Lim et al,, 2018) Lﬁumsaﬁ’mﬁlﬁﬁqmmﬁ 20 paAALTYE
7. MswanuuTuivunauvesasafnvenuaINde Streptomyces sp. finatdanldsie

n138U8 a3 G. boninense Tuaaujianns
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NAAOUUSTANS A NUBIENTERANEIUIINLE Streptomyces sp. fonsdudud o
G. boninense A87% poisoned food technique (Samarak and Tedsree, 2016) Suanavany
ansafiavenuiig 10% (vv) dimethyl sulfoxide (DMSO) Tiildaududususu 100 mg/ml
wazFeanlildnududu 0 0.01 0.1 1 uaz 10 me/ml Mntuw3sne1ms PDA waathans
AT sEAUAINVNTUANG 9 HALFUBIMAT PDA wasluuemsidsade (USumsau 20
fadansrieaunims) seliineimsuis a1ntduld cork borer urinugugnats 5 fiadluns
\912UeUE 031 G. boninense Tkasdly 7 u udathlunemsinansnuemsiasnde vud
gumniives Wunan 9 fu Wisuilsuiugamuay (positive control) Tagldiinnduilseinde
1A% 10%DMSO wagiUIsuiisuiuyanIuAy (negative control) fiasl hexaconazole A
Wt 1 me/ml Twens PDA 1MauALANINARBIRUY CRD S117u 3 1 Snvunavesseilidos
G. boninense TassAvARDULAYIRRIUAY tTayaiilddunmmSosazmatiuds
auazanuil
SEEPIAY: WeUAAIAN 2562 Auan Woufueeu 2564
anudl  vosfiRnslaadie quiitoundinisugegsend nafnsnuns

NaNTSNINABILAZIANTA]
1. NMAUA9E19RY
<@ o 1 a v 3 901 o d’lj a o 1 i
PnMsUMBgAuTUAUUaNTNTuluNLA1 9 nenalavesUsemalnenuin 19
AregefuluannuInaauf asdudusulelunisueni@e Streptomyces sp. 31U 21
779819 (Table 1)
Table 1 Sampling locations, number of soil samples, and number of isolated

Streptomyces sp. and order of isolates

Sampling locations Number of soil Number of isolated Isolate

samples Streptomyces sp. codes

Nakhon Si Thammarat

Pak Phanang 1 9 PN1-PN9

Thung Song 1 6 TG1-TG6

Chawang 1 11 CW1-CW11
Surat Thani

Mueang Surat 1 4 MS1-MS4

Kanchanadit 2 15 KD1-KD15

Phrasaeng 1 11 PS1-PS11
Krabi

Klong Thom 2 13 KT1-KT13

Plai Phraya 1 9 PY1-PY9

Khao Phanom 1 6 KN1-KN6
Chumphon

Tha Sae 1 8 TS1-TS8
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Trang

Mueang Trang 1 10 MT1-MT10

Huai Yot 1 7 HY1-HY7

Ratsada 1 8 RD1-RD8
Phatthalung

Mueang Phatthalung 1 10 MP1-MP10

Khao Chaison 1 11 KS1-KS11

Pa Bon 1 7 PB1-PB7
Songkhla

Rattaphum 1 9 RP1-RP9

Hat Yai 1 5 HD1-HD5

Khlong Hoi Khong 1 8 KK1-KK8

Total 21 167

2. ASUENLYD Streptomyces sp.

Fregrenulundaziuiisiuiu 21 freg1s woniide Streptomyces sp. wuin e
Streptomyces sp. U 167 laiszil,awmmmwmﬂmma Telaflvoade Streptomyces sp. il
Snvazadroudavierugnd aﬁzm 1 d1ma du des waze uana1aiY wenanduns
Loloianas1asaningdsing 4 wu ¥ana ¢ wasmdes NSy Streptomyces sp. Tunnedagng
fufithuuenide warlddeiifinrunannuaneiiiosnin Streptomyces sp. Duadundinule
ﬁaiﬂimzwﬁL’miugms;Esjaﬂamams@uw%é Snvaalash Streptomyces sp. @¥1etuilann
NUNUAINTaUSUMAAN IR DAY °) 1aR
3, nsAnLEanie Streptomyces sp. fitiuszansnwdanistiudadesn G. boninense

ynmsihlelaanvede Streptomyces sp. ugnldaniu nageuuszansamlunis
ffudadion G. boninense wuih nsdudaitléann 167 lelmaneglugasiesas 10.20 - 100.00
F1uau 50 Telewan Tinansgudainindosas 50.00 S1uau 110 lelmavliuansdudeg
Tugaedoray 50.00 — 80.00 wazswau 7 lelewavildnanisiudannniniesas 80.00 lolaian
fluan1sdudagaan 4 Teloan (CW2 QW5 CW9 wag KS1) fanisdudadosas 100.00 way
Telawan KS10 dAnsiudedosas 93.52

Tolean CW2 CW5 CW9 way KS1 fiwenldnuin ﬁﬂszﬁw%quﬂLﬁ@LU‘%UULﬁSUﬁumi
Fuduiesn G. boninense Fre33nsMaTanMATIsELABUNTE UATEYes Irma et al.

(2018) 51849721 Pseudomonas aeruginosa HUsz@nsn1wlun1sgudades G. boninense
Fouaz 75.00 luvaus? Mardiah (2018) ﬁ’mwﬂLLUﬂ'ﬁLiwmmamusﬂumimammiaaﬂqwﬁauEN

a5 (anti-fungal activity) InedauendouuafiSeainiodediusng 9 yoaUnduigy 1aun
510 g1 Tu waznaUrduunsTy nan1sAndenid ouuafiiSesae33 dual culture wuin (e
Bacillus cereus BKA 10 fiszAninmmn1sdudadios G. boninense gaqn uardianuanusn
Tunsdudadesay 62.22 $MudFeves Muniroh et al. (2019) 14 Pseudomonas aeruginosa

waz Trichoderma asperellum NadaUN1STUE WY DI1 G. boninense Wu11 TiAIN195 UL
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\§ 831 G. boninense Youar 71.42 uaz 76.85 MUaU Yurnaliza et al. (2020) wenuay
fadonidenuafiiaufiinddddnenmlunismununien 6. boninense Tnsusnidenuaiie
Uitndanauluudasnduifunnusanadulaiide nansfnwmuin WeuueiiSeiiuenld
Ao Burkholderia spp. warduszansanlunisdudud 831 G. boninense $o8ay 55.00
Shui et al. (2021) AanenuuaiiFeddnuausfndnioulesl protease way glucanase 34
mmama’aaamamﬂfqLsnaésuaqL%aqauw§éﬁnw%UﬂaU@uL%aiw G. boninense Tasuenitiaaniu
vsnawlasrduiiululszmannads nanismageunnuauisalunissudad e
G. boninense %1833 dual culture Wua1 Pseudomonas putida uenanaNIsanantoulesl
orotease Wag glucanase udadaiivszavanmlunsiudaidos 6. boninense Sovas 86.30
q, m'smaaun'l'sé’ué’ju%aﬁ G. boninense ﬁ'qaﬁqnsaatgau?}’a%a Streptomyces sp. 17i
Aataanla

nsnageuN13susateon G. boninense Mnlelmanilvinanistiudagegn 5 Suduun
Fethnsesdsadonui Telsan CW5 CW9 KS1 waz KS10 awnsadiudadies G. boninense
Tnelirnstiudedenay 100.00 WWes G. boninense liaunsaasayuueinis PDA finaudae
ihnseadsutonnleleian CW5 CW9 KS1 uay KS10 feudduil 1 vesnsnadesmagen
dinnsesdsadevesleloan cw2 lirnissudisesasniedesas 69.23 (Table 2, Figure
1) Tag'lolgian CW5 CW9 KS1 waz KS10 lunanisdudaladninnisld cycloheximide
(50 pe/ml) Faduansisivszansamlumsiudades Tnglirnssudesas 93.76 Tudau
99n15MAgoU dual culture wuan laleian CW2 CW5 CW9 uag KS1 mmaaé’m?wfasw
G. boninense Taglwarnstiudsdasas 100.00 dauleleian KS10 IhAmsdudiseannie
Youaz 84.42 (Table 2, Figure 2) ag1alsAnny lolaan Cw2 1Wnan1sdud w04 051
G. boninense $ovaz 100.00 ennaeudie dual culture uilinansdudifianasmiedenay
69.23 enagaulaonisldtinsendsade nan1smnassiinandenndosiu Shariffah-
Muzaimah et al. (2015); Jung et al. (2018) fisrea1u71 Woadunisufinuideldluguuy
A9 Wwamﬁé’ué’jqL%ammqkﬂﬁwmﬁu dewnnesiusznevvasemsisdonsednuas
ammﬁywﬁ?aiugﬂLLUUmmLLazLLGﬁQdawaeiamimammsaaﬂqwéwwq%aﬂwwﬁLMﬂﬁiNﬁ’u NKE
nsnaaes leleaniilinan1ssusadion 6. boninense gegamsatuiia dual culture waznsld
vhnseadsudeds lelgian CW5 CWO waz KS1 3edeldinte 3 lelsamdulelaand s
Uszﬁw%mw&iamimmmﬁ'ﬁyﬁm G. boninense

Table 2 Antagonistic activity of the five Streptomyces strains against G. boninense in vitro

Isolates Dual culture test (%) Culture filtrate test (%)
w2 100.00+0° 69.23+1.04¢
CW5 100.00+0° 100.00+0°
CW9 100.00+0° 100.00+0°
KS1 100.00+0° 100.00+0°
KS10 84.42+1.22° 100.00+0°
Cycloheximide (50 pg/mL) - 93.76+0.5°

* Means followed by different letters in the same column are significantly different at P<0.05 by DMRT
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Figure 1 Inhibition of G. boninense in the culture filtrate test after 9 days of incubation
with the selected Streptomyces strains. Strain CW2 (A); strain CW5 (B); strain CW9 (Q);
strain KS1 (D); strain KS10 (E); G. boninense colony with cycloheximide (50 pig/mL (F), and
G. boninense colony in control plate (G).

Figure 2 Inhibition of G. boninense in the dual culture test after 9 days of incubation
with the selected Streptomyces strains. Strain CW2 (A); strain CW5 (B); strain CW9 (Q);
strain KS1 (D); strain KS10 (E), and G. boninense colony on control plate (F).

5. Msanauunyiia Streptomyces sp. lngnsmiannuiianalolnavas 16S rRNA

PnMsiaTzRatnuilaedleluavesdu 16S rRNA (1450 bp) e 5 lelaian waaun
JoyanlaTeuisuiugiuteyalu GenBank wuin 914 5 leletandanumilouvesddu

Tandlalvdduwuafiielungu Streptomyces drduiiandlelndvedlolsian CW5 CW9 uaz
KS1 fiaannileuru Streptomyces @1eug NR112529 lugudeya GenBank Seway 99.86
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99.93 uag 99.93 Mmua1au bolaan CW2 Taumilouriu Streptomyces angwiug NR043490
lugnuteya GenBank Sosay 99.45 uaglalyian KS10 danuwmdoudu Streptomyces a1e
g HQ650809 lugutieya GenBank oway 99.39 (Table 3) Wothdeyaddudiuiiadle
InAvesdu 165 rRNA 113LATIZAANNTUNUSITATAIUINITAIUAITES1S phylogenetic tree
WU neighbor-oining WansAMUEURLEIE 3 Tamnnisvesia 5 lelsannuin lelean cw2
way KS10 fanuduiudansiulelaandy o egadaau Tnglolaian CW5 CW9 uay KS1 fe
S. morookaense lolwian KS10 @ S. luteireticuli wazlelaian CW2 fe S. atratus (Figure 3)

Pnmsnageumstiudades G. boninense Ingldtinnseadsadenuin 1 3 lolwan
Ao lolewan CW5 CW9 uaz KS1 Ailsinan1ssudaion 6. boninense geganssfumia dual
culture wazmslinsesdsadelaglianisdudfosay 100 Mndnuazmedaguine1ves
Tolaian CW5 CW9 waz KS1 7h691n115m919a0Un15493 yuueImswda 1SP2 waza1nnis
WA ULUATDS 165 rRNA WU Loleian CW5 CW9 way KS1 Ao S. morookaense 1ng
Tolgian CW5 Laz CW9 1nannunadfieliufesneains 3aminuasassssusy diulelyian
Ks1 Fausnanandvluiuiisunedoau Sainings egrslsfnnu iledssloluan cws
CW9 uay Ks1 lusroziaatdu 4 nudt lolwan CWs Headis Tnga dnswdndugadligenin
Telowan CW9 way KS1 fefudadenloluan CW5 (5. morookaense CWS5) dieldlunisnaaes
maly

Table 3 Identification of the selected Streptomyces strains based on 16S rRNA sequence

analysis
Strains Length (bp) Similarity Rate Species
(% Identities)

CW2 1487 99.45 Streptomyces atratus

CW5 1477 99.86 Streptomyces morookaense
CW9 1477 99.93 Streptomyces morookaense
KS1 1477 99.93 Streptomyces morookaense
KS10 1531 99.39 Streptomyces luteireticuli
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Streptomyces marookaense (NR_112529)
| Streptomyces morookaense (NR_042300)
Streptomyces morcokaense (CW9)
Streptornyces morookaense (Ks1)
Streptomyces marcokaense (CW5)

||5trepfmyces lutefraticw (KS10) |

99

Streptamyces (uteireticuli (HQ650809)
Streptomyces uteireticul (KU258250.1)
76 Streptomyces cinnamoneus (NR_041223.1)
99 — Strepfomyces cinnamoneus (KC152648.1)

Streptormyeces atratus (FN6ds668.1)

100

Streptornyces atratus (CW2) |

77 Streptomyces atratus (MH197381.1)

|: Streptornyces aburaviensis (F1799164.1)
100 — Streptormnyces aburaviensis (Av999886.1)

[ Baaillus sp. (AM179887)
L Bacillus sp. (MK106115.1)

—
0.01

Figure 3 Phylogenetic relationships of the five Streptomyces strains based on 16S rRNA
gene sequence analysis. The branching pattern was constructed by the neighbor-joining
method. The number at each node refers to the bootstrap support value (%) based on
1000 replicates (greater than 50% are shown). The scale bar indicates 0.01 nucleotide

substitutions per nucleotide position.

6. NMSWIAMUTUTUN L RULENVIETANANYIVANNLYD Streptomyces sp. NAaLdaanlana
n138U8aa31 G. boninense Tuaujianns

INNITNABDINULN ANTANANYIVIIN S. morookaense CW5 NATEAUAIULTUTU
(0.01 - 100 mg/ml) ansadudatos 6. boninense Tngsziunsdudufintu e
Wyt uretasat ey wagi seduadudy 10 me/ml nuan @unsasus ad 050
G. boninense 1#¥o8az 100.00 woNI NG sEHUAMMTNTY 10 me/ml @3arAneIUaIN
S. morookaense CW5 fqn5 U8 ud 951 G. boninense Tt suiiafunisldansiad
hexaconazole fiszumIududu 1 me/ml dsanunsadudadosn 6. boninense ld3euas
100.00 wWuru (Table 4, Fisure 4) nan1svnaesiili@enndasiu Sujarit et al. (2020) Feadn
msaaﬂqwéww%amwmﬂ S. palmae CMU-AB204" Wielddududon G boninense WU
arseengns n1edan i aunsadud wd 031 G boninense lun @13 actinopyrone A
@195 anguinomycin A Laz @135 leptomycin A Wag Nur Azura et al. (2016) 518971431
wondludednlungy Streptomyces adsanseangninisdannldvats sz waransid
A ALY miumsaua wn 991 G. boninense lAuA @19 CydoheXImlde Wagans actlphenol
Shariffah- Muza|mah et al. (2015) 31897471 msaaﬂqwﬁmqmmwam Streptomyces sp. 7
mmimaua Qﬂ’]’iLﬁ]ifg‘?lENL‘U 991 G. boninense laun @15 tradimefon @15 triadimenol
@13 carboxin @15 benomyl @15 hexaconazole Wa¥#13 cyproconazole uaﬂmﬂﬁ Lim et al.
(2018) afimansaianeuain Streptomyces sp. A9 Tngldiofiaas@mvnuin Aseduainy
Waduvesensatin 1 me/ml @annsadudauidos 6. boninense lé5oraz 90.59 agdlsfinu na
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nstudauies G. boninense l§an Lim et al. (2018) IWmnuiduduvesansasaneviitos
m%mhmamswawqqmw odunsznisldemsideatefiunnsrsiutouindeunade
a1sanaeu lae Streptomyces sp. A19 Aedluams mannitol peptone broth Tuveuzd
S. morookaense CW5 \dadluemg 1SP2 Faeerusznevvesemsidsndeiiaietu duwals
W0 Streptomyces sp. wAnanseengrisnsiiniwlduniossnaiu Tnedsenui nsiaeate
Tue1115 mannitol peptone broth 7Tl mannitol 1uunasmsueutieduasulilssansam
Tunsdudadenelsaiiatu (Islam et al., 2012)

INFIBNUVB Yang et al. (2020) WU S. morookaense au1saNARATEBNGNEN
%Umwﬁﬁ’lﬁkylﬁm @13 fasamycin-type polyketides @15 streptovertimycins A-H Fedmdu
ﬁﬂi@@ﬂﬂ%éﬂ@lu aromatic polyketide fImenn 99n1897UY8a Dos Reis et al. (2019) WU
S. morookaense ﬁm‘iaaﬂqwﬁf‘ﬁl draalann @15 alkaloids @15 streptoverticillin @173
streptoverticillinone $1841UU84 Feng et al. (2007) WU11 aﬁiaaﬂqwgﬁ'ﬁﬂﬁmﬁﬂﬁ’mm
S. morookaense #® @13 gloeosporiocide lngansnenanilasnusenevvaauulnaanuwugidu
2 (cyclic peptide) SﬁaﬁﬁamiﬂszﬂawﬁmﬁﬁmmLaﬁaﬂumiﬁ’uﬁ’uﬂa;mﬂmmmasﬁmm
wdausannnitansiiegluguuuuiBadu (inear peptide) uazdsiinnamumusenisiaese
wulesi protease TnsanantAginaylfide 5. morookaense fiaumunzansionisily

Uszgndldlanninluszauudamaaau wenniidedisnesuinde s. morookaense danseld
m‘ummﬁammmimwszﬂ,mﬂuasmm (Zhu et al., 2021; Andargie and L| 2019)
amﬂsﬂmmmaszmﬂUm{LﬁUmiaaﬂqmmammwmﬂ ‘8 5. morookaense lu
A3fusuies1 G. boninense Felilinsfisneuunneu dwan1snaaoii liuandliiiud
Fnunmuedio S. morookaense fifausnldnenissudatonamalsagiduindiniiy
dluewanormiaudesindriduansditasidmiumuatlsndduduhiusely

Table 4 Mycelial inhibition of each different concentration of crude ethyl acetate extract

from S. morookaense CW5

Concentrations Mycelial inhibition of G. boninense (%)

Sterile distilled water 0.00+0.00°

Hexaconazole 1 mg/ml 100.00+0.00°
Crude extract 100 mg/ml 100.00+0.00°
Crude extract 10 mg/ml 100.00+0.00°
Crude extract 1 mg/ml 73.87+0.66°
Crude extract 0.1 mg/ml 39.33+0.32°
Crude extract 0.01 mg/ml 24.67+0.21°
10% DMSO 0.00+0.00°

* Means followed by different letters in the same column are significantly different at P<0.05 by DMRT
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Figure 4 Mycelial growth of G. boninense on plates containing various crude extract
concentrations of S. morookaense CWS5 after 9 days of incubation. Sterile distilled water
(A); crude extract 100 mg/ml (B); crude extract 10 mg/ml (C); crude extract 1 mg/ml (D);
crude extract 0.1 mg/ml (E); crude extract 0.01 mg/ml (F); hexaconazole 1 mg/ml (G),
and 10%DMSO (H)

dyuNanIInaaay
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ABSTRACT

Biological activity of crude extract from leaves of Strobilanthes cusia (Nees)
Kuntze was performed during 2018 - 2019 at Postharvest and Processing Research
and Development Division. The objective of this study was to investigate antioxidant
activity and antibacterial activity of the extracts of Strobilanthes cusia (Nees) Kuntze
leaves by three solvent, water, ethanol and ethyl acetate. The result found that
antioxidant activity by scavenging of the stable radical DPPH and ABTS assay of the
leaves of Strobilanthes cusia (Nees) Kuntze extract was lower than vitamin C. The
highest antioxidant activity was the ethanol extract. The ethanol and ethyl acetate
extract exhibited antibacterial activity against S. aureus, S. epidermidis, B. subtilis,
C. albicans and P. acnes. While the water extract exhibited antibacterial activity
against S. aureus, S. epidermidis and P.acnes. The minimum inhibitory concentration
of ethanol and ethyl acetate extracts to against S. epidermidis were 15.62 mg/ml.
Thus, the extract from ethanol of leaves of Strobilanthes cusia (Nees) Kuntze was
the most appropriate extract to apply in cosmetic product and medicine because the
ethanol extract had lower minimum inhibitory concentration to against skin pathogen
than the water extract and higher yield than the ethyl acetate extract. Moreover,
Cytotoxicity of human fibroblast cell, anti-inflammatory activity, anti-tyrosinase
activity and wound healing potential of ethanol extract were studied. The result
found that the extract was very safe for human fibroblast cell and had wound healing

potential without anti-tyrosinase activity and anti-inflammatory activity.

Key words: bioactivity, Strobilanthes cusia (Nees) Kuntze extract
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WA Acanthaceae Tfeisunumnsnafiuluwsiaziiosdiu Iiun Wy wewudles (nile) uidesaen
Sonasunes YiuSendoudes Weunads wasiidedlval 1easne ung d1Une Sentteutes
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A vaenaudniay souneudasniau mdnau wmdduulunmelofumldluduhaudmiy
$nwilsanainidl esand asns Uununs u (tryptanthrin) au1509 117851 Trichophyton
rubrum was Trichophyton mentagrophytes waransafaannlufenaunsodudewuaiise
Staphylococcus aureus BaviTliAnemsidufiy (Shahni and Handique, 2013)
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1.2 M3An¥IANENTARIURYYADATEYasENSERYiaY

MsAn¥IANNENNITAAUBYYadaT RN ainieNaEANY 2 TFLAWN

1.2.1 DPPH radical scavenging assay

n1sAnwIANaINIIaR1ueULadaTElaedS DPPH radical scavenging assay ¥84813
afiaviaunAsaniameivnazane 3 wia Wiguiguivansiueuyadasy Inniu 3 Ussand
A8n1931AT189 Adedapo, et al. (2009) Insnaua1Taraty DPPH A17atUudw 0.135 mM Tu
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U9 ﬁmﬁ’mmmi@@ﬂﬁuLLaQﬁﬂaﬂuawaﬂﬁu 517 WlWluAS AUIAT % radical scavenging
activity P9@ENNTT

DPPH radical scavenging activity (%) = {(Ag-A1)/Aol x 100

Tedl A= AINIIAANTULAIAIUAL

A = AINIYANTULAIYBIRIDENY

1171 % radical scavenging activity 7 52AUAIITUTUA 1T 9 WraTIInTINLTe
AUIIIAT 1Cso 30 AR Ut uYBIanTaTaTivilY 9% radical scavenging activity anas
Souaz 50

1.2.1 ABTS radical scavenging assay

mﬁﬂmmmmmsaéﬁuaum@asﬂmsﬁ% ABTS radical scavenging assay U84&19
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15n13571A9189 Adedapo, et al. (2009) lnsnauansaraly ABTS AULTUTY 7 mM Lwag
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aUn1g

% Inhibition ABTS = {(Ag-A1)/As] x 100
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Aewhueuuianemsudefinaedels Tneld paper disc YUAINaEaIekareIUHTIUL
gentamicin AMUINTY 2.5 AadinTuredaddns m&Lflusqﬂmmmﬁm%’uLG?;aLwﬂﬂﬁa way
ketoconazole Amdudi 20 fiadnfusediadang Nudugremuaudmiuidodan

6) Yranuemsluunfigumall 37 ssaneaidoa uian 24 $alug sniiy
P. acnes Uuiigamndl 37 ssmwaldealuaninglieendiau Wunan 72 Halus Suiinualaenis
i’mLﬁuwﬂuquﬁﬂawqmamﬂamiﬁuéﬁ%

1.3.2 mfnwdanudududgavesansatafeufiaansadudimaaiyves
wuAdiisenalsa (Minimal Inhibitory Concentration, MIC) 1ag75 agar disc
diffusion
1) Mswseutonadey

wnzld s ewuaiiiie S epidermidis Tue1mns Mueller Hinton broth (MHB)

U3 5 fadans vuilguvndl 37 esmwaldea iunan 18 s
- wneiisatelas C albicans luemsivian Sabouraud Dextrose broth U3i1as 5
fiaddns Unflgaumgdl 37 esmwaldea 1uan 18 1l
2) U¥uauguread suuafiieuazdadvaaeulutnduusannde Tia
\iguwhifu 0.5 McFarland Standard Tngldfaudan asldusunante 1.5 x 10° cfu/ml

36



3) Vi enndeunnas (swab) 1Wiauue1mis Mueller Hinton agar wavdas
C. albicans Ywinagluems Sabouraud Dextrose agar dngliitudrausiaanide

a) thansatarenidusnaleududwunssuasadmdudy 500 dadnduse
fadans wdudosasiias 2 whdhethnduusamnide dasatnefinesdnauavieniuea
Feawne DMSO agldansatafidanududusening 0.06-500 fadnsusiefiadns

5) 1 paper disc YuadusugUSna 6 Taduns Jeadhumsatawdaldliuis
AewhueuuRamhemsudefinaedels Tnegld paper disc YUAINaEAIEkaTeIUHTIUL
gentamicin Ananduty 2.5 fadnfudefaddng Mudugemuaudmividowuaiie uaz
ketoconazole Armidudu 20 fiadnsusediadans Madugaauaudmiuidedad

6) thaensluunigamail 37 ssenwaioa Wunan 24 Falus Tufinualag
ns¥mdurnugudnansasadlantssuds
1.4 msAnegusmeianwsu q veasasatnrioy

(%
o

N3ANWINENITINIMEY ) wenmileluananuaunsadueyyadasy wasnIdugs
WegAunsgnelsrRimisvasansainvien laun nismaaeuiluiiv (cytotoxicity) vadansanin

vV 1

vewsawadlilusuaaiiuilivesywd Ine3Fves Ichai and Kirtikara (2006) n1svageugws
Frumssnaulunaannaaes lasT3uas Chandra, et al. (2012) mnaaauguadudsauleiin
153ud tne3Svag Lee, et al. (2009) LLa3mﬁ‘mmﬁa‘uqw§ammmamaamsaﬁmﬁ’aﬂumaa‘
Aavidauywd lag3Fue Muhammad, et al. (2013) ludegwansainiounlgieniuea lag

NAFDUNAUGITEAUN NUALANNNLTWY 9.1 Tedln

szesaIniiung U 2561 - 2562
anunAnliunis nediduuariuIne eI sNuie ez L UTFUREARAN AT

NANISNAABINAZINTAl

1. msnwnavasiavazaelunisataieudaanuannsafuayyadasuaznisude

\Wogdunidralsafianils

1.1 MsaNaansanniaun8fINazangsuARAIg 9

msAnwnsatateudeivharats 3 v leud laun 1 arsezansiomusanududu

Sovay 95 lnaUsuns uarasazansefiaosdmnmututudosas 95 Tnausuns arsanad
Igannsafinsetfuvesmaniiima duasataildannisatadieeniusanasiofiaeyd
waaziduveamardileon ndsanihasadaildssveowieneldqyania agldasatoy
SnvazJuvostuniindiinans 3 fvhazans TneUSunmuansadailduanssa Table 1 audiu
11 nsaffavondaeinaglduTmumsatngian wde 47.410 ndu osannisadadaedah
avaneiilanninunnsafuagynlildasadnitdosdusznounanseiu (Sultana, et al, 2009)
TnsaAdoves 436 uazane (2543) sseuinansussnoundniilidunuresieudu
arsusznounglalesuesduiuau (gluoside indican) @ sagarsvld 1egnoandledis
Waswduduiln wazansatareudiadaseieniueassusenausiuaslng 2 sinfe dudln
(indigo) Trdiniiu wazdudsiy (Indirubin) Huansdunadadulolowesveduflnuasiiviuna
1INNTIBUALN
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Table 1 Averge extract yield weight of solvent extraction of Strobilanthes cusia (Nees)

Kuntze
Solvent Extract yield weight (g)
water 47.410 a
95 %v/v ethanol 13.944 b
95 %v/v ethyl acetate 5.401 c

Means within the same column followed by different letter are significantly different (P<0.05) by DMRT test.

1.2 NM3ANYIANMUFNTAAIUBYLADETEVRNENTANAVON

[
=

nsANwIANENNIAIURLLABATEYRtAsanA YAl asTued fuaseeAUsENaU
wazan1¥luNIMAEoy NMaMAdauAAAITad ueyyadaTsiuenIgnIuNILAINIATY 9
a3 Fomlwlianunsoesuisldannismageuiesdsiies fuiusssuiudomaany
mmmmsaﬁﬂuaumaﬁaivmmdmﬁﬁ% (Li, et al., 2008) 135 DPPH radical scavenging
assay Wag ABTS radlcaL scavengmg assay Juisuuzihlumsveaeuluansadafiviliesania
ANIgANALLAsTAINEIAAY 515 uaz 730 Wlumns MudFu FreannssunIuIINdves
miaﬂmwsﬂm (Awika, Rooney, Wu, Prior, & Cisneros-Zevallos, 2003) Han15ANEIAIILENTE
AueuLABaTE YesEsanaieNIINMsainaledinaraty 3 ¥ila Wiguiguivansitueyya
ATy INU Y LARIng table 2 ImEJmmmmmmsaéﬁua%aﬁaszLLaﬂﬂugUmaﬁﬂ'w ICsp %150
mmLsﬁ’wﬁmamiﬁamﬁaﬁﬂﬁuﬁ’ua%aﬁawlﬁ%aaz 50 lngfn ICso vesansanaladiags
wansindAnNansaiueyyadasi ssiuldin mnuamsafusuyadaszuesansain
Weunndavhazanei 3 suﬁmﬁ?uﬁmmmuwsaﬁmaumaﬁas“ DPPH snindandiu @ lagans
aﬂwammamsavmaLamuaammwmu 95 Tnen3uns ammmmmaamuauuaaaiv
DPPH aqmwmiaﬂwawaﬂmmmmavawaﬂ 2 vl wazansafarenandivhazaed 3
vinfinnuanunsafueyyadasy ABTS Mnidmiiud lnsansadavieusmeasazaioieniuoa
ANNNTY 95 lagUIung danuanunsanueyladasyaininainieundvinazaiedn 2
yiln aenAReIiuAINEINITARIUBYLadAT DPPH A1NaMI0A UL aBaTEYveansaia
euseiwhazates 3 silafadoraiounanaisatad oudusinaansussnouiiueas
WuReIiUTIBnue L, et al. (2008) Feld@nwianuannsafiueyyadasy wazuIuim
asUsznouilueatianue (total phenolic compound) Guaaa']iaﬁ’mwmaaﬁﬁuqmuim 45
wiln 1neA8 FRAP Way scavenge ABTS™ radical assays wuaasannavies (Baphicacanthus
cusia (Nees) Brem) ﬁmmmmmﬁma%aﬁawﬁw warduTanuansUsenoufiueanamuac
Tawansuseneuiiueaidu ialauesd nsafluedn uazunuiy uaiseengninsdaniniia
awduiusiuAansaiueyyadasy 1wy lqvidunssniay fuasionsds funs
9ARuTBIMARALEBALAY (anti-atherosclerotic) tUusiu
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Table 2 DPPH and ABTS radical scavenging assay of Strobilanthes cusia (Nees) Kuntze

extract by solvent extrction

Solvent DPPH radical scavenging assay ABTS radical scavenging assay
ICs0 (pg/ml) ICs0 (ug/mU)
water 457.09 c 329.29 c
ethanol 104.23 a 65.06 a
ethyl acetate 277.76 b 101.04 b
Vitamin C 5.86 5.51

Means within the same column followed by different letter are significantly different (P<0.05) by DMRT test.

1.3 mamageuntsdudaderduvidnalsafamisvasansadaton
1.3.1 mMsnagauasansalunmsiusinsssyvesuuaiiiede3s agar disc
diffusion

dlethansasnfeusnadeunisfudud ’eJQﬁ‘H‘VIiEJﬂ@IiﬂN 1113 Taunan1svaaa
Auansavesansatavenlunssudinsasyresdouuaiiiouazdan swau 5 adialdun
S. aureus, B. subtilis, S. epidermidis, P. acnes uae C. albicans LAnIAg Table 3 Wu3I1@s
afaeumstimuansadufimsasyiivinvendeuvaiisels 3 vila ldun S. aureus S.
epidermidis 8% P.acnes @1Ua1TaNANDUAI8E1TAZAELONIUDAAIUITUTUS DAY 95 1nY
Usuas uay tefiaer@an mnudududosas 95 lneusunas annsadudinsesyivinves
FouuafiSonasidedadlane 4 v l8un S. aureus S, epidermidis B. subtilis C. albicans
wag P.acnes LLazLﬁaLU%ULﬁsueuu'mLﬁumuquéﬂmmﬂa (inhibition zone) Wulnasana
Foudpiiuazansazarsieniuea innududu 500 fadnsuredadans aunsadudinis
Wiaivinveade S. epidermidis laaieuwinduenudiusgentamicin dau S. Aureus B.
subtilis wag P.acnes ansafaviouia 3 ia annsadudininaigdulaldvesnin enfiue
gentamicin denndasfusiesues Chiang, et al(2013) Fafnwmssudimsasaiivinves
WUAT LS BUASUUINTOIaTanAluNYa UA LA (Strobilanthes formosanus Moore) A28
ofinesdinnuasfnuasesiussnevvesasadaiild wuinansatafiwdunlnaunsadudanis
Lﬁzyl,ﬁuimau%ya S. aureus, S. epidermidis, MRSA (methicillin-resistant S. aureus) Wag
Fudsmswsaiiviaues C albicans lddntes wazannsanuasesddsznoulagdinszi
asanary UPLC-APCI-MS wudnil uln Sudstu 8919y (Isatin) nisuunussu (Tryptantrin)
Judu Tnederiuuaznsvununsudainduasdud adewuafizeaniivduiln uonani
Shahni and Handique (2013) las1eauinansanaluiensmeloniuea Wyuea ozdlau way
WNasidoudned awnsadudenisasayivinvends s aureus 87 lnsasatmuniuoa
ansnsndudamasiyduleldaian

NHANTITET nudnasatateusaefvinazatens 3 via leud Un asazans
LOVIUDAANUTUTUT 08 95 LABUTUInT Lara1T82a181eN AT IARAIULTUTUS DY 95
TneUsunns finruananselunistiudansiasaiivinveateuundiSe S. aureus S. epidermidis
B. subtilis uay P.acnes FaduuuaiiGenelsafamield fufuansatnieudsamnsailuld
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Uszloruniagaainnssudiusig 9 wu Ihdudunaulundndueiieiosd11s uazaiunse
Warundusniesnwlsaduiinanawuaiisele

Table 3 Inhibition Zone of Strobilanthes cusia (Nees) Kuntze extracts at difference
solvent extraction and antimicrobial (gentamicin and ketoconaazole) on some
microornisms by agar disc diffusion.

Inhibition Zone (mm)

ethyl
microorganisms  Water ethanol Y 2.5 mg/ml 20 mg/ml
acetate
extracts extracts gentamicin  ketoconazole
extracts
S. aureus 11.8+0.1 15.6+0.1 14.7+0.2 18.5+0.3 Not tested
S. epidermidis ~ 22.0+0.2 19.6+0.2 14.3+0.2 19.9+0.2 Not tested
B. subtilis 0.0+0.0 11.5+0.1 14.2+0.2 29.1+0.5 Not tested
C. albicans 0.0+£0.0 8.7+0.1 12.8+0.2 Not tested 15.4+0.2
P. acenes 5.5+0.0 5.2+0.0 6.3£0.1 28.8+0.4 Not tested

The diameters of the inhibition zones (diameter of inhibition zone minus diameter of
disc) were measured in mm after incubation for 24 h at the optimal temperature for

the individual strains tested.

1.3.2 nafnwaramudududigavesssatafeuiisunsadudnnaiyvesuaiiGe
falsA (Minimal Inhibitory Concentration, MIC) 1835 agar disc diffusion
nsnageummAnduduiga (MIO) Tunssudsnisaiauesdonuaiienslse
2 yilade 1o S. epidermidis Fadudefinuusnaiml nieSue vilhAsRnd ey
annsandniionuaziinduldfisuszasild waz C. albicans FefenldJusiunudmSunagsy
Frerlunissuds P, orbiculare Lﬂuﬁaw‘?fwﬂawuaqﬁﬂwﬁ’qLLawﬁ’qﬁiwiumﬁm%’um e
Vi’ﬂwu?qwﬂmﬂaumwm AL HBINITOINTINNZIA B9 TiANT LN (vaann, 2546) Tay
WU ansataeudieionuea way ofiaesdan A1 MIC lumsdudade s. epidermidis i
flan Fauanslu Table 4 asuiulddndr MIC lunssudado S epidermidis was arsariniion
et Aefimnududu 125 Tednsuseliadans druansataieudisenuea waziefiaeyiian
fidn MIC Tumsdudaie S. epidermidis Winiu 15.62 fadnSusefiaddns geilmnandudusn
nansatareudietn daudt MIC Tun1sdududie C albicans ansafnoudiseniuea way
Wwiaasden Wity 500 way 250 Haansureladans wandlmiuindesldasainieunieieni
uaaLLazLaﬁaaz%mﬂummvﬁmﬁuqﬁa%éj”ué’?mm,ﬁfwmﬁa C. albicans 1o yinlwansanin
woulimnzandwduduarsataiiedudinsiinfunuundirdurld fufunsatnioudioe
muea sellaumnzanlunisiluldvselevilunsduassudinisesyivinvende
wuafiSelundnsueiinsssdensnnnitasataousie efiaesdnn Wosnazldusunuas
afpunnnIuaziian MIC sndnansainroudnei
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Table 4 Minimum inhibitory concentration of selected solvent Strobilanthes cusia

(Nees) Kuntze extracts against S. epidermidis and C. albicans.

MIC (mg/ml)
, . Water 95 %v/v ethanol 95 %vV/v ethyl acetate
microorganisms
extracts extracts extracts
S. epidermidis 125 15.62 15.62
C. albicans - 500 250

1.4 MsANUENEMNETInNEY 9 vesansanaiax

nsAnEIgNENIETInmEy o vesansainien Tne nageuidufiv (cytotoxicity) 184
asafneusewadlwlusuaaiiandaeyud nsvageugnifiunmsdniauluvasavaass
vosansaraten nsvaaounvssusaeuluilnlsdiuavesasatniion warnsvnaeugvsauy
unavesansatavienluwadimilyed Yesmsataveuselenuea Liessnansatavioudie
emueainnumunzanlunsiluldusslevdlunmsduasdudnisesgivlnvende
wuaiidelundnsasiiesdorannniansadavonseiuayiefiaozdion dldnsAnwvigns
3Ty o un nageudufiv (cytotoxicity) vesansataeudewadwlusuataifiamils
voaywd N1snasunEsunssniauluvasamaass nsnadeugaudueulyiivlsdiua
uaznadeugvisaLuLHaleadRmTyYd Tnednantmnaeusal

1.4.1 nmsnadeutduiie (cytotoxicity) vasasanavaudaivasiWlusuanainavids
VBINYWE

nan1svaaoulduile (cytotoxicity) voda1san i aNd 188N UDAR BLYAE

Ilusumaviiomiawosuyud fuandly Table 5 wuinasadnsienfiaiuidadu 0.0001 - 1
fiadnsusiefiaddns Liduivrowalvlusuaavivesiovilayed T5osazn1ssondinegsening
101.38-111.47 Tuaaued sodium lauryl sulfate 1d uft wsiawwad i A dudu 0.1 way
1 fadnsusieliadansiifovaznissendinwiniuiosas 12.03+1.82 uaz 9.13+0.23 A1uaAY
wansbiiiuinansainendnnulasnsegeewadilusuaanionisvewyue

Table 5 Percentage of live human fibroblast cell with vary concentration of

Strobilanthes cusia (Nees) Kuntze extracts.

Sample % Viability of human fibroblast cell

oncentration 0.0001 0.001 0.01 0.1 1

(mg/ml)

Strobilanthes cusia
111.47+4.17 110.62+2.49 105.90+2.38 101.38+0.19 102.33+3.70
(Nees) Kuntze extracts

sodium lauryl sulfate | 105.33+4.31  103.33+4.31 98.05+1.01 12.03+1.82 9.13+0.23
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1.4.2 Msnadaugnagunisenaulunasanaass (In vitro anti-inflammatory
activity) vasasanaiau
mamﬁé‘uégqmiamaﬁamaaé’ayﬁumaamiaﬁ’mﬁaméf’;&JLamuaa way diclofenac

diethylarmonium uanssa Figure 1 agidiuldinansataveslaifgnidunissniavilonaaey
Tunaennnass luvaedl diclofenac diethylammonium afiugndunissniau Sqnsdunis
niau Tasannsadudsnsaanefvessayiulddosas 50 (1Cs) finrududu 0.40£0.001
fadnsudeliagans

53k + 31861 y=308%+3758 ¥ =30414x+ 37954

= 09354 R =091

9 Inhibition
=3
2

p= 859+ 388 y= T8I0+ 02505 Y= AT

v
B R =098 =090 e
<]

) 0 05 1 15 2 25 3 35 4 5
Concentration (mg/m() Concentration {me/ml)

(A) Strobilanthes cusia (Nees) Kuntze extract (B) diclofenac diethylammonium

Figure 1 Percentage of albumin denaturation inhibition at different concentration of
Strobilanthes cusia (Nees) Kuntze extract and diclofenac diethylammonium
1.4.3 msnadaugnatusaeuludlnlsdiuavasansaiaion
mamimaaqu‘éé’u5@Laulﬁzjﬂlwii%mmaamiaﬁ’@ﬁam Wanaea Table 6 qwLiiu
Iransatavenldiignidudwouladlulsdua luvaiinsaladnilgnddudneulallnlsdiua
Tnefleanududuiiannsadudaeuluillstudlsdosas 50 (Cs) winfu 0.02+0.00 Sadnsu
nolladang

Table 6 Inhibition of tyrosinase by Strobilanthes cusia (Nees) Kuntze extracts as ICsg

and Kojic acid is reported as standard inhibitor

Sample ICs0 (Mg/ml)
Strobilanthes cusia NA
(Nees) Kuntze extract
Kojic acid 0.02+0.00

1.4.2 MsnadaUVsEINuUNAYasEIatavenlueasRmiTsayed
NaNTAFDUgVSALNUILNAvesasatavienluadiamay e uansia Figure 2
aziiulen wadildSuasadaveunarinndudiiufinandeuiidmiudonaiuly 6
Tlus fszogrinsvessesdntosniinguaiuay wadilasuasadiavieuuaziniudfinng

a o A

d' aa | o o w ' ' = P a
waeuNTaRniuilanainiul 48 way 24 Filue aua1nu mumaanluﬂqmmuammimaaw
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wild@nRniu wandiiiuin asataveunududy 1 dadnsuneliadans Sgvsauiuuna oy
ansanssiuliwadianiivesuywdindouindmiulmsiniinguaiuguusosngnidinia
WNTUT Anuduy 1 dadnuseliadans

s (Falng) 0 6 24 48

NENAILIAN Ledol

40 R 40 s 4 1
i 50 6 50 6 i 50 60

DMEM

o s, RS 1
60 W[114; 5 (5 HIITo COu! 00,5
”r'/“”/»”“/“ﬂi/m// ’/‘U/H/J/H/II.‘H//IIM[ { /“4,‘//////////m//,',,"”. BTN

i,
40 40
Wit i
Ny

40

: 40 43 :
NFNATUAN R0 : 50 ; 50
3 “/’/”’?“/J»‘/ i

’/""”/:/J o 60 60
LTI '/”’l/‘/u/w,luu; )

‘ ; ,//is;/w/{////;

it s ‘ré'o“,_-
10% DMSO el |

| 40
M ey

FISANAVAN a0 S S b
ol
W)
f/wy /"’/»"’,}uu;

Ay 40h

i 0 (4 H 50
il 60 Nif Nl
“’/'N/.r//m///m/u'u/n'),’/ '”"’/W//uu/_lur/;ﬁ

5

1 mg/ml

Anfing 40, e i 40
“‘/”./’”J-‘/HI’/ it LTI
1 mg/ml T RS 7 Rl

Figure 2 The effect of Strobilanthes cusia (Nees) Kuntze extract on human dermal

fibroblast migration in a wound scratch test assay.

A3UNAaNIINAADY

asanavieudanuansaiueyNadasy DPPH uag ABTS fnin3enfiug lnpansans
WousetanIuea xilAuauIsafuayyadase DPPH wag ABTS geninaisanaviouni
\eiiaesdian wavi asatnieudisienuea wavefiaosdinn awisadudsnisasyivle
v0u.d ouuniiSouazid adadlasie ¢ wia ldun S aureus, S. epidermidis, B. subtilis, C
albicans uay P.acnes Tasfienanududusiianlunisdudade s. epidermidis ity 15.62
fadnsureiiadans asanaeunivansazatgleniuea danumunzdmsuinlulgussleailu
nswaundundadueied osdeely il osnliusunuasatauinniinisansatadae
asazansiefiaesdinn wenand arsadateudisionueailaddaulasndeseivad
Iflusuanaviiandsvesangsd uasfignslunisauuusaimdanguddnde

nsialulduselovd
anunsainanddeluldusslevundudtvinisiesiesennaanuide was Ussanald
eNmuNanfnIaTesd e wsee e wlsadwinnweluaisels suavasiayaniiy

waziduendnvalvesiesdiuliiunguinemsnsiugnieuneniamilevedive

AYBUAN
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laun vliavesininaraty vlinuedansanusafiaily Usunudivinasaneuasasanusanaia way
VIPEBUANLAIAN TNYNINENNYBINAA e NansANIWUTN LloiAunEndusilgamniivios
Huszerinan 3 e ldiAanisuendu lifansanaenou wansliiuimdnsusidusag
foemingns EC flmnuasiaf uasnuinszeznainmaiiuinuuasgumgifigiiuiinasents
aanefiveaansddy Wennaoulssansainwosnandusidsegudesmingns EC Tu
el uRn1s wudndnavitlivueulednae ogsening 27.50-85.00  Wesifud n1snadeuy
Usgavsamsenueulednluuasztiinunans dudumamaaedulameaeuiimiauasusy
wazuUamaas T ianigauys wuitnswuansnanfusidnsoguliosningns EC 3
Usgansnmlumsdestuidavusulednladliwansnsiunisadannnisiuansnaass Bacillus
thuringiensis waziflofiansanuszansnmnsidavueuledn wuImansaridnsagutioavin
an3 EC 716031 50 way 70 w.a./An 20 Ans SusyAvEnmadndl 71.02-79.49 wWedidust Faiidn
Tnéwiastunsldfansvmaaas Bacillus thuringiensis Aifluszangamadedi 70.56-79.30 wesidus
uezlanandnisuindunTWuaInaes Bacillus thuringiensis \tulABU
AdnAsy : doevin, viusuledn, ansadadesvin, ansndnsdiue, Az

Abstract
The objective of this study was to develop the formulated product from seed
extract of Annona squamosa to control Plutella xylostella L. The study of various
parameters on the formation EC (emulsifiable concentrates) was investigated such as
solvent type, surfactant type, the ratio of surfactant, physical stabilities, and properties.
The result showed that without phase separation and flocculation when stored

products at room temperature for 3 months. The formulation EC was studied to

1 NEUNUIT TNYIRYNITNYATINETETINNR NosITeuaziaNdITumndnn1enIsinens
2 dtiniTeiaunsensnuiy
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control Plutella xylostella L. under laboratory conditions using a leaf dipping method.
The efficiency of formulation EC was 27.50-85.00%. Then its control efficacy was
determined on Plutella xylostella L. in Chinese kale at Nakhornpathom and
Kanchanaburi province, the experimental design was a randomized complete design
with 6 treatments and 4 replications. The treatments were formulation EC at the rate
of 25, 35, 50, and 70 ml and Bacillus thuringiensis at the rate of 80 ml per 20 | of water
and the untreated. The results showed that formulation EC at the rate of 50 and 70 ml
per 20 liters of water was effective in the control of Plutella xylostella L. and had
efficiency in controlling at 71.02-79.49%, not significantly different with Bacillus
thuringiensis at the rate of 80 ml per 20 | of water. And all spraying methods, there is a
greater yield than the untreated.
Key words :Annona squamosa L. extract, formulation, Plutella xylostella L., Chinese
kale
AU

Uoeui1 wse custard apple dadufivluled Annonaceae U@Jﬂﬁﬁiﬂiuﬂimwiiwa
ilensuussnmuna wazddldusslemidunalnsdmivinulsaionds Tsndn leafiouas
Tsavioagn (Jamkhande and Wattamwar, 2015) uazfiseaidowdrinfiqrilunisaugu
uiasdngiivld arsafaudndesmitdisioniusanazumiueaignidida  fs  pulse
(Callosobruchus chinensis) 1999 100% (Al-Lawati et al., 2002) waz@1u1SAANITNAI
khapra (Trogoderma granarium) 19 (Rao, Sharma and Sharma, 2005) ansanaluLaziudn
Wognifaaunsaauauualasnrateviia e vueuiie AnuaY U wuawd 910
s1euasadlunaiiseniiUsznausie diterpenoid compound kaur-16-en-18-oic acid,
o-pinene, sabinene KAz limonene (Andrade et al., 2001)

91NANSAN®1989 Khalequzzaman kag Sultana (2006) nadeuaNsanALantosnUn
mgivhavatennsgiumsounaziiuTovesuenutls (Red flour beetle) 4 anewug Ao Raj,
CR 1, FSS Il wag CTC-12 wuinansanmwdatsevimeiunusaiinnuiuiivdesisoulen
wlsanestug FsS Il oodign wazansadaumdatesmivnetlasdoualin fanmduiivses
sounenulsaneius Raj  geflan dmiududnioveanenuds asafnudatesniife
Uasdeuatindamnudufuivanesiug CTC-12 gafian wazansatmudntosmindsozdlaud
audufiwivaneiiug CR 1 desfign

miaﬁ’wmusuaaﬁasmmmmiammuﬁaa'auﬁl,ga (Leatemia and Isman, 2004a)
Auauasiunald wia Mediteranean fruit fly (Ceratitis capitata) Tusseeiinly suniu
n135379l9 wag aLaniimuIn1sveIRigau (Epino and Chang, 1993) karAIUALAIBULALH?
Watevessaudsduns Tribolium castaneum Herbst 16 (Khalequzzaman and Sultana,
2006)

Shennnl wawens (2559) Nu AT T RunenensInanssTsim i naAnmanws W3de
UszdnSnmvasansainantesnuilunsauaunueulednlussduiesdJUanis nuilaenis
anpmgiviazanenng wulansatavetuantesitlvnaluniseimusulednlafninansais

47



veunnlutesnin wasansadaveumdntesminfiatafenmiuea Wnaluniseivueuledng
flan  (88.50%) uaransafaeuidatesmirfinrandudu 5 10 15 20 uar 25% (wiinse
U3u1n9) wudn naaududulinalunissvueulednliunndieiunisadf mnuanisnagey
awenuellvasensaimiTuLA A sem v eR i naraevUea Wuanslungy wesiiuen Wankoues
wagdamaned (Juesduszney ansadaveruwdndesminduasataifiussansamlunis
i dunaniost iemunuuiasdnsivsioly

ferFuniuazaag (2559 NI TN I NYMINYSINANTEIIF AT 113
Womsatatiosmin ilemnguansddnyifgnsluniseuaumueuledin Tasvinnisatanguans
Aauigrd anlusazwdntosmin fefviazanesneg 1Hun hexane, chloroform, methanol uay
i aseengB NaErioeviin Sasiommevenuenlesin 9230 uay 94.80% msddy

uATeiAdldhmsisouasiaundnfasidsagutiosnin anuandasii et
Lﬁmﬂizﬁm%mwmiaaﬂqw‘ﬁguazﬁﬂﬁmmmLﬁu%’ﬂmmiﬁﬁmiuiwznmﬁmu%u WAzl
sevanuitslunmadeudsansamussnandusidevusulednlusedunlamaaeu e
Dunumsliinuasnsansaldouliludnvasduamsmauny wazansldswiu/ldaduiiioan

USUaUN1SIgansLATinIanIsinEnsaa kY

< ad
E}I‘Uﬂ’imLLﬁ"lg’JﬁﬂTﬁ

aunsal
1. vuauledn nuUasazinveansnsng 2 uiagn waadesmin
2. Lﬂ%laﬂLLfgh oA volumetric flask, pipette, round bottom flask, cylinder WD
3. 3eadleivenmans 1aun wiestelndln, vacuum pump, w3esundieEa, fou
Fr0819, LASESTIELUARAINLSY (rotary evaporator) kag 1A3ee HPLC
4. @13UINTFIY HazaIIANAIe
5. funed Wiy AuAu nsgaunses ndeswanaRin dwsuiiwiuou viaen Centrifuge
6. m‘%awﬁumiquqiﬂ,aﬂazmwé’qﬁmmmi’mamﬁuﬁ fananamn
/015
1. wlsnasaimudntiosvin
wissnansataveuwaaesnin lneiinatioevingn wnzwden d1wianuaren i
wantosminneuwiuasualiazBun udatawsatosniifiy methanol Fadusvhazated
fisvavs nmlunisafinansddaanudntosnin semewisnewr3es rotary evaporator

2. myneTgvliinaensdeyluansatamantosii

Bnszviusinaasddglungu Acetogenins luansainwantiosnu aae3s HPLC
(High pressure liquid chromatography) Wneldd mawes ain DAD e semedu 210 wiusms lnemsisses
ansataneuiidanududuiivnsay Teszduaziuamusuaasddaiisutunsu
UINTFIU
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3. msiaurdadaeidnsagUteen Anviniswseundnduandnsazutesmin Ty
sunuudTady TnuvnnaeINaNfvinazany (Solvent) Lara1TanLIIRIAT NANAUNDRTIAIUAINGE
warnlUnaufuansanawantosntl FunansiUasunUad 1y MSLENTU karn1TANASNaULID
waeuEsa warnaanniulinegamaiiies 24 Halus @endnsdiuvesasann il Layasan
LSRRI EALsBNSTHAIgRTHER T oW TeuNan e laanwasfuaziinueg
Y Y & a [ ¢ o & o ] . a [y I3
i Al dundndadidusaguieemi gns EC (emulsifiable concentrates) 1 H&nsiau

MnuufnmaaETRIMenuaznaedl wazaueIiIveNanSuelaa UNEn s
TunwusUnadniulioamgll ¢ ssruwaded waz 25 owmwalea [Wuna 3 Weu uas
gaumgil 54 ssrnwalded WWunan 14 Ju udnhueseaeudnuaznsmenm lnedunadnuos
AT NITHUNTUNTANALNDU LAZAITAANDY FNBAIENINEANYBTaTuNAIw IR llTng
Wiguuwlaswesdnnugu anvla ifianmsuenty wag/vIslifiamsnnaznauvesasann way
naaouAalunsa-ang aeld pH meter

4. msveaeuUsEansnmvesansaiadesnin winduaiteemingns EC seviuaulenn
TwienfjUAms

4.1 MsnedauUseansnmuesasanatesrtinevuaulennie 2 Inenisnaaau
PSLAUANMUIUTUVDIANTANALUBYNU 5 SLAUANUINTY AD A1TENAINUBLNUITLAUAIY
Wudy 0.50, 1.00, 3.00, 5.00 Uag 10.00 % w/v Wisuiiguiunssudsauau (141) 319ununIs
NAABIDIUIU 4 T (10 §3/91) 6 NTTUID

4.2 Minaaaulseansnimveandnduideeviians EC devusulednis2 71 5
sEAUATINTY Ae KARdueIteemingns EC NseduAandudu 0.05, 0.10, 0.25, 0.35 uaz
0.50 %w/v LUSguMiguiunssuasAtuAl (1) 39uNUNIAaeIdIwIL 4 91 (10 #3/%1)
6 NSSUID

naanIsneasunIANadslasidudnisateveusulednlagly Abbott’s  formula
(Abbott, 1925) Lag1ia1 L s, 875013 Probit analysis (Finney, 1971)

5. veaeuUsEdvSamnaniaeideeviigns EC deviuaulednluiuasnunsns

o a v ~ A o = ) ) a

mLuumﬂuuﬂmﬂgﬂﬂzuwmmwmm wUaa 1 V19N JWWIAUATUTU waziuaey
2 NI NABNUNIU TINTANIYIUYT T8I NDUTUIAN-UIBIEY WA, 2564 IUHUNITNARDS
LUU RCB 4 91 6 1591735 108110 IANUINYIUNYINNISNAdDU el

Qt:ld' 1 a U & vV 1 Y] 1 goj a
N333I57 1 viundasdauadosniigns EC 8n31 25 ua. sion 20 dns
Qt:ld' 1 a U & vV 1 Y] 1 goj a
N3350 2 Wundndumntesvingns EC 9n31 35 ua. fiau 20 dns
N3335N 3 WunAnsdaeitdesningns EC 8931 50 ua. fiau 20 dns
A A ' a o ¢ v ' ) S a

N333357 4 viundEadaeitosniigns EC 8n31 70 ua. sion 20 dns

NSSUASN 5 WU Bacillus thuringiensis  8m31 80 ua. AUl 20 AR

N351357 6 wlaspuAx (Wusean)

WS EULUAIVAADIALTNTUNINLUAEDE 2X5 WIAT 31U 24 wUad SEesEning
wlaseae 1-2lIAT SY8EIENINNgsuIs 1-2 Wes uiuwasastnlrnssaeaiaueiiuwlad fu
nanazsennely 7 U neusunavgeutensakiudly guakarUesiulsauuasiinUu Sumy

a1 =~ v P ) = ) o v v
a13AARINTINITANY Wenartengld 20 Fursenunisssuinvesmueuledn (0.3067/fupzin)
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msJLmaqwumiau‘laﬂauwwwamwmmummmulm wuansnn 5 Yu uansvaaesiamg
7 Ass amsnuummwuaiﬂ,amwlfuwmawmmﬂauwumimqLLiﬂ uagvdaiuan 5 Ju
Tneduamatiuanduaginsiuau 10 Audeulawes uasduiunandnastmdmiuasadagarine
Farandn uaziitoyaildluinsginansadifioSouiisumuunnsidulsiaznssis la3s
Duncan’s Multiple Range Test (DMRT)
6. Tuiin Tuniudeyauaraiunanisvnaes

nauazaaIuiinaass nisvaassluranieunaiay 2562 Auanifeufusieu 2564
WoUJURn1nauauITeingliiyn1sinynsana1ssssueId  needdeinuiladenisndnnig
Msnuns uazuUasaztueanunIng Asnewuuyiu dmianigauy3 uasdunewlos Smin
uAsUsU

NAN1SNAABILALIN5Al
1. mMswSeNasaEnauanTaenun
NnMsainansainwdntaentinledvinezay wyuea nuinansadinwudateseninild
dhanady wagldUSinaensarin 214.03 ndusdewdatiosmin 1 Alandy

Figure 1 Process of custard apple seed extract
2. Aeszilinaasddglumsaiauantosmin

[ £

Aas1enUsuuasdrdglungu Acetogenins (SQ) luansanmudntosniinieds

HPLC  isuduasuinsgiunuid arsadauandosniinuaistunguilfaue 0.18-0.34
WosuiminaeuSuing (% wa) (Figure 2)
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Figure 2 Chromatogram of standard acetogenins (SQ) (A) and custard apple seed
extract (B) by HPLC

3. MsnaAAadudSazUTsen

ilesnnansatnudntiesvinildidureanadfifinnuiu niswioaumansasiluguuuy
diiadu agiliansadafiararsldluthifunszanedldluihdeasanussisin Wovaaoswan
fvinazae (Solvent) wagansanusafsiafivansaimuintoenin nuitugasiduvesnaitu
vgnaiduvoaunadla uarurswdafiansuendu 99nn1sAnyives Gupta wagAme (2017)
nwuInsidasnauddatu aasldansanusadaiinunnndt 1 wlia wsigasvilvddaduiining
wdpsnmannninsTdasanussisiafoadafen fulmaaomaudivihazats (Solvent)
LAZANTAAUSIRINIMAN (S1) LagaNTAnLIIRIRITI (S2) Haufuiisnsndiuineg udnilunausv
ansanaudntiosnin wuingassaugaadudtema la wivisges Wuddnatu uasvdsan
Auliigaumgiivies 24 $lus wuirunsgmsifnnzneu vnagashifinnaudsuudas uiuisgasiin
msusntu uaziilenagounianszatesluh wulwngnsinanszaresludiléa anemsedi 1
iiuingnanangnsi 3 Wansidanuasia uasliadesnimanniign seandesiusmideves
Mitrivona Z. uaza (2018) Ié@nwanandinamenmuesszuudfatuiieldasanussien
Hay wudnsidansaauseisianainivssuuadatuiauatesuinnitnisldansanusaiai
deslinie fudadengaswaud 3 sldlumsiaundnSusiouldges EC Afdnusinuay
a1 gns (Figure 3)
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denaaouanaitAinianenmussndndue uazanunsiivesasdfy MAULE
QoM 4 earnwaldud uaz 25 evrwalded WJuna 3 Weu uargamall 54 ssrwaidea \Ju
a1 14 Fu wuhdnuasvowmandaslifininudsudas liAangneu uagnsuondu uandy
Wiuiwandnusiges EC Alddanunsia uaziilevaaeunmuaimmaaiisenisnsaaeuannuiu
vosesddylundndneifivdesy wuirigumgll ¢ ssmwadea Tusinavesansddyngs
acetogenins Wdesnnilan WelfisuiundnsamiiAulia 25 ssrnwaldea uazniseudl 54 aaem
wadsadunan 14 Tu anasnisududesay 6.67, 13.33 uay 20.00 MUy (Table 2)

Table 1 Physical characteristics of emulsion system

emulsion Physical characteristics
system Freshly after 24 hrs.

1 Brown color, clear Brown color, clear, flocculent
2 Brown color, clear Brown color, clear, flocculent
3 Brown color, clear Brown color, clear, no phase separation
4 Brown color, slightly turbidity Brown color, slightly turbidity, no phase separation
5 Brown color, slightly turbidity Brown color, slightly turbidity, no phase separation
6 Brown color, slightly turbidity Brown color, slightly turbidity, no phase separation
7 Brown color, slightly turbidity Brown color, slightly turbidity, no phase separation
8 Brown color, slightly turbidity Brown color, slightly turbidity, no phase separation
9 Brown color, turbidity Brown color, turbidity, no phase separation
10 Brown color, turbidity Brown color, turbidity, phase separation
11 Brown color, turbidity Brown color, turbidity, phase separation

P s

Figure 3 Physical characteristics of product (EC) before and after heating at 54 °C 14
days
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Table 2 Percent remaining acetogenin (SQ) in the product at different temperatures and

times
Time Amount of active ingredient
% Acetogenins (%w/v) % remain
0 0.15 100.00
at 4 °C 3 months 0.14 93.33
at 25 °C 3 months 0.13 86.67
Heating at 54 °C 14 days 0.12 80.00

4. nmedeuUsEaASnMmeesEnsaindesvi nandaeideeminans EC sievuaulodnly
WieeUfjuRns
4.1 mamaauﬂivammwmaamaanmuawmmamauiawmsJ 2 9837 leaf dipping
method MUNUMIPEBIUU CRD 4 91 6 N335 Srmnuidisiueensernudatoein 5 siu del 050,
1.00, 3.00, 5.00 wag 10.00 % wA ALERU Imammwumimﬁmuam WU @nsaiadn
tesuu i livueulednane 37.50, 45.00, 77.50, 7250 Wag 100.00 wWasibud audisu
(Table 3)

Table 3 Mortality of 2-instar larvae of P. xylostella after feeding on Chinese kale leaf

treated with custard apple seed extract under laboratory conditions

Treatment %Mortality of P. xylostella

1. custard apple seed extract 0.50% 37.50c

2. custard apple seed extract 1.00% 45.00c

3. custard apple seed extract 3.00% 77.50b

4. custard apple seed extract 5.00% 72.50b

5. custard apple seed extract 10.00% 100.00a

6. control -

%CV 18.90

Remark: Means followed by the same letters within the column are not significantly different at

95% confidence limits based on DMRT analysis.

4.2 MsageuUsEavizn nvasansdaeiteuvingns EC sevuauleindey 2 ¢ieTs leaf
dipping  method TMUKUNISNARBILUY CRD 4 91 6 n33335 Slmnuiduduvewdndiost
ffoevningms EC 5 sedfu fall 0,05, 0.10, 0.25, 0.35ua 0.50% wiv anddu Tnedivundunssis
AIUAN WU Nanduateeviges EC vilvimueuledinene 27.50, 50.00, 60.00, 77.50 uay
85.00 WoslHud mua1Au (Table 4)
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Table 4 Mortality of 2-instar larvae of P. xylostella after feeding on Chinese kale leaf

treated with Annona product (EC) under laboratory conditions

Treatment % Mortality of 2-instar larvae of P. xylostella

1. Annona product (EC) 0.05% 27.50c

2. Annona product (EC) 0.10% 50.00ab

3. Annona product (EC) 0.25% 60.00ab

4. Annona product (EC) 0.35% 77.50b

5. Annona product (EC) 0.50% 85.00a

6. control -

%CV 23.50

Remark: Means followed by the same letters within the column are not significantly different at

95% confidence limits based on DMRT analysis.

Weunan1snageulszansaimvesarsadniuaatosnii wasndnduadnsagy
Ueevingns EC 1AuInA1 LCs 91 96 93l3e s siaseilngin wudndn LGy vedans
[ < ¥ 1 a [ € o0 & v 1 a 1w a a o a
afmaataemi uaznandasidusagulesmingns EC IAwviniu 1.70uay 0.06 Hadnsu/ans

ANUAINU
5. vadeulsranSamnansumdesntigns EC devuaulednluiaununing
ﬁmﬁmﬁm%ﬁ%%gﬂmﬁmﬁaW‘u'wqm EC na@auUseaNs nnwUasnemnsng 39139
uATUFY wlamnaaensnvuInLUatEes 2x5 AT 990U 244083 NUAIIVAADIRIUNTIUID
#1199 10 5 Ju 91 4 Ase anatunueulednnsunuaisnnasa (Table 5) wuii neuniswu
asneaasnuruaulenede 0.34-0.40 f7/6u TUTlaNULANFAUN19ED A
WHINTNUAISASIT 1, 2, 3 uay 4 n3suIBNTnsWuNGadasidnsagUieamingns EC
wurueuleinegsening 0.08-0.10, 0.08-0.10, 0.04-0.06 ua 0.04-0.09 FIFBAU MUTIAU B4
¥ 1 1 1 a o 2 aa v aa 1 1 /-ﬂl U
dosniuazuanasegiiiediAgnsadadunssuisldwuans anuwuesuledn 0.30, 0.26,
0.16 waz 0.19 F/AU AUAIAU WA blwANFE1NISARRNUNISUATANUENSIUS s ULy Bacillus
thuringiensis V&IMITNUENTASI 1, 2, 3 U 4 wuviwenllerin 0.09, 009, 0.05 e 0.05 AVAU G AU
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Table 5 Average number of larvae diamondback moth on cabbage before and after

spraying with custard apple seed extract product (EC) at Nakhornpathom province.

Rate of %
o number of larvae DBM per plant i
application efficacy
(ml/20 L of Before ) )
Treatment ) After spraying (times)
water) spraying
1 2 3 4
1. Annona product (EC) 25 0.40 0.10 a 0.10 a 0.06 a 0.09a 5500
2. Annona product (EC) 35 0.36 0.10 a 0.10 a 0.06 a 0.08a 5556
3. Annona product (EC) 50 0.39 0.08 a 0.08 a 0.05a 0.04a 79.49
4. Annona product (EC) 70 0.36 0.09 a 0.09 a 0.04 a 0.04a 77.78
5. Bacillus thuringiensis 80 0.34 0.09 a 0.09 a 0.05 a 0.05a 70.59
6. control 0.38 0.30 b 0.26 b 0.16 b 0.19b -
%CV 22.71 39.49 56.12 67.57
%RE 73.60 58.20 65.80

Remark: Means followed by the same letters within the column are not significantly different at

95% confidence limits based on DMRT analysis.

Handnazin (Table 6) ndsnsdausslviogluaninnoudinainuazinnisdauenua
N1INARBINUIINITNUAITIUNTTUITIHANGADY T8I 1.08-1.45 AlanTu/m1519ns B9
WNNIazkANA1eglTyd AynadfdunssuIslinuans Nlinandnegn 1.06 Alandy/

| aaa = PN . .. . v a ral
ANI9LURST JAUNTTUATNNUANSLUSBUWIEY Bacillus  thuringiensis Mmamamaqm 1.33 nn./
ATIUAT
a a a [ & o < v 1

Han1snageulTEanSnnvesndndugidsaguiosniians EC luwUaunuynsng
FIMTANIYAUYITIINATNUAITNARDINIENTINTTAY) YN 55U 91U 4 A3 asaadunueuly
Anfounua1snnASI (Table 5) wudineunsnuasnaaesnuvueulednade 0.40-0.53 A/

WHINSHUEIASIT 1, 2, 3 wag 4 n3sudsndnisnundndaridnsagutesmingns EC
wurueulednagsening 0.08-0.15, 0.13-0.28, 0.14-0.26 uay 0.14-0.38 MIsBAU MW B9
¥ 1 1 1 a v o £ aa o aal [} d‘ L%
douniuazuanagegeiitudAgneadfnunssaisldnuens  Awunusuledn  0.36, 0.44,
0.51 way 0.64 A/AU AIUAINU LA LLWANANIEDRNUNTSUISINUaENsSWSuWisy Bacillus
thuringiensis M&INIIWUAITASIN 1, 2, 3 uag 4 wunueuludn 0.09, 0.11, 0.26 wag 0.11 F7/
AU FIUAIRY
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Table 6 Average number of larvae diamondback moth on cabbage before and after

spraying with custard apple seed extract product (EC) at Kanchanaburi province.

Rate of %
application number of larvae DBM per plant efficacy
(ml/20 L of Before
Treatment water) spraying After spraying (times)
1 2 3 q

1. Annona product (EC) 25 0.53 0.08 a 0.13 a 0.26 a 0.38 b 40.63
2. Annona product (EC) 35 0.49 0.15a 0.13 a 0.19 a 0.21 a 64.51
3. Annona product (EC) 50 0.46 0.13a 0.14 a 0.20 a 0.16 a 71.20
4. Annona product (EC) 70 0.40 0.15a 0.28 b 0.14 a 0.14 a 71.02
5. Bacillus thuringiensis 80 0.44 0.09 a 0.11a 0.25a 0.10 a 79.30
6. control 0.53 0.36 b 0.44 c 0.51 b 0.64 c -
%CV 17.00 63.80 36.90 36.90 25.10
%RE 93.60 55.70 68.00

Remark: Means followed by the same letters within the column are not significantly different at

95% confidence limits based on DMRT analysis.

HanAnAzTN (Table 7) ndansanusdslvagluanimniaudwmaauwaziinisAnuen
NAN1SVIAABINUIINTHUAIINN ST I HanARegsEMIng 1.25-1.75 Alandu/msaunsds
mnninazuanAsegsiifoddymaaifdunssuislinuans Alvnananogd 0.48 Alansa/
PT19NT dIunsTAsTINUANSIUSBUTiB Badillus thuringiensis Tnandnegil 1.35 Alaniu/
AN NUAT

Table 7 Yields of Chinese Kales after spraying with Annona product (EC) at

Nakhornpathom and Kanchanaburi province.

Yields at Yields at
Treatment Rate of application Nakhornpathom Kanchanaburi

(ml/20 L of water) (kg/mz) (kg/mz)
1. Annona product (EC) 25 1.08 b 1.65 a
2. Annona product (EC) 35 1.19 ab 175 a
3. Annona product (EC) 50 1.14 ab 1.70 a
4. Annona product (EC) 70 1.45 a 1.25ab
5. Bacillus thuringiensis 80 1.33 ab 1.35 a
6. control 1.06 b 0.48 b
%CV 16.20 38.70

Remark: Means followed by the same letters within the column are not significantly different at

95% confidence limits based on DMRT analysis.

MNNsHuAIHENSIdNS3UTeNINgRS EC 209919 2 wlaen1snnaes wuin
a [ ¢ o & £ 1 = a a [y o v v v = (%
mammwumgﬂuawmqm EC llﬂizaﬂ/lﬁﬂ’]wsluﬂ'ﬁﬂ’é]ﬂﬂUﬂ'H]GWTUEJUIEJNﬂVLﬂG] NG RIIGRBN

fUT1897U949 Londershausen M.azanlz (1991) AnuInansanmnainuantisenun (Annona
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squamosa) Sanautifduassuuas Selududanisvhauresoules NADH-cytochrome c-
reductase wag complex | lunalnnismelassauraalululnsaeunisvesuuas lnoduns
s2euATP  Tuvueuledn Fawandisineneuuamiuaiiifinasessuulszamdundn wu
cyfluthrin %38 parathion U@y Degli M. Esposti uay Aty (1994) 51891431 @15@innae
wnueas nudatesndn faauaiuisalunisdudinnsineuvesioules NADH
dehydrogenase (Complex 1) Sadueuluifiieidosiunisadne ATP Tuwaddedidin Suarh
Tszuumsiaunelueadiaund auviliuuasmeldluiian wararsadaudatiosminfe
LOVIUDAAMULTNTU 0.50 % w/v uszansanaenueuledn sinlruueulednaieuinninegns
Tseluuanududu 1 % wi 89 2.5 wih wagdadiuszansamidsuriaulngnsu Faduansen
wuasiilanfiefildiuegsunsuans (Audrey J. Leatemia waz Murray B. Isman, 2004) was
definnsanusransnmnisiidanuevledn wuiis 2 wasnismeaos nandugidnsagy
tlowtigns EC 718ms1 50-70 1.4/t 20 303 fUsgAvBarmaion 71.02-79.49 wWeddus g
fianlndidsarunisldarsnaass Bacillus  thuringiensis fifluszansnmaded 70.56-79.30
Wesidus wazdleiunananvesis 2 ulasnisnaaes nuiinslvarsnaasswdn o
dsa3udesningns EC linandnlndiAesiuaisnnaes Bacillus  thuringiensis Wadd
UszAnsnmnistidanueulednuaskandndtuiinldiueg fudladenarsqeens 1wy genetic
heterogeneity 19581MAABIEIES ATNLUTUTIUYDIANMBINIA LAZAIAUANGANIVBITLIETDS
wuaulednluwsaznmeasdldvindu (udu

dyunan1Innaag

M Uszdnsnm ansadauazansnindasidnsagulioamin iensteariy
frdnnuoulednluaded IHharsafaainudatiosninaiaundugnsnandusidnsaguls
nanfaeidnsaguileemingns EC uazanuansussdudnuaenianien muesudndom wuind
Snvasransneina Juiderety delunssaesilud ausanszaredaludiles wagld
wentu Wenaaeuszavsnmuomanfasidnsagutosmingns EC wuihinavilviuueulein
e BEI2NINe 27.50-85.00 LWasldud nadeulszavnmsenueulednlunlamsinnunsns
Tngvhudameaou 2 uuas 2 anuil Ae ulamaaeuiideisuasUsy uazulamageuiidmia
MRy WudinsnuasHandasidnsagutesninans EC fiusednsamlunislesiuiidn
wupulednlafldunnsnstuneadfninnisnuansvnass Bacillus thuringiensis wazidlofinnsas
Usgans ammsdanueuletn wuii 2 waimsnaaes nAnfoeidSegUuieamingns EC 11
§931 50 uay 70 w.a./40 20 Ans SsvAvsnmededt 71.02-79.49 Weddud dafilndifeetiu
msldansneass Bacillus  thuringiensis AifiUssavan waded 70.56-79.30 wWesiius uazdle
FeunanBnvesia 2 ulainisvaaes wuihmsliammaasswansuridsasuliesningns £C 1
wanAslndiAestuasnans Bacillus thuringiensis \iuidieatiu fetundndasidnsagudosmin
an3 EC Jadudnmadennilsiiansnsaldlumstestuidamuevlednluuaseeth uazanunsald
\Huansidadngiiamadoniiieannsldasiaiiluuvasnwnsnsnionisugninaiuasald
Sutszmuluasausou mﬂﬂizﬁw%mmaamiﬁflé’aujﬁléfmnmsaﬁ’mmﬁmﬁawu’w‘j anansniily

cala a a
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Micro-perforated film for prolong storage life of fruits and vegetables

ANTUNS @599UNS! ATNTuA AISEYSAU! way Us19Anes nnues!

Komchan Songchan' Siragan Srithanyarat! and Prangthong Kwanhong!

UNANYD

Nduanggvuinluaseu (micro-perforated film) fauvdgeulvi1geongiaunas

¢ & 1 Y] I A e a v A o o v | ) )
asuaulneenledrulaganintiduundnily WeihuussadnuaznaliszdisSnwdnsnismela
vosrinuazka ey lussAunmuvay d130ANNUAILTY FruainduEn waznengnisiiu
FSnwmdnnalauiniu Jetaguludisssmaiinisldfduviiadduograunsvary nuideld
TnguszasAiemuwaznageunsliflduanzgrunalunaseulunistaegnmaiuinwdnuasnaldl
a o a 1 = = % a o % a o
UNYUA ATLUUNITIERINWABUARIALN 2558 09 NUYIBU 2564 8 NBIIFYLATNRIUINYINTITNAA
nsiufigauazulsgundanainuns Ns3TINIsNEAT 31NN1INAdeUIzIidunaafinaae
ATBAALLESTUNININGT (KEYENCE 31 ML-29500 Series) Wu31 Wi dlimesivangaudmsuiangg
&1 OPP wag LDPE auuu 30 luAsau As ad1usiawny 1,000 Sadwns/Aund nndaawwss
20 Wasigud warausIanny 500 Jaduns/Aund mduawas 30 Woasidud mud1au a1l
Wizgbidugudnansdssana 115 waz 70 luasew auadu n1slaflduaizgauialuaseuiu

% c% a d‘ a a 1 Y] 6 % a6
Shwdinuavilafigaumail 5 ssrwaldea wul1 Uawmesienussy 100 n3u Tugeildy LDPE 1313
PUIALNATOU NHDTNIINITTUN UV 1WoNTIaUUDINAL (oxygen transmission rate: OTR)
5,000-10,000 gnUIAALBUALLAT/ANTIUAT/TU TUIAGT 20x28 1wufwns @unsanuinyliuiy
21 Ju Mine13Us5y 150 n3u Tugeildy OPP w38 LDPE laegvuinluaseu OTR 15,000-20,000
ANUIARIUALLAT/A3190UAT/TU YUY 20x28 wuRuns iusnwlduiu 15 Ju dnussy
50 w38 80 nSu lugeildu OPP La1gguuIAluATEU OTR 5,000-10,000 @AUIANLYURALIAT/A51
RS/ YUIRge 16x35 wufuns inusnwlaui 18 Tu wazdralweidingey 100 N5y usTgaIn
WanARNWEIVNRIEgay OPP vise LDPE Wizgvunaluaseu OTR 5,000-10,000 gnuidnlgufiums/

[ I3 (v % (v [ Z.Jl v a < a [ ) o va, 6

asans/du nusnwlauiu 20 Ju leednnmuadsdinunwluneeusu dwnsumsldiauianes
guwnluasouiusnywaliviswiaiioamgll 13 esmwalea wudi uzahaheenliussggefidy
OPP %38 LDPE ang3aunaluasew OTR 15,000-20,000 gnuiAnlgufitins/M1s1ains/u aunge
20x28 WwuRuns Nushwlauiu 25 T uazldszesna 4 Ju lunsgniinamgiivies Inglinunau
Anunfllonaan nalgliussalugaildu OPP w3e LDPE Wwizjvuialuaseu OTR 5,000-10,000

! ﬂaﬁé’aLLazﬁ@uuﬁmmmwﬁﬂmmﬁuLﬁaaLLazLLUigﬂmamamWi

Postharvest and processing research and development division
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ANUIAMYURLLAT/ANTIUNAT/TU WA 20x28 LWURWAT 91U 6 N8/ @mnsanisiiusnule
WY 14 uag 351U aaiu lnenadelian wiglsaseuussyneildu LDPE ligguuinluasou
OTR 5,000-10,000 @NUIAALBUAKIAT/MITIHUAT/TU VUINOT 20x28 LWURLUAT TI1UIU 6 Na/Q9
usnwlduiu 14 Yu Teefdamunmaisuenuazaanmmsuussnmiduiivensu

Arddgy: Tduaggunaluaseu Msiusnwluaninusseiniadauyas

ABSTRACT

Micro-perforated film allowed oxygen and carbon dioxide transmission more than
normal films, when used for fruit and vegetable packaging. It helps to maintain optimal
respiration rate of fruits and vegetables, retain moisture, maintain freshness and extend
shelf life of produce so this film is widely used in foreign countries in presently. The purpose
of this experiment was to develop and testing the use of micro-perforated film to extend
shelf life of some fruits and vegetables. This experiment was conducted during October
2015 - September 2021 at Postharvest research and development division, Department of
Agriculture. The result was found that optimum parameter for drilling OPP and LDPE (with
30 pum thickness) with laser marker (KEYENCE model ML-29500 Series) are 1,000 mm/sec.
scan speed, 20% laser power and 500 mm/sec. scan speed, 30% laser power, respectively
provided hole size 115 and 70 um, respectively. For the evaluation of micro-perforated film
used for vegetables, it was found that butterhead 100 ¢ packed in LDPE micro perforated
film with oxygen transmission rate (OTR) 5,000-10,000 cm?/cm?/day size 20x28 cm could be
stored for 21 days. Yard long bean 150 ¢ packed in OPP or LDPE micro perforated film OTR
15,000-20,000 cm?®/cm?/day size 20x28 cm could be stored for 15 days. Coriander 50 or
80 g packed in OPP micro perforated film OTR 5,000-10,000 cm?/cm?/day size 16x35 cm
could be stored for 18 days. And baby corn 100 g packed in plastic tray and covered with
OPP or LDPE micro perforated film OTR 5,000-10,000 cm®/cm?/day could be stored for 20

days. All vegetables were had acceptable quality. For the evaluation of micro-perforated

film used for fruits, it was found that mango packed in OPP or LDPE micro perforated film
OTR 15,000-20,000 cm?®/cm?/day size 20x28 cm could be stored for 25 days and ripen at
room temperature within 4 days without off-flavor. Banana packed in OPP or LDPE micro
perforated film OTR 5,000-10,000 cm?/cm?/day size 20x28 cm, could be stored for 14 and

35 days respectively, with unripe. Rambutan packed in LDPE micro perforated film size

20x28 cm. 6 fruits/bag, could be preserved for 14 days, with acceptable external and eating
quality.

Key words: micro-perforated film, modified atmosphere packaging

61



A1

wAnnaanfongniafvinvdunandenanwldie ilesndsi@in densdinamela n1s
Agtn uarnanAnefiduiatunasana damsisuuamdsnaifuieaand dlindaus
Frurmnngapdoamnin wu gydetinin gudeaurmisenns seukesemadvhansuaslse
y&amsiAuAe uazide lusewimsvudasaznadsing mndimsdansndsnsifiuifeuas
UsTetaiTvIzaNaansatIsannsgadeaanmle mafusnvluanmussemadauUandy
Ensnilsivasinuauanuazdaegnisiiuinuwdana anwusseiniadauUasuy wiad
(passive modified atmosphere) Juanimussermadaudasiiiing udrednaana Tnsann
usss i ifweandiauruazansveulasenledgeaos q iAndunigluussgfusiidandn
PABALIA UBNANT] nsuSnyINAANaan lugaiaunaann Hatheanmaiinsosiiiiavessdnug
PrwannsUulouvesmdnnaszuninenisdants annisgapded destumaunsnszanenisiinde
nuAnKand UGB nuanNant (Kader et al., 1989) N15&5198n1MUsS8IN1FARawlasntely
vssydaiiu fnussnaliudazeinininudosnsiduidsns nsduruvesiaunanaiady
desnniidnsnsmelaiisineiu laeilvaudfinsdusiuvesfmvesildunaraindniiansanis
§asnsTusiureafinresndiau (oxygen transmission rate: OTR) MlussAamifimsnzauiu
wannanugiunsiansoumgiiiusnuiimunzay aansatisainanzangluussgiamiam
TWsnsnsmeleanas deavazasnsgnuaznisidenaninvessdnna (Ding et al., 2002; Zagory,
1997) IngU3unnveseondiaunisluussgdusideuismeLitelivi ldiAnnsmelanuulald
pendlau FeazThlvnannaiEedatu (Zagory and Kader, 1988; Mir and Beaudry, 2016)

flduwanainfianldussasinuazsalslneialy 1wy wedlefidu (PE) wedlwsfiau (PP) sindl
§asnsTunituvesingoendiauni lnedsnsnisdururesiveendiaueysewing 1,541-3,750
QU LURALIAG/A3anS/Tu (Mangaraj et al,, 2009) mstanesvualuaseududnmadenyils
Tumaiingnsmsdusiuvesfiwoondiauvesitdy uenmilionnnisldinaianisuiulaseadig
wodleimemaAnasuudaileliduisnsnsdururesinegs deidunugaesdulllfen
Tumameadiafiazndnilaalsisidn OTR fivannvans mslfiawesiilenzaunnlusseugnianldidu
szeziannIt 10 U uazdunsyuaunsiidufivenivlunanussgdasiuvudangu (flexible
packaging) waluladnsianzsieiawesiimaiaunliinimi awnsaizgldsusisnasasiae 3
YAINgay kazaunsaltiuilaulavanvangviamuanudenisves ldny dndnnnsyiauae
anuduveasazgngadulaeiidy Gazhliflduinmuieuauazans whsemenaneiduleluviui
shliAnguuadniuuuiidy Tnedammsduihuvesiedwuiidunessunaluaseuduogfuua
WaE11IUS197% (Chow, 2012)

Tldsnanzgvnalunsou (micro-perforated fitm) WuTldNATisuAEndUsFUInans 50-200
luaseu flauReenlifneduriwldganinfidundnily aunsautladedirvesiidusinfidaua
AR PN VDI (A93umn3, 2565; Winotapun et al., 2015) Wesnwsamamnelovesinuay
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naldldogamngan anunsadniiuanudu lindanadongnisiiusneenuiy uazanunIm
lnesiuvewmdanalild vssyiadifiduanzgaunluaseunaadudidonsendeuniinudeanis
landinduaunisivlavesnaiandnuadn welddnaanisiiusnednuazrald Tneflduanzg
YU LUATIUILTILS NBIAIUAAVDIE NLAEHA LTI UTENI19IN1TVUAI LAZ 191U TnstaRau
183U lIATEURE1IN TV lUAIUTEINA WU ansgewsnT wAu1a glsy Ju Bude Qiu

a A Y & v ~ ~ A a & a ) g
paawsiae invald 1wy Wewniivsednsamlunistnengndana Ineldluguuuuussasdoe
Winn15v18Uan (Inkwood research, 2022)

MINALTRLIE IR lUATEUINE AR BNTINITTU1WTBI YR IUNFBINTT FosfnwITwIn

° a o v va, ¢ ) a al vay ¢

wagdnnuIIETvIzay Tudwemeaaunsidilaungsuninluaseuiundana Wivailafdaud
winzaudmsuiagnsnusnwwdanausazila Fansadisanimusseiniadawlasfineanis
AesofeanIsAIuANTaTEfNg 9 Minerdesduannasynitanseuiuntsmeglakagn1sdunuing
lown dnsinsuielavesndnna UMINUTTY A18RMIINITTURIUYRINY WUTRIUTIYA U
& A & o | & | Y] ¢ a
MUN head space $9UD8NIEIUYDIN1YA19 9 Aeluussyie (0f51 wazAne, 2549) N3
a va ¢ A o £ v ) a ~ v o ¢ = Y Y] ' &
Wenldilduanzsvunaluaseunimundulivanzauiundang Fadesddedialadonne q danani
Mg Balulszinalvnedni@nyideinestuildunizvunnluaseusginsluniignuveanininsy
wazianyy 1 qudmaluladlansuasianuiand usen Yudwudlng 91dn (@nww) (SCG) Lo
duasunisliflduanzgaualuaseuduvssyiadgnorgdmiudnuazna L waznaununisig
Hauanzgruinlunsouanaelseina N1533easUTTngUseasd Ao aimuIiduzsvun
luaseulagldiaesunsnines wasnaaeunsldiiduanzsvualuaseulunisshwnuninuazdn
gemaiuinwdn liun dawesian dilnen And dnlwailndeu waznaldl laun uziis ndely
A

gUunsaluazdsnig
gunsal
1. ussydnst 1iun fidumedlnsiduninisdadosta (oriented polypropylene: OPP) fldu
weAlefidunnumuuiug (low density polyethylene: LDPE) Hduueaiin (M-tech 4)

HWaunedlfanaslsa (polyvinyl chloride: PVC) wazarawana@n PVC

in e Sawmedien Milne1 @ 41lneiinseu

walsd Taun wvshainenldl ndely wnzlsadou

inesaesininnes vinafusulaeenlediawed KEYENCE fu ML-29500 Series

WS eInAITLNTSY

130TASRTIMITUR LRI TEDN U SuNaNaRN Mocon 3U OpTech ®-O, Platinum

Ny R LN

\AT0INERTINITUR VB UTdUNaERN Labthink $u VAC-V1
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8. infesiadarnsduiuveslotiiufidumanadin Ilinois U 7002
9. naesqanssadamaslalulasalay Olympus Ju SZX16 wiaugunsalaienIn Olympus
U DP25
10. naesRavialulasalay Hirox Ju RH-2000
11. i3osaielalnllafined Thermo Scientific 3u Evolution 300 UV-Vis
12. 1p30sTnd Minolta fu CR-10
13. 10584 texture analyzer LLOYD iq'u LF plus
14. w504 digital refractometer Atago ﬁu PR-101
15. in3edlnmnsndnlusia KEM §u CHA-600
3513
1. msAnuduanzzuualuasouiteWldsasinsduriuvesfingaudenis
tildunedlnsfidufiinisdndeass (oriented polypropylene: OPP) uawfidunediofidu
ARG (low density polyethylene: LDPE) a37u%u1 30 luaseu unsidevaNURves
Waw Ton AUsU 8RTINSTUNIUYBIR1980NTLAU (Oxygen transmission rate: OTR) 8R31113

)

Fun1uveslou (water vapor transmission rate: WVTR) 21014 41d198 19HauLagoun1siany
sAsATaRawaiIsNnes vllansuaulaeenlediawes nsivaeuIUsasTATUIATEITIANE

Y

&

yeluaseulaglindasqanssmiameslolulasalal wazndendvialulasalay wavin OTR vaq
Hauggvualunsou
2. gnwmsinusnednluanmussemasaulasiagldfdaanzzunalunseu

wisunannanliinmaaes liun Samesien drilnon #nd uagdnlneingou lae
Aadennannaiisianuainaue Lifdviuazaudomsanlsauazuias tanvihauazen
ud 10337l A s LN 3313 19ukUN1INAFBILUY split plot S1UAU 6 51 main plot F
33138150599 sub plot Ae szaEaINIsAUSAY) Ao 03 6 9 12 15 18 uay 21 Ju

Uninaiian ussq 100 nsu & 7 n33u3T Ao usseneilduieniivl ussaneildy OPP uay
LDPE laila1eg U5909Wau OPP wae LDPE 11 3uu1adusinaugnaty 0.5 lwufiuns 3117 8 3
(YAAIUAL) UTTIQIWAN OPP uag LDPE 11e3vualuaseu OTR 5,000-10,000 gnuieilagufuns/
FNTIUAT/TU (VUIADI 20x28 LWURINT)

filnem 1 5 N33 Ae liussans (YamuAN) UTIINSTEN OPP LazualuAseu OTR
15,000-20,000 gNUIARLIUFALIAT/M1T1UAT/TY 5’1%1‘1%33@ 150 way 300 N3U US3999 LDPE
Wizgrunaluasou OTR 15,000-20,000 gnUAARILALLNT/AT 1T/ U Yntnussy 150 uas
300 N3Y (YUAR 20x28 LYURLLUAT)

{03 8 5 N35UTT A UTTINIWAN OPP 11z vualdurAugNaIe 0.5 Wwufluns 311U
8 3 TUIANS 16x35 LuRiunas (S) Uminussy 50 n3u (yaAIuAN) UTIINIAFL OPP 191231UM
luAseu OTR 5,000-10,000 gnuiAisufiuns/mams/fu aungs 16x35 isufiuns () twiin
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U539 50 wag 80 N3u UT5qeTidy OPP zguunaluAsen OTR 5,000-10,000 gnuiAnlaumlumns/
PSR/ TU TUIADS 28x39 wuRuas (L) 1niinussy 50 uay 80

1lnadngauw Ussy 100 n$u &1 5 NI5UTT Ao UTTIMANAERNLE W UAeTlE PVC (Yn
ATUAL) UTTAQITAL OPP wag LDPE Wgguunaluasaw OTR 5,000-10,000 @nuidisufiuns/m31
WA/ UTTIDNANANEANY UA 80 TlaN OPP wae LDPE La1ejuualuasew OTR 5,000-10,000
ANUIARIURALINT/MTIUUAT/TU (VAR 20x28 LURLIAS)

thlufunuilgamgil 5 esrisaifes duuasadeunuanaLszezafiiimue Tiun
gt miin naiAsuuasd (Tnwesien aoa fnd wazdnlnaiindeu) Iadeiniosind use
Alunnselivn (Baiing1) Sadaeides texture analyzer USinameaudaianunfiazaneinla
(Townedian Aaa 648ne17 waztlnadngou) Tadaeia3es digital refractometer USuna
Aaplsias (N%) Mu35ves Mackinney (1941) LagUseliiuaAMAIMNNNIEAINLAENIUTEAIN
dudtalnonsliazuuy 1dud maiaddima @nlneingou) uazauvoulngsam Tasnslien
AZLUU 9-point hedonic scale
3. fnwnaiushwnaldluanmussemeadaudasiagldidaanzuunalunsou

widsnnAnnaihinaldiinamases WA szahsheenls ndaeld wiglsaSeu Tnedaden
waanafidszozanuLnlndlAsadu Svunaiiaue lifidminieanudomeanlsauaziuag
thandevihanuazen Aeliasdiond udnhndananussgluussiasinunssnds Maumunis
NAasewuy split plot $11Y 6 ¥1 main plot Ao 35n15U599 sub plot Ao szazialunIsAy
$hwn laun 05 10 15 20 25 wag 30 U (M58 02 4 6 8 10 12 14 uaz 16 Tu dmiunelsasew)

ugahstiaenlsl U359 1 warens & 6 n33u38 fio UsITNABINTEATERNYN (YAAIUAL) UTTY
eilduneain UTIIAL OPP uaw LDPE W1w3vumdusnaudnats 0.5 wufiuns 147U 8 §
U9999Wd1 OPP way LDPE 11z33u1nluasou OTR 15,000-20,000 gnulAfilaudiamns/m1519
WA/ TU (UGS 20x28 LYURLLAT)

naqely U35y 6 Nasiend d 5 N55U35 A0 UTININEY OPP wag LDPE 131230U1A
Wuraugnane 0.5 lwuduns 8 § (YInAluAy) uTsagsildusdawaniin (¥nAIUAL) UTTIQINHY

a a

OPP uag LDPE 1anz3vunluaseuiiidl OTR 5,000-10,000 @nuiAfieufiins/as1auns/ i (vun
04 20x28 LYURLUAT)

113l5UTHY UTTY 6 NaReny/a1n 1 5 N35UIT Ae UTTIMANANERNUWR WiNMmETaY PVC (Y0
AIUAY) USTR09MAL OPP Uay LDPE W1zguunaluasen OTR 5,000-10,000 gnuieilagufung/m1sn
WRT/TU UTIIDANERNUAIVNAI0 AL OPP wag LDPE 11wgvwinluasau OTR 5,000-10,000
ANUIAREURLIAT/FANT1UUAT/TU (VUIRGT 20x28 LBURLLNT)

ihlUiAusnufigumgd 13 ssmwaldea guainsI9aounuANANTEIEIIaNT AU
Taun miqzuwt,ﬁsﬁ;mﬁfﬂ nswasunlasd Sameniesind Anuuduie Tadieindes texture
analyzer Ussnavosudsianuaiiazanetild Yadasiades digital refractometer Usuimnsadl
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Tasnle YFunadniiug Saseindedlninsndnluf@ wazussiduganinvnenenimuaznig

Usgamduia laun anureulnesiu Inen1sliainziuy 9-point hedonic scale

stezanuazanuisLiunImaaes

FELIAT AA1A 2558 D4 fiugngu 2564

souiisudiuniamaaes nesifBuazimunineinsdsmsiiuifeuasuussUunannainyns
NINIVINTNEAT

NANISNAABILLAZINT

1. Msfniduzgrualuasaunelvladnsinisdusiiuvasingniudonis

AuURAYaINaY OPP way LDPE wanisd Table 1 laadl9g19laufiinuinnassdiananuvun
30 lupseu 8 OTR 327.26 uag 1,193.32 gnUIAALGUAWAT/MISIUAT/TU ANEIRU wasd WVTR
WINAU 4.20 kag 10.90 NSU/M51URT/IU AUAIGU

N1349723 AN OPP AN 30 luaseu faemnusiaunu (scan speed) lugas 300-

a a a =l o 4 & @ I3 v ¥ 1 &
1,500 dafiuns/Aunil Masalwes (power) 20 Wosidus a1un3aiRne3lavuInldur1AugNang
se1319 50-115 lupsou Tnen1sldmnuisianny 900-1,500 daduns/Aui GRIQFAIE RPN
lé’mmmLé’um@uéﬂmqa:ﬁ%auaﬂdwmmL%mmuszm 300-800 UadtUMT/AUT AIUU AN
a ¢ o ) =~ < A a A o w & f & & =

WSEmesAmMIUNISRIES A ANISIARNU 1,000 Tadiuns/Aui Masawes 20 WWesidud 3
a1unsnineglivuadurtAgugnatsssana 115 luaseu dmsun1sianesilay LOPE Auviun
30 lupseu semnusrawnulugag 300-1,500 Taduns/Aud fduawes 30 wWosidud a1u1so
LnglﬁﬁummLé’umﬁqusﬁﬂmqiwdw 60-90 lumAsou LLazLﬁaﬂwwmﬁma%ﬁm%’umiwwg R

I A a a S o w & ¢ o & ¢ ¥
AULSIAUAU 500 TAFIUAS/AUT Advalees 30 Wosidud geaiu1saianzglavuin
wushgudnaneUszana 70 luaseu dnuazaegiazuanin Figure 1

AMAINYBINITHINTIALLAYDTUUDY AUNITAIAINITITLMBTIUNITIANET LU AN89209
LALY3 ANINEIAAY WA 99172 (pulse duration) 8751115897 (pulse repetition rate) Wag
SNuUzYeITan WU via ANUNYT YIaveEIsANLeY N15U1ANTOU ATNNAIUTBY
(Winotapun et al., 2014; Caiazzo et al., 2005; Olsen, 1995) 31ANANITNAD DI WU YHAVDI
TaudnasevuInduEANgNA1909341e LiBLe AL OPP wag LDPE Ndauviun 30 luaseu
wiriu Tagldrnusuarmanawesszauieriu vuadurdigudnarsgiaisvesildu OPP aglng)

'
o 1

nindurIgugnatsganesiidy LDPE Weiliiiosanfidu LDPE fidn thermal diffusivity sn
fldu OPP TngAn thermal diffusivity tunuamsavesiagsdonisihauiou dmiuianii
thermal diffusivity g¢ AuFeuazindeudiniuléisy Wesnaginnufouldls Weifieuiu
USinmsnuqauieu vide thermal bulk ety gugsunalunsouuuianiiil thermal diffusivity

genindedivwinlugindt (Winotapun et al., 2014)
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yndeensilduanzguualunseudid OTR oglugas 5,000-10,000 10,000-15,000 uaz
15,000-20,000 gRUIAALEUAIAT/ANTIMUAT/IU VUING 20x28 LEURIIAT (130 16x35 Louling)
fouanzgildy OPP aumun 30 luaseu feamsawny 1,000 fadwns/Auil Mdsawes 20
Wesius 31u3U 7 12 uay 16 § aud1au wazianz3ildy LDPE Aaumiu 30 luaseu faeaanus,
aunu 500 dadwuns/Aui Masawes 30 wWesidud 31U 4 15 uag 22 3 audnu (Table 2)
Sasnsindeuivesfnurinuiiduatyy unasiuvesnsuriuresfineriugian: wagm i1y
vosfesiufidumanain Taeviluudnsivashuvesfnetaueiuginizazgininisiadeuiives
esuildunatadin (Fishman et al, 1996) N15MAYBININIUTAILUUIA 1 TAGLUAT VUTAY
LDPE Av1amun 25 luasou eumiiunisinariusesfieiiufidumuaiuil 05 asrauns (Vi
and Beaudry, 2016)
2. fnwmsnusnednluagnmussemadauladagldfduazgeunnlunseu

Uninaiien pasnszaznaniusnwIuiy 21 1u Jnnesionussqgqeilay OPP w3e LDPE
rgeualuaseu OTR 5,000-10,000 gnuiAfiguRiuas/manauns/fu Inisgadetnintos
i 1 wWesdud liunnsrafunsussggeilduliionzg Fsmaidusnuindnnalugeildueizsunn
luﬂiauﬁd’gaamﬂﬁqulﬁaﬁmﬁﬂlﬁﬁ neiifgumanafndulnginliveuliiFusuld Tneauty
duins aneluvssyfarfldunnzguasliinnesdlnginlndifetugndu dadeledn naiaeg
EnTRarasEFUANLTUguTMS LA (Mir and Beaudry, 2016) dlofusnwiunu 21 Ju N
nssuERvRInuvedsmuaiaraethldliunndnefy Shimesienussenaidy LOPE 1iggaun
lunseuiidivdesosiign Ao fewansanududindos (b*) wae 31.56 (Figure 2) Tnimosion
U53909IdY LDPE 191z3vunalunsou annsafuinuilduiuiian 21 fu lnefazuuumnuveusom
geiiande 6.19 Azuuy vuzfivhneslenussyneldunenin uazqelldy OPP L91g3uUIn
urnAugnans 0.5 wufwes aunsafiusnelauiu 15 fu dudanesienussggeiidu OPP uax

s

LOPE laila1eg gaildy OPP 1a1g3uu1nlunseu waggaflay LDPE 191g3vuiad ul1augnans
0.5 wufung annsaiuinwlaui 18 Ju Fsmsussggeiiduanzgvunaluaseuaansaiuinm
Ieununingeiilimly feqsliianzg vieinzsvuindusingudnans 0.5 wufing 3-6 Ju
daifnenussylunefiduanggounaluasounnnssuisinisgydeumingssndn
1 wWedidud vagiitaiinenliussanaiinisguydedimiingsgn 31.87 wWedwud naeasvozaniv
w18 Yu dailnermnnssaisianuwiudeliunndnatu ogsewing 22.16-26.19 s e
Ausnundusreznauiuiu faiinenusstlugdiidmanesruneluasouiivinuvendsimuni
avaneildanaudntes (Figure 3) faflnenussyasfidunizguninlunsounnnssuisifiosnuld
uuninslaiugsggs 6 $u Aeanunsafuinwilaun 15 $u Taefiezsuuunraweurmiduiivensu
Taedaiing17u59999 LDPE 1nzguunaluasou OTR 15,000-20,000 gauiafieufims/msnaiuns/
Fu U539 150 nfu AzuuumNToUTIMINAgAIAY 7.50 Azuuy vazfidailnenliusigge

=Y 1% [y
gansanusnwlauiu 9 Ju
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v A ada IS

HnusT9lugeilay OPP 1nzsvunluasounnnssuIsinsandeumtnliwansdeiu lned

e q v Y

msgadetivinuszsanm 1 wWesidud varAdnTussegailduazsuuia 0.5 wufiues dn1s
andeintngsan 3.35 Wodidud ieiuinuidussesnaniuiu fndda b* Wsdudnien s
nnnssisiinsasunlamesdlinandadu WelAuinuiuiu 18 fu dndussalugsiidu opp
A FIUIRNATOU TUIANY 16x35 LeuRlunT 1VENUTTY 80 N¥U LATILIAGY 28x39 LALLM
wiinussy 50 wae 80 nfu SUSaeaelsiaduinniian uarliunnenefunisadn (Figure 4) N3
Ausnwaneldanmussenaifvinueendiaum sudsnsangamgiuaslsifuasaing aansn
yraonsgadenaslsiadla (933w, 2546) KndnnnssuiSaunsaiusnuileuiu 18 u lned
azuuuauveuTiui sousu Tnedndussqlugeldy OPP Larzgvuialunseu OTR
5,000-10,000 gUAARLEUALINT/ATULNT/TU BUIAAS 16x35 Loufiuns 1vnussy 80 ndu 4
AZUULANLYBUTIANNTIgAIIAY 7.50 AzlUY

Inlnafngauussyn il duanzsvuinluasou OTR 5,000-10,000 §NUIAALEUALIAT/ATT1S
wins/fu Fasannisgapdetinin uasterraomaiaduimaldfinimsussaaudiudaefidy
PVC dnlnaiingeunnnssdsiiviinamesdvimuniiazaetldbiunnd1eiu (Figure 5) Msussy
tmlneiinsoulagldaanarafinudmiumegeiduanzgvunaluasou amsaiusneliui 20
Tnegadufivonsuanguslan lnstieinunamiuanuaseyaoniafndiinalddnimsussgnsildy
WizgrwInluaseuiissegfier maiusnwdnineingeulugaidunaafinanzuualunseuy
annsatsanmsgndedninldd idesnfiduanesdslinuautfool ot durulds (i
and Beaudry, 2016) vpurdiida PVC fidnsinistusnilotihgandn dewalidrilnafiussalugaiida
egvualunsouindiimatesniing nlnaiindouussiaanaainud iudogeiiduangy
YWIALNATEY @1115087918N15319T MU LANINNIINITUTIIOIANEIERNLAIT AT AN PVC
57U
3. Anwnsiushwnaldluanmussenmeadaudasiaeldfdaanzzaunalunsou

szshethaenlsl Waifusnvifussesinm 30 fu nzahsussandesnseaugniniimsande

dwiinanniian 9.20 Wesiud v finzasussglugsiiduueniiviinisgapdeintniosiian 1.28
Wosidud diunzahsussgeiidumanesuuluaseulinsgydotminyssana 2 Weddud n1s
Ausnwugsilugaiidunanainiiilfuzinadinisgydeimind iesmnanmusssniadnulas
fiintunsluussatuidsrrassnmnmamela Tahliudanaisnsnsasiianas waeiid
wanafndsetiosfunisssmetieanainudanadie (Zagory and Kader, 1988 ) nzahsussglugg
suuondinlilen b* teufian udliuandnsninnssuisuegeiteddy nnnssuisdauududol
uanseu (Figure 6) uzshsusslugeilduueniinansavzasnsanléffian uiilothuzsaamnng
Tfanflonmniivies nud ianduRnunifidenalunzansussggeiiduueaiiiAvinsluiondudy
srpvanuusiaus 20 fuduiily vaefiusihanssisBuldnunsAenauinund uesisussglugs
#dy OPP w30 LDPE 131g59unluAsou OTR 15,000-20,000 nUIAALgUALUAT/A1514URAT/ Y
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ansafuinulduiu 25 u Taefinuamislenagnifuiisensu amnsafiusnwlduiunimmesied
Ussglunaeanszauaniin 15 Ju

n&altus9903 OPP e gruadukiAusnans 0.5 wufuns Sn1sgaudedatnunniian
Wiy 3.59 Waesiud vagiinsanisdudmsgaudeminyssan 1 wWedidud lauansnaiy
maansyertIan 35 Ju naleliussylugaildunendin wavgaldy LDPE wizjvuinlunseu OTR
5,000-10,000 @NUIARLBURLIAT/A51UNT/TU LA b* ﬁaaﬁqﬂ wanenddeniiniswdsudua
widestioniian wardiarmududeinnninngsuisdu Tagliunndnsiumaadd (Figure 7) nédaeldgs
Ty OPP uay LDPE wigguunaduningudnans 0.5 wufwns wiusnwiliui 7 Ju diundaely
us39lugiidn OPP Ll guwIaluasey usnwlduy 14 Fu vasiindelvussqlugeiiduueniin
uazfids LDPE 1nzgvunnlunsou iiusnwils 35 Ju lnefinadslian Tnensussqgeildy OPP way
LDPE 1ggaunatuaseu ¥iedne1gndieldliuiuniinisussgguansjuuiniduniaudnais 0.5
wuRns MLy 7 way 28 Ju udey %aqqﬂa‘u LDPE 1z3auialuaseu OTR 5,000-10,000
gnuAdluRInS/mMans/u annsathanlddmivussgndelaiiiedaengdmiumsiiusnum
58201 WU sed e viseduussatamidmiuneuannelundeaiiensvudamadold

wglsaeu Weiiusnwiuny 16 Ju 1zussqlugeildu OPP uas LDPE lnzsvuinluaseu
OTR 5,000-10,000 gAuIAiguAums/msauns/u fuuuussamauarliussgann Sn1sgade
dwiintiosndn 1 wWeddus snfsussamaudfudefidy PvC dnmsaapdsdwiingagauiniy
1.67 Wesldus nawnzussqlugs OPP lesvunaluaseu dmmuainsiosiian uanf1einnssis
du gnnnsnAsilaanwmaadliwend sty amnsaduldu 14 Su lnedadufivensues
fuilna wgilusslugaiidy LOPE gguunaluasoudinafndumatiosnitussqlugsiidu opp
wzguueluaseu Tnsannsoussldiauuuussaauasliussgnin (Figure 8) mstfudnunanua
Tugeildunanafintaedestunisssmeveninnadanald ndnuadsfinisgydeimindies
Snties uenandanmussernadautasiiiatunieluussySusidnamlnsnsnsmelaves
NEAnaanas diwaliiensinisaieuianas (Zagory and Kader, 1988) vl natanziinnis
Wasuwlasdiadenlinin famaiuinulugeiiduuenainazanmsgaudedinudadsag
vgaonaiinduiniateaudeonaeld aoandnetusisaue O'Hare, 1995 T1amsndnu
Snwardringnisuenvesnglild wnlsfinsgapdetmiingan

a3UNan1INaAaas
1. #dy OPP m1umu 30 luAseu wizgaleiawasuisnines (KEYENCE $1 ML-29500
Series) AIMLEIERAY 1,000 Aafiuns/Aui Manawes 20 Wesidud 311U 7 § fogeuuin
20x28 (N30 16x35) wufiiuns loneflay OPP La1g3vuInluAsaw OTR 5,000-10,000 anuien
WURLUAT/A1510URS/TUY @nsaldiiusnwdnd wazdilnaingeu tauiu 18 way 20 Ju

a6

audau wasiusnwindislilaeinaddlianlauiu 14 Ju mnanzdnnau 16 5 awligeiiauaie

9 Y

69



yunlunseu OTR 15,000-20,000 gnuIARLYLALINT/MTanS/U annsaldifuinwdaiing1
wazszahaiponlsl Iy 15 uay 25 Ju auddy

2. &y LDPE @2 1unun 30 luaseu 19133a281ai903u135nines AL52awny 500
fiaduns/Aund Manawes 30 Wosldus 31U 4 § AIUUIN 20x28 WuRWAT LAgeildu LDPE
11g3EIRluAsew OTR 5,000-10,000 gnUIAALEURLUAST/AN510UAT/ Y auisaldiusnedn
wasian 11alneineau wizlsaieu waznaeld lauu 21 20 14 wag 35 U MIUERY KN
T1u3u 22 § wlanaaunzgvuinluasey OTR 15,000-20,000 gRUIARLBURLIAT/M15104UAT/TU
annsolfifusnudaiings wasnzsisinonlsl W 15 wae 25 Yu mudd

nsilulduselavd
1. ansadenenmalulagnisndniiaunzsingldawesunsninesyinasveulaeenlediaes
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Table 1 Property of OPP and LDPE film.

film thickness oxygen transmission rate  water vapor transmission rate
(um) (cm®/m?/day) (g/m?/day)

OPP 30 327.26 4.20

LDPE 30 1,193.32 10.90
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Table 2 Number of holes and parameter for drilling for OPP and LDPE micro-perforated
film with OTR 5,000-10,000, 10,000-15,000 and 15,000-20,000 cm?/cm?/day.

film OTR Scan speed Laser power No. of
(cm?/cm?/day) (mm/sec.) (%) holes
OPP thickness 30 pm 5,000-10,000 1,000 20 7
10,000-15,000 1,000 20 12
15,000-20,000 1,000 20 16
LDPE thickness 30 um 5,000-10,000 500 30 4
10,000-15,000 500 30 15
15,000-20,000 500 30 22

Figure 1 Characteristic and diameter of hole of OPP film (thickness 30 um) when drill with
scan speed 1,000 mm/sec., laser power 20% (A) and LDPE film (thickness 30 um)

when drill with scan speed 500 mm/sec., laser power 30% (B).

8 40 4
g s 30 ﬁ# &“ 3 3
n B s L
8 4 L p 8 2
£ 2
2 3 10 Foa
2
0 O T T T T T T T T 1 0
0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
Time (days) Time (days) Time (days)
—— active film —— OFP film ——— OPP with holes —¢— OPP MPF
== ~- LDPE film == oy~ == LDPE with holes ==& == LDPE MPF

Figure 2 Change of weight loss (%) (A), b* value (B) and TSS (brix) (C) of butterhead packed in
different packaging during store at 5°C.
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Figure 3 Change of weight loss (%) (A), firmness (N) (B) and TSS (brix) (O) of yard long bean
packed in OPP and LDPE micro perforated film (OTR 15,000-20,000 cm?/m?/day)
during store at 5°C.
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Figure 4 Change of weight loss (%) (A), b* value (B) and chlorophyll (ug/g) (C) of coriander
packed in OPP micro perforated film (OTR 5,000-10,000 cm®/m?/day) during store

o
at 5°C.
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Figure 5 Change of weight loss (%) (A) L value (B) and TSS (brix) (C) of baby corn packed in
different packaging during store at 5°C.
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Figure 6 Change of weight loss (%) (A) b* value (B) and firmness (N) (C) of mango packed
indifferent packaging during store at 13°C.
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Figure 7 Change of weight loss (%) (A) b* value (B) and firmness (N) (C) of banana packed in
different packaging during store at 13°C.
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Figure 8 Change of weight loss (%) (A) L value (B) and browning score (C) of rambutan packed in
different packaging during store at 13°C.
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Production Capability Enhancemence on Centella asiatica Quality for Medicinal
Plant Nontoxic and Heavy Metals
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Wisuisumalulagniswdadivnauainaigldaninlsaisulussuudgnnalaldauiu
walulagnsudnveununsns wudimsandiunaglaaninlsaseulussuudgniivlaildau
Taundnrsasiaule Arne1alvia USunanand s wazUiuiuans Asiaticoside way
Madecassoside geninssuiBmelulaBniswanuoanuninsosnsiifoddy uasisaesnssaislal
wuansivanA1e usnealuladnssdnveinensnsnuyimnalansuinivanuagazdafunms
npsy delieTesiaududmaasugRassezng 5 9 wuiwsassnelladianuduainig
wisegha uwiwmalulagvevnwnsnsaunsaldszeznaiduyuuszaia 1 3 5 Wheu 159091
waliladmssdnthunaanmanelianmlsadeuluszuudgnitdlilimuildszosnadunu 3 7
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Tul 3

Addey: Taun seuulgniwnldldniu arsavatessemnsity lnalalyd

! gugidefivanugluie o.a3dvunde 2.4luvie 64190
1 Sukhothai Horticulture Research Centre, Si Satchanalai, Sukhothai, 64190.
2 gueideinunsimnssudedva 235 1.3 a.usliiey .dles 2.9udlnal 50100

2 Chiang Mai Agricultural Engineering Research Center, Mueang District, Chiang Mai, 50100.

75



Abstract

Gotu kola (Centella asiatica (Linn.) Urban) is an indigenous medicinal plant that has
been greatly used for pharmacological purpose. However, inconstant yield and active
ingredients were generally found from crude extract of fresh Gotu kola according to the
variation of season and climate. Moreover, the contamination of toxic residues and heavy
metals are critical problems in traditional production. In the view of this, we would like to
increase production potential for high quality and free from toxic residues and heavy metals
by using greenhouse and soilless planting system. The comparison of planting materials and
formula of the nutrient solution were conducted in a split-plot design with 4 replicates.
Main-plot experiment was arranged, i.e. Enshi Hoagland nutrient solution and commercial
formula A, B. Sub-plots were planting materials i.e., 1:1 coarse sand: rice husk charcoal,
1:1 coarse sand: coconut coir, 1:1 rice husk charcoal: coconut coir and 1:1 perlite:
vermiculite. The results showed that the application of commercial solution with planting
material of 1:1 coarse sand: coconut coir affected the best growth of Gotu kola yield
compared to the others. Besides, Asiaticoside and Madecassoside content tend to show the
highest tendencies in this treatment. A comparison between greenhouse technology under
soilless culture conditions and farmers' production was evaluated. The results revealed that
under greenhouse condition and soilless application could increase the length of stolon,
yield and Asiaticoside and Madecassoside content significantly higher than farmers'
production technology. Additionally, the pesticide residue analysis in all processes showed
no pesticide residues, whereas the farmers' production had level of heavy metals, iron, and
lead, exceeded the standard level for Gotu kola. The five-year analysis of the economic
value of technology shows that these both technologies are economic value added.
However, farmers' production could recover the cost within a year and five months earlier
than the production technology under greenhouse conditions which could recover the cost
in three years and three months. Furthermore, the comparison of net cash flow in the third
year, the results showed that the production technology under greenhouse conditions had

higher net cash flow than farmers' production about 13 times.

Keywords: Gotu Kola, Soilless plant system, Nutrient solution, Triterpene
AN
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1AsEUTaUN (ECa 233) fianunsansedunisfouduazaud uasansarmnnsguidgniauu
unalet Tnglalduniifigunimandiuou 1,000 Alansu vilsiuisazimde 200 Alansu wagiily
viuaziBen uaratneenuidunsdum Wumsoenqvslusmsuszann 2 Alanu ddléthunandi
dnnatpansiasgiuAeutiannlunsilludsguluansainayulng wasnuiSunaansdAy
waznandnlingiiian1ningAvdiundmuulsusnuanggmandn wazan nundaxd
Waguulas Jsdaaliansadataunaneglulssmalifismesrsanudenisveanaialuilagdy
Tnslamenandnsionsiauuazsanfainiesdons Ssdmmudndudeniniasatndunly
sUasatauiavs viefsuians dmuimsidhasatmiunlugUmseongrsidsnadeutng
a9 TutssmalngthuninldvssleviduiivayulnsdsdousminelugUasatautaduns i
Fanuinthunuisdudeddsaunan 5 Alansy Wevliuiawdodmdnifies 1 Alansu Gadau
thmiinthunanimdntunuia 5:1) Mavethunuisssana 750 Vv widewuuinaniu
lumeiadaifiowud 20 vweeilansu wardimsduasanguussinfiutunud “luthun” iy
ﬁﬂﬁﬁmiﬁwmﬂﬁwagﬂuﬁuﬁuﬁu 7 Inenuansiuandng 5-18 viin fAnndesauiusie 1 fdaegns
waznuianguansdauuas Tuaufensiidatadis waslavemin Saunluvesmanaialudl
annsnthlUlfiduuvasingAvuazansataayulnsildunsguld muinssuiumsianiadie
wAmthunuisdtuneugsenn inwrsnavaauduazenudilaludunounisdnsutauyuly
nsdanisiiiuie nsndaiivlussuulsaseusaznsugniiglildniu Wuwmealulagnisugniiy
Unanmsldasainioldusinaties muaumioisinnadyiulavesity daanisiivi
AnuNEs TsaiFeulgnfituuumuANan1IUIIINA QN iiuarmINTy 0195 IMRemUALLAS
Thmnzautunsaigivlaesiiy Inslnglsadsunuidafianansanuguannnndon an
maAnlsaLazuaadvhaeflisunanszunanmundeyiiuasunlasegmniald Tng
odeedosilonUnanl Wu svuuwsussvet viosruurumsontiang g Auasifinauty
melulsadou ssuumsliifivsenmagadusinensvesivldivanyan seuunslilenisi
PefindszAnsnmnslive ssuuiufwanivedlasenlasdiaifiumsdanmziuas fafunis
nswantrunluszuulsas ounaznisugnitglaldAuaansai udneawnsudalidaund
AATNEY uazUaaranansfiand s Tauvisdssalitaundnnasydulalinondnds Ui
MIEAYUREHANAAFS

FetumandataunlussuilsaFeunssnsugniidlalldfiu $ingusvasdifiudnoninns
wanliTIuniinanngs Uasnainansiandnsuaglavewiin W elildnszusunmsndadaun
aunmlilsaFou sswmusnesguliduiivayulnsdmiunanansatnunsgiutaun ECa 233 7
fians Asiaticoside laishni1 0.5 Wosiud

gunIaluazdsnis
1. WisuiieuTanuan uazgnsansazanesinevnsivanzasssntsantunluszuuUgnily
ailddy
2aukuN1NAABS split-plot $11u 4 61 Inednnemsvnaesuuy RCB
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Main-plot Usgnaunie gasaisazatgsigemsdmiuvlgnivlildau 3 ans loun
a3AZaNY51901MNIgAS Enshi (A) (gasinfiulu) ansaganesgemnIgns Hoagland solution (B)
(ansniqnuesansoiiuesiluszuulalaslusiind) (Srusd uazlasven, 2556) wazansazanesy
913gAINEAn () (Fndfedu Azt M) (gaafidseyUianauansaraiesine1msves Stock A
e Stock B)

Sub-plot Usgnausag Januanuliaie laud 1. nseveruaiuwnay gnsd 1:1 (T1)
2. NENUAELENIT 89T 101 (T2) 3. duunau Yeuens1 §nsd 1:1 (T3) 4. weslan
(Perlite): L3o3HAlav (Vermiculite) 2:1 (T4)
gunInluazAsn1sANliuu

nseenkuULarAndslassadigUnsaflsnieudimuauaniizusssna gamgd uas
AT AT 1pgd 1989 UBYAIINTINUNITITE Srithongkul et al., (2011) MINT IS
seiU 50 Wedldud AiszduamnuidunasUszina 362.5 lilasluademsnaunsdednd vie
TndiAes gamndl 24-27esmiwailioa anutudusivslutae 70-85 wWediud THeuwwesdusiain
mmwmuuavammmmmumﬂ’mﬂmﬂmaawmamLLaWiwwwuuuamwmmwmm ganuuUnaY
sruwonedmiulsadou lnedenldwanudniulsadou aum 36 fa 2 Mdnsnsivaves
1M 16,000 Qﬂmﬂﬁmm@ia%‘lm

(%
=

wisuuTusTaun Tngliiusluiuidmiauasusuidesniluiuifiduundsdomnags
Ao anefugunsusy wisuAudmiudindun TnldRudmsuimzdiddrunande Ausau
LABULN M151EEy Sns1dau 1:1:1 TngUiines thiuiusthunihmsyneenannuuas suenad
pamnefie3enld Tnemsuenduliindenion 1 fu udwhnsthage az 1 éu unan 15 Ju
WENNTEUzUgnAquAmenanain Fu1n N9 1 AT x 873 2 [WRT x 80 0.3 RS eseuTanugn
PunsINAFA fvun hdusiugaundlvinsmngdly sgalunsyuy szezugn 10 x 10
UFALRT YIIalumIan Aeviufeuliunnu-neuAAN 2564 WILNANTALANEEIREIMITANY
nssuAsdisuun Andauazassuuineaifteansaraesnomadngnsz usUgnluusay
n33138 Tnealsivdannnugntioun 1 dUa uarliansasanesinomnsduntias 3 Yu Guruiy
sodua) Trindsas 2 it 1onun 14.17 Bnv/utasfu
2. Wisuiisumalulagnsuantaunaaninanglaanmlsaseuluszuuugniylildfuiu
wAlLlagNTHAAYRUNYATNT
Lifin19719uKUN1TVIARRINNATR
Awuald 1 nsvus uaz 1 wameniisnisnaaed (experimental unit) Wisuiieudads
Tne t-test $117u 10 91 (swuz/iasdes) wWisuileu 2 nesads Téun
N335 1 weluladnsudmiungaunwneldanmlsadeulussuuugniivlildu
Fmseidunu wuisdummeaeaisudisuianlan uazgasasazanesinemsd
wnzassemnantunluszuuugnitailalliiu Inewiouianlan uasgrsansazanesine s
fiAfanannsvaaosiang
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n55usT 2 waluladnsudmisunveanunsns

shmanisunasgntauniiegduuentsadou nelonsuduliugeudmnuand aly
Uszanas 10 Yu snudasugnniie 3 wes x 81 2 1wes sevitaasignindudeniviemaiy
479 50 Lufiluns an 15 lwuRms wieuiuslaonstindilnefifdusounasiisnen ymdam
A TARNIIHAS (B1UAL) ANNAHNTATUNINTBLEY 50 Wesldud Ugnamuugnizeslgn
15x15 wufiuns fanailunsuan Aetiudeudamau-naiau 2564 latoguatizednu T
Taunyn i - u
msduiindaya

1. dogansiapivln nuenlva (suinng) Tnstnanlauduusiddiuiionigaves
Iyasnelsiussia dnnulnasiosu (na) Tnetfudrnulvaiiunnanduusl Suudusielna Taetu
Snnuduiialulediunnainsuusl $aulusdedu Tnetuswaluivmave s

2. Yayann EC Aaarnsihlniweandeluansazats miieindu dadduw/wufiues;
mS/cm) wagAranudunsafavesansaraesIne s Tneen EC uag pH 7ilvanzauseanis
WwigiulmvesisnuluAe 1.8-2.4 Teadluuw/iwufiung wagal pH 5.5-6.5

3. diudentunludivedy waefly Wudsefusniiogiuie 60 Yu (aded 1) uas
Auierassiiaesitaanadausn 30 Tu (adedl 2) Tnedredanrudlunisfuionaunses
Rahajanirina et al, (2016) Wiiudayanandnluiiuil 2 mauns/miaensmanes wasiusu
Hoyadall dwiinan (n) Tnedaimdnandu Tu uazen dwiinuka (n) Sedmiinuieiy Tusay
5 Memdamseuiigumnll 60 ssrmiwallea aestios 72 Falus suanauiand Jiasigim
USunuansddyuenandaf uli eaas et 2 Triterpenes 4 wiln laun Madecassoside,
Asiaticoside, Madecassic acid wa¥ Asiatic acid @ 78 1n A A High Performance Liquid
Chromatography (HPLC) USuandumeumsiaseiues Algahtani et al,, (2011) wazasiy
ANA ‘1713\‘1‘14&@ a4 ﬂzj:u lauA 1. Organochlorine group 2. Organophosphate group 3. Pyrethroid
group Wwag 4. Carbamate group lavnewiin lan a1suy (As) wasiiles (Cd) meia (Pb) wazUson
(He) Tirsevilag U3 WesufUiRmsnans (Uszwnalne) 911m
AMATAALTININARDY LHaunaAN A 2563 Teanau w.a. 2564 o Fudidefivauglui

HaN1MARDILAL IO
1. NavaITaUan uazgnIasazaesnemg senisuantaunluszuuuanilaildfu

Wsuitsunasiyivlavesihundinaiiivlageanteuniaiuies asi 1 07 60
Tu wudh nIRtasaraesesansN1sAn Sauiunisuaniudanuan nsevetuyeEni
§ns1du 1:1 dwaseiuiulavestundwauluedeseduy fuuiligega 71 12.22 Tu $1uu
Ivasiadu 2.67 Ina fuvuliiigean Sruususiolva 2.46 fu unnsemeaifdlewSsuiisuiu
Tanuan nsgneruaulnay 8n51eEu 1:1 luaisazaigsinermsyiapiediu 4 1.72 au
Aueva a15a8an85190mM15g9s Hoagland solution Saufiunisugnlutanugn wmeslan
(Perlite): iasiiglasi (Vermiculite) 2:1 dmnugndlviauidliugsan 34.43 uflins 7098947
ABATALANYE170IMITENTN1IASAUNTURNIuTanUgn tnaslant (Perlite): Laasiinlar
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(%

(Vermiculite) 2:1 fimnuenilva 34.35 lwufians uanseeadifduianlan nseveuge
NEN31 9@ 1:1 daue1alna 34.21 wuiuns laedanudunusannuseninetade
wdn waztlidusosumnansiuegnadifed ey (Table 1) mandathunlaeifiuiosy 2 A% wun
N3sUsasTaTaNes e IMTERsNISANTIAUMSUanludanuan nieveueaeni 1:1 dawg

a a

nssaAulakuliugegn Yeyaasumtinansingdn 2.10 Alansi/msnuuns uanenamng

<

Y

a0fAuTanUannIeneIu: a1ULAaY 89518 11 Laga uwnay: YeuEnind 8nsidu 1:1

q

o w

pgslitvdAty Inedanuduiussmiuszuineladenanuaztaduses (Table 2) TuanuUsuna
g13dnAty WUIINIINITANTAAIE5INeMNTaNINSANTINAUNSUgnluTanUan nevienu:ye
131 1:1 flan Madecassoside 1.41 %DW uag Asiaticoside 1.69 %DW flunliugagniile
\Wisuiieufunssudzau 4 (Table 2)

nansIUS BB TanUan uazgnsansazanssinensiimnzausensnantiunly
sruulgnitvililldfusensaiyiulatiunwuin asazanesmemsgnsnisinsmiunisugn
TuTanugn noeverueueniny 11 dwansiasydiulawuiliieEian somanaoasazanesn
§113gm3 Hoagland solution $afuTanneslasi (Perlite): 1iesfiglant (Vermiculite) 2:1 visil
iosngasansazanesmgasmseniugnsdmsuinfulumududuluduesulasoudeudng
guuazmnzauensduaiun s yRulamslutaznsifndwoulvasedu Swaududelua e
gn5aNTALANE5I7@MN3ERAS Hoagland solution Lugmnsitmanzausenisiaiaivlavesansed
weisluszuulelnslusiing Sedamaliimmenlnageninngsuisdu q deiSouifisunanan uas
USunauansdnAny wudn ansara1esinemsgnInisasiuiunisugnludandan nsevetu:ge
ugn$n 1:1 fuunlugegn aesrdestunisaiaivln fedilesanarsazatesinemsgns
msfdadugasidmsuugrsfimnzausufivdniulu Wy mnws wazaii uazidlefiarsan
Mngasansazanesmen g dnsdveslelulasiau Inuwaen wavreaneasa Aautna
ganhgesiSeuiioudy ddulmsaudusniidduasiinnudidusindsdunseiaivlnues
fi e lulnsiuduesdusenavvesnsnosily Wity Taedlelnd uesenelsiiad Ssansimani
Juansuszneviiddyuinderviunswanludfuvesiiv Avd ldsululasnufismersdnng
Wyduled Tuiddendy deiunnandniidesnmsifediuluuazddu fausiingns Enshi wdl
ansasaraneindiAssiugaanisd swmemssesdiulugjvesgmanisiannsomdldam
fasman uRamsansavaedusmessesuiafedliifuanadidenusimemionu
viosmanalailel uazsmAeudnagalaeiams Hoagland sienAoutnegs uagnulyvmandanan
W evgnludani fduunavidudiunay 1omingmsdslunguvessinoivnsses & MnCl, 7
uAnANINgRsviindy 1 Jse1aazdanaliiangUaniAy wasvuAzentuuunaudmaldam
wUsUTIMvRsAn pH g9 uazen EC ingsaaileiSouiisuiugnsansazaiesinemsdu 9

mislitanugn wuirfaguaniivansaufonseneiugensnin 1:1 fikdownmae
weu Wyl isemaediiusinensiivkaraienisidauunu dudaeiiymnissnniuuy
deldilunaunu wiiferautuyeuzninidauauiilunsgudléfnn amsaszuned
wazemA nsgilvuineyniadalngiegsening 0.5 fa 2.0 fadung dandudss Avsnise
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Fath 0.15 wuRuasieTund anunguieue 9553 Weddud uasdinsadniios pH Yseana
6.2 (Yuwiey, 2552) dawavilidhungeaduansazanesinemisiiegamnzay
2. mawSguiisunalulagnisuandaunauninnneldanmlsaFaulussuuugnielaildau
AumALUTABNSHAAYIINEATNS

Wisuilsunsasgidvlnvestiuniieny 8 &Uai wudinsaismaluladnisudn
thunaunmaeliannlsasoulussuudgnitnlaildfunssnisiffiananmmeassi 1 fe
NIUITANTALANYTINDIMITFNTAITAT SIAVTAAURNNT NV YBUENI 1Y BRTEI 1:1
(n35u3neaeu) Truniinisaigiaulannauuinniinssudsimaluladnisndndiunves
\nwAsng (n5isvennuning) Taeddnnuluadesody 11.32 v uazflanuenlva 59.02
wuRng uansnsnsadAilelIeuifisunssuisvennunsng dsdidnnnlu 9.37 Tu uazany
g171ma 36.12 lwuRiung (Table 3) uiieananan 93 2 afe nssuisveaeutaunlviuandn
hfnansan 2.49 Alandw/msauns uasiainudes 0.36 Alandw/msauns 110
nssAsreanumsnaddldnanantminansaa 1.30 Alanfu/msauuns wasimdnuies 0.19
Alansu/maauns sgnefidoddey (Table 3) FanuinnsaSyivle warnandnueenssuis
naaeugninsaiimaluladnisndnveanuning vaddesannisuantaunnieldanm
Tsadouluszuuugniinlaildfundenliiansazansinovnsgrsiivnzaufunsasyiulnves
figvnslu lufnuereudndnguazdneinimelladnisndntiunvesnunsns F9uaans
A dudasggau vilinssgiulnvestiunaelulsaseunasuenlsuseuliunnsnai uws
wulsaigdviateroutauntunssuisnsnanveunvnInsawi linaninladsundn

UsuuasdAgyresdiunngldaninlsas eulussuudgnivelalddiu lneanigans
Asiaticoside 984 2.05%DW azans Madecassoside 1.73%DW gani1nssuisimalulagnig
KBATENYATNT 0.45%DW way 0.35%DW V3i1ila991n Asiaticoside waz Madecassoside
Juasusznevtssinvlasinesiuesdlnalaled Jsnuegludiuvesosinsnglumad ludu
A9 9 VOINY Lﬁumiﬁgﬂa%ﬁaéﬁuLﬁaﬂiﬂwﬂuﬂizmumﬁLaﬁzylﬁuimLLazﬂﬁmwﬁuﬁ:%aaﬁ%
wiazwiin Fiuuiinanisaisasddyesivard uogiuuiinasinensiings 4 i
1630 (Murshidul et al,, 2004) m3nanfislasnsldansazasimemsiianzan uazugnly

o w

TanUgniiivanunsangaduatsazanesmemisiuldliiisae Juiliivanunsaadsansddey

>

v
a ¢ o

Wa\;ﬁuié’ Tnenan1snnaediaenndesiu Siddiqui et al., (2011) ﬁwudwmﬂ%ﬂaé‘umam
wiinaududy 50 % Usuaas 1 dassaududeiad 50 wWesidus vesdnsuuzigieyinli
asanluthuniiugnluussimesniaide len Asiaticoside, Madecassoside way Asiatic acid
Tudumadly Auluwassndidngage sathiasfendostugass uasanseangudmadanm 7
foglutlodunidumiin Sedmiuunsg degludewiiiailitaunildsudedunidimein
sufulelaiiflansddygsiian wWuidsadunisldansazaiesinemnsiuiunammen uazqa
570 wangauRen1saiisansddy uarnsUgninlulsudeuaninundeuigamgfifias ns
wauasdl 50 Wedldud Aufnanmeaion dnisandasmavela madiufiuily Uudnuae
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Ao o 1

dugruingrvesludluglvifivunelvg wasiddgiinisasisanmiegidneg

v 9

eyl Tdmsulu
nsuTudliiniuanzasennsuLn (Wi, 2558)

nansRTIvEUTasansinande waslaneminlulutaun wudiiisaeanssuds uas
wannuning e.urnau linuasiuandrars 4 nau (Table 4) edunwalinunang wui
Tutgarurznutgmlsafindvharedddasdosiuidalsafivreutiaun usrsnunouiu
Aeanandn 7-10 Yu Feibiduaunnuesnsihluanadinnegsilinuasiivands uazua
asradasizilavenintuludiun wudinssuidvennunsns Jusunaveanineesud1ags Ae
132 fiadinsusioflansy 1AuNINIgIU 100 dadnTuseilansy w1n551Uv0e Thai Herbal
Pharmacopoeia, Vol1-2 (§1u1ey uaganiz, 2548) uazmziafien 0.13 Tadnfudenlanyu 1fiu
Wn3gIU 0.1 Tadnsuseilansy (UsenAnTenseanssna, 2563) waziiietwandntaun
YWUALNBATNT B.UNUAU ATITATIERUSTIalanendnnudvTuna liiAuuinsgu
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Table 1 Growth of Centella asiatica at 60 days after planting when using different nutrient solutions and different planting media

at Sukhothai Horticultural Research Center during summer season in 2021

FERTILIZER (F)

Hoagland Commercial

TREATMENT The The The
Number length Number length Number length

(M Number Number . Number Number . Number Number ;

o o o
of leaf Plant/stolon of leaf Plant/stolon of leaf Plant/stolon

stolon stolon stolon stolon stolon stolon

(cm.) (cm.) (cm.)

T1 9.74 2.19 1.93ab 30.27a 9.00 2.33 1.88ab 30.54a 8.21 2.41 1.72b 28.59
T2 9.94 2.27 2.37a 30.80a 9.44 2.25 2.32a 34.11a 12.22 2.67 2.46a 34.21
T3 8.75 2.41 1.70b 22.63b 8.45 2.08 1.37b 19.62b 10.24 2.51 2.23ab 29.31
T4 8.97 2.14 2.34a 33.00a 10.14 1.91 2.40a 34.43a 12.05 2.34 2.25ab 34.35
F-MEAN 9.35 2.25 2.08 29.18 9.26 2.14 1.99 29.67 10.68 2.48 2.16 31.61

The leaf number /plant cv (a) = 32.1%,; cv (b) = 17.0%; The stolon number /plant cv (a) = 33.9%; cv (b) = 19.7%;

The plant number / stolon cv (a) = 44.2%; cv (b) = 27.2%; The length of stolon cv (a) = 15.8%; cv (b) = 27.5%

YIn a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Note:T1; Coarse sand: Rice husk charcoal, ratio 1:1

T2; Coarse sand: Coconut coir ratio 1:1

T3; Rice husk charcoal: Coconut coir ratio 1:1

T4, Perlite: Vermiculite ratio 2:1
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Table 2 Total fresh weight (kg/rai) and triterpenes content (%DW) of 4 types of Centella asiatica at the second harvest when

different nutrient solution formulations were used with different planting media at Sukhothai Horticultural Research

Center during summer season in 2021

FERTILIZER (F)

Enshi Hoagland Commercial
TREAT
Total Total Total
MENT Made Asiati Made Asia Made Asiati Made Asia Made Asiati  Made Asia
fresh fresh fresh
(M Casso co cassic tic Casso co cassic tic Casso co cassic tic
weight weight weight
side side acid acid side side acid acid side Side acid acid
(kg/m?) (kg/m?)Y (kg/m?)
T1 1.09 0.98 1.35 0.28 0.20 0.75b 0.90 1.04 0.13 0.11 1.90 0.65 0.78 0.42 0.24
T2 1.35 1.09 1.51 0.14 0.10 1.8%a 1.28 1.28 0.11 0.08 2.10 1.41 1.69 0.35 0.21
T3 1.16 0.84 0.99 0.11 0.09 0.74b 0.93 0.95 0.36 0.21 1.88 1.33 1.12 0.35 0.16
T4 1.50 1.26 1.58 0.11 0.08 1.54a 1.10 1.18 0.14 0.09 2.09 1.22 1.13 0.24 0.14

Yield C.V. (a) = 15.0%; C.V. (b) = 26.4%

YIn a column, means followed by a common letter are not significantly different at the 5% level by DMRT.

Note: T1; Coarse sand: Rice husk charcoal, ratio 1:1

T2; Coarse sand: Coconut coir ratio 1:1

T3; Rice husk charcoal: Coconut coir ratio 1:1

T4; Perlite: Vermiculite ratio 2:1
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Table 3 Growth and yield of Centella asiatica at 60 days after planting compared between

2 production technologies at Sukhothai Horticultural Research Center during rainy

season in 2021

Growth of Centella asiatica Yield

TREATMENT
Number Number Nurmber The length Total dry  Total fresh

(m of stolon weight weight
of leaf of stolon  Plant/stolon

(cm.) (kg/ m?) (kg/m?)
T1 11.32 2.49 2.64 59.02 0.36 2.49
T2 9.37 2.46 2.45 36.12 0.19 1.30
T-test * ns ns * * *

Table 4 Triterpenes content (%DW) of 4 types of Centella asiatica at the second harvest
compared between 2 production technologies at Sukhothai Horticultural Research

Center during rainy season in 2021

) o Madecas L. )
TREATMENT (T) Madecassoside Asiaticoside . . Asiatic acid
sic acid
T1 1.73 2.05 0.71 0.32
T2 0.35 0.45 0.47 0.23
T-test * * * ns
Farmer plot ¥ 0.44 0.35 0.67 0.42

Table 5 Pesticide residues and heavy metals of Centella asiatica at the second harvest
compared between 2 production technologies at Sukhothai Horticultural Research

Center during rainy season in 2021

Pesticide Iron Lead Arsenic  Cadmium  Mercury
TREATMENT (T)

residues 4 group (mg/kg)  (mg/kg) (mg/ke)  (mgr/ke) (mg/kg)

Not Not
T1 15 < 0.050 0.036 <0.018
Detected Detected
Not
T2 132 0.13 0.67 0.085 < 0.018
Detected
Not
Farmer plot v 28.2 < 0.050 0.057 0.025 < 0.018
Detected

T1: The production technology under greenhouse conditions in a soilless system
T2: The production technology of farmers

Y Farmers plot, Bang Len District, Nakhon Pathom Province
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Table 6 Comparison of the economic value of Centella asiatica production technology for a period of 5 years

Net Present Internal Rate Benefit Payback Net Cash
Total fresh ~ Total dry . Variable Net Income .
TREATMENT Fixed Cost Income Value; of Return; Cost Period Flow
weight weight ost 1 year
(M (ke/raifyear)  (kg/rai/year) (baht/rai) (baht/rai) (baht/rai) (baht/ra) NPV IRR Ratio; 3 years
rai/year rai/year aht/rai aht/rai
Y Y (baht) (%) B/C Ratio (baht)
3 years
T1 17,242 2,500 2,176,000 416,000 1,250,000 -1,342,000 556,277.33 29.70 1.13 2,066,800
3 months
1 years
T2 7,800 1,200 71,330 101,780 156,000 -17,110 117,291.63 267.96 1.25 146,420
3 months
1 years
Farmer plot % 6,000 - 65,000 75,330 120,000 -20,330 82,867.43 169.73 1.22 . " 115,010
montnhs

T1: The production technology under greenhouse conditions in a soilless system

T2: The production technology of farmers

% Farmers interviewed in Bang Len District, Nakhon Pathom Province (2021)

Note; T1; The income is the sale of dried medicinal raw materials for the extraction of standard Centella asiatica. Price is 500 baht/ kg

T2, Farmer plot; The income is the sale of fresh vegetables. Price is 20 baht/ kg
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Enshi Hoagland | Commercial |

Figure 1 Growth of Centella asiatica at 60 days after planting when using different

nutrient solutions and different planting media at Sukhothai Horticultural

Research Center during summer season in 2021

Figure 2 Growth of Centella asiatica 60 days after planting compared between 2

production technologies at Sukhothai Horticultural Research Center during rainy

season in 2021
T1: The production technology under greenhouse conditions in a soilless system

T2: The production technology of farmers
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Abstract

a-glucosidase inhibitors are most widely used to inhibit intestinal a-glucosidase activity
which convert carbohydrates to monosaccharide and slow down the elevation of blood
glucose level after starchy food uptake. This study aimed to discover potential sources of
natural a-glucosidase inhibitors from flavonoid rich-plants in Thailand which was shallot for
replacing synthetic medicines. The shallot was extracted by ethanol 609% with the ratio of
dried shallot and ethanol solution was 1:40. The results indicated that shallot extract had the
in-vitro a-glucosidase inhibitory activity of 43.02%. After that, shallot extract was encapsulated
using whey protein isolate (1 1% w/v) as coating material and the study revealed that spray-
drying was the most effective encapsulation technique. The encapsulated a-glucosidase
inhibitor produced by spray-drying showed 41.32% of inhibition. Additionally, it was stable at
various thermal processing conditions, pasteurization (low temperature long time and high
temperature short time) and UHT. After ten months of storage, it was determined that the
encapsulated a-glucosidase inhibitor was suited stored in aluminum foil bags and the optimal
temperature of storage was 4°C with only 1.389% reduction of inhibitory activity. Finally, the
encapsulated a-glucosidase inhibitor could be applied as the food supplement and the
production technology was transferred to the community enterprises, Sisaket fair trade, in
Sisaket province for creating the agribusiness. The product from OEM had almost the same
qualities compared to producing in the laboratory. Encapsulated a-glucosidase inhibitors 1
capsule had 500 mg. and there was 39.2% inhibition. The cost of production was 0.375 Baht.

Keywords: a-glucosidase inhibitors, encapsulation, shallots, spray-drying.
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Naddns lnasazangmultudu 6.25, 12.5 uag25 Jaansuneiianans amuaisu

2) Yinansaiege 10 lulasdnsaslululasiwan ldieulwduearin-ngladina 1 mintesie
fiaddns Usinas 40 Tulasans MeliAnUGiSen 10 wiid 37°C ifuansavansnnsr-lulnsfiia-woadi-
F-nglalwsilulsdarundudu 0.1 wans 50 laulasdns AdlAAAURRSE 20 unil fgnmnd 37°C wgn

[

Uisemelasieunisuaiun (Na,COs) avuidudu 1 Tuans Usuins 100 lulasdns daAnisaaniu

aAaa a

LasnANe1IAGY 405 wlwues lngldinseseigidaveureusuudanlasinlafmeslulasinan

Samaslaeld DMSO Wuwuasd antuivaisazateviafedtuatlumiloudunisneasstnaduLine

AU %inhibition 1N151AA89E1 3 ASI Winhibition @uNsaAWINlAIINFNNTS
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Ablank-Agampie
x 100

%inhibition :( "
blank

Aptarnk D ﬂ"]ms@mﬂﬁuLL?NGUaﬂmsazmaﬁlﬁﬁmsﬁaaEJ'N
Agample A8 AINITAANAULAIYBIANTAZANAIDENY
WUy %inhibition oulesiueani-ngladiaaainalsaiavouuasiyu Acarbose Al
F3nsSeuifisuAiadswuy Independent two sample t-test wazinlUAnwangfivaneauly
mswAneuLaUganastudseuleiuearin-ngladinadeld
2. Anwaanazfmsngaulunsndneunatganansiudaoulviuoain-nglading
2.1 wAmeuuAUganasdudseuleiueatin-nglading
ihansataneuunsniadeudenglusiuloloan (11% Tasudmindouiung) sasdan
sewinansatnuazaisindeuwitiu 1:5 AnwiAsiouuaUyiandu 2 35 Ae nistouuaUglatusienis
vhuwawuuuidenudefigumgdl -40°C 1uan 20 $alus wagdBnaviusiauuriudeslagfivun
anmzmsvihnuveaaiediiisnsinmsdousylutis 485-695 fadans/ialus gumgiiauviesn 80-
85°C aunaada 1.0 fadiuns teuuaugandlaludnunsussuassunaveseynindiemaiia SEM
2.2 Wisuiflsunnuaiissvanouuatyianarssudueulsiuoain-ngledinaiianiiznisliar
$ousing 9 fuamsiiudueuluivearin-ngladinailiiunsliauiou Tngdn %inhibition Fil
1) lirunsTinnusou
2) shdedesruvmnaslsduuuliaudousnaui gamnfie3+2°C vian 30 il
3) sidedesruumnaslstuuulinrdouganady gumniiss=2°C nan 15 uni
4) sindednesruugLenil gungii138+1°C nan 3 Junil
5) pUNARFASIUINDS gANI250+1°C AN 30 U7
INUHLNITVIARBILUVFLDE ANy Tal $1UIU 5 FinsvaassuazTeuiiisuAtaionieds
Duncan’s new multiple’s range test é’f@LaaﬂLauLLmJegLawﬁﬁﬂszamgmwﬁugﬂgdqm
3. Anwmavdsunasgunmessisunalgianasiusaeulssiueain-nglading
Ausnuieunaugianlugeegiifoues dfigamnfiies (30£3°0) wazgmmail 4°C thundnw
%inhibition TneliHunszurun1sliaiuieunari1unszuiunisivausaudi an1iesg 9
Wudeaiule 2.2 gudtegnan 1 weu Wuan 10 Wow 119uKUN13NAa8ILUY CRD Yin1snaass

3 91 wazSpuLiisuAaaeameds Duncan’s new multiple’s range test
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4. Anwnsnanansdudaueulesiueann-ngladinaluguuuuuauya
UneukaUgianasdudwouluiveaii-naladnalundnlusliuuialgawasAnwiAanInues
NanAd lawn AN Menw el o1en1BAUSnYIvemanduel wazAwasuulunisEn

1INTIANVBIINYAU ANNNYULUTTY WAZAIRLTEUNTHER
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]
1 o

5. MstnausuBuansliungniunsaneneamalulad

5.1 dnpusunauURtiLAinguIamianisinuns Asavinuwwnsingn Jwdinasasiny lagld
nszuIunsURTRkuuTduty fidndweusildasdiolfiRnTituadosdloflilunsdadausidunon
nswseuingAunaunsana miaﬁ’mmsaaﬂqwéé’uéjuaulsaml,aawq—ﬂ@ﬁﬂ%ma nstoulAlYLatu
NINTINABUAIAMNTNNEAS N NSUTTPAYLE MUY NGRS

5.2 famanuiindnouwaugianarsduduoulsiueari-ngladinailondnlud s dudliu
AL INeUTY
szezanaiunisl 2561 - 2564
aouiisdiunis nedideuaziauineinsudamsiiuifsasulssunannainuns

nALIamMAIASAZINYLIEIVTA fuaazmg dunefunsisud SmineSasiny

NANIINARDILALITO

1. AnwBinuamsiudasuledueain-ngladndluveuung

HANSANWIAALN TR TATAVIENLALARSTY Table 1 fs1eaziBundsil

1.1 afinai5AI8@u (Quercetin) IINVDULAING ANAMAIN WU USauasnandnviniy 64.50
ansatafiatinng (L*=25.77+0.22, a*=6.54+0.43, b*= -6.57+0.32) flanmidunsaseu (pH=5.09)
waziUSunavialiuesdsiuiniu 215.8+0.015 Tadnsuauyaveunledfusionsuvesdiuanina

1.2 wadeugrisiudeulsieatin-nglafinavesarsanafildanvouuns

Naﬂﬂi‘l/l@ﬁ@Ui]Vl‘é‘Ej’U‘E‘i‘lL@ulﬁliﬁLLEJaWW—ﬂqiﬂ%L@ﬁ“ﬂ@\‘iﬂ’ﬁﬂﬁmﬁ@mm%ﬂgﬂuLﬁEJ‘Uﬁ'U Acarbose

a o 1

(Figure 1) wu3 afaveuuaadl %inhibition Wiy 43.02% AsgAuautudugagn (50 dadniuse
a aa d' a a [ U [ = . al age ¥ ! d' ¥ ¥

1a88n9) WallSeuisuiu Acarbose Wudn ansanarouwmedl %inhibition WosniNAAULTUTY
winiiu Tne Acarbose 3 %inhibition Wiy 100 ilesanansadanldiduasadianeu Geddrunay
YosaInaBslnyiN IiUsEAnsnnnIegsNkaniautinAs U1 MninsAnesiowiiedlaauen
| L ! Y a £ £ o £ a £ H % = 4 av v Y &

dauanaeng 9 usansunduiagiililaansniansaeumingsuld nanisvaassilauanslviiiu

! v a o o L ! dl U QQ.JI L4 1 a !
9 ansatpnrenuasidnennlunmahuniawsdeiieldlunsdudueulgivearin-nglainasely
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Table 1 Physical and chemical properties of shallot crude extract.

Parameters Shallot crude extract
%Yield 64.50
Color
L* 25.77+0.22
a¥ 6.54+0.43
b* -6.57+0.32

Moisture content -
(¢/100¢ weight of dry matter)

pH 5.09
Total flavonoid content 215.8+0.015

(mg quercetin equivalents/g)

on Acarbose

Shallot extract

%inhibition

Concentration
(mg /ml)
Figure 1 Inhibitory activity of a-glucosidase inhibitors from shallot extract compared to

Acarbose

2. Anwransiuanzaslunsndneunadgianansdudaeuleduaain-nglading
2.1 WaneuwaUganansugueuludueari-nglading

nansAnwnsndseusalgianiagldisviuiuuuutidonuduazuuunudes wudi ity

YOINANTEIIETANARULALarglUsAullganiinisnsEaned R (Figure 2)
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o #
Whey protein 4
isolate

Figure 2 Light microscope image illustrates the shallot extract and whey protein isolate

emulsion (Liquid state).

= ] vas o v | A I . 4'
HaN13ANYIFUTIMaEIUIn v e uLAUganlagld IS WAL UUWEEanude (Figure 3) 1o
firsananwazniouen Wundawduung dvneumndes Wedesnendssganssmidianasouluudes

o w ' a . P = Y] & =
NIINMAVEIY 500x WU BUNAIVAIETUNT (irregular shape) Hisunsandeiazan vz dunan
(crystallization) Unsn@nfansunnizuazdizngu (porosity) vauzfiunawdn uwsudeulifansuinie

farsanruIneun1A wuil Jvuneunialaends 50 luaseu

Figure 3 Scanning Electron Microscope image (500x) of encapsulated shallot extract

produced by freeze drying technique.

HANSANYIFUIIN wazvuInvedeuuAUganiagldIsvIuiuunusey (Figure 4) wuill e
finsandnvasateuen T8 jusialunsaziden diludesiendesqanssaudianasounuudes
3107 Ade182000x WU eunaldugunsanay (spherical shape) Aseunaznaiafisagy

(smooth and shrinkage surface) Hvuneunialagiade 10 luaseu

b
2

Figure 4 Scanning Electron Microscope image (2000x) of encapsulated shallot extract

produced by spray-drying technique.
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ANUVAINUANILVRILATIAI 19U YUAYBIYNALAEAN B TUNTIVRLBULAUYLaNIN AN

ee

mnuadssveseulaUglanuaznsUndosasununslueunaygian TnslouuaUyiand igngu
mmimJﬂi’]@qmsLLﬂuﬂwiulﬁﬂa&Jﬂ’jﬁLauLLﬂﬂﬁLawﬁﬁﬂaﬁﬂu (Baldwin et al, 2012) fufuaz
Tassadavesannndouiiinduludunounsiuiadunaaindmsnisviuts nslianudeuld
avianovliuAINsIvasesoanan nsvenefivesenna wasnssemvevesinanelueynialsl
asiaue ansvadaviesnsuresounia uenaniiuiadiuuenvesouaUganikIuNTY L
wuuniulesfinisguiaiiy ifannmanadveteyniassriamsuiwasyileu (Gouin, 2000)
2.2 Wisuiflsuanuiafissveseuuadgiananssuduevluiuean-ngladinafinislianueu
ANTILHN 9
Han15ANY) (Table 2) WU71 LOULAUYLANATAN ANBULAA I8 TTVIUTIUUUN UN BB
%inhibition gn3nsviwiskuustidenudauasnisldiousalgiatueg el deddgveada (p <
0.05) lunnanznslvianudeu ieamnnanisAnwgunsswoaeuualyian wuin leuwayganie
Tovhuiaiuunudesiisus1ansainay suiutes Hueudsdiasennuiaiesvaaounalyianiay
annsaundesasununelulduinnit vasiileunaugandisisiuiauuudnidonuddisnguann
dsraliiinuanansalunmsuntesansununelulsdesnineuuaUgianiiifaSeuuazarsaindlaiil
asindoudntdesiliuseansnmuesasainanasnniign dmivannznnslianudeudi 250°C

= a a v PN

a & -'-N' a (Y] I3 PR 4
k381 30 'JUWVILiJUﬁﬂTJgV]LEJULLV’W‘LJ"EIJLaﬂmﬂi%ﬂﬂﬁﬂTWU@ﬂVlfj@ lnanand g1 snldan1ignsin

[
a LY

ANNTBUAINGTT LU HARANITUNEINABIBUAIRUMANEY AU NMTleuLAUYaNaTARANEULAS

Toeldglusiuleluansnsidiu 1:5 Wuanseasunasldnszurunisyinurasuunulasduisnisiou

‘:{I -'-NI d" al al a a U 5 t:l' a z') 1 0
LLszgLavmmmzawqmm%mmmLamﬁsuEN‘LJizammwmisummqmmmmrm 250°C

Table 2 Inhibitory activity of a-glucosidase by non-encapsulated shallot extract, encapsulated

shallot extract using spray-drying and freeze-drying techniques.

Encapsulation Non- Thermal processing Product
techniques thermal 63+2°C 85+2°C 138+1°C 250+1°C costs
processing 30 sec. 15 sec. 3 sec. 30 sec. (Baht/1¢)
Non- 43.14%a 13.41%c 27.62%c 25.78%c ND 17.27

encapsulation
Spray-drying 41.32%a 32.11%a 36.49%a 35.91%a 8.02% 28.98
Freeze drying 41.65%a 22.37%b 34.58%b 32.53%b 4.23% 34.17

a-c: within each column, means not followed by the same letters are significantly different at p <

0.05 by Duncan’s test. ND: No inhibition was detected.
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3. AnwimaAsuulasnunmesssunalganasiuseulusiueann-nglading
AnwinsiasuulasnunmuedouuaUyianszinnniuinufigumgi 30£3°C iunan 10
1o (Table 3) wu3n annglisunislvmnudeu teuwatgiam3usl %inhibition anaogiedl
TedAayn19adfilp < 0.05) firainisifiusnw 4 Woukazanamnn Lineu vuzfianznsliaig
You wui figamndl 6322°C 1aan 30undl, 85£2°C 1aan 157U Waz13821°C 1aan 33undl 5uiinis
anasegadiveddyn1eadalp < 0.05) Wefulfilunan 1 ifeu Tnsanasuszunn 2.5-5.9% uinis
Tmnufoudl 63+2°C 1ian 30 Wiiiaedl %inhibition anasdininnnslauFeugaIan (85+2°C
a1 15 JunTl war138+1°C 1ian 3 3und) vasgdinasTimnudeudi 250+1°C 1ian 30 wadt 3ufinng
anaswad Y%inhibition egefitfud1Aymeadfi(p < 0.05) Waifiuld 3 e Tnsanasuszana 3.9%
dlaufiusne 10 Weu wuin LauLm‘UegLamﬁlﬂmumﬂﬁmm%’auﬁ % inhibition qaﬂdﬁﬁmumﬂﬁ
audou InedAvindu 35.14% anad 6.97% neuiudulunisfiuinw (Heufl 0) vaeilou
LLmlsgLamﬁmumﬂﬁmm%fauﬁ 63+2°C 1781 30 W9, 85+2°C 11a1 15 W71 138+1°C 1381 3 U9

W 250+1°C 1381 30 W & WinhibitionwNAu 24.35% 30.87% 29.67% wazd.11% muanu

Table 3 Changes in inhibitory activity of a-glucosidase inhibitor before and after thermal processing

during 10 months storage at 30+3°C.

Thermal processing

Storage time  Non-thermal 63+2°C 85+2°C 138+1°C 250+1°C
(months) processing 30 sec. 15 sec. 3 sec. 30 sec.
0 42.11%a 32.10%a 35.42%a 35.17%a 8.06%ab
1 42.18%a 30.19%b 35.12%bc 34.27%b 8.15%a
2 41.53%a 29.06%c 35.17%b 33.68%c 8.03%ab
3 41.50%a 29.17%c 34.96%c 33.55%c 7.83%b
4 40.67%bc 29.04%c 34.72%d 33.05%d 7.79%b
5 40.18%cd 28.54%d 33.97%e 32.42%e 7.37%c
6 39.86%cd 28.51%d 33.73%f 32.13%e 7.22%c
7 39.43%d 28.11%e 33.54%g 31.80%f 6.33%d
8 38.22%e 27.04%f 32.29%¢g 31.45%g 5.21%e
9 37.90%e 26.87%f 31.68%h 30.79%h 5.07%e
10 35.14%f 24.35%g 30.87%h 29.67%i 4.11%f

a-i: within each column, means not followed by the same letters are significantly different at

p < 0.05 by Duncan’s test.
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[
LY

Aunwieuuaugianiigumgil 4°C (Table 4) wuin ifletfusnwidunan 10 Weu guidud
oulwiuoari-ngladinaunnsinaaindograiususesiiodfynisadilp < 0.05) Tnsfian1agl
Hunslusou LauLmﬂsgLawLéuﬁqwéﬁus"?qamaﬂaﬂﬁqﬁﬁaa"ﬁ@mﬂaﬁﬁ(p < 0.05) fivanisifiu
$nwn 3 ieu ndannfulifunan 10 Wew wudn & %inhibition Wiy 40.70% anasannifeudi 0
Wiy 1.38% Welansaniiannznislianuiousis q wuin Agumail 63+2°C 1nan 30 Ui,
85+2°C 1381 15 Junfluaz138+1°C 11a1 3 3w 13ufin1sanasveddinhibitionag1efiifadfynig
ad@ (p < 0.05) fins¥nw 1 ieunavudaiusnuls 10 wWeu %inhibition SAWARTY 31.05%,
34.21% Waz34.09% nuadu Inganadsainideudl 0 iy 0.92-1.13% vazfigumnil 250£1°C
1981 30 W7 %inhibition B3xanasegelituddynEdai (p < 0.05) fianaivinwly 3 Weu
wazidlafiusnuliduiian 10 Weu wudnd %inhibition WinAy 7.53% anasanniiieud 0 windy
0.51% nMsANEINSLRUS Y aeEn e WU Uizﬁm%mwﬁuéy’ﬂLaulezjﬁLLaav'\h—ﬂ@JIﬂ%maﬁl,ﬁu
Sl a°C ganhimaiftusnmi 3023°C faifu Bmafuinvieuwauganansdudueuleiueari-

a q' & & o a a s 2 5
ﬂQIﬂ%L@ﬁWLV@J’]SﬁM Ao msmumwﬂuqﬂaguLuauﬂl\laaawqmwgm 4°C

Table 4 Changes in inhibitory activity of a-glucosidase inhibitor before and after thermal processing

during 10 months storage at 4°C.

Thermal processing

Storage time Non-thermal 63+2°C 85+2°C 138+1°C 250+1°C
(months) processing 30 sec. 15 sec. 3 sec. 30 sec.
0 42.08%a 32.18%a 35.22%a 35.01%a 8.04%a

—_

42.13%a 32.11%ab 35.06%ab 34.93%ab 8.01%a

2 42.10%a 32.03%ab 35.10%ab 34.87%ab 7.97%a

3 41.98%ab 31.95%ab 35.02%ab 34.70%ab 7.93%ab
4 41.76%b 31.87%b 34.91%bc 34.67%bc 7.83%bc
5 41.61%c 31.72%c 34.82%cd 34.59%c 7.72%cd
6 41.53%c 31.66%c 34.74%cd 34.51%c 7.72%cd
7 41.50%c 31.62%c 34.70%cd 34.48%c 7.70%cd
8 41.27%d 31.58%c 34.65%d 34.40%cd 7.62%de
9 40.74%e 31.11%d 34.33%e 34.12%d 7.58%de
10 40.60%f 31.05%d 3 4.21%e 34.09%d 7.53%e

a-f: within each column, means not followed by the same letters are significantly different at p <

0.05 by Duncan’s test.
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a. Anvinswdnansiusaeulusiueai-ngladindlusuuuuuauya
wanansdudseulesiuoar-naledinalusuuuuuatya nudn 1 uadgavssaansdudaoulsd
woan-nadinala 500 dadnsy fiqnsnisdudaade 42% Anwinisifiusnuiiigamgil 4°C Tugq
ogfiflouvesd lnsfnnm %inhibition v 1 1ew wuin Weliudnwidunan 3 e %inhibition
Tiunnssuanandiegnasuduetdfiteddymisadn (o > 0.05) Tnefiawrinfu 42.09% USuanis
Sutssmuiingauielidauamnsalunissudaoulesiueain-ngladnalndiseiu Acarbose
flo 1-2 Wanoue s AuINAUNUNIINER (Table 5) U1 AUNUNITHEANBUUTTIUAUYE
Usgnousie veuuad levuea nElUsAUlelsian AruinisiaTewiuisuuunusles fduusioans
afa 1 nfu windy 28.98 v Wethumanluguuuuuaugald 12,000 iin fdununiswdnluszdv

vesUfURmsilinas 0.46 UM WINUIYL00 Wasavinasdidununisudnvinas 46 U Lilauiuen

Acarbose fadusnsnulsaluinuusui 5 ndu 51A12989 10,100 UM

Table 5 Costs of a-glucosidase inhibitors capsules.

ltems Amounts Price per unit (Baht) Total costs (Baht)

Encapsulated shallot extract using spray-drying.

1. Shallots 10 kilograms 16.00 160.00
2. Ethyl alcohol 60% 2.0 liters 120.00 240.00
3. Whey protein isolate 115 grams 0.62 71.30
4. Spray-dryer costs 0.5 hours. 400.00 200.00
Total cost (Aqueous extract 23.16 g.) 671.30
Total cost (Aqueous extract 1 g.) 28.98

Capsule of encapsulated a-glucosidase inhibitors

1. Shallots 10 kilograms 16.00 160.00
2. Ethyl alcohol 60% 2 liters 120.00 240.00
3. Whey protein isolate 5 kilograms 0.62 3,100.00
4. Spray-dryer costs 0.5 hours. 400.00 200.00
5. Capsules 12,000 capsules 0.16 1,920.00
Total cost (Aqueous extract 1,000 ¢.) 5,620.00
Total cost (0.5 g. per capsule) 0.46

Total cost (0.5 g. per 100 capsules) 46.00

1.016 kilograms of dried shallots are produced by 10 kilograms of fresh shallots.

Fresh shallots price from Srisaket province in 2018.
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Figure 5 Training course of how to produce supplements from shallots.

5.2 naudlinevsdsNsNanunkaneukAlganatsius seulasiuear-ngladinaiionanluga

a wa
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Figure 6 The participants visited Pad Chai Chee Vee Manufacturer for producing the products

on a commercial scale.

A3UNaN1INAAaDY
1. mawdaweugaasiudueulaiveani-ngladinaainreuund §1uaL 100 Win Usgnaume veuun
QU 1 Alansy 1a7aweaNeFRaAMUTLTY 60% 311U 4 a5 nElUsAUlalwan (11%wA) Wu

o ¥

arsndeulugnsdasadasondlusiu 1:5 diluiunszuiunsiousalgatusig sviuiauuy

a o =

WurlpuarusTuAYYa lneuauya 1 e darsdudueuludueann-ngladiaa 500 dadinsy fgus

v v
v el' s kA

fuguade 42% sunudinaz 0.46 v Weanusnwualgailuna 3 e wudi Hgvddudueuled

woar-naladinalaiuansnauanandisg1asuy (42.09%)

2. wngamsdudueuladiueain-ngladinamunzdinsusulsemulugUiuuomsiay Feaseie

AuAUsTINUsEAvImaludeandesulsemuemsussianaisiulainse lagusununis

[ = R | < !

Sulsgmunvgansietu fe 1-2 aneus1ms

3. Mmagnenmalulagnisndnuaugaaisdudweuledueanin-nglaginaainreuuns gidneusud
¥ o a b awva 4 a [V ¢ | a ax

Aus Anudlanguiuasduneunisujifivendnansdugueulesiveatin-ngladina lne3Siounay

giatukarlanunndnivedvuiglussduidandiyd aunsoaiegifanasiiuyariiiureuunads

Junandananvesdwinedasiny lngrnanismaaemantuszaulssny wuduauga 1 diafdansdugs

oulwdueain-ngladina 500 dadnsu dgnilunisdudueuludueanin-ngladinalaiaie 39.2%

fununIsHandinas 0.375 U

103



nsilulduselawnd
1. mandnansdudaeulsiueaii-naledinalasifieunalgiaduldinsunsasdanuslusuuuy
lWamasuaziegramdnsdue dnausluiunaninainuide s Smineiaziny deuinnisuems
lEuguAIw 1A3esd1ens wazdandeldanvenuns deusumsdensuvesmnanuiyan Inoiasug
STUUATYILIININTENTINEATWAZANNTAINTOUAILE TN ST InAT I
2. drenoamaluladnisndnaissudveuleivoari-ngledinalasisionuaUgiaduliuidamia

ASLNUASASALLNULNSINIALNONAR LAz IR TUT N e

LONE1981989

sl fiuglosn wazesionssa avdduaild. 2556, matestulsaummiuseluiuiomunde
wazudznds. (eaula). undsdoya : https//www.inmu.mahidol.ac.th. (11 Wwigw 2559)

Ahmed, O.M., Moneim, A.A., Mahmoud, A.M. 2010. Antihyperglicemic antihyperlipidemic and
antioxidant effects and the probable mechanisms of action of Ruta graveolens
infusion and rutin in nicotinamide-streptozotocininduced diabetic rats.

Diabetologia Croatica 39: 15-35.

Baldwin, E.A., Hagenmaier, R.D., Bai, J. 2012. Edible coatings and films to improve food
quality. [Online]. Available: http://www.crcpress.com [Accessed 10 April 2016].
Coman, C. 2012. Plants and Natural Compounds with Antidiabetic Action. Notulae Botanicae

Horti Agrobotanici Cluj-Napoc 40(1): 314-325.

Gouin, S. 2004. “Microencapsulation: industrial appraisal of existing technologies and trends.”
Trends in Food Science and Technology 15(7-8): 330-347.

Guariguata, L., and Whiting, D.R. 2014. Global estimates of diabetes prevalence for 2013
and projections for 2035. Diabetes Research Clinical Practice 103(2): 137-49.

Lebowitz, J., Teale, M., and Schuck, P. 1998. Analytical band centrifugation of proteins
And protein complexes. Biochemical. Society. Transaction. 26: 745- 749.

Nistor Baldea, L.A., Levy, E. and Haddad, P.S. 2010. Inhibition of intestinal glucose absorption
by anti-diabetic medicinal plants derived from the James Bay Cree traditional
pharmacopeia. Journal of Ethnopharmacology 132: 473-482.

Poblocka-Olech, L., Glod, D. and Sznitowska, M. 2016. TLC determination of flavonoids from
different cultivars of Allium cepa and Allium ascalonicum. Acta Pharmaceutica

66(4): 543-554.

104



NIAAUINIUINNIUHBE I TN UUUATUINRTH I TLUULATEFNINY UL Y
Development on Arabica Coffee Fermentation technology on Bio-Circular Green
Economical approach
Tniua dnengs’ ity GReud! nundnd aoeia!

INFUNT YNB1YS® §ANT EATHUIAYTR®
Komate Satayawut! Sukanya nitiyon® Karnoksak Loylert!

Chatnapa Khomarwut? Supattra Lertwattanakiat?

UNANED

nsninnunesstnlnegdunidieduuinnssumsimuinausaniurlannmilasy
nssenfulutlagtu egslsAmudmutymilunszuiunswinlimuesilduasiinrwaiiane
vossandn nslufieqdunidildlunismin Jymiduusanu nar nslinyweansuai
AuFosrmiaveadennnsmiiniignislifuaniznoliiAadymagninansasnauay

a a 6

v = ~ W o w ] & ~ o oA Y 1A e
gupud1ufes Feiladdgvesnisndnniwlae yaunsdnldlunismdndanniun laun gae
LAY LUATILSY NNARNAUTE LASINITWAIUINITUTNNILNDLIITNT LUUATUINATIIN AU
nszvunsminnwlniiseansamsuuuulndalgnisminniwilagimaia AAF (Acid-Air-

Flore Techniques) #3en1sudnlagideadunie Saccharomyces cerevisiae strain BAwine

a

LuuANeIMALazUUnsA Aanunsnauaunisvinliiaianielunat 18 Falusiiniswdnnau
sawalsl wenanilfinisliqdunds Pichia kluyveri strain Pro-Y15 Tumsusinuuulsifineniadi
fdnenmAluiiufiguasimundusanguionlnuan uaznszurunsnsinuuudasamiaiu
pmsdnilasdefidauenanazuniiaunsofmuindusauuuelinuld deddniswam
\nseathovsinnunyilimuaunsiindelaglindnnisveserniauuuen fnsmununsifs
pmauariaatunsduiiouvesdorduniduonangmaniin dunuiuasidsnanasld
faenth 50 Alanfustenss daumdeldnnantnnunduldun Wisnvusdaniu Wennuw
waziidsannsnianundnishlviengiuesilUldsslon lsewzudonusdn
nunlfifinsndunisgeanmisaimunduarsussudssaldifodunsntnuoui wdslnede
Streptoccocus spp. Wagvnniide Aspersillus niger wiinansatanaududuesay coaxdl
nadudimssaivlnvesdenolsausuunsaluglunu Wonnundmeiuduesddsznoum
aRuddiuausmiundnasiedounaliifiodnoignaunuaaiadidunseiidduugs
uenanidnsAnumsldthmandufioannislininensuaznszuaunistdntndelasl iy
ﬂﬁﬁ'@ﬂ'auﬂa'asajl,mmﬁ%ﬁﬁm’laamﬁtwmaﬁww?ﬁmé’amazsﬁa fnmanmumy dina
mswaumsuinnuezsdnuuuasusaniedeudlotigmiddly dukanisveaesiifing
yaaouluiiuiitiuaziaununanslaitiosndt 7 fmin iteneasunnuibululdlunisdesend

[y

seAUgRamNssulAAnANUEEY dnsasieuaToriun1sHEAN WNNIElENT0INTUIBINITNYAT

! nedidbuaritauiveinadimaiuieiuazuuszundasainuns (Post-harvest and Processing Research and Development

division) 105

? gugidouaziannisinuasing (Phrae agricultural research station)

3 anuAevaiu (Horticultural Research institute)



eaensumealuladuaziau desanlimeulandanudesnisveanunsng Jestuilymid
anunsaiinldnaenszuiunsnaalueman winnssunsvannulerstinienssuiunslng
LAEAULUUNGRANIIAINIATINITAI N ¥R INsaunsaenseAuAun NN ae 5100 119E
oAty aedndnualianigi venmniddinmslivsslesinnminensanguiinmeey
TandgsRatinmidsainsassdnmuulonisvesnaigiunsfiuyaruasugionisgiuanmiuy
ASUNAT

(% CY Y A

Awian : NwnorsIdng, nsvdn, Qaun3d, dadn, Tanwdeld, nannisasugiavyuioy
Abstract

Arabica fermentation valids as novel innovation for developing the flavor of
coffee quality is known worldwide. However, there are still problems since incontrollable
fermentation process, absence of microorganisms, labor problems, time consuming,
wastewater resources, and polluted fermentation waste which related to the core of
coffee fermentation ‘Microorganisms’ included yeast and bacteria. Arabica Coffee
Fermentation Project had developed 3 new efficient coffee fermentation processes as
follows: AAF techniques or oxidative fermentation using Saccharomyces cerevisiae strain
BAwine with aerated and acidified. This technique reduces time consume to 18 hours
with the production of fruit flavor. In addition, Pichia kluyveri strain Pro-Y15 was used in
anaerobic fermentation with good potency at high altitudes and developed chocolate
flavor. Thirdly, the bio-processing fermentation imitated the animal gastrointestinal
model extracted from civet enhances milk and butter flavor to coffee. Pilot coffee
fermenter has been developed in parallel to facilitate these processes by using the air-
lifting principle. This pilot-fermenter model help aeration controlled and evitated
microbial with affordable cost and the production capacity is at less 50 ke per process.
Futhermore, coffee fermentation by-products, which are Coffee cherry pulp, Coffee
mucile and coffee wastewater, were analyzed and utilized. Especially, coffee pulp with
high organic acid was able to develop as a flavoring agent after solid-state fermentation
by Streptococus spp., indeed if using Aspergillus niger, the extract could inhibit the
growth of anthracnose pathogens in coffee. These technogy have been tested in coffee
farm to realize the feasibility of extending to the industrial level for sustainability. Thai
Premium Coffee network affected in Department of Agriculture has been established to
support this technology, extend to meet the needs of farmers, prevent problems causing

throughout the production process in the future. The innovation of Arabica coffee
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fermentation, both new processes and product prototypes from the project, will enable
farmers to raise the quality of arabica coffee to high value added, creating farmers’
identity. Finally, whole process aims to meet the creative bio-business needs in
accordance with government policies with an integrated Bio-Circular-Green economy
community.

Keyword: Arabica, Fermentation, Microbial, Fermenter, Waste, Circular Economy
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BIO-CIRCULAR-GREEN CONCEPT

On Arabica Coffee Fermentation Technology approach
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* Pectin extraction

Wastewater

* Double/Triple Fermentation
* Water balance

* Wastewater treatment

Fermentation technology

Figure 1 Summarize on Arabica Fermentation Technology according on BCG model
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Figure 2 Polysaccharide mod|ﬂcat|on of

muscilage deform using High performance
microscopy in every 48 hour; A — muscilage

bean, B — completed demusculage bean, C

& D show the occurrence of AAF techniques,

E-L explained more in polysaccharide
modification using dehydration of coffee

muscile

Coffee fermentation (m Laboratory)

Caffeic acid
Figure 3 Comparative chromatogram of coffee
flavor profile using dry process, wet process as
control and AAF techniques distinguished the
different volatiles which shown the various
flavor compared to those two existent
techniques. The result of cupping testing
confirmed the ranking of 85 - 87 /100
compared to control as 75/100

Figure 4 Coffee fermentation of six treatments
(Control, Acid, Yeast BAwine, Lactobacillus
plantarum, Leuconostoc oenos and PRO-Y15)
explain in Turbidity (A), mucilage removal of
coffee bean at 18 hour (B) and mucilage

removal of coffee bean at 24 hours (C)

Figure 5 Fermentation process of coffee in jar, green bean coffee and roasted coffee and

Chemical compounds in roasted fermentation coffee and civet coffee.
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Figure 6
Demonstration
of new model of
coffee fermenter
model
completed on
air turbine, tank

and waste

harvested unit
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Figure 11 Staff training of Q-grader association and Premium Farmers on Marketing and Brand creation in Premium

=

Coffee Project

Arabica Coffee Starter-culture Reduce Cupping Session Marketing Session
Quality (85 - yeast Manpower, Water (Asean Coffee
90/100) resource, Time 2021)

Figure 12 BCG resolution targeting point to Bioprocess (Diversity of dosmestic microbial use) — Circular (Innovative fermentation

technology and by products) - Green (By products reutlization and reduce resources) and Marketing targeting
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ABSTRACT

Research and development of sustainable and environment friendly oil palm
production in the upper southern since 2016-2021 in upper southern Thailand which
objectives of this project were to estimate suitable of production technology, Ganoderma
disease severity, main effects of owning sustainable and environment friendly oil palm
production and to establish substantial pattern for elongation knowledge. The result showed
fertilizer management including production management led to high average fresh fruit
bunch and average net income (4,492 kg/rai/year and 13,165 baht/rai/year, respectively).
However, the ageing oil palm or start 16 year after planting had high disease severity about
67.19 percentage and growing oil palm after coconut planting had high disease severity
about 33.83 percentage. In addition, the effects for pushing of sustainable and environment
friendly oil palm production of farmer were moment of safety the environment and strong
on economic. Finally, the procreate guidelines by a TOPSA training program will increase
productivity of oil palm production through collaboration between group of research and
farmer’s group with demonstration plots, which is the learning center to farmers and other
group of farmers. That will be built sustainable development of oil palm production in
Thailand.

Key words: Fertilizer, Ganoderma disease, RSPO, TOPSA, carbon credit
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gUnIalLazIsNTS
Tnsensnissaniseaatadudsiunuuddunanduinsfuaaandesluaiiufiniald
pouvy dudunsluiiuiidomingms nsed wargaugiond du wa. 2559-2564 Tasutans
pfluaudy 3 fanssy Ae

1. Wonazwanwaluladnsudatrduiduiivansautuiuiinialdaouvy wsnsiu 2 d
1.1 maavmﬂiuiaﬁmi%’ﬂmsmumﬁuﬁﬂﬁﬂuL%mﬁuﬁﬂgnéﬁﬁmmﬂiﬁmauuu
ftumeumsiy sl
- WUUUAZIENITNAABY AT Technology Verification Experiment (TVE) Tuudaanumnsng
IUHURIIVIARBILUU 2x2 Factorial in RCB §113u 2 91 2 U949 az 2 seaU ulasdovaz 2 15 2
U238 Ao
Jadeil 1 m3damssmernns Tnemslidemuddinsgitunaddy Ao iufodidludas
1 afs dediaeiviinasine s wananslesigy duansie uazUTuin
swemsdmsunisladelugalan wazlddemunanisiwsesily (nsu3vng
\N8M3, 2554)
Jadeil 2 msdanisanu Ao namqulausonzatean 250 nn./fu/d MImuaudLIL
mdlumuengdu uarmafiudenuasgungaeurdais
winzladedl 2 sedu Ae
seuil 1 weluladveanunans (Farmer)
sesudl 2 aluladueansadvnisinems (DOA)
TR 2 x 2 = 4 treatment combinations &3l

Factor Set X SetY
Treatment
Fertilizer ~ Management (vield gap)  (contribution and interaction)
1 DOA DOA * *
2 DOA Farmer *
3 Farmer DOA *
q Farmer Farmer * *
12 plots 4 plots

note; DOA - technology of Department of Agriculture
- Set x = 12 plot sizes (8 rais/plot size) and Set y = 4 plot sizes (16 rais/plot size)
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- WUJTAN VAR
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FUIUAUNF1579
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1
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duil 1 deyaiiuguialy
duil 2 Jafonswensunasdaundininsueedsiuanduinsodauandey
daufl 3 Y wasdelauauugseszuunisgnunduiitueissBunas fuiingde
dawndon
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7. @3UNan1INnaeY
- Mmstuindeya
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1. ToyAdINUAAALALLATYINAVBUNEATAT LAKA 818 B81TN wumﬂgﬂmamﬁwﬂu
Uszaunsalvauunduniiu wazsield Wudu

2. MIYBINNMITUTToyarnasvosnunsns un n1sineusy n1seunisde il
Tuiluit uasdoseulat] Wudu

3. msgaufusruuNsUgnunduiiiueged Bunandufinsredauwindon
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3. Yg1EHasIAANINIsHAnUERUTueE s sBuLaslulnsiudwindanuwuulidiusau

fudunisnielifanssy qusuuinnssunssdniduthiuegiedadunanduiing
Aauandon Tuiiufiguaunng 0.47 2.9ums YuruAReIrdy .U 2.49190557T wazgTuETy
0.8 2.0320
- WUJTAN VAR

1. susamimalulafuazosdnrudifsrtunisudaiduinduiivansantuiiuiiniale
pOUUY wazansgusHAndTuedesBunas duiinatudaunndeu (RSPO, 2017) dmsy
PHUNTVEIEHARIRANLS IRUNgULTmMINg

2. dadonnguidivanglunisvenssa $1uau 3 gy Weduaiuduyuvuuinnssunis
wAmUduuensdBunasfuiingiudanden

3. UsvudnimdngnsesAninuiuvuidiusiuseninensuininisineas Wmiiinsy
duesumainens uaziimihivesssdnsmuimiessvinssmaeesiu (G12)

4. nsATnsneRsRREenInensIilemevenesAmLnLMaNgNS

5. Savhununisiineusuuariineusuaievenssdanulsfudmihiinsudauasunsinues
LAZINYATNIHU

6. fmumnuINuAINIFULLY Adonulas uardnvhudasgumudiuuuuluiiuiidomie
yuns a3rugiondl uaznsed dminay 5 uvas
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7. daviulasandaluiundmingsugssnll waznsed Iminas 1 ula
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8. Uszanunmadesloaedotnemanantiduiniiu (ndugursudunun) funain (sanuardn
dasfuundu) iileadrsannudiniieluniswmuinisnaniiduintusgrededunazsuiingfu
Aauandon sEnineiy
- Mmstuindeya

1. 188 B8AMENENTY LaTUHUNTINENONBIAAINT

2. 1e¥eiievenssdnmiUsydmangnse

3. Nanssuuagransandunululvawmuluukazilasensna

4. dunulunisdnnisudasansanisnanurduingu

NANISNAADILAZIATA

Y

1. Afsuazianmaluladnissdaurduthiufivnzasiuiuiineldneuuy
Mnmaiumaluladnisinnissigeimsuagnisinnisaiuiigndesuainunzauveansy
Fmsinuns lneguiiteunduiifugsugiond nud nandanzansantrduingiu veununng
12 519 lungy set X Tinandnnzateiadedl (2561-2564) 193553357 1 (DOA : DOA) Iénanan
\ade 4,496.75 Alansu/ls gjqn'j'msﬁ%ﬁ 2 (Farmer : Farmer) (3,958.50 Alansu/ls) dvievinaves
wawan (Yield Gap) Wiy 538.25 Alan$u/ls/D waglungu set Y fnandnvnzaroaniadedd wui
n35335 Farmer : DOA lsinandniadgaan 4,824 Alansu/l3/4) ssasun Ao n35335 DOA : DOA
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way DOA : Farmer (4,488 wag 4,240 dlansu/ls/0 snuanau) wagnssuds Farmer : Farmer T4
nanAnadsatiman Wiy 3,930 Alansw/ls/A dmsudununisudasals nudn uas Set X daud
¥ 2561 D9l 2564 ﬁﬁunmamssﬁ%ﬁ 1 (DOA:DOA) 1ade 5,315.75 Alansu/ls Hesninnssuisd
2 (Farmer : Farmer) (5,696 Alan¥u/15) duuvas set Y ffunuiadoveanssuds Farmer : DOA
#1gn 6.177 U1n/l3 MuFY DOA : DOA Wag DOA : Farmer (4,828 wag 4,876 uw/l3 auansiv)
Wag N35435 Farmer : Farmer duvugsgn 5,116 un/ls lnsdunuredidaumuugiivensy
Fnsnuesdeandununstetihdomandn Tiun Jeied neaewdndinbiiu dwsunslisg
pIImuAIReINITTesilY Wuautuuardunisingliiuiu uandewssuifivuseldand
YosuRarnTsnds wudn ulas set X fisneldandudard daund 2561 §9 2564 genin3Bnnsves
nwnsns tnediselaans windu 6,854, 6574, 15,169 uay 24,223 vn/ls auddu wazdmsu
uas set Y dneldgvdindeadgeanlunssads DOA : DOA wirdu 13,165, vn/ls (Table 1)

Table 1 The average yield and net income between 2018-2021 (four years) with oil palm at
8" years after planting in the upper southern Thailand

Treatment management between Fertilizer : Production

Production DOA : DOA DOA : Farmer Farmer: DOA  Farmer : Farmer
Fresh fruit bunch (kg/rai/year) 4,492 4,240 4,824 3,944
Cost* (baht/rai) 4,828 4,876 4,177 5,116
Net income (baht/rai) 13,165 11,753 10,819 10,298
Yield gap (kg/rai/year) 204.00 192.72 219.27 180.22

note; * fertilizer and labor cost

1% '
o w A

LAEAINNITANYINITTEUINYESLIAlAULLNTLARINA® Ganoderma sp. Tuuraniniuiiodu
wuanslunisdanisisalulaiunnialdneuuu
nnsdrnantasiianthduluiuiaialameuuu 1uau 200 wias wuan Urduidund
918unn31 20 U fignsiniaiinlsnasiian Andusesas 39.53 musieeny 16-20 U wag 11-15 Y
(Table 2) uazdnsnsiinlsrandlovgnuiauinduignuenin Aadudesay 33.82 musie ulas
d' 13 961 U o A 3 yél C% ¥ L4 o W
nugnunauuNumutaINgUIaNUINY 917 g uaze19wns) ANaIRU (Table 3)

Table 2 A number of fields with basal stem rot (BSR) incidence (%) of the survey fields in
the upper southern Thailand

Age of oil palm year after planting (year)

A survey field
1-5 6-10 11-15 16-20 > 20

Number of fields with
BSR incidence (%)

0.00 10.13 23.94 27.66 39.53
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Table 3 Incidence of basal stem rot (BSR) disease in oil palm in relation to previous crops

in the upper southern Thailand

Previous crops

A survey field

Oil palm Coconut  Rubber Rice Orchards

Number of fields with BSR

incidence (%)

27.03 33.82 6.98 17.18 11.11

2. drsavanukesmsudnundutnsiuesnsdeiunandufinsfiudauandeulufiuiinnaldneuuy
Mnmsdunwalinuasnsiugnundutitiu 3 ndu Tuiluiidmiagams as1uniond uas
n3ed usazngudmneddnvazily fanuAnfiufofudadsvesnsdisalasnig Jym
uazdorauauurontnanundinindueedsiuandulinsiudannden fil
1. sﬁagﬂaﬁugwﬂ"ﬁwmmjumwsﬂﬂﬂmma wud tnwasnsnguitldiunisfuses
imsgiunssaaUrdiitusgnedBunasduinsfuiunndouuds Ssvaunisallunisriian
gmunuiigneds 20 U wasdineldnnnisviauundiniiiugagaaie 42,503 um/ls/A (Table 4)

Table 4 Information of 3 group oil palm farmers in the upper southern Thailand (n=1,050)

Subject

RSPO farmer

Collaborative farmer

General farmer

Experience in oil

palm production

20 years

17 years

15 years

The highest

primary school

primary school

primary school

education level 39.3% 35.6% 38.7%
Full-time farmers 96.7% 94.4% 83.1%

Main channel of oil online system of DOAE Meeting community leader
palm knowledge GlZ and DOAE Meeting
Status in farmers collaborative farmer no no

group
Decision on fertilizer analysis by  fertilizer analysis by Shop
fertilizer use government service  government service
Recording 96.7% 56.0% no
production

Income from oil

palm production

42,503 baht/rai/year

22,7123 baht/rai/year

16,626 baht/rai/year

2. Yayatadendmnudrdgrenisinduladisulasinissdnduinivegedsdunasidu
1n9H0EIINADUVDINGUNBATNT WU INBATNHUTLTITINLATINITUAILALNANNYATNTTILUDY
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anaulairsulasinisiitededidyainmsaiadadandendudidunsn uinguinensnsuias
TngflianudAgyiuladeniamrsegiadundn (Table 5)

Table 5 The factors of decision to participate in the sustainable and environment friendly

oil palm production project of 3 group oil palm farmers in the upper southern

Thailand
Priority RSPO farmer Collaborative farmer General farmer
1 Environment Economic Environment
2 Economic Society Society
3 Society Environment Economic

3. amuasdeiausuuronismanundumidusuuduanduinsiudunndensennyns
uiazngy wuin inwasnsnguieglulaseinisudiaglszaudgmiBesmsssudenlunisnsiaiuses
LAZREITENINNITTONLATANAISUDY LW]'Lm%liﬂimjl‘uLL‘U@QI%QJ:LLaSLmﬂmiﬂiﬁ’ﬂﬂgﬂﬂi%ﬁvﬂﬁyﬁﬁ
Tgansandegs uazlsifianudifearfunsuensinaniueu dudeiausius wui doenslid
nsaduayualdarglunisrenisiusevudasia 3 ngudlmane sesasndesnisliinisuens
Suuandndengulasimsiiielinumsnsfialalsflemalunsithgszuuls (Table 6)

Table 6 Barriers and suggestion of oil palm sustainable production from 3 group oil palm

farmers in the upper southern Thailand

Subject RSPO farmer Collaborative farmer General farmer
Barriers -Certification cost -High cost of Fertilizer -High cost of Fertilizer
-A Number of -Certification cost -Certification cost
member group -Lack of knowledge with - Lack of knowledge with
were small carbon credit trading production and carbon

credit trading

Suggestion  -Supporting -Control fertilizer price -Control fertilizer price
certification cost -Supporting certification  -Supporting certification
-Increasing cost cost
knowledge and -Increasing knowledge -Increasing knowledge

opportunity about and opportunity about  and opportunity about

carbon credit carbon credit carbon credit

3. Yg1enaRIAANNINIsHAnUERUdueg s sBuLaslulnsiudwindonnuulidiusau

(%
a

MUHLITLUAENTANTUNTVYILHABIAANUTUUUTAINTIN IARANTALTINY il
1. ladaden 8 asdausiNeatunsnaniauidunvanvauiuiunnaldneuuy fe (1)

ydy [ ’6’ LY U s v A A dy 4 4 [ [
ANNFNUTIUVDIUIENUILUY (2) WG N1TARLADN kaznIstaanaaaunalliau (3) n1sdgnuiau
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Thalland OIl Paim Smallholder Acaderny (TOPSA)

Figure 1 Improving oil palm production to sustainable and environment friendly oil palm

production between farmers and researchers with TOPSA training material
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Figure 3 Demonstration plot of sustainable oil palm in Surat Thani Agricultural Research and

Development Center

%

Figure 4 Demonstration plot of sustainable oil palm in Krabi Agricultural Research and

Development Center
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Campbell, C.L. and L.V. Madden. 1990. Introduction to plant disease epidemiology. John
Wiley and Sons, USA.

RSPO. 2017. RSPO Strategy for Smallholder Inclusion. RSPO SMALLHOLDER STRATEGY. Kuala

Lumpur.

AMANUIN
Appendix table 1 Name of master trainer for Thailand Oil Palm Smallholder Academy

No. Subject Name
1 Introduction to oil palm Atchara Thongsawat
2 Planting Material Unchalee Manthong
3 Oil palm planting Sonchai Kwankuae
4 Oil palm management Hathaikhan Shittha
5  Fertilizer management Suchada Pochadom
6  Sustainable oil palm management Somkid Damnoi

7 Harvesting management Usa Chooruk

8  Replanting oil palm plantation Supinya Junmee
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Appendix table 2 Methods of best management practices (BMP) and greenhouse gases

(GHG) management for oil palm management

=z
o

Topic of management

Harvesting with harvesting index
Harvesting with every 10 days
Recording bunch number

Using fertilizer with 4 R

Using empty fruit bunch and frond
Growing legumes and cover crop

Inter-cropping

o N o B LW N -

Recording oil palm production with i-palm application
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dTeriugdeum 3
Mungbean Variety “CHAI NAT 3”

o

89251 F0UANNA’ 815N WETT LU0 WaYBN' YR Yaydnd

17

1

°

Ylan lygassal’ Faesend wluwm' alivgy wluwdlon’ Aygsel d1umes
wieySned e’ Tn1nsel wsasn® auwn 9’ weyaine AEv’
a0 iinAs’ Idnual Hillsad’
Achara Jomsangawong' Arada Masari’® Chaowanart Phruetthithep’ Choochat Bunsak'
Paveena Chaiwan' Wilairat Pankaew' Samittha Maenmeun' Kayarat Champathong'
Penrat Tiampeng3 Nipapon Punnara® Sumana Jumpa4 Benjamas Kumsueb’

Chalong Kerdsri*  Jiraluck Phoomthaisong®

unAnga

U v § o < o a a o [V A o 1% U v o

odgiugteum 3 Jududeididuagiiugnarendnlaanndidesiugdoun 36
A v (% & o I a v ea fa o A ' v ! IS
MeuN1IRETELNNENTT 400 1Y AnLdenuarUseiiluiugnaudITenivlsteum senined
2548-2561 \Juiudeninduillinandnas Sawnwdalvg Tinandn 232 Alansusials gindn
Wugeumn 36 uazdewm 72 Sosaz 13 uaz 6 aua1du Wndn 1,000 WaA 72.2 N3N wandn
wagann L danunzdmsunisudssuiduiudu Tnglivesigudutls 58.37 Wesidud gend
Wugdeum 36 wasdoum 72 Sevay 4 dmenunilymtiaveniudgnunieannn windu 925
B.U. Juiduaniinauning du1ila uasmiledy inandndisenas dnsnisinizaiseniviniu
1:5.7 fvendnaunnd saviviu nseu wazldfindumiudes uenaniiiudeaiuddoum 3
fafidnwaznisgnunvesinalnauelndidesiu vinbilufiseusuvesnensnsduandaden
U a v § v Yo [ v ¢ a dll v < |
dggIiugdeum 3 lasunssuseniugannnsudvinsinens Weduil 1 Juaw 2562 aglul
2562-2564 lgagnenan1sidussleniluginovnednanud aiuguasinunsnsausadilugnlu
WU 83,700 15 taNananawTe7 91w 11,878 fu a@519518lalinuinunsns 297 a1uuim

& 1% = a 1% a do ]
Wukumslimnunsnsaunsafiennuies waglasuasiessuunsuaniidedunely
Avan: 0107 USuugaiug n1snaneiug wseviedkinuaniiug

" audideiivlstoum sunewdles Jmindeun 17000

' Chai Nat Field Crops Research Center, Muang, Chai Nat 17000

? aonUuAdeialsuas ienAuNUNE U LYNaINETT LWAIRANT NTUNNUIUAS 10900

? Field and Renewable Energy Crops Research Institute, Ladyao, Chatuchak, Bangkok 10900

> qudidouasiannmainuasinesysal s1unewdies Swinmesysal 67000

> Phetchabun Agricultural Research and Development Center 67000, Muang, Phetchabun 67000
* gudideuasiannudaiuindednl dunedunse Jamiadeduil 50290

* Chiangmai Seed Research and Development Center, San Sai, Chiang Mai 50290

> AUEITE LA RN YATUATINYENN Sunednn Ymiuass1eEin 30340

> Nakhon Ratchasima Agricultural Research and Development Center, Sikhiu, Nakhon Ratchasima 30340
¢ pugidefialsveuuny dunalles Jmiavauuny 17000

% Khon Kaen Field Crops Research Center, Muang, Khon Kaen 40000

135



ABSTRACT

A new mutant mungbean variety with high yield, large seed size and suitable
for vermicelli processing, Chai Nat 3 was derived from Chai Nat 36 variety irradiated
with 400 Gy of gamma rays and evaluated at the Chai Nat Field Crops Research Center
between 2005 and 2018. Chai Nat 3 was certified by the Department of Agriculture
since 1°' March 2019. It gave an average seed yield of 232 kg/rai which was significantly
higher than recommended varieties, Chai Nat 36 and Chai Nat 72 by 13 and 6%,
respectively. its average 1,000 seed weight of 72.2 grams was significantly greater than
those of the recommended varieties. Its starch percentage of 58.37 was 4% higher than
Chai Nat 36 and Chai Nat 72 and starch quality had high paste viscosity of 925 B.U,
indicating remarkably suitable for vermicelli processing. The fresh vermicelli qualities
showed white, shiny and soft-sticky. For sprout processing, Chai Nat 3 cave a ratio of
seed to sprout of 1: 5.7 with high quality of sweet taste, crispy and without raw smell.
Likewisw, Chai Nat 3 with characteristics of synchronous maturity, high yield and large
seed size has been widely accepted by farmers. Chai Nat 3 was certified by the
Department of Agriculture since 1°* March 2019. Nowadays, Chai Nat 3 is popularity for
mungbean growers and having mungbean seed producer networks. In 2021, Chai Nat 3
had planting areas of 83,700 rai, attaining yield of 11,878 tons with the value of 297
million baht. With using Chai Nat 3 replacing the old varieties, mungbean growers
would receive a higher yield and quality, strengthen and sustainable production,

leading to a better living quality.

Key words: mungbean, breeding, mutation, seed producers network
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Table 1 Yield and 1,000 seed weight of mungbean, Chai Nat 3, Chai Nat 36 and Chai Nat 72 from yield
trials carried out in the dry and late rainy seasons during 2008-2014.

o Yield (kg/rai) 5 % relative to
Varieties 1 P 3 1 Mean : :
PT ST RT FT Chai Nat 36 Chai Nat 72
Chai Nat 3 219 245 231 234 232 113 106
Chai Nat 36 169 223 221 212 206 100 94
Chai Nat 72 215 225 222 217 220 107 100
1,000 seed weight (g)
Chai Nat 3 70.7 76.0 71.0 711 72.2(102) 102 101
Chai Nat 36 68.5 775 67.5 70.5  71.0(100) 100 99
Chai Nat 72 71.7 75.2 68.4 707 71.5(101) 101 100

!Average from 2 locations  “Average from 2 locations  *Average from 3 locations  *Average from 6 locations °Average from 13

locations

Table 2 Yield, regression coefficient and deviation from farm trials carried out in the dry and late rainy
seasons during 2011-2018.

Deviation from regression

. 4 . a1 o
Varieties Yield (kg/rai) Regression (b)) (S%d)
Chai Nat 3 234 1.00 521
Chai Nat 36 212 0.88 379
Chai Nat 72 217 0.99 367
CV (%) 15.07 - -
! Average from 6 locations
Table 3 Seed chemical composition of Chai Nat 3, Chai Nat 36 and Chai Nat 72.
Seed Varieties
chemical compositon1 Chai Nat 3 Chai Nat 36 Chai Nat 72
1. Starch (%) 58.37 56.17 56.35
2. Protein (%) 24.05 2247 22.61
3. Fat (%) 1.03 1.08 1.06
4. Fiber (%) 4.50 4.40 4.52
5. Ash (%) 4.12 3.95 4.10

! Analysis by AOAC method (1990 and 2000) at the Postharvest and Processing Research and Development Division
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Table 4 Starch analysis, fresh and soaked vermicelli characteristics of mungbean Chai Nat 3,

Chai Nat 36 and Chai Nat 72.

Composition Varieties
Chai Nat 3 Chai Nat 36 Chai Nat 72
Starch analysis
Paste viscosity viscous viscous viscous
Paste’ 3 3 3
Viscosity (B.U.) 925 939 1009
Fresh vermicellii
Fresh weight *(g) 2,780 2,640 2,775
Color white white white
Soaked vermicelli
Color white white white
Viscosity’ 5 5 5
Dry weight (g) 558 550 569
Dry vermicelli wt.: fresh vermicelli wt. 1:4.9 1:4.8 1:4.8
Sources: Choochat et al. (2013)
'Paste score: 1=Low 2=Moderate 3=High “Starch yield 3 kg *Viscosity score: 1=Low 3=Moderate 5=High
Table 5 Mungbean sprouts comparison of Chai Nat 3, Chai Nat 36 and Chai Nat 72.
Sprout characteristic Varieties
Chai Nat 3 Chai Nat 36 Chai Nat 72
Root length (cm) 5.8 5.7 6.2
Hypocotyl length (cm) 5.1 5.2 5.1
Hypocotyl width (mm) 33 34 33
Brix (%) 7.69 7.32 7.53
Firmness (newton) 3.0 3.0 2.9
Sprout fresh weight ()" 5,707 5,490 5,493
Seed dry wt.: Sprout fresh wt. 1:5.7 1:5.5 1:5.5
Taste sweet sweet sweet
Smell without raw without raw without raw
Crispiness Crispy Crispy Crispy

Source: Sumana et al. (2013) ' mungbean seed 1,000 gram
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Table 6 A study on farmer’s adoption of Chai Nat 3 conducted in Nakhonsawan and Chai Nat

provinces indicated that all famers preferred the Chai Nat 3 in 2017.

Preference percentage (%)

Characteristics

Nakhonsawan' Chai Nat’

Favor

Favor 100 100

Disfavor 0 0
Characteristics of mungbean (>1

characteristics)
Synchronous maturity 100 100
57 50

High yield

1 f .
35 persons of farmers in Nakhonsawan provinces.

10 persons of farmers in Chai Nat provinces.

Table 7 Summary of farmer, harvested area, grain yield, seed yield, stock seed and sold seed in 2020-2021.

Seed  Stock
Number ) 0
Harvested  Yield seed Cost Income
Farmer Group  Season/Year of ) seed ) )
area (rai) (kg) (ke) (Baht/rai)  (Baht/rai)
farmer (kg)
Nongphai, dry/2020 10 51 7,928 2,404 5524 2,260 4,628
Phetchabun dry/2021 7 43 713 285 428 1,660 400
Wang dry/2020 5 34 3,524 - 3,524 1,950 3,120
Saipoon,
o dry/2021 5 50 3,062 300 2,762 1,975 2,190
Phichit
Sankhaburi,
) dry/2021 6 33 2,264 500 1,764 2,040 2,490
Chainat
Banrai, Uthai
rain/2021 4 48 4,627 1,075 3,552 1,970 2,910
Thani
Total/Average 37 259 22,118 4,564 17,554 1,976 2,623

Source: Choochat et al. (2021)
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Table 8 Seed production and utilization of Chai Nat 3 variety.

2020-2022 (Year) Utilization
1 L1 . 1 2 .3 Income®
Breeder'  Foundation Registered™  Certified” Planting o
Producer Yield value
seed seed seed seed area )
_ (tons)  (million
(tons) (tons) (tons) (tons) (rai)
Baht)
1. Chai Nat 5 55 116 - 16,500 2,343 59
Field Crop
Research
Center
2. Seed - - 450 - 64,000 9,080 227
Production
center of
Department
of Agriculture
3. Mungbean - - - 23 3,200 455 11
seed
producer
network
Total 5 55 566 23 83,700 11,878 297

' Data from DATA-BASED for PLANT PRODUCTION, Department of Agriculture

% Choochat et al. (2021)

® Calculated from seed rate 7 kg/rai

* Calculated from average yield of 142 kg/rai (Office of Agricultural Economics, 2021)
® Calculated from sold price at 25 baht/kg (Office of Agricultural Economics, 2021)
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Figure 4 Extending utilization of mungbean variety, Chai Nat 3 to farmers.
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ABSTRACT

Research and development on cotton variety was carried out at Nakhon Sawan
Field Crops Research Center aiming to select a new variety with high yield, short-staple
brown cotton fiber, disease and insect tolerance and early maturity. The breeding program
has been initiated since 2006 by crossing the female parent AKH4, white cotton fiber with
high yield potential and early maturity with male parent Tak Fa 3, short-staple, brown
cotton fiber and resistant to leafroll disease. Plants were then selected using mass
selection and pedigree method during 2008-2012. Yield evaluations and specifications data
studied were conducted during 2013-2019. The results showed that Tak Fa 8 were short-
staple brown cotton fiber, average seed cotton yield was 154 keg/rai with 34% greater than
Tak Fa 3, resistance to leafroll disease, jassid tolerance under non-systemic insecticide
application and early maturity. Technology transfer of the new variety Tak Fa 8 was
subsequently implemented to cotton growers along with the improvement of their skill
creating high value handicraft products from Tak Fa 8. Moreover, training activities were
organized to encourage villagers to form a groups of cotton grower and processing in the
rural community particularly northeastern region. Those training programs include
technology of cotton and indigo production to strengthen the identity of the Isaan hand-
woven fabrics which support both cotton growers and weaving communities ultimately.
Keywords: cotton, brown cotton fiber, jassid, leafroll disease, early maturity
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Table 1 Seed cotton yield (kg/rai) of Tak Fa 8 compared to Tak Fa 3 in 2013-2016.

Variety pT” st/ RTY FT”’ Mean”  Relative to Tak
(2013) (2014) (2015) (2016) Fa3

Tak Fa 8 291 118 59a 166 a 154 134

Tak Fa 3 230 113 42a 110 b 115 100

Mean" 268 103 51 137 135 -

C.V. (%) 13.1 23.6 18.1 18.4 - -

No. of location” (1) (3) (1) (6) (11) -

Means within a column followed by a common letter are not significantly different by DMRT at 0.05
probability level.
Source: Modified from Sriboonruang et al. (2013) (2014) (2015) (2016)

Y Numbers in blanket are number of location % Average from PT ST RT and FT in 2013-2016
2 preliminary trial " Average from 32 varieties in PT
¥ Standard trial 13 varieties in ST
¥ Regional trial 8 varieties in RT
> Farm trial 6 varieties in FT

Table 2 Number of jassid and number of hairs on cotton leaf and leaf vein under non-systemic-
insecticide application (Nakhon Sawan Field Crops Research Center, 2019).

Variety Jassid ¥ Hair on leaf (No./cm?) Hair on leaf vein (No./cm?)
Tak Fa 8 0.28 701 581
Tak Fa 3 0.31 873 750
CV. (%) 13.9 14.7 11.9

YNumber of jassid/plant/time, average from 10 plants and 29 times surveyed throughout the season.
Source: Modified from Jankuea et al. (2019)

Table 3 Varietal disease reaction to leafroll disease by insect transmission in 2013-2014.

Variety Leafroll disease (%) Disease reaction"’
Tak Fa 8 0 Resistance
Tak Fa 3 6 Resistance
Deltapine smooth leaf 83 Susceptible

Y Disease reaction : 0 — 10 % Resistance, 11 — 40 % Moderately resistance, 41 — 100 % Susceptible
Source: Lapbanjob et al. (2007)

Table 4 Seed cotton yield (kg/rai) under nitrogen fertilizer application at Nakhon Sawan Field
Crops Research Center in 2017.

Fertilizer Variety (a)

(kg N-P,05-K,O/rai) (b) Tak Fa 8 Tak Fa 3 mean
0-8-8 205 203 204 ¢
4-8-8 201 256 229 c
8-8-8 264 302 283 b
12-8-8 330 344 337 a
16-8-8 326 314 320 a
mean 265 b 284 a

C.V. (Variety) = 6.19% C.V. (Fertilizer) = 11.96%, Variety = ns, Fertilizer = *, Variety x Fertilizer = ns
Means within a column followed by a common letter are not significantly different by DMRT at 0.05
probability level.
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Table 5 Seed cotton yield (kg/rai) under phosphate fertilizer application at Nakhon Sawan Field
Crops Research Center in 2017.

Fertilizer Variety (a)
(kg N-P205-Ko0/rai) (b) Tak Fa 8 Tak Fa 3 mean

8-0-8 270 257 264
8-4-8 277 295 286
8-8-8 241 283 262
8-12-8 249 252 250
8-16-8 268 252 260
mean 261 268

C.V. (Variety) = 31.49%, C.V. (Fertilizer) = 13.24%, Variety = ns, Fertilizer = ns, Variety x Fertilizer = ns
Means within a column followed by a common letter are not significantly different by DMRT at 0.05
probability level.

Table 6  Seed cotton yield (kg/rai) under potash fertilizer application at Nakhon Sawan Field
Crops Research Center in 2017.

Fertilizer Variety (a)
(kg N-P,05-K,O/rai) (b) Tak Fa 8 Tak Fa 3 mean

8-8-0 237 177 207
8-8-4 258 177 217
8-8-8 174 196 185
8-8-12 173 225 199
8-8-16 159 206 182
mean 200 196

C.V. (Variety) = 14.57%, C.V. (Fertilizer) = 25.43%, Variety = ns, Fertilizer = ns, Variety x Fertilizer = ns
Means within a column followed by a common letter are not significantly different by DMRT at 0.05
probability level.

Table 7 Value-cost ratio (VCR) under different nitrogen fertilizer application of cotton varieties Tak Fa 8
and Tak Fa 3 in Lopburi soil serie at Nakhon Sawan Field Crops Research Center in 2017.

Treatment yield cost of Increase income Income Increase cost VCR
(kg/rai) fertilizer (baht/rai) (baht/rai) (baht/rai)
(baht/rai)

Tak Fa 8

0-8-8 205 671 - 7,187 - -
4-8-8 201 787 116 7,037 -149 -1.3
8-8-8 264 903 232 9,240 2,053 8.9
12-8-8 330 1,019 348 11,555 4,368 12.6
16-8-8 326 1,135 464 11,424 4,237 9.1
TakFa 3

0-8-8 203 671 - 7,093 - -
4-8-8 256 787 116 8,960 1,867 16.1
8-8-8 302 903 232 10,565 3,472 15.0
12-8-8 344 1019 348 12,040 4,947 14.2
16-8-8 314 1,135 464 10,976 3,883 8.4

Fertilizer price : ammonium sulphate (21-0-0) = 29 baht/kg N, triple superphosphate (0-46-0) = 57 baht/kg
P,Os and Potassium chloride (0-0-60) = 27 baht/kg K;O. Yield price of seed cotton yield = 35 baht/kg
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Table 8  Value-cost ratio (VCR) under different phosphate fertilizer application of cotton varieties Tak

Fa 8 and Tak Fa 3 in Lopburi soil serie at Nakhon Sawan Field Crops Research Center in 2017.

Treatment yield cost of increase income income increase cost VCR
(kg/rai)  fertilizer (baht/rai) (baht/rai) (baht/rai)
(baht/rai)

Tak Fa8

8-0-8 270 451 - 13,520 - -
8-4-8 277 677 226 13,867 347 1.5
8-8-8 241 903 452 12,027 - 1,493 -33
8-12-8 249 1,129 678 12,427 - 1,093 - 1.6
8-16-8 268 1,355 904 13,413 - 107 -0.1
Tak Fa3

8-0-8 257 451 - 12,853 - -
8-4-8 295 677 226 14,773 1,920 8.5
8-8-8 283 903 452 14,133 1,280 2.8
8-12-8 252 1,129 678 12,613 - 240 -0.4
8-16-8 252 1,355 904 12,613 - 240 -0.3

Fertilizer price : ammonium sulphate (21-0-0) = 29 baht/kg N, triple superphosphate (0-46-0) = 57 baht/kg
P,0s and Potassium chloride (0-0-60) = 27 baht/kg K;O. Yield price of seed cotton yield = 35 baht/kg

Table 9 Value-cost ratio (VCR) under different potash fertilizer application of cotton varieties Tak Fa 8

and Tak Fa 3 in Lopburi soil serie at Nakhon Sawan Field Crops Research Center in 2017.

Treatment yield cost of increase income increase VCR

(kg/rai) fertilizer income (baht/rai) cost

(baht/rai) (baht/rai) (baht/rai)

Tak Fa 8
8-8-0 237 684 - 8,295 - -
8-8-4 258 794 109 9,030 735 6.7
8-8-8 174 903 219 6,090 - 2,205 -10.1
8-8-12 173 1,012 328 6,055 - 2,240 -6.8
8-8-16 159 1,122 437 5,565 - 2,730 -6.2
Tak Fa 3
8-8-0 177 684 - 6,195 - -
8-8-4 177 794 109 6,195 0 0.0
8-8-8 196 903 219 6,860 665 3.0
8-8-12 225 1,012 328 7,875 1,680 5.1
8-8-16 206 1,122 437 7,210 1,015 2.3

Fertilizer price : ammonium sulphate (21-0-0) = 29 baht/kg N, triple superphosphate (0-46-0) = 57 baht/kg
P,Os5 and Potassium chloride (0-0-60) = 27 baht/kg K;O. Yield price of seed cotton yield = 35 baht/kg
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Table 10 Seed cotton vyield (kg/rai) of Tak Fa 8 compared to Tak Fa 3 as affected by different

population rates in Lopburi soil serie at Nakhon Sawan Field Crops Research Center in

2017.

population yield (kg/rai) mean”’

(plants/rai) Tak Fa 8 Tak Fa 3 (population)
1,825 (1.75x0.50 m.) 199 135 184 b
2,133 (1.50x0.50 m.) 139 165 162 b
2,560 (1.25x0.50 m.) 164 215 182 b
3,200 (1.00x0.50 m.) 248 251 230 a

mean” (variety) 187 192

C.V. (variety) 19.95% C.V. (b) 21.48%

Means within a column followed by a common letter are not significantly different by DMRT at 0.05

probability level.

Y Average from 4 population rates namely, 1,825 (1.75x0.50 m.) 2,133 (1.50x0.50 m.) 2,560 (1.25x0.50 m.)
and 3,200 (1.00x0.50 m.)

? Average from 2 varieties namely, Tak Fa 8 and Tak Fa 3

Source: Modified from Kongtein et al. (2017)

Table 11 Farmers’ preferences for agronomic characteristics of Tak Fa 8 in 2016- 2017.

Percentage“
Agronomic characteristics Most Moderately  Not Preferred  No Response
Preferred Preferred
Plant type 56 39 5 -
Resistance to leafroll disease 75 25 0 -
Growth 67 30 3 -
Insect tolerance 78 22 0 -
Harvesting 86 14 0 -
Yield 33 67 0 -
Color of cotton fibers a7 a7 3 1

Y Data from 36 questionnaires at Nakhon Sawan, Chiang Mai, Loei and Mukdahan.
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Figure 1 Characteristics of Tak Fa 8 cotton variety.
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Figure 2 Training courses on Tak Fa 8, cotton production technology and fiber
processing, were implemented to cotton growers in northeastern community.

Figure 3 Training course on cotton and Indigo production were implemented to
promote the unique hand- woven fabrics in upper northeastern’s community.
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Figure 4 Various unique handicrafts made from the fiber of Tak Fa 8 variety.
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Abstract

The starch industry demands sweet potato with large storage root, white flesh,
smooth surface, dry matter (DM) at least 30% and yield at least 2,500 kg/rai. The sweet
potato cultivars are mainly cultivated for table consumption, low starch and high sugar
content. They are unsuitable for processing sweet potato starch. Phichit Agricultural
Research and Development Center has a sweet potato breeding program in 2011-2017.
Nine white flesh sweet potato varieties were selected as parent and crossed through
diallel cross obtained F1- hybrid from seventy-two parents. The clonal selection was
used to select F1 progenies for two times. Eleven selected clones were conducted for
preliminary yield trail. Seven chosen clones were planted two seasons for yield trail at
three locations, Phichit Agricultural Research and Development Center, Kanchanaburi
Agricultural Research and Development Center and Sisaket Horticultural Research Center.
The results revealed that PJ.54-0104-1 gave yield (3,830 kg/rai) and starch content
(20.8%) higher than the comparative varieties, PROC No.65-16 and Taiwan No.1 which
yield (2,580 and 2,770 kg/rai) and starch content (19.8 and 20.1%) as well as good storage
root formation and growth. Therefore, it was selected to test on farmer’s field in Phichit
province. The results found that the yield of PJ.54-0104-1 was 3,617 keg/rai higher than
local variety (2,676 kg/rai) or 35% higher than check. The starch content was 23.4%,
equivalent to flour 846 kg/rai higher than local variety (624 kg/rai) or 36% higher than
check. PJ. 54-0104-1 accepted by farmers and starch industry. Department of Agriculture
has certified variety and named “Phichit 2”7 in 2019.

Keywords: Sweet potato, pollination, clonal selection, yield trail, starch
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Figure 1 A flowchart of clonal selection operation
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2. MswSguliisulasnaaaunug
2.1 msm%‘ﬂmﬁsmﬁuﬁfl,ﬁaaﬁu (preliminary yield trail)
MeuNuNINaaeuudntuudanauysal (randomized complete block, RCB) fiutne

dnidon 11 anesu fWus PROC No.65-16 uarldviu No.1 WuiugiuFoudiou vh 4 41 Tned

Fnadudueu il
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- wieviouifusen 30 wuiung udvieuiudfeansinozilinusy n1 5 nfusioth
20 §n5 U 5 Ui Ugnuudusesdnuiu 1 Audenau wanag 20 iU 533 80 AusiauUad
- guashwisuiugdumelundadaglvideiniigns 13-13-21 8n51 30 Alansusiels
ooy 30 uaw 60 Tu desturndndsnsiumeldarsilngia Saa 20 faddnssoth 20 Aas
Sonwuisdwhaneiion Weengvdsgn 1 1Weu
- fiuiAsanananTiengrdsgn 120 Tu gusegiesduiloysiliunananianis 2 uan
n3enans Buduiuaseutas suduiuden 36 fuseutas ludlefidu 10.8 Msamns
- wWesidudbminuis Tnensehusiadume dwiinan 1 Alansu thlveufigumad
60 osrLealea utmiinasd
n1stuiindeya
- wandnsaw uasiledfidusitdmiinuia
nawaranud - U 2556 guiitouasiamnnisinunsiiang
2.2 masSeuiieuiugluaudides (vield trail)
UHUNINARDILUY RCB 4 91 9 n33u35 Tanedudmiden 7 aredu wWisuifisudy
PROC No.65-16 wazldniu No.1 TasTimsugnuasquainu wuwfaiuiunounauieudioy
stugidossy
n1svuiindeya
- wandnsan uasilefidusidmiinuia
naaranudl : I 2557-2558 AudiTeuariauInanunsiang qudidouay
WAINSINEATNIYIUYT Uazaudideiivaiuriasiny

2.3 mnageuiuglukUadnunsns (farm trail)

IUKLNITNARBIUUY RCB 2 61 2 n3538 Tdun anedunaaou 1 a1edu fe na.
54-0104-1 Ugnil3suileuifuiiuguesnumsng tnedisnisdniuau il

- Andeninwnsnaidisanlasants 3 e ag 115 Tufiudl 113 duuvsiuddie
Ugnatedunnaasusiununug inwasns wuadu 2 ulasgos ulasgovay 0.25 13
Hiiuiiugnveaey 0.50 l3sedn

- gnsesudasigniumea wavdgniumaiugnaaeuiasiuginunsnsiagldssozUan
FENINAY 30 WURAWAT T8I 100 LEUFLINT
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- quasnuduiugiumealudastnglidoniigns 13-13-21 §asn 30 Alansu/ls 15l
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wuluszezimndvhany wileunisiieuiisuiug

- fiunandntumedionny 120 Tundsgn Useiliunandnsiludodidy 10.8 a13ng
wns $11U 4 90 SwuFuAuied 36 dudeqn

- Wesidumintinuis Tnemsshuiadume dwiinan 1 Alanfu thleufigumad
60 osrLealya utniinasd
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n1svuiindesa
-~ wawan 1un nandnsu wazediusidminugs
- AR Uesidududs (starch) T3S naaeus1989 In house method
based on AOAC (2010) 920.44
nauazanIud : U 2559-2560 wlannensnssaniafiing wasinseinnedidus
wla o iU URnans (Ussmelny) anvndesing

HaN1IMARRILA I

n1sUTUUINUG

n1sugnAatieniug wudl Jumeagnuaudnisnszatenaiugnssulunsavenay
Aouinags Wy nanBnanumanszednuurvesdindinaundun: Avdessou Aine uardihady
v dilarlonunisnszarednuarideliden wazdadn nnsgndadonaed 1
annsadmdentd 131 a1ediu MngnuaNieiun 586 anesdu MntuwhnsUgndndonasd 2
fndeniugaminnsinisdmden Téfumafiiudndon s1um 11 aesu Tnevis 11 anedu 3
o Tneflesduszneuestandn il

HAKEN WUTT SumnAgnRaunaneuy TNanEndaLd 2,667-4.200 Alandusels anedy
73.06-11 Tnandngaan 4,200 Alansusiels Tuvaziianedu wa.0106-3 Tinandnsiian 2,667
Alansusiols (Table 1)

vy arwneih Sunmnaeduiikiunsdadendaniuniisire 3.60-7.50
wuRans luunefianuendia fous 10.2-17.4 lwufians (Table 1)

Wosidushmiinuis wuth dumagnuasynanesu Thuefduimintnuiaiaus 32.5-
37.5 aefu 2.0106-1 wag w2.0102-7 Tasidusitminuiiagean 37.5 lurnedianesiu wa,
06-11 uay w2.02-1 Wiosidusithminuiasian 32.5 (Table 1)

Table 1 Yield components of selected clones grown at Phichit Agricultural Research

and Development Center in 2012

Yield Tuber size (cm) Dry matter  Flesh
Clones

(kg/rai) Width Length (%) color
PJ.0106-1 3,733 5.80 16.3 37.5 white
PJ 0106-3 2,667 6.50 16.6 35.6 white
PJ 54-0106-1 2,700 3.60 11.0 34.8 white
PJ.54-0601-1 3,647 4.70 12.5 35.2 white
PJ.01-23 3,200 5.90 13.9 33.5 white
PJ.06-11 4,200 4.10 174 325 white
PJ.54-0602-1 3,800 5.20 10.2 33.5 white
PJ.02-1 3,167 7.50 13.9 32.5 white
PJ.0102-7 3,413 5.20 114 37.5 white
PJ.54-0104-1 3,200 5.00 12.6 34.2 white
PJ.54-0104-12 2,935 4.90 15.9 35.0 white
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ﬂﬂiLﬂ%ﬂULﬁﬂUﬁuﬁ:Lﬁaaﬁu (preliminary yield trail)

NAHARN WUT1 19.50-0104-1 Winawdn 2,014 Alandusials Andudliunndnadiuma
adAfuugiuTouiou 16wiu No.1 wag PROC NO 65-16 (Table 2) usfagluandnaini
wifimsaiyAulafifuasimsanhaiae HilRuSeu vneifudivioufsulimaunnvesio
(cracking) ¥fiinane wazasilyadiaue

Wedidudhuinuds nudh we.54-0106-1 Tesidusfdmdnuiis 32.6 luunnsnaiiu
ysaddfuiumasedud usniaiusiuTeuliiou PROC NO 65-16 uag liniu No.1 dau
NaWA nuIMT LAY WU Wa54-0100-1 I and aund s 657 Alansus'els
MniuglUSeuisunayaodi w9.06-11 #9.02-1 12.0102-7 Uay #9.0106-3 (Table 2)

naud aund i sdunus duidesidudunilnuds wasnand asay
1S suisuwusid oedu wud duiman naneduldive s ud
dhviinuslauanenstunisadd Sedudnenmmslinanamindnuiduusazaeiulusgiu
funanansan ulidn w.56-0104-1 TnanAnthaiinuies wiidnumslaasuniiaedudy
i fnssasmdagnlsis fnsashasiaue Fivunelug) woezuanseinsvedisalafalu
ansssuAsniaedudadondu 4 saufeiudiuTouiisu Tunmsdadenituguenainns
fasandnennnshinandauds sududesinnsandnvaziinanddulszneuseuiu

Table 2 Total yield, percentage of dry matter and total dry weight of sweet potato
planted for Preliminary yield trail at Phichit Agricultural Research and

Development Center in 2013

Clones/Varieties Total yield Dry matter Total dry weight
(kg/rai) (%) (kg/rai)
PJ.0106-1 1,337 de” 30.5 408
PJ.0102-7 2,596 ab 30.8 800
PJ.54-0601-1 1,257 de 34.8 437
PJ.54-0104-12 1,692  bcd 29.9 506
PJ.54-0104-1 2,014 a-d 32.6 657
PJ.06-11 2,626 ab 35.1 922
PJ.0106-3 2,398 abc 31.5 755
PJ.01-23 517 e 33.2 172
PJ.02-1 2,820 a 30.3 854
PJ.54-0602-1 1,050 de 36.1 379
PJ.54-0106-1 1,569 cd 37.7 592
PROC NO 65-16 (ck) 2,548 abc 33.8 861
Taiwan No.1 (ck) 2,617 ab 28.9 756
C.V. (%) 26.8 14.7

Y Mean in the same column followed by common letter are not significantly at 5% level by
DMRT
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nssTeumisunugluauddITen (vield trail)

sfumaiugnneaeuluusiazSmislinandniiuand1eiu nImaaey Homogeneity of
variances ¥asanuiiugnnnaey ¢aeis Bartlett’s test wansmmLAnA1aiy Felivhdinsed
ity fadunanismnaesiueninest il

U 2557 msUgnitiouliioudl guditouasiauinininuasians audidouasiauinis
NWATNIYIUYT wazAudITeNvaIuASazINY WUI1 W9.54-0104-1 TikandnsId 5.88 2.81
wag 1.20 dursls muaisu unnnseldunnatsegslidudiAgnisananu PROC NO 65-16
filviuanan 4.06 1.18 uay 2.22 dusiols muadu vausAvugliniu No.1 Tinawdn 534 1.53
wag 0.39 dusials mudiu (Table 3)

U 2558 myUgnivseuiiieulu 3 aanuil wuin wa.54-0104-1 Tinanansan 6.70 4.26
war 2.15 dusold audiu wnninegreitedidynieadisdu PROC NO 65-16 filinandn
5.20 1.08 uay 1.38 furols mud1du wazannnitesadved Aymnsadadu 1ty No.1
Tinandn 6.22 1.88 waz 1.28 Ausials Aua1au (Table 3)

MnmsUgnnadoutis 3 anmwdl @ 2557-2558) wud1 wa.54-0104-15uualdiulinandn
snniugidSeuisudevgnlundazantid wazlinandnaiwavelunn® Tnelinandn 3.8
dusiels gandnfugiuSeuiiiou PROC No.65-16 wagldniu No.1 filvinandn 2.58 uay 2.7
fusials

nawdnsfumnalunsazanuiivazlundasdianuunnseiuain denndestu Tsecaye
et al,, (2007) AruuUsusIuteNannAetestuiugnssuvesiumaludazaneiug Snia
Rerfestuanmuindoudsdsmassdusznoutessandn nandnduiusludwantuimdng
srinnsiAuiien wasvunaduriAudnasvosh yuzitsunuhefuifuiusiBaufutimiin
uazvunaduiugudnatswesia Tadendniisvinasdenandnumea Ao wiini S
Wstesiu wazdainsfiuie (Tsegaye et al., 2006)

Wafidudininuis

U 2557 msgnilieuniieuil quditouasimunninuasiidng audidouaziauinis
nwnsMaIuy3 wasgudideiivauedasny wuin dumeyniug Tesiduiiminuital
uanEafun19ada wa.54-0104-1 Tiiinofidusiuis 36.0 33.2 uar 33.3 Auddy
1NN PROC NO 65-16 wae Ty No.1 filiosidusihmiinuifasewing 28.5-32.1 uay
32.1-35.6 nulaneU (Table 4)

10T 2558 Sumemnitug Whdeddudbminuisiuandeiumaadfiuiu n1sUgni
AuiTonagiaInsneasians wudl w2.50-0104-1 Tiasifudiminuts 335 uann
fug PROC NO 65-16 wazviasndn léviu No.1 #ilvivesidusiimidnuia 31.3 uay 35.2
pdIiU drun1sugndl Audidonaziannmsinunsnyauy’ uazAudideivauaiasiny
o1 Tihminiuesiduduis 37.2 uay 35.8 audadu 11nnT1ug PROC NO 65-16 uas
v iu No.1 Ailvivefidusiainuiesening 29.3-32.1 uay 31.4-32.1 augdadu (Table 4)
Tne 19.50-0104-1 Wvesidusmbminuisaniitusivieudsuumunnaniuiivaaesd
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Table 3 Yield of storage root (ton/rai) planted for yield trail at Phichit Agricultural

Research and Development Center (PARDQ),

Kanchanaburi Agricultural

Research and Development Center (KARDC) and Sisaket Horticultural Research
Center (SHRC) in 2014-2015

Clones/ 2014 2015
- Average

Varieties PARDC KARDC SHRC PARDC KARDC SHRC
PJ.0106-1 459 bcd” 133 ¢ 1.10 de¥ 6.32 ab” 268 bcd” 1.82 abc” = 2.97
PJ.0106-3 526 abc 320 a 166 bcd 571 abc 3.67 abc 1.00 d 3.42
PJ.54-0104-1 588 a 281 a 1.20 cde 6.70 a 4.26 abc 2.15 a 3.83
PJ.54-0104-12 6.02 a 315 a 264 ab 629 ab 558 a 1.77 abc 4.24
PJ.0102-7 472 bcd 217 b 256 ab 555 abc 3.96 ab 1.24 cd 3.37
PJ.02-1 466 bcd 207 b 158 bcd 4.83 c 283 bcd  1.42 bcd 2.90
PJ.06-11 4.92 bc 287 a 160 bcd 6.56 a 271 bcd  1.53 ad 3.37
PROC No 65-16  4.46 cd 118 ¢ 222 abc 520 bc 1.08 de 1.38 bcd 2.58
Taiwan No.1 5.34 ab 1.53 ¢ 039 ef 6.22 ab 1.88 de 1.28 cd 2.77

CV. (%) 10.6 11.7 40.9 20.3 42.5 28.7

Y Mean in the same column followed by common letter are not significantly at 5% level by DMRT

Table 4 Percentage of dry matter (%) in sweet potato selected clones planted for yield
trail at Phichit Agricultural Research and Development Center (PARDQ),

Kanchanaburi Agricultural Research and Development Center (KARDC) and
Sisaket Horticultural Research Center (SHRC) in 2014-2015

Clones/ 2014 2015

Varieties PARDC  KARDC SHRC PARDC KARDC SHRC
PJ.0106-1 28.4 30.0 30.7 30.1 32.3 31.2
PJ.0106-3 21.3 31.1 29.4 32.1 31.2 33.6
PJ.54-0104-1 36.0 33.2 33.3 33.5 37.2 35.8
PJ.54-0104-12 27.9 29.3 34.3 29.3 27.4 31.6
PJ.0102-7 314 31.2 33.5 32.8 34.2 31.8
PJ.02-1 30.5 33.0 31.3 35.2 35.1 34.6
PJ.06-11 32.1 31.6 29.0 34.2 31.4 30.4
PROC NO 65-16 (ck) 32.1 28.5 29.1 31.3 29.3 32.1
Taiwan No.1 (ck) 35.6 32.1 32.1 35.2 31.4 33.4
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wWodigududs

mMsUgnitFeuiiiouil audidouasiannnanunsidng audideuasiamnnisinuns
NYauys wazAudidefivarumiasiny J 2558 wuln we.54-0104-1 Tilesidusuds 21.5
20.2 uag 20.8 MWy 1nnIugiUTsuisy PROC NO 65-16 filvidesidusiutl 21.0
19.0 48z 19.3 audu druiug iviiu No.1 Tiesidudull 20.0 19.2 waz 21.0 auddiv

(Table 5)

ann1sUg MU eulaun e 3 @aonudl wudi wa.54-0104-1 Tsf e s g ue wils

Tuirnauserduesidudindnuie lnelivesidududsgeniniugilseuiisulunnaaiud

waznnUlagliuesidudulla 20.8 gandniudiuSeudieu 1wy No.1 uag PROC No.65-16 7
TiUasidudutls 20.1 uag 19.8 (Table 5)

Table 5 Percentage of starch content of clones planted for yield trail at Phichit

Agricultural Research and Development Center (PARDC), Kanchanaburi

Agricultural Research and Development Center (KARDC) and Sisaket

Horticultural Research Center (SHRC) in 2015

Starch content ¥ (%)

Clones/Varieties Average
PARDC KARDC SHRC
PJ.0106-1 19.5 20.1 18.6 19.4
PJ.0106-3 17.0 18.1 171 17.4
PJ.54-0104-1 215 20.2 20.8 20.8
PJ.54-0104-12 18.6 18.4 19.2 18.7
PJ.0102-7 17.7 18.3 16.9 17.6
PJ.02-1 19.2 17.3 18.4 18.3
PJ.06-11 19.2 20.1 18.4 19.2
PROC NO 65-16 (ck) 21.0 19.0 19.3 19.8
Taiwan No.1 (ck) 20.0 19.2 21.0 20.1

Y Validation of AOAC (1990 and 2000)
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nsnegauNugluwUawNEnsNS (farm trail)

NaNAATI WU anedusumaihiluugnveaey Tinanansangeniniuginumsns lag
12.50-0104-1 IyinanAnsaiads 3,617 Alanfusiels gandwiuginunsns Alvinandnsm 2,676
Alansusials wseunninAadu 35 Wesidus (Table 6)

Table 6 Total yield of PJ.54-0104-1 on farm trail in Phichit province during 2016-2017

. Yield (kg/rai) Increasing yield
clone/variety " " Average
2016 2017 compared to check (%)
PJ.54-0104-1 3,484 3,751 3,617 35
Commercial (ck) 2,836 2,515 2,676 -

v Average yield at three locations

[%
[ v ¥ 6

WastFud U MmInwire wua1 we.54-0104-1 TUasigusuIndnui 34.9 sni1wus

q
(%

WNEAINT Nmdasiduduiiminuia 35.3 (Table 7)
Wostgudande wuan wa.54-0104-1 Tilasiduands 23.4 Aadunananuwiy 846
Alansusiols asniniudinuesns Alidesidudutasesasn 23.3 Anlunandautls 624 Alansu

sols Inglinandnulegenimiudinunsns Andu 36 wWesidud (Table 7)

Table 7 Percentage of dry matter and starch content of PJ.54-0104-1 planted on farm
trail in Phichit province during 2016-2017

, Dry matter ¥ Starch content Y% Increasing vyield of starch
clone/variety
(%) (%) (kg/rai)  compared to check (%)
PJ.54-0104-1 34.9 23.4 846 36
Commercial (ck) 35.3 233 624 -

¥ Validation of In house method based on AOAC (2010) 920.44
7 Average starch content at six locations

¥ Average dry matter at six locations
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nNsUTUUTIRUS I uwmaaeAusaY Ao Wa.54-0104-1 (NHANTENI1ANUET bl
I No.1 Aufusnia PROC OPS-101-R89-3) Tneiidnwairdsesiiug dall

anvaenguaans sunssluiuundn (lobed) dndrunana 31w 5 wan luundided
Auluddeuazidindngdlu luseudlesvudihsiiduluwaziadumds (green with purple
veins on upper surface) 3UN31¥8311 139nTEUBNET7 (long oblong) A7 (WAY Red-purple
63C) wavaiije (413 White NN155C) (Figure 2)

anvaENINITNEAs a1giuien 120 Ju Tinandn 3,617 Alansusels nandnuls
846 Alansusels wWasifudutl 23.4 waviasidusiinminui 34.9

S e e s s e R
L SV R i 2 5.

Figure 2 Characteristic of PJ.54-0104-1; leaf shape, lobe and storage root shape
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dyunanisnnaeg
nmsUTuUseug daus 9 2550-2560 Iddumadmsugaamnssuutl 1 aedu fe
NA. 54-0104-1 (gnuansevinafiugual liniu No.1 Auugyie PROC OPS-101-R89-3) tauave
fuseiu§annsnirnisinuns wagshunsfusesiug Wetuil 15 Awnew 2562 Ussaniiug
$uses uariasuduiugusesde sumanusiang 2 laofldnwazieiu 1dun 1) Tinandn
3,617 Alansusials unniniuginunsns 35 Wesdud 2) Wesdudula 23.4 Aadunandnul
846 Alansusials 1nnIiuGNURINT 36 WoslHud

nsilulduselewd

fumeiugiang 2 wangdmsuianlduselevilunisudnuasuusguilunandiuds
fislusundanan (floun uay utlsansy (starch) quidouagiaminanunsidnssani
Tsanuwtls usEnlnegdn i @www) Anvienuduldlidlunmsndadumadvivagnainnssu
uils uazvenenalviuinumsnsgnifumaiiegmannnssuutsdsdinisuanseseniugunnis
90,800 Han lUgHUTENBUNTINUIENYIAITN annin 310, USENanudeaavnIsy 311n
UATIIVAN wazUSENlned 9179 (Wvnu) 91U 34,000 ven (Figure 3) atuayuyeniug
Aelalasenis “srulaaseanugy fussavannde” Janingluiie 914791 25,000 8o
inwasnsTegosluiiufismindidng Avalan anssnns 9assd vays wasdunanys 1w
19,000 gBA MUILIIUTIVAT LYY mma'qLa‘%umsmwmazaawﬁu?ﬁaLLazﬁwuwﬁuﬁ'qq
(8IANITUMITU) F1UIU 10,500 8o anufinw Inerdeinuyasuazmaluladanssays auls
FIHUNITIY VATE938 911U 1,300 gan waznquinunsnswladngduine a.aman a.
uAsUgH 971191 1,000 gon

Figure 3 Harvesting and transporting sweet potato to the flour mill of Thai Wah Flour

Company Limited, Khanu Woralaksaburi District, Kamphaeng Phet Province
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Abstract

Prevention of pest via conventional sprayer was found to be inefficient. The aerosols
spraying from such a method miss the pest target more than 80%. The reason is that natural wind
is an important factor which caused the aerosol to the target or blowing the aerosol outside the
target. The efficiency of pest prevention decreased. Waste of chemicals, time and labor, resulting
in unnecessarily higher costs for farmers. To solve such problems, an air assist boom sprayer was
developed. The prototype uses the principle of the wind which helps to insert or hit the liquid
gjected from the nozzle into an aerosol of 80-90 micrometers. At the same time, the wind helps
to blow the aerosol into the target. This makes it more effective in preventing pests. The air assist
boom sprayer adopts the concept of generating wind power by operating the shaft to drive the

tractor through the gear reducer to send power to the fan. The fan can therefore generate the
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wind at speeds of up to 100 km/h. The wind tunnel is designed to have a working width of 6
meters, connected to a 34-horsepower tractor. Installed 11 nozzles with a distance of 50 cm.from
the test of the density of the droplets falling on the target area by spraying paint. It was found
that it can create aerosol with a density of 80.16 droplets/cm?, spray 21.3 rai/hour with efficiency
up to 95%, fuel consumption of only 0.40 liters/rai. When applied to the test for spraying to
control the fall armyworm in corn plots by using Emamectin benzoate 5% SG as recommended
by the Department of Agriculture at the rate of 30 ¢/ water 20 liters / rai and reducing the amount
of chemical to 20 percent or equal to 24 g /water 20 liters/rai. Compared with the conventional
spraying method of farmers which used 60 liters/rai of water, the results showed that the assist
boom sprayer was effective in controlling the fall army worm and can reduce the amount of
chemical by 20 percent from the recommended rate. The prototype also increased precision of
the droplets falling to the target area. Including the field efficiency of 20 times higher than the
conventional sprayer which can reduce the loss rate of pesticides outside the target area. In
addition, the prototype can be used to spray the nematode biocontrol to control fall armyworm
effectively. The prototype sprayer helps reducing the use of nematodes biocontrol product from
300 to 240 million unit/rai/time, the damage level of corn leaves did not show significantly
different from the chemical treatment after 4 sprays. When considering the break-even point in
using the new assist boom sprayer, it is 489 rai per year. There is also already one private sector
to bring the prototype to commercial production. Farmers can use the new assist boom sprayer
to get rid of thrips, rice leafroller in rice leaves and the brown planthopper in the rice fields. It
can also be used for soybeans, mung beans and sunflowers growth. Training has been given to
farmers covering an area of 3,000 rai, including 1,000 farmers.

Keyword: Air assist boom sprayer, pesticides, Insecticide, nematodes biocontrol, fall armyworm

in corn, corn
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Tudneaziurumioauiiondnidesnisduiaasuaznuiinuamuuszana 2-3 was wdulngnuasns
siludnafiganiduusnivesnafnmanunsilvauldeuss fusumunsdalaglis i
uenniineasnstnuuasludnvasfiduiusuruasdlududaas  Tnewudevdalummedu
Hrenazrnfiuuiuszana 5-6 wWes Mmawudsnanusiaeriuldis) udiimuanamuiuiassnnds
vasazessansann vhliszAvsamlunstinusunseinlnaaiegalifuiiiers Snfsszavsam
Tunsviutuegifuiinuzuasmddlavesiriudundn (Pojananuwong et at, 1997) Tunsdlinumsnsdng
aunuiaz Juirufinavinusiasanusuinveuasyiliusy A nnsviluadsiusiliannselnum
vuounseyinInmanegaitnueuauteuslunsisly  wagldludnlne  Fuihlilidaunsonuaunis
szunvemusunsimnaaneqald  eldumafiuUssavsamuazanduyunindn  Adsiinigi
wmeluladiedasdnsnavdalviunlfunyiBnsfy 9neuidedeg  TuSeunadanswuansnuina
Usznouiaan (boom sprayer) L‘fluqﬂﬂiaiwﬁqﬁﬁﬁﬂamwﬁ%ﬁmﬂ% esnannsadeaiuidawuas
dngiivnaeiin uasilemnudaonfogeiofiu (Nuyttens ef al, 2004a fainussnaudiiuiniasine
l¢ dagtuiinslduasdmmieludsemelneuds Tnodwlnaidunuidaiiszneuiidnussiuresvad
ogslsimuanmsdmavesitenuitmuihidndingn ddldeidesudlanateussms wu madenld
vhandilivinzan sianuniiiivnzausonisiuans Jemudnduogisdslunisesnuuuuasiaun
gUnsalafinillal usnanAuhdnfenanudmuiiimuindndnuiavilsiasianussgndldly
Uszindalny Ao awindauuuldauaie (air assist boom sprayer) %ﬁﬁﬂizﬁw%mwgmdﬂmuﬁﬁmLLUU‘ﬁ
nanan lesnaurieiifinslfussauaeianiazessandngnanunarlilulshlitussaninmgs
Tunstlesiumdndngiiusneg aunsamuaunisunsszuinvesdngitvlidueged (Taylor et al.1989)
Tnoauidauuuldussduaudie fmsléoiuissamafiunsnats wuihaunsolduiuanilumsiy

a13Uey uilsiAgenn (Figure 1)

Figurel Air assist boom sprayer
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Uszansnmnsldanstosiudngiinldlfgndrdnifisausinsinulunsveosansmiduasieddildlunig

Jostudngiivwiiiy  miafoeTesudiansatulflunsiaussuununsdunds Atesldansdn
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awmhlinsldastfasilsiduiiunsmaenifians dafunuideitadunuideiiaenndoatuuloue
vossgunaluzesvesnunsduviduaznsannisldans eansuyunisudn
gunsaluazdsnig
aunsal
saunsnResIUIA 34 Usesh InTewiunuuglusAauduluy a1siall TrdusildiFouslesguiuy
wanfasidonded infesiarmdiay sduams wimduna thifudemas
N3
1. PanUUULATWAILIATDIWULUUINIAaY
Anwsunisldussaute du ssuunisdeviu slavesiada maenau dofiuunsieg Tuniswy
GREUGERNVIRIY
2. nagaulszAvEnmvauaTesunuualuday uiseandu 3 tunay fedl
2.1 nogausunuuluiaufuRnsnuunsgiu ASAE standard S572.1
- Anwansiumuduugihresnsudnininnens anuBinumsad andnsinisli Table 1
Table 1 Comparison of water and decrease of chemical use (Concentration of solution used

according to DOA recommendation)

Process Water (liter) Chemical (g) ppm
DOA recommendation 60 30 25
DOA recommendation (20% decrease) 60 24 20
Air assist boom sprayer 20 30 75
Air assist boom sprayer (20% decrease) 20 24 60

- AnwsukuuNIEANEfvetareRdaTLiian seRNLUUSE B YN auluN SRR
nagaURUTIAALUUIA 2 Yu1n Hypro luiea F 110-02 uag Hypro Tuea F 110-04 Tu 2 suuuy

A 1 Y 3 o = o & 6 ¥ v 1 [ o A 1 a .
A Wumu%m%u%@mﬂﬁuﬁ%ﬂ’iﬂﬂ\‘i nalulvaunaglyisauyie yinsuaasy 3 ATHLNBNIALRAEY (Flgure 2)
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Figure 2 Spraying coverage zone and distance test of nozzle

2.2 ANWIANUNLILULYBIALDRIETT NTEIEEUIALRBNETANEAY Uasn15UAIYasATRRY
vuiufiuenidmvianede38 Colorimetric method

2.3, negsudunuuluulamnagey Hansnageunudsasiaiiuaziadusildifounss

2.3.1 nagsuMIWuFIgasall 7 enunsy 9.01n sEinadiou dquneu-denay 2563 19
LHUNSYIAZOULUY RCB 3117w 4 91 5 35 nasuisil 1 wudheiedosmiuuuuglusdon dam 20 Anssiols
Freansdudinfiu wulsen 5% SG 8ns1 30 ndusels Enwuzi) (Airboom 1) 351337 2 Wuse
\nSesviuuuUglindan 8nsn 20 Anssials sheansdunsindu tuulaien 5% SG 8ms1 24 n3usiols (anans
INSRTIULI 209%) (Airboomn 2) N55UA3T 3 WusemuFEauuuINEAsNS 8031 60 AnsAols Fea1sd
wndndiu lwulsen 5% SG 8n31 30 niusels Fnsuuzin) Boom 1) N55uAH 4 WumsA U IEaLUY
WNEATNS 8R51 60 ARseals mea1sduinAy wulaen 5% SG %51 24 nSusals (@RENTAINNTRTIwULI
20%) (Boom 2) uazns3ds7 5 vt 60 Ansals (nssuiBauny)

2.3.2 nagaunswudatasildifoulssaewusine 7 o aidilss 2.4l seriadeusunay
2563 — fiu1AN 2564 29LNUNSNARDILUU RCB 5 38 4 1 n5513591 1 nundnsausilddouros 240 &
et 60 anseels nISUAFA 2 NunAnSasldioulos 240 s 20 Aaseels (@andns1un)
N591A%7 3 WuansBwnGy wulsendesnsians 30 ndusols Ingldsnsni 60 anseols (Snsuuzyn)
551337 4 viuansBununiu wulsensesnsas 26 ndudels Tngldensiih 60 anseols (anansann
Sh9uuzth 20%) wawnsINIsT 5 wuth 60 Anseols (Bauay)
35015

Ugndnilnaseey 25x75 lwufluns luwlassunn 18x48 1uns seezseninaasgay 10 wns vinnis

Wuan NS eegnsunuamsinisussiiuanudemevedudninaainnisvinangveaviueunsyy
lneaneyn tnudunsiatu 3 lugen 210 4 waInane 9w 20 susiewdastey lrseRunsvitateny
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waaiwans 3 waz 7 Ju luudaznssuds wazdnanduesidudlegldgnsves Townsend-Heuberger
(1943)
3. N1FIATILANATEFAENS
MIdiAssimaasugaaniiemuimmealddglunisldnunazaadurulunisamuie

LASBIINTNANITHNEASTINITNUETUBAUNNTTLUINVBINUBUNS

ee

Jiinlne ielfiesvidosuiie
aLAzEaUi
sgppnadidiunig 2 T Guifeouswisu 2563 Auanifioudiuiau 2565
aaudifduns

- TsaUiRn1sndu3deimnTsundaiy an1duldeinunsimnssd nsudNITNERs UTEN Alum

N. Uasgus gnun Meauys 9 wlastalnavedneasnsludmiann uazgluvie
NaN1MAARILATITA]
1. N159BNUUULATHAIUILATEINLLUULIAAAL

Jadeiiinasrioniswuans Idud szovund szogUan whie dws1 e mnuiEivessaunsnines
Tnefifladendniiddny Ae ansssuud NdswaliAnmsienszanevesavensans Ualalauduity 1Annns
ANAUUAL quﬁaLLazﬁuLﬂﬁm (Planas et al, 1998) NaN15M3IABNAITNUIT N1sviusuulyglusAay
92ANNN1{9N5891891NANGITUVR (Davishvand and Brown,1997) auitadnaainglusdauazgenals
avoosaslugitimneldlnsnssuenanidueliaanimmannduveduiin arseongrsanuzalaulsly
Wulalaede (Taylor et al1989) nsideniinau (Figure 2) 91nn15@N®IUBY Davishvand and Brown
(1997) wuinauiifivszandnmdudeaiianuiaan 100 Alawmsded lus (27.7 wnsdedud) By
arunraviidsaudlulaulufivldffian annisgaude way anmsuaavesaroasanslunndnsuudiuiu
Fonnaunuy AM-630 E iUSunaiau 284-142 cmm. W33y 20-110 mmWe. AR1a5I50 2,500 50U
soundl eenuuvglsdanduuuUlRvuavi Ui Tiden (Figure 2) avadiaaininauifuidsen
manS1uIeidIwessaunInmes W1y e waz iesna fuvateveselusday Taviedlu flanzguue
Gukgudnansg 1 viefunn 2 9 iitelfausinumsuusiiang (Figure 3) onslfansoangmaiioan
nndaiauldegalivssansam neaeuiannuiianluiesfjiinng Aseumardiuemdmessn
uMINIes 540 SeUMBUNTl SeUITRsBU 2,400 SaUsENT ai1sauld 41-43 wnsdeunTt Fasweriy
ANudBInIsaNfinsoonUszaal 28 WRsHeIUT (Figure 4) douazenssaunsnines liazainlunis
vhawluwvasinlng meiivihnis widlgmlee wWasudorly Wudesngs @eensgeinmsdming
0 2562) defifio lsvaseuvessaunsnaesgatu annsduaziouvesitudvnrldomluuias uae
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MinANENAATENIEN YT AU YARluNAaNagNI9rNUNEYDITAUNTNIAGS AUKUULATBINULUY
lusAay fesanunsaenlvigelafa 180 Wwuiuns Buieaeiussezluns@anudnlnalussezneudaiin

AflAugavestIlnaUsEin 150 lwufiung (Figure 5)
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Figure 4 Air flow measurement test in laboratory

Figure 5 Prototype of Air assist boom sprayer
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2. wanmasaUUszAVSnMYs AT suLUUgTueda wiseanidu 3 Yumau Fail

2.1 nagaudukuuluiesUURANTT MuNRsgIU ASAE standard S572.1., Anwgukuuaiy
maauuuldisruaneiy Yinesinda naonau Tan1nuanige) Tuniswuansiad

Fonthdauuuita 3 vunn l8ud Hypro Tuwa F 110-02 @Ewides), Hypro Tuwa F 110-03 @i
J) uay Hypro Tuwa F 110-04 (Bun9) (Figure 5) imnusuvostud 3 u1s wa 5 1§ uwavnnaeusng
n1sannuYeiianluiasluRng (Fisure 5)

HANIINAFBUNUIONIINIa1nHIRA Hypro luwea F 110-04 (Funs), Hypro luaa F 110-03
(@13) uay Hypro Taima F 110-02 (Fwides) Aiuseiu 3 1§ dnsmsluaiads 1,000, 800 way 580
ua. AoUNT dau Tiusesu 5 Unsilsnsinisivaiade 1,800 1,250 waz 980 wa. feunil idenwadn Hypro
Tuiea F 110-02 @widies) usadu 3 vnddmsuiedesiunuuglusday (Sasviu 20 Anssels) uaz 83
YoununInsliidn Hypro laaa F 110-04 (Fuad) useiu 5 13 8anu 40-60 anseials (dausasn
wsnaesiies 3 low, 1.4 m/s)

2.2 ANWIANUNLILULYDIALDRIETT N1TEYITBVRIAZRRIETANEAL WazN1TURIVRIAZRRY
vuufivenimunedae3s Colorimetric methon

2.2 ANYIAMUNUILUUYDIALBDIAT N1TEYLHEVIIATDRIETANEAY LaTN1TURIYa9aTRDY
vuufivenidmunedae38 Colorimetric method

i3esiunuuglusday $ns1 20 Ans/l3 Tmnuvunuuvearessasgeanil 80.16 azooy/wa?
unniwaruanasegadfdduiunisnudeauiidauuuinunsnsdas 60 dasdelsdalavensans
57.25 aveny/au? 33n1snuasinanesiuiuazessasuui uidivang msvuasidussansam
A99N1982099a1508 19Uy 20-30 aroay/au? d1miun1sUesdumdniual LasiaNvnauen axoodans
30-40 a¥eay/au® dmsuirionasson uaz 50-70 azeay/au.? dwmsunislosiuiidnlsaiy (Ebert et
al, 1999) @numsanydeve9areedanTatdiuaINNITNUMEAIUINEALULINYATNTENTY 60 ns/ls &
Anadugeanil 2.3¢ lulasn3u/aa? mnniuasuansnsegsiifodfgyeaiiaduisnsmiussiniomiu
wuuglusdaudng 20 An/ls Afinnsandevesarensasasgiuaie 1.50 lulasniu/su? venani
iwesunuuglusdaunswuanduvumiodmng vilvavessansgnitnannduuuasgaimuaisny
nsUAmesazessasuuiuiivenidwanefianmnsansa eldlnadigevinsanuuiniufios 3 wes sl
LANANDINAITNUAILANUTIRALUULNEATNT

2.3 HaveINIVadBULATaiLgludakluLUamaday

231 wamsageuUszansnmlunistesfuidanusunseidialnaatsqgail  sananwuwss

AN Aren1sNUABE1TDUNENAY wulwan 5% SG
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NnmsasIatudinnumueunsyydnTneansgaieuriuasny  0.80-1.27 dhsedu  leviuge
esuLUUglINAaNTIS AT @ ILA Uz (Aiboom 1)  uwazanUSinamsanduuzihas 20
Wasiius (Airboom 2) wuindusgansamlunistdestuidavueunseyitnlnaaiegaldifieusindunis
Wussm U EsvesnunInITTSATIEsILAwEL (Boom 1) warilussdnSandininegediteddy
yaadslalisufumswuseauhanue ununsnsiianyTinaamsanduuziiag 20 Wesidud (Boom

) Tnsnainmsniuansndsd 3 vdsiuans 7 5u nunueunseyfinlnaaiegn 0.003-0.69 fsesiu s

o

N Airboom 1 wag Airboom 2 wumamﬁ 0.003 @maau lwAnA9AUNISNEIS Boom 1 Ainu 0.01 ¢

a

fafu uAtaenIlaruaNANNadaiuIsn1siu Boom 2 inunueunszyidnilnaaieyn 0.09 fmsedy

ynnssAs U snuLeunsztlneaegn  tesniuazunnsrsegnsiiuddnyiuisliviuansiiny
0.69 fsiediu (Table 2)

definsanedudanudemevedudnlng wudtnswuge Aiboom 1, Aiboom 2 wag
Boom 1 wusziuANuAEevestuininandmuasadadt 3 fauads 9.00-9.99% tesnituazuansis
og1ailifudAnyiuAs Boom 2 finuriads 29.88 % nnisnusziumEBeveduininatesniuay
uansisesiiddilenssouiitsuiuislviuasiinudiadvegsewing 50.67% (Table 3)

3. NAATIINUATEFANERNS

¥

wduyulumsldnundosmiuasuuuglusday agl 489 15/ wedrmiuanslusimlsas 60 v
Tnedervesdomuuuuglusdasludunmsufifnu delviazessasiinuaiianomnnninnismiuain
audanuuiiunn uenaninisildsnsnuiivesninilianunsaufoinuniuansidsngind
desnanusaansiuuaislunisuay wasnnfivans mufadedeulutinanhludmuansiivinfy
iwSosmiufieenuuuausawulduinnndne 2 wih

Tudunsanmansznudedwindey Tsannsudweszessasueniuiidinang wagainns
wuansinninidisannislanldesfimasueunouenludiiinansounsames  dunistian
nsldnsnenns drwannislininensiiireutaiisianareiiuivessemalne Tneniswulussuuh
tevtrwannislii-lumsnuansléinnnit 60%  saenrunsvhnuiinafinhidddutelunsanns
Thifudomasnnsaunsawesldinnn1 30%  ludumstisansunsevesiufofau Suauads
1ummamLLavmsLﬁmmiaﬂuﬁMums&ﬁaaﬂdwLﬁaLﬁﬂuﬁ’umi‘w'uquﬁﬂmﬂuﬁuﬁﬂﬁﬂ’amuﬁwhﬁ“u

Frfunsviuwuuintesisdanudsaifuicinuuuiioumaaiinnfnssudindniitesnidnds
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Table 2. Mean number of larvae per plant when applied with emamectin benzoate 5% SG for
controlling fall armyworm with different spray application techniques at Poppha district, Tak

Province, Thailand

Spray Insecticide Number of larvae per plant

Treatment Before  Day after the 1% Day after the 2" Day after the 3™
volume usage

Spraying spraying spraying spraying

(liter/rai) (g/rai)
s 3 days 7 days 3 days 7 days 3 days 7 days

Airboom 1 20 30 097b 0.08 a 0.20 a 0.04 a 0.13 a 0.04a 0.003a
Airboom 2 20 24 1.27 ¢ 0.46 b 0.22 a 0.07 a 0.17 a 0.05a 0.003a
Boom 1 60 30 1.26 ¢ 0.58 bc 0.24 a 0.12 a 0.18 a 0.09 a 0.01 a
Boom 2 60 24 1.15¢ 0.70 c 0.35a 0.26 bc 0.21 a 0.15a 0.09b
Control 0.80 a 097d 1.03b 1.00b 038b 085b 0.69 c
CV (%) 7.30 15.04 27.27 37.42 20.45 58.94 23.37
RE 28.5 29.7 41.5 39.8

Y giadeinnusiesnusiiouduluanusiifeitu ldusnsameadffissiuanudesiu 95% Jins1eilagls DMRT
Table 3. Percent of leaf damage when applied with emamectin benzoate 5% SG for controlling
fall armyworm with different spray application techniques at Poppha district, Tak Province,

Thailand

. Percent of leaf damage (%)Y
spray  Insecticide

Treatment Before  Day after the 1% Day after the 2 Day after the 3™
volume usage . . .
Spraying spraying spraying spraying

(liter/rai) i
(g/rai) 3 days 7days 3days 7days 3 days Tdays

Airboom 1 20 30 54.09a 5553a 30.15a 2277a 1341a 1044a 9.27 a
Airboom 2 20 24 52714a 52.02a 4392b 3393b 2223b 1845a 9.99 a
Boom 1 60 30 6093b 59.85Db 46.08b 3546b 2655b 16.20a 9.00 a
Boom 2 60 24 56.07a 5751a 4347b 3411b 4374c 3636b 2988b
Control 5338a 5832a 66.15c 7065c 68.04d 67.14c 50.67 ¢
CV (%) 7.90 6.14 7.38 13.27 12.05 13.98 15.34

RE 38.4 30.8 42.1 39.5

Y amdsimusiednusinisuiuluaaudinedtu ldwanenamisadinseauninudetiv 95% InsieilaedS DMRT

2.3.2 wan1svagaunuiinaildinaurssaeuginglunistlasiunuaunseidlnaaisyn

a a IS v Y A =) I v 4 U o o A
PMNNsNAAUUTEENS NN 9Tl EReur e L‘UﬁEJ‘ULV]EJUﬂUﬂ’]{L“Uﬁ’ﬁ{j@QﬂUﬂ']"UWLLﬂJa\‘iﬁmg‘W“U

HansUsEusEAuALdsevasludnlnanmMsiaevemueunseyiIlneagnlunlamasey
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Table 4 The degree of corn leaf damage from the infestation of the fall armyworms in the efficacy
test plots of commercial nematode biocontrol products. Comparison with chemical insecticides
by sprayers using air assist boom sprayer at Sisamrong Sukhothai during December2020-March

2021.

Percent of leaf damage (%)Y
Before Day after the 15t Day after the 2™ Day after the 3™ Day after the 4t
Treatment X X . X
Spraying spraying spraying spraying spraying
3 days T days 3 days 7 days 3 days T days 3 days 7 days
Airboom 1 | 57.82 25.15 ne3a? | 2331a 11.89 a 17.89 a 1893 a 11.69 a 10.46
Airboom 2 | 49.80 29.29 19.28 a 2684 a 17.64 be 16.22a 11.67a 1382a 6.80 a
Boom 1 53.98 4291 39.73 be 2787 a 26.89 b 11.66 a 7.44 2 671a 631a
Boom 2 51.53 43,78 3551 b 20.29 a 18.57 bc 11.29 a 6.96 a 3.80 a 4.89 a
Control 51.91 48.04 49.61 c 42.02 b 44.82 c 41.88 b 3595 b 3517 Db 34.02 b
QV. (%) 8.09 34.20 24.25 27.06 36.91 61.93 49.70 51.49 44.35
aquNan1INAaas

N1sNUAIELATBINURlINARNENTT 20 Ane/lS WisufisuiunIsiuAIgAIUTIEAYa N EATNS

LY a

9051 60 8n3/13 wudrdianunuwiuvedareesasaEn lnelinnsgayduasiuntesnituaziinisuiag
funuendmungliuanA1991NNITHLAIEAUINEATE1NEATNT kaLIINNISANIUTEANSAINVDLATEY
Wukuuglusdandnsiun 20 §05/l3 AuAUTIEnveLnunInsNensIul 60 dns/ls fae Emamectin

benzoate 5% SG 951d15M1UALULUIVDINTUIBINITAEATA 30 ASUFDlTwazanUSuIMa159IN
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Figure 6 Air assist boom sprayer working in paddy field

Figure 7 Air assist boom sprayer working in soybean field
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Figure 8 Air assist boom sprayer working in mung bean field

Figure 10 Giving a demonstration to farmers facing a problem with fall armyworm

T i T s i v e e G

Figure 11 Dissemination via printed media
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ISO/IEC 17025: 2017 Seed Quality Testing Laboratory Request of

Chiang Mai Seed Research and Development Center
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UFuRms IiFusdsuammieniiovedumsiusesmusnnsgi ISO/EC 17025: 2017 Tl w.a
2561 Tnesudunmseeuanundouludiusing 9 sgrseriesnuldfunssusenuaunsaves
WosUURNIINAAOUIINNDIUTMIHALTUTDMBIURURNT (US.) NSINIAIEnIuINIs Nsesns
M3gaNAnw Ineenans 3o uaruinnssu Wletui 9 fqueu 2564 FelveuieTimaaeunlazy
n93Use4 ISO/IEC 17025: 2017 5711 9 WY UsznaufensnadoUANLUTaVENeNIEnIm 3
yiawdniug wazn1sneadeunieen 6 slaudniug Tudnlauussunn 2562-2564 ioq
U URANIT ié’msmam%’mm@mmwmé‘ﬂﬁuﬁ:ﬁzﬁu 7,382 fhegns S1unufszneumsiivesu
U3mslullautseanm 2564 S9nudiivturnnteulszanm 2561 Sevay 90.91 eufiswelaves
i nmandsandivesufiinige ldunsiuseaudn Tullauussana 2562-2564 winfufesas
89.40 89.60 uay 90.40 AUAWU uaﬂmﬂﬁﬁﬂizﬂaumsmmﬁaﬁﬂu%’mammm‘wL@Jﬁmﬂ’uiﬁﬁ
AT3UTOIMTFIUISO/IEC 17025: 2017 TUlHUsznounsdseendudludmingssUssma il
asweuiulalffudie Wunsduaduuasatuayugpamnssumdeiusvessna
AEATY: AuNEATTUS 1NATTILEINE ANLUIAVENIINIEAM ALEN

ABSTRACT
Seed quality testing laboratory, Chiang Mai seed research and development
center has a mission to provide seed quality testing services according to the standards

of the International Seed Testing Association (ISTA). The service covers all types of crops,

1 fa o v [ v €A = 1 o [ [ v a 1
fﬂ‘LlEJ’JQEJLLﬂ%WWU’]LNﬁ@WUﬁqW‘UL%ENIVI&J DIUNDAUNTY T’NWJ@L‘UENIVIN 50290
! Chiang Mai Seed Research and Development Center, San Sai District, Chiang Mai Province 50290
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including field crops, vegetables, and flower seeds. The laboratory began service in fiscal
year 2018 to the Chiang Mai Field Crops Research Center and the Chiang Mai Seed
Research and Development Center and has opened services to other government
agencies such as the Department of Land Development, plant checkpoint, agricultural
Inspector, research, or general services, and private agencies in fiscal year 2019 onwards.
The Laboratory has begun preparing for certification in accordance with ISO/IEC 17025:
2017 in 2018 by continuing to prepare in various fields until it received accreditation as
a testing laboratory from the Division of Laboratory Accreditation and Administration,
Department of Science Service, Ministry of Higher Education, Science, Research and
Innovation on June 9, 2021. The scope of the ISO/IEC 17025: 2017 accredited test
methods includes 9 scopes, comprising physical purity tests for 3 types of seeds and
germination tests for 6 types of seeds. During fiscal years 2019-2021, the laboratory
tested a total of 7,382 samples for seed quality. In fiscal year 2021, the number of
entrepreneurs requesting services increased by 90.91 percent over fiscal year 2018.
Customer satisfaction after the laboratory has been certified was 89.40, 89.60, and 90.40
in fiscal years 2019-2021, respectively. Moreover, entrepreneurs can also use the seed
quality certificate with the ISO/IEC 17025: 2017 seal to export products for international
sale. Its goal is to increase customer confidence while also promoting and supporting
the country's seed industry.

Keywords: seed quality, international standard, physical purity, germination
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Table 1 Scope of certified test methods in accordance with ISO/IEC 17025: 2017

Test method

Type of seed tested

Physical purity test

Germination test

Corn seeds
Kale and cabbage seeds

Cucumber and long cucumber seeds

Corn seeds

Kale and cabbage seeds

Cucumber and long cucumber seeds
Chili seeds

Coriander seeds

Marigold seeds

Table 2 Number of seed quality testing samples in fiscal years 2019-2021 classified by

type of agency requested

Type of agency requested

Fiscal year 2019

Fiscal year 2020 Fiscal year 2021

Action plan
Total number of samples
Government customers
- Department of Land
Development
- Plant checkpoint
- Agricultural inspector

- Research and general
service

Private company customers
- General service

- Export

2,150 2,000 1,000
2,852 2,199 2,331
298 31 37

- - 113
- 2 43
2,452 1,910 1,855
102 256 279
- - 4

Table 3 Number of seed quality tes

the purpose of the request

ting samples in fiscal years 2018-2021 classified by

Fiscal year
Purpose of the request
2018 2019 2020 2021
1. For domestic trade and export 3 400 289 476
2. For research by agencies under the
1,075 2,132 1,338 1,316
Department of Agriculture
3. For additional advantages 324 320 572 539
Total 1,402 2,852 2,199 2,331
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Figure 1 The responsible members of Chiang Mai Seed Research and Development Center
attended an online preliminary assessment of the seed quality testing laboratory
conducted by Laboratory Accreditation and Administration Division on October 15, 2020.

Figure 2 The seed quality testing laboratory was assessed by the Laboratory Accreditation
and Administration Division, Department of Science Service. Ministry of Higher Education,

Science, Research and Innovation
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Ref No. : 0303/8046

CERTIFICATE OF TESTING LABORATORY ACCREDITATION

This is to certify that

Seed Quality Laboratory, Chiang Mai Seed Research and Development Center
80 Moo 12, Tambon Nong Han, Amphoe San Sai,

Changwat Chiang-Mai 50290

o 5 -

p : Y
has successfully mdergoﬁe assessment \according to 1SO/IEC 17025 : 2017

and under the Bureau q:f.-:‘Laboratory Ac&reddahon Department of Science Service

for the requirements, régﬂl;tions and criteria for the competence “of testing laboratories

Accreditation Number TESTING - 0253

The sc;:ipe\ of accreditation is as annexed hereto

Issue date  : 9" June 2021
Expired date : 8" June 2025
Signature
(Mrs. Pochaman Tagheen)
Director of Bureau of Laboratory Accreditation

Bureau of Laboratory Accreditation, Department of Science Service,
Ministry of Higher Education, Science, Research and Innovation

Figure 3 Certificate of testing laboratory accreditation of Chiang Mai seed quality testing

laboratory
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Figure 4 ISO/IEC 17025: 2017 accredited test methods: physical purity test (A) and

germination test (B)

[ Sampling/ sample receive

~

[ Moisture test

~

1-2 day

~

ﬁ‘[ Register ]

1 day

L Sample dividing

[ Seed quality testing ]

1-2 day

|

{ Retained for traceability ]

[ Issuing test report

~

Not more than 20 working days,
depending on the type of plant

P!

[ Purity test ]

1 day

Figure 5 Flow chart and timeline of seed quality testing process

{ Germination test ]
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