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Conference Background
The 2" Suan Sunandha National and International Academic
Conference on Science and Technology (SsSci2019)
“Science, Technology and Innovation for Sustainable Development”

©

The 2" Suan Sunandha National and International Academic Conference on Science and

Technology, entitled "Science, Technology and Innovation for Sustainable Development" is the
prestigious event organizes by Faculty of Science and Technology, SSRU, to provide an excellent
platform for the national and international academicians, researchers, industrial participants and
students to share their findings and establish collaborations with each other’s and experts. The
conference will be held in Bangkok, Thailand on 8" November 2019.

The key intention of this conference is to provide opportunity for the national and
international participants to share their ideas and experiences. In addition this conference will help
the delegates and participants to establish research or business relations and future collaborations
in their career path nationally and internationally. We hope the outcome will lead the major impact
on updating the knowledge and research base scopes of conference’s eight major topics.

This Conference is sponsored and organized by Faculty of Science and Technology, Suan
Sunandha Rajabhat University. The conference would offer a large number of invited lectures and
presentations from distinguished speakers. The best paper awards will be given for the papers judged
to make the most significant contribution to the conference.

This conference provides respectable platform and decent opportunity for participants to
exchange knowledge, share experiences and develop connections with faculty members,
researchers from academia, industry, government and students. The conference includes eight major
research areas:

1. Computer Science and Information Technology

. Mathematics and Statistics
. Physics and Energy

. Chemistry and Forensic Science

. Environmental Science and Technology

2

3

il

5. Biology, Biotechnology, and Microbiology

6

7. Food Science and Technology, and Home Economics
8

. Sports and Health Science
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WRANNTIN wasHauayu
Conference Co-hosts and Supporters

o

diinanuaugnIINNINITEANAnK

Office of the Higher Education Commission

A11NUAMENTTUNTITEUAIYA
National Research council of Thailand

Faculty of Science

University of Hradec Kralove (Czech Republic)

—

Okayama University (Japan)

OKAYAMA

UNIVERSITY

Ho Chi Minh City Open University

(Vietnam)
Kazan Federal University (g Kazan Federal
(Russian Federation) UNIVERSITY
Chia Nan University of Pharmacy and Science [ ﬁ?
(Taiwan) ”‘@;);{&“‘

WIME§e v el ﬁ ( \

Chiang Mai Rajabhat University

Facutty of Sclence and Technciogy
‘Ching Mai Rasbhat Universiy

U INGIRETIVI)UATATTITUIY
Nakhon Si Thammarat Rajabhat University

W IngdesvAna1Ue
Lampang Rajabhat University

UM AINYITYTIVAUMETAY
Rajabhat Mahasarakham University

U INENFEVANaNaUAT
Sakonnakhon Rajabhat University

WIS TvAgasuns
Surindra Rajabhat University

WNIMERE YA AyaaIRsI
Pibulsongkram Rajabhat University
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WRANNTIN wasHauayu

Conference Co-hosts and Supporters

UININYIRUTIVH VNGRS
Thepsatri Rajabhat University

IR TV UATIYEN
Nakhonratchasima Rajabhat University

NAKHON RATCHASIMA RAJABHAT UNIVERSITY

o o o o L
UMINGIFETNWAYNYTYT e
Phetchaburi Rajabhat University A
uStm anlafia i ¥38ad (Usemnelne) S1dm analytikjena
Analytik Jena Far East (Thailand) Ltd. A Endress tHauser Company
V3o Salawunes ain sf HISTOCENTER
Histocenter Co,.Ltd (Thailand) o -
U3En Ansnauedle@ioa 91n SITHIPORN),

Sithiphorn Associates Co.,Ltd. associates

US9n 1w leeud I1in

Vana Science Co.,Ltd. IANA
SCIENCE
Ut glufin wouunda wouvi loudiile3e u AE
AoutaLAWY 7R
UNITED ANALYS' NEE!

CONSULTANT ¢ NY LIMITED

United Analyst and Engineering Consultant Co., Ltd.

USE¥ wasa 31179 MERCK

Merck Ltd.
IS
U 9o da im SCI
Scispec Co., Ltd. SPGC

- o2 P )
VTN INBDINU LBALNBT 91NA '
PerkinElmer Co., Ltd. PerkinElmer’

For the Better
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Conference Committee

ngupsuiamesuazmalulagasauma
1 999ans19N38 ANes 189
Assoc. Prof. Dr. Phayung Meesad
2 fHemans1nsd asuudies Saudsaeddl
Asst. Prof. Dr. Montean Rattanasiriwongwut
3 59IENENS1A138 ATNSOR WRAlanIng
Assoc. Prof. Dr. Ponrudee Netisopakul
4 gemansnnsdydind walyniiad
Asst. Prof. Dr. Chutipuk Kemwimoottiwong
5 feemans1sd ns.suty Jusy
Asst. Prof. Dr. Ronnachai Chuentawat
6 813 ATUNAR FIATIEN
Dr. Noppadon Phumeechaya
7 fHemansnsd asiIng deus
Assist. Prof. Dr. Pijittra Jomsri
nguAtinAENS a6A
1 509mans19158 ag.aglud durad
Assoc.Prof. Dr. Chartchai Leenawong
2 fwmansasd ns3lsod fndy
Asst. Prof. Dr. Wirot Tikjha
3 {PeMans1nsed sy &
Asst. Prof. Dr. Boorapa Singha
4 fehemans1ansd as.uny Tunsege
Asst. Prof. Dr. Bongkoch Nimtrakul
5 APemansnsd avung lafius
Asst. Prof. Dr. Nop Sopipan
neaidnd wisay
1 femans1ansd as.ugui aided
Asst. Prof. Dr. Naruebodee Srisang
2 {Hemans1sd AsuITIM Nol
Asst. Prof. Dr. Navavan Thongmee
3 919138 A5, By Jndad
Dr. Chanade Wichasilp
4 138 as.unsal USnysae
Dr.Pakorn Preechaburana
5 {Yiemansansd asduniend AeAdynad
Asst. Prof. Dr. Kanthapat Kitti-atchawan
6 HUIEAMansI9138 ASluNgiY a1usil
Asst. Prof. Dr. Kheamrutai Thamaphat
7 593ER319138 AR 915U
Assoc. Prof. Dr. Narong Sangwaranatee
8 39INANI19138 N385 BVSWIY

Assoc. Prof. Dr. Ammara Ittipongse
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King Mongkut’s University of Technology North Bangkok

UMINEENALLLAENTLIBUNANTEUATIATD

King Mongkut’s University of Technology North Bangkok

andumalulagnsyasundninaummisainn szl
King Mongkut's Institute of Technology Ladkrabang
IR VATl

Chiang Mai Rajabhat University
IR T BAUATINFEN

Nakhon Ratchasima Rajabhat University

N IMeNdu A UATUTY

Nakhon Pathom Rajabhat University

U INede v auEum

Suan Sunandha Rajabhat University

anfumalulagnszaeuindninaummsaiansy e
King Mongkut's Institute of Technology Ladkrabang
wnIeayNvAyaaIasm

Pibulsongkram Rajabhat University
UAIMIAE BN Te sl

Chiang Mai Rajabhat University
WAINNRETVAYNARS

Thepsatri Rajabhat University
WINNFETVAUATIIVENN

Nakhon Ratchasima Rajabhat University

andumnalulagnsyasunaninauviisainn szl
King Mongkut's Institute of Technology Ladkrabang
W IngnaeNua)iyadnTIl

Pibulsongkram Rajabhat University

IR BTt

Chiang Mai Rajabhat University
WNINeFEsTIUAERNS

Thammasat University

UINNRYTIVAWERT

Thepsatri Rajabhat University
wninendemalulagnszaounasuys

King Mongkut’s University of Technology Thonburi
WIS UAY UM

Suan Sunandha Rajabhat University
WISV UM

Suan Sunandha Rajabhat University
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FNARTINNTE WARNTIIMINT AT WS Auaou
Prof. Pol .Maj. Gen. Patchara Sinloyma
F9IANANTIA15E WU TINeN 1559 Fvyaelve
Assoc. Prof. Pol. Col. Witchuvanit Witchuvanit
HY8mMans19138 As.3ANTI Junzudl

Asst. Prof. Dr. Rapiphun Janmanee
HYI8AMans19138.03.818513 Nowniey

Asst. Prof. Dr. Saithan Thongphrom
HY8mMans19138 A3, @3198 auuy

Asst. Prof. Dr. Sarawut Somnam
HYemans1sd as.daddn qud1sey

Asst. Prof. Dr. Wallika Suksomran
fnmans1anss as.suIng wWasinan

Asst. Prof. Dr. Thanakorn Pluangklang
feemansnansd asadan seuatan

Asst. Prof. Dr. Wanida Wonsawat

919158 A% WaBENIIY logniin

Dr. Ploysai Ohama
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10

11

12

13

14

15

399A1EART1A3Y A5 U3 Fuifinad

Assoc. Prof. Dr. Kooranee Tuitemwong
39INEANT19158 A3.5YAMU 3TN

Assoc. Prof. Dr. Touchkanin Jongjitvimol
HYI8AanI19138 A5.30A3U fauas

Asst. Prof. Dr. Chisiri Konkong
HY18Mans1n3d as.nvlinn gaum’

Asst. Prof. Dr. Kotchanipha Udomthawee
Heerans19158 ns.nqual Tunes

Asst. Prof. Dr. Krit Pinthong
feemansnasd as.Anddng lufinevioised
Asst. Prof. Dr. Kittisak Chotikadachanarong
919138 s.nANa dlgiey

Dr.Pakkakul Sangsuriya

HYI8AanT138 Asiieuie Pius

Asst. Prof. Dr. Thiamhathai Choopan
919138 A3.l05INg Shulsavined

Dr.Triwit Rattanarojpong

HYIA1AnT19138 A, DUTHUS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
HHI8AanI19138 A.Aunu ngyatinug
Asst. Prof. Dr. Chantana Kankamol
;:I‘zhamam%nsé 75.08¥A" 91918N5NNT
Asst. Prof. Dr. Piyada Achayuthakan
919198 03 Jun Wugity

Dr.Wattana Panphut

Dr. Mohammad Bagher Javadi Nobandegani

Dr. Ha Thanh Dong
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Royal Police Cadet Academy
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Royal Police Cadet Academy

W IneaevigiyadnsIy
Pibulsongkram Rajabhat University
W Ivendenviggiin

Phuket Rajabhat University
WNIMERE VATl

Chiang Mai Rajabhat University
WIMEIRETIVA NS

Thepsatri Rajabhat University
IR TBAUATIIVE
Nakhon Ratchasima Rajabhat University
U INYIFY UL e ue i

Suan Sunandha Rajabhat University
WISV e ueium

Suan Sunandha Rajabhat University

UINEFNATAERS

Kasetsart University
WIS A RyaaInsI
Pibulsongkram Rajabhat University
wnIeae A RyaaIasIm
Pibulsongkram Rajabhat University
WInendesvigasuns

Surindra Rajabhat University
WInendesvigaiuns

Surindra Rajabhat University
UAINIAE Yo sl

Chiang Mai Rajabhat University
AudiugimnIsuLazmalulaginmuviani

National Center for Genetic Engineering and Biotechnology

WINNFETVAUATIIVENN
Nakhon Ratchasima Rajabhat University
WM aEmAlLLAENTEARUNATUYT

King Mongkut’s University of Technology Thonburi

UNINYIFBURAS

Mahidol University

UM INYT VAT

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGTETIUL AU

Suan Sunandha Rajabhat University
UMINYTETIVL AU

Suan Sunandha Rajabhat University
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F99NANT1A158 As.gwn Aaurtiunna
Assoc. Prof. Dr. Suthep Silapanuntakul
309A18MT1158 A3.LUgyanTal Uszans
Assoc. Prof. Dr. Benjaphorn Prapagdee
HYemans9138 as.nging legmuun
Asst. Prof. Dr. Charnwit Kositanont
HYemans9138 st anslngu
Asst. Prof. Dr. Saowanee Wijitkosum
HYemans19138 35100 AI5135h
Asst. Prof. Dr. Thaunwadee Srithawirat
HY8mans19138 A3.1aNiansd asius
Asst. Prof. Dr. Khamanitjaree Saripan
399A1an319158 Aslnyad uIumas
Assoc.Prof.Dr.Paiboon Jeamponk
HYemans19138 3000 fxlum
Asst. Prof. Dr. Anat Thapinta
399MNARTITEAINLG YBuUNS
Assoc.Prof.Sivapan Choo-In
HY8Mans19138 AIALIRY gn1sana

Asst. Prof. Dr. Tatsanawalai Utarasakul
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599MAnT19138 A5 JuTnd yaudn
Assoc. Prof. Dr. Chuenchit Boonchird
s09nanTI3d ne.viAdld Augnsan
Assoc. Prof. Dr. Tasanee Limsuwan
509FNANTI13E N3.ANR AW
Assoc. Prof. Dr. Khongsak Srikaeo
HH8AanT138 A3.33uns il
Asst. Prof. Dr. Teerin Chysirichote
919138 A3.590 S35y

Dr. Thanida Chuacharoen
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1

HHeans1ansd asalinn vanetaulnena
Asst. Prof. Dr.Wanida LAIWATTANAPAISAN
{terans19158 ns.auduaun iing
Asst. Prof. Dr. Somjintana Toutip
HYemans158 as.vyia foinla

Asst. Prof. Dr. Chayanit Luevanich
HYI8Aans19158 As.0usHuS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
013159 uHnT Wuvideyan

Ampika Nanbancha

Editorial Board

1

HYI8AanI1138 as.0100R Aylum
Asst. Prof. Dr. Anat Thapinta
Prof. Dr. Hongjoo Kim

Prof. Dr.-Ing. Mitra Djamal

Assoc. Prof. Dr. Nguyen Hieu Trung
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Thepsatri Rajabhat University
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Suan Sunandha Rajabhat University
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Mahidol University
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Kasetsart University
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Pibulsongkram Rajabhat University
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King Mongkut's Institute of Technology Ladkrabang
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Suan Sunandha Rajabhat University
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Chulalongkorn University
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Mahasarakham University
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Phuket Rajabhat University
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Mahidol University
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Mahidol University

UMINGT VAT
Suan Sunandha Rajabhat University
Kyungpook National University, Korea

Institut Teknologi Bandung, Indonesia

Can Tho University, Vietnam
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Prof. Dr. Subhash C. Pandey

Prof. Emeritus Manit Rappon
Assoc. Prof. Dr. Thanh Son Dao
Dr. Soo Rin Kim

Dr. Vinh Truong Hoang

Dr. Wong Tze Jin

Dr. Stephen Raymond Morley

Editorial Managers

1

10

11

HY8Mans19138 As.000R fxlum
Asst. Prof. Dr. Anat Thapinta
3.3 Uiy

Dr. Wattana Panphut
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Asst. Prof. Dr. Tatsanawalai Utarasakul

NA.AT. AN FOUAT

Asst. Prof. Dr.Pijittra Jomsri
9.0 219Ad99N

Dr.Nich Wongsongja
A3.40E 1agnan
Dr.Manussawee Dechkla
n3.5UA" 55@%@

Dr. Thanida Chuacharoen
3. Auadd uauAinus

Dr. Sansanee Sansiribhan
ATYAYTA HANTUTIY

Dr. Chookait Pudprommarat
A3.NaRenI1e lognun
Dr.Ploysai Ohama
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Dr.Suriyan Sompong

Journal of Environmental Research and Development
(JERAD), India
Lakehead University, Canada

Vietnam National University, Vietnam

Kyungpook National University, Korea

Ho Chi Minh City Open University, Vietnam
Universiti Putra Malaysia Bintulu Campus, Malaysia

Leicester Royal Infirmary,England
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08.00 - 09.00 . amzifou m Vinadunihvonssqungisuuedag tu 3
09.00 - 09.15 u. NANTIBUNNTUTEYY
Tog  {Y28A18A519138 As.00lR Azlunn
ANUARMEINEIAERSUAzImALULaE
09.15 - 09.30 w. naiUansuseyy
Ty 529ANEAS19158 AS.ALAY AT

98NTUANMIIN S AIUg UM
09.30 - 10.00 u. - fSueuvesiisEdnunidnnniuuazansnIng iy
- WBNBUTIIAUNAUITUAAU U 3 51973
Ty 599ANEAS19158 AS.ALAY LAY
B3NTUANMIN YT VA AU
10.00 - 10.30 u. UssEnefeY 1309 “Recent Technology Breakthroughs in the Control
of Iron Deficiency Anemia”
1ne  Prof.Dr.Michael Bruce Zimmermann

Zurich Swiss Federal Institute of Technology (ETH), Switzerland

10.30 - 11.00 w. UssEnefivy 13049 “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
1ne  Prof.Dr.Chih-Hsiang Liao

Vice President of Chia Nan University of Pharmacy and Science, Taiwan

11.00 - 11.15 u. Sudsemuemsin s muntviesUsegunagSesuadagy Tu 1
11.00 - 12.15 u. thiauanammAfonuumelames u fumivonssgumadduedasy tu 1
11.15 - 12.15 w. thisuaranuAfeuuunIAUTIEIY o Fasusern U 1, 2 uaz 3
VoINS 18 1 nduanpenfmesuasmaluladasauna (nqudosd 1)
oI 10ysE & fu 1 nguaeenfwesuasmaluladansauna (nqudosd 2)
Woeuanysni Lo 2 nguanAnduasnEay

Viosuanysni U 2 nguaIeeansnIivILaEInEImansaun W
Wiosuanusn & fu 2 nguavafinaedfinetmans

NOIYHUINTY 18 Hu 2 nauaineenansauandounasinelulad

NIGINGURY 2 nguannTiner meluladthnin uazqadainen
osngouveadsy U 3 nduaninenmaniuanvaluladnsemsuagavnasueans
12.15 - 13.15 . Sutssmuewnananeu o fesesian du 1
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13.15 - 15.30 W. UauenauIdeuuunAlanas
M AuntiviesuszyuninSiduadagy Yu 1 (se)
WiounauUnsNIsUEUeNANUITERUUNIALUANES

13.15- 1445 0. UauUsNAUISILUUNAUTIEIY o FaUszaudu 1, 2 uas 3 (o)
WOIN05IE 10 4 1 nuaeenfwesuasmaluladansauna (ndudosd 1)
WoIN10yTaE @ 1 nauanreufiumosuasimalulafansaumna (ndudosi 2)
VioeuanyIni Lo 4 2 nguaAnduwasnEaL

viosuanyini U fu 2 nguaineeansnivILayInemansaun
Vioeuanysnt & fu 2 nguaadinmaniuazadn

WOIYWUINY 18 fu 2 nguaineenansaunndounasinelulad

Viosywuany U 2 nguanTiner meluladtniw uazqadainen

VONTsULeaRIN U 3 nguavInenmansuazimalulagnisemsuazansuAans

14.45-15.00 4. SUUTENMURIMNTIN U euvtiesUseyunguges Fu 1, 2 uay 3

15.00 - 17.00 w.  UNAUIHANUIIBUUUNIAUTIENY M TioUseay 1, 2 uae 3 (fa)
NTDUUDUAUATNITUNAUBNANUITHUUUNIAUTIEY 04 iosUseyungudon
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Conference Schedule

©

08.00 - 09.00 Registration (Krungthon Ballroom, 3 floor front area)
09.00 - 09.15 Giving a briefing of the conference
Asst. Prof. Dr. Anat Thapinta
Dean of Faculty of Science and Technology
09.15 - 09.30 SsSCI 2019 Opening ceremony
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
09.30 - 10.00 Presenting a token of appreciation to the distinguished co-hosts and
taking a group photo
Presenting three awards for outstanding
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
10.00 - 10.30 Keynote Speech “Recent Technology Breakthroughs in the Control of
Iron Deficiency Anemia”
Professor Dr. Michael Bruce Zimmermann
Zurich Swiss Federal Institute of Technology (ETH), Switzerland
10.30 - 11.00 Keynote Speech “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
Professor Dr. Chih-Hsiang Liao
Vice President of Chia Nan University of Pharmacy and Science, Taiwan
11.00 - 11.15 Refreshment Breaks at Phanurandsi Ballroom, 1% floor front area
11.00 - 12.15 Poster presentation session (Phanurangsi Ballroom, 1°* floor front area)
11.15-12.15 Oral presentation session (meeting room 1%, 2" and 3™ floor)
Phanurangsi Room A, 1°" floor Computer Science and Information Technology (Group 1)
Phanurangsi Room C, 1°" floor Computer Science and Information Technology (Group 2)
Bongkotrat Room A, 2™ floor Physics and Energy
Bongkotrat Room B, 2" floor Sports and Health Science
Bongkotrat Room C, 2" floor Chemistry and Forensic Science
Busabongkot Room A, 2" floor Environmental Science & Technology

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Busabongkot Room B, 2™ floor

Krungthon Ballroom, 3™ floor

@) SsSeisi

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

12.15 - 13.15 Lunch at Rim Nam Terrace, 1°! floor

13.15 -15.30 Poster presentation session (Phanurangsi Ballroom, 1% floor front area) (cont.)

Presenting poster presentation certificates at the presentation area

13.15 - 14.45 Oral presentation session (Meeting room 1%, 2" and 3™ floor) (cont.)

Phanurangsi Room A, 1°' floor
Phanurangsi Room C, 1% floor
Bongkotrat Room A, 2™ floor
Bongkotrat Room B, 2" floor
Bongkotrat Room C, 2" floor
Busabongkot Room A, 2™ floor
Busabongkot Room B, 2" floor

Krungthon Ballroom, 3™ floor

Computer Science and Information Technology (Group 1)
Computer Science and Information Technology (Group 2)
Physics and Energy

Sports and Health Science

Chemistry and Forensic Science

Environmental Science & Technology

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

14.45 - 15.00 Refreshment Breaks at front area of each meeting rom (1%, 2" and 3" floor)

15.00 - 17.00 Oral presentation session (Meeting room 1%, 2" and 3" floor) (cont.)

Presenting oral presentation certificates at the presentation rooms

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Oral Presentation

Conference Sessions: Computer Science and Information Technology (Group 1)
Phanurangsi Room A, 1% floor (#2n10434# L@ u 1)

Chairperson Co-Chairperson

Dr.Vinh Truong Hoang 919158 As.AnfnM dnesiuns

Vice-Dean, Faculty of Information Technology Wnihandyingimansussandanyinemaniuasinalulad

Ho Chi Minh City Open University

K
U
[

U I TIA AU
QBANARTINTY 1395895 YT T AnuAIneduasefinAleiloud
Wuwes muudmalulad uinerdugsiadudge

Paper Code/ International/

No. Time ) . Name Institute Topic .
Registration Code National
Development of Innovative Media for International
SSSCI2019 CS 4 L )
L. 11.15-11.30 - - Way Sokhom Mahidol University Communication Sangha in Phra Nakhon,
SSSCI2019 O 121 )
- - Bangkok, Thailand
- . o . Application Development for Pon-Yang- National
SSSCI2019 CS 8 N3TUNNT NUATAU Sakon Nakhon
2. 11.30.-11.45 -~ Kham Fattened Cattle in Sakon Nakhon
SSSCI2019 O 56 Kannikar Kamolrat Rajabhat University
- Province on Android Operating System
, 11.45.12.00 SSSCI2019_CS_1 FATUnT NN IR YA MsRAIAULUUaRN SIS sUgnaenuyd National
‘ o $55CI12019_O 4 Rujijan Vichivanives angium fhedumeiiinvemnasnda
. 12001215 $SSCI2019 CS 6 F5edind 1hseiug unIvendumalulad nmsthiamadendmiulsandianugdagly National
‘ ' ' $55CI2019 O 44 Jeerasak Numpradit WIYIBWNAMSTUAIWLE  SEUUANISIEToU
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
. Rajamamgala University R - v y
SSSCI2019 CS 9 QNNY INBY mstmelulagdumesiinoonfiadin
5. 13.15-13.30 -~ of Technology Y National
$55CI12019_0_71 Looknu Authong Uszgnaldany
- Suvarnabhumi
SSSCI2019_CS_10 Fdusi IR YA mslamesinituiiomngadlunsddlssny
6. 13.30-13.45 - - - o e e o - National
SSSCI2019 O 80 Chatchanun Namwon NyaeInTI guanvnssuTunadauisuiminiivelan
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No. Time
1. 13.45-14.00
8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45

14.45-15.00
11. 15.00-15.15
12. 15.15-15.30
13. 15.30-15.45
14. 15.45-16.00
15. 16.00-16.15

Paper Code/

Registration Code
SSSCI2019 CS 11

$55CI2019 O 85

$55CI2019_CS 12
$55C12019 O 91

S55CI2019 CS 13
S55CI2019 O 93

$55CI2019 CS_14
$55CI12019 O 95

$55C12019 CS 15
$55CI12019 O 99

$55CI2019 CS 16
$55CI12019 O 83

$55C12019 CS 17
$55C12019 O 117

$55CI2019 CS 18
$55CI12019 O 120

$S5C12019 CS 38
$S5C12019 O 235

Name

#5135 WRTHA

Sarawut Pajonetid

Usznnsal unnnde

Praphaporn Nopparai

Ual gUUT
9 Y Y

Thanawut Thoopucha
ANty winuUseiedy
Supachai Promprasoet
guadat Inswau
Ubonsilp Phoprom

AWy wlueARaUPIsit

o

Manwongdeon

uaised A5t

Maneerat Paranan

guafad Indnsu

Ubonsilp Phoprom

Ui y@dn

Institute

U INESYTVAY
Fedll

1y Angndewmalulad
NILABULNANTLUATINTID

WISV
AYaAIATIY

U INEUTVAY
NyaeAsIl

Refreshment Break

U INESeTvY
anauns

1M Ingnaenalulad

NITIDUNANTLUATNLD

UyMIneasnalulagsy
1InanyTuaen e

INTIIWHIUTD

U INENSUTvAY
anauns

U INESUT1U4Y
UASAISITUIIY

Topic

ueweundndudmsuidnayulnsuy
sruvluRnisueunsed lngldlausveanu
wwosls
nsUsEgNAnIEUIUNITERNIUUUSEAUNTSA]
@ @ (3 a fa & a ¢
Alilunsiaunivledndivddiannsedng
o w w a1 =
dwiuiusgnaumsiildlesngmalulag
nmsfesiunarasinunisiilvareninnely
thuiuszuumuaunsivavesiiseaunsal
= a
LAFEUT
szuumuannMslaUanouianesnialnadiu
¢ A a
guUNIULARDUN

msiawendnduiioatuayunuuinig
fgansgIuiumAlulagansaume
Mefindszansamnsuimsianisadsdudi
nafiAnyUsENRARuaE S e udY

arluanseadnsnanisinens

o < a ¢ A a
nsimwdulygussAvgiienisiieulou
wheinduaiunisiseuinaendin

ASHAILITEUUNITUINITNBUAINE R WA
Tnawalulad lail vew (LINE BOT) w84
aonduideuasiau avIne1qesayg
anaunas
ﬂ1sﬁwmszwmmmQmugﬁuazmm%ﬂu
lsaTeulgnitvdnaes
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National

National

National

National

National
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Conference Sessions:

SSSCiZiTy

Computer Science and Information Technology (Group 2)
Phanurangsi Room C, 1** floor (240104398 & Yu 1)

Chairperson Co-Chairperson

HYemans1sdandng AsaInise

No.

1.

AURAEINGNANERS

VNI VANA1UN

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

Paper Code/
Registration Code
SSSCI2019 CS 24
SSSCI2019 O 152
SSSCI2019 CS 25
SSSCI2019 O 156
SSSCI2019 CS 26
SSSCI2019 O 158
SSSCI2019 CS 28
SSSCI2019 O 162

555CI2019 CS 29
555CI2019 O 163

5SSCI2019 CS 31
55SCI2019 O 181
5SSCI2019 CS 32
555CI2019 O 202

8197158 AT.UNAR {AITTEN
auTimeeNiunesfny AugInemanswazmalulag
UM uATUTH

Name Institute Topic
WU Mandia o . MIIATIERLAENEINTAIYRIMIINTT MUY
) LU INYIDYNLLYN - o i
Pruksanan Kamlapit aumluqmaammmw
SHNg ALY e oA Ginrai-Bot for Ordering and Recommending
W InengAalIng i o
Ratchadaporn Kanawong, Healthy Food Online Application
aidw g - . AMFWAUINTENLERNNTVIBLAT D991 U
) ) LU INYIDYNLLYN " . W .
Suttisa Kunju LWﬁ‘Uﬁ NTEUANYITIU LD LBURA NI
' LN wounAindutiswiiou
Chaiyapan Charoensuk . .
INVAHNITUAT ANTTUUTENIULN

Buffet Lunch, Rim Nam Terrace, 1 floor
mswauiuleiuaziukeundindumeyva

allns wiadles Suan Sunandha Rajabhat  uasU nsdifiny nAnwanvigmelulad

Sumitra Nuanmeesri University FSEUNA ANEINEFERSuaTAlUlad

WISV UM

ANy Unaaung o nsfnnsesayadmivssuuugesiiay
Burapha University }

Thanaluk Pranekunakol vunlnglay STackSTorm

Anfinal Judin umIngndewmalulagsny  nsesnwuu FTP wiskdlunisSudslndsyming

Kttipat Panfak 1ARFITIUYH Client wag Server
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National

National

National
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/
Registration Code
$55CI2019 CS 35
$55CI2019 O 214

555CI12019_CS_36

$55CI2019 O 221

$55C12019 CS 21
$55C12019 O 130

$55CI2019 CS 39
$55CI12019 O 250

555CI12019 CS 23
555CI12019 O 150

$55C12019 CS 20
$55C12019 O 123

$55C12019 CS 19
$55C12019 O 122

$55CI2019 CS 5

$55CI2019 P_42

$55CI2019 CS 7

$55CI2019 P_d5

Name

=] =]
U3n1550 SNWENBNTFEU

Preedawon Kadmateekarun

MeYau Wnzdns

Kanchana Kanthachak

dn3siy) 1aulsas

Jakapat Janethaisong

Uszu Wuoen

ufing lveuen
Bopit Chainok

e LCRTREI TRV

Voottichai Nakpeata

s wAee

Pattanan Nakyos

Fuyg Insanwal
Chatchuda Potiluck

glsassal Snwnnaed

Uraiwun Ruxpakawong

Institute

Suan Sunandha Rajabhat

University

WIS TvY
Wedl

Rajamangala University
of Technology

Suvarnabhumi

Refreshment Break

WNINYIRYTIVAYNYTYS

N IMeNdu A UATUTY

Rajamangala University
of Technology
Suvarnabhumi

Rajamangala University
of Technology

Suvarnabhumi
Mahidol University

UM INENFE1VA])
AyasaAsl

Topic

ATHAULDNNALATUTEUUIAN1TTALUN
BRLuLiA
nsdaasuniseusnuiUyeviesdiudums
X . . - " .
wingiasensangldmaluladnisreuiimes

mMsdanisanulasasuvesiiduiea

nRALISEUUNISIANTS RISy yNeaulall
AN ImManswasinalulag wnIne de sy
Agunsys

sruunTvinanmenaninasenmninly
Ualdearsu?

nstlassngangitnUssendldu

M luslapeaun v dumsuuasevielsany

FEUUANTAUVAAIUANNITUTELIANANSANY
ASMANEINGIFENNTIANNT

UNINYIRENTARA

nsafluunAgeUAAYEUALTOLA LAZATIY
Aneu LnudnlulR
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SSSCiZiTy

Conference Sessions: Chemistry and Forensic Science
Bongkotrat Room C, 2™ floor (oeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYI8AaNT19158 ATYUAS indiuns 919158 As.NaReNTY loanih
ANURAEINEAERSLaTmALULaE 19138 AL INeNmERsSLazmAlulad

UINGIRYINVAYNYTUT U INNETIAAIUFTIUN

Paper Code/

International/

No. Time Name Institute Topic

Registration Code National
The preparation of hybrid material of

SSSCI2019 CH 7 Maha Sarakham Rajabhat

1. 11.15-11.30 - Pornpan Tana cobalt complex into mesoporous silica International
SSSCI2019 O 160 University

- from the rice husk
DFT investigation of toluene adsorption

SSSCI2019 CH 11 Maha Sarakham Rajabhat

2. 11.30.-11.45 - Pasakorn Sangnikul on silicon carbide nanosheet doping with International
SSSCI2019 O 182 University

- transition metal for sensing application

SSSCI2019 CH 19 Suan Sunandha Rajabhat The Effect of Viscosity-imparting Agent on

3. 11.45-12.00 - Jitlada Chumee International
SSSCI2019 O 604 University Textural Properties of Toddy Palm Syrup
SSSCI2019 CH 3 pAANS A3anwal Dusitporn o . BnsnavesEnsiuAufeaulRTsnavaiay

4. 12.00-12.15 - ) UNINYIAYLNWATAVARNT . - National
SSSCI2019 O 76 Srilak P9 TINA LU SR NENANTUY

12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor

SSSCI2019 CH 6 Yfun Aaudliay Chutima o . HaveINsUSUaN U ad B isisanis

5. 13.15-13.30 - - UPINYNRYAVANUATUNS - - . - National
SSSCI2019 O 140 Silamaneewet WUHANAAUINARAYBIAUTENBUNIAWAL
$SS5CI2019 CH 21 F¥51050] Usenazluua o . MsAnwIaINgNWALl U%mmﬂuaanuazqwé

6. 13.30-13.45 T UNNINGIAETIVNG WYTYT v - National

5SSCI2019 O 246

Vatcharaporn Prapasanobol

ATUBDYULNDATLVDINNING
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No. Time
1. 13.45-14.00
8. 14.00-14.15
14.15-14.30
9
14.45-15.00

Paper Code/
Registration Code
SSS5CI2019 CH_ 22
$55CI2019 O 243

$55CI2019 CH 20
$S5CI2019 P 147

$S5CI2019 CH 14

$S5CI2019 P 199

Name

UNung sondun

Pattamaporn Yodsanti
Wilasinee

Sathitdetkunchorn

nTe U
Ekkachai Achcha

Institute

UIMEFYTIVAYNYTYI

Rajabhat Nakhonratchasima

University

UINEIFETIVAUATAITIA

Refreshment Break

Topic

msUsefiudnen mnisiudinAsusuveedy
patudminmasys
MIATIEine™ wian wazwaaley Tuth
UIA1a tnemadnezaaudn wougasn
Fuawnlnsinlouns

o 2 v an e
AsiAdaUaeilawdanESAgILATHY
sonlonuunsraneniilelaeldnsindeu

Tnlin
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SSSCiZiTy

Conference Sessions: Mathematics and Statistics
Bongkotrat Room C, 2™ floor (Foeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYem1anI19158 AT UTENSR Lasay 919158 AT.YUNYTA HANTUTIY
MATYIVIEDH AYINeFEns Wnthanuigadaussynd angineiemansuasinalulad
WInendedauing UM TIAAIUFTIUN
Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 MA 1 a3ns wdnuaeAn - . deulvunsUssmsvesiledtunisuan
10. 14.30-14.45 - - UININYIRYNYATFAERNS National
SSSCI2019 O 12 Siriporn Lapouangkham
14.45-15.00 Refreshment Break
- KAYRINTIUTIAN TALMT N TeTiTinG
SSSCI2019 MA 2 L84 F9INTITNIS - . v Do - - B ,
11. 15.00-15.15 - UMINPIRY YN DINA AOMLUULTIALIAAIEAASAITUNSTEUInYDILSA National
$SSCI2019 O 17 Jedsada Sutjaritthurakan o
79
The Resistance Factors Affecting the
SSSCI2019 MA 3 Uiis F3mslnsiu I Adoption of Healthcare Robots
12. 15.15-15.30 - URINYIYUNAA National
SSSCI2019 O 77 Paniti Vichitkraivin Technology in Thailand Government
Hospital
$SSCI2019 MA 5 #ns WAL o . enanvaligailinduveseuius
13. 15.30-15.45 - URINYIQYLNYAIAENT National
555CI2019 O 86 Sitthikorn Nakkao
SSSCI2019 MA 6 wanwal A3iies Faculty of Science, General Solution of the n -D Pompeiu
14. 15.45-16.00 - National
SSSCI2019 O 107 Yaowaluk Srimuang Ramkhamhang University ~ Functional Equation
$S5CI2019 MA 7 Seyeyrdnwal nwgassal L. , ﬁﬁ]ﬂﬁﬁmﬂﬁﬁauiﬁmﬁ’ué’mwmwawu
15. 16.00-16.15 - 1IN aeLTe el , . National
SSSCI2019 O 153 Tunyaluk Thepsuwan INNYUY Y
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No.

16.

17.

18.

Time

16.15-16.30

16.30-16.45

16.45-17.00

Paper Code/

Registration Code
SSSCI2019 MA 8

$55CI2019 O 171

SSSCI2019 MA 9
$55CI2019 O 173

$55CI2019 MA 10
$55CI2019 O 176

Name

ARINE AN
Sasiwimon Raokhetkit
Khontha

Rukchart Prasertpong

o a a L
IR Usslasgnee

Sayr¥ad Fusan

Thanwarat Chatcharata

Institute

UMINY R YTITUANERNS

Nakhon Sawan Rajabhat

University

U INESeT1v4Y
UATAIIIA

Topic

msfnwpudululdmassegmanslunis
antunouresnsindeuudilunssuiunisnn
Laud
loftanelusnuarmed-lafasuluuiging
Uszanauveshangumeldnnuduiusnien
nasuarAauLniila
Tu-lofasnuarlu-lefammesnluyiginig
Uszanuvesisngumeldnnudiniusnies
wosuazaauuwniia
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SSSCiZiTy

Conference Sessions: Physics and Energy
Bongkotrat Room A, 2" floor (FR9UINV5AY 13 YU 2)

Chairperson Co-Chairperson

589MaNI197158 AT UUIN Ydn

ANURAMEINEIMansasnAlLlad NnINeaEIIYAUATAISIINIIY

Paper Code/

No. Time
Registration Code
SSSCI2019 PH 25
1. 11.15-11.30 -
SSSCI2019 O 164
SSSCI2019 PH 27
2. 11.30.-11.45 T
SSSCI2019 O 192
SSSCI2019 PH 1
3. 11.45-12.00 - T
$55CI2019 O 6
SSSCI2019 PH 2
4. 12.00-12.15 -~
SSSCI2019 O 7
12.15-13.15
SSSCI2019 PH 4
5. 13.15-13.30 -

$55C12019 O 16

S99FNANTIATY AS.ASTE LN

Name Institute

Nattapon Chantarapanich Kasetsart Univeristy

Natthaphong Kamma Khon Kaen University

Pinyapach Tiamduangtawan NIV UINYATAERS

nade Inaziium - . .
) UUMINYIRYNEAIAEANT
Kullita Kolanan

ANENEINY AIndauuayian unIngraumaluladnszaeunaIsuys

) International/
Topic
National
Design and Analysis of Plastic Medical ]
) International

Tray for Implant Packaging
A Polymeric Coating on Prelithiated
Silicon-Based Nanoparticles for High International
Capacity Anodes used in Li-ion Batteries
s ianfidieunialiinseuniangg
FOULTUALBINN TANTIUTENOU Wodlaila _

. o . National
woaneged (PVA) Lavauuiseneanlyn
(Sm20s3)
mMenTiaTzilanzezlatumsmaianig
HeUUVDITEeNT uazndeganssAl National

aLﬁﬂﬁﬁa‘ULLUUﬁlaﬂﬂﬁﬁﬂ

Buffet Lunch, Rim Nam Terrace, 1% floor

' WIS T1U4Y
Wichan Lertlop o
OGN

msimuadymliinAnwsAuniiewmun
NadUnNEN NS EUYDITNANWITWTN 1 National

anidnduszendtnisfinw 2562
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No.

10

11.

12.

13.

14.

15.

Time

13.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

SSSCI2019 PH 7
$55CI2019 O 37

$55CI2019 PH 9
$55CI2019 O 46

$55CI12019 PH_10
$55CI2019 O 47

sssci2019 PH 23
sssci2019 O 157

$55CI2019 PH 29
$55CI12019 O 136

$S5C12019 PH 30
$55C12019 O 155

$55CI2019 PH 31
$55C12019 O 224

$SSCI2019 PH 32
$S5C12019 O 237

$S5CI2019 PH 33
$55CI12019 O 249
$55CI12019 PH 5
$55CI12019 O 21

Name

oy vaAshY
Assawin Yodruk
afigh dunnivi

Apirudee Tentawechakit

g Uuge

Pisan Pansook

Swilng duan
atchaneekorn Punla
Pich Khoem
i ety

Ravipat Lapcharoensuk

UATUNT NRYIUAR

Makkaryn Kanchanasoot

B50UIA LEAUIIN

Ornanong Sanorchit

Petcharat Jaiboon

& a a 5|
Fuwg 1AaU

Ununs Indanin

Bantorn Chitsupap

Institute

1y Angnaewmalulagnsy
UNAMNSTUASHTR

UAINYNRYTTTUAERS

UMINY1SETTUAERS

Maejo University
aotumaluladnsyasu
NANIIRUNIMTAIANTEUS
Refreshment Break

UAINYNRBLNYATANERS

U INESeT1v4Y
WINERT

Sakon Nakhon Rajabhat

University

WIS TvAY
Fetlnl

WNIMYIRBYTIN

Topic

MIWALLARBIMARB AL UYLSR
Development of A Rotary-Bending Fatigue
Tester
nsUssiudnenImnIseusnENEaY
nsgifinw: Tsameuavessguunaive
NSUTEIUAUANANAATUFAENS VBa
nswasliihFefeuauuy wuade Tnald
aufsnnszuuindadululsaundnyun
Faud
nsiawadkaeindiuwesevalndlagly
roUweseonledifutanilsanuudug
mnnesirusiudveunieaies
durlsuseaninsiivesdmiunisnsiadeu
A

nseenuuukarUssendldiwadininganim
AN egunsallwiu st
MsmduUsEaNSN1sanneusEwNLLUD
uruEulevudeeiu Baso4d Taeiltngnsnisn
[ @

Wumuseanu

Effect of drying temperature on quality of
RD6 variety brown parboiled glutinous
rice
malssuliisudnenmiadindadldun
ndnTnmanuald
NsAUALATBIUTUINIALUUYIEta 59

& 44' 9 9
anudusiiiontsuszndanasaulii
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National
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National

National

National
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SSSCiZiTy

Conference Sessions: Biology, Biotechnology and Microbiology
Busabongkot Room B, 2" floor (ﬁam‘lﬂ‘mﬂ‘d U YU 2)

Chairperson Co-Chairperson

Aemans13158 as.de gula 819158 AT.UUNITN F5I155H

AMAITVINGT AMLINYFIENS UNINLFELAnG

Paper Code/

FntanuninTive augdIngimansuazmalulaguninedesisigaiuatiun

International/

No. Time Name Institute Topic
Registration Code National
SSSCI2019 BT 1 Vil 83Ty W INGIRETUAY AIvaINaIBvesyiaiugUaninly
1. 11.15-11.30 - - 5 P National
$S5CI2019 O 19 Ruthairat Siriwattanarat auan ARDILAURAUNUTINTUNNUNUAT
SSSCI2019 BT 2 Pornsiri Bumrungtham o . ASLAAL NISUEAIDDN WAYNNSANYIANYME
2. 11.30.-11.45 - — . UANINLIAYTITUAENS - . National
$S5CI2019 O 28 N3A3 Urgesu 093N TUULVLNUULUE
. o . nsAnwIaNTRUIUIENSURINLENGN
$S5CI2019 BT 9 59NTIU NBIYY Rapeepan UM N1V 4 oa - 54 P
3. 11.45-12.00 -~ - - WULLDANWINNLLNATEY) mﬂgﬂiuwuwmﬂ National
SSSCI2019 O 89 Kongtoom NYUIUIBUUS y
- priunnUesUsyivdlng
SSSCI2019 BT 11 Krit Phinetsathian newal UIMEIRE 1V ANUMEINUAIENITINTNYRINY L Ed DY
a. 12.00-12.15 - - - v e National
$55CI2019_O 103 Aunsianas ANAUAT Jminanauns
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor
AMNENTO UM IAULIALUIUEIUATS
gudsmaviauveseulaianiniiutiu
SSSCI2019 BT 12 Araya Pranprawit Suratthani Rajabhat 24 . .
5. 13.15-13.30 - - - viostululminuil vy 9 duagunzia 8ne National
SSSCI2019 O 108 91581 U51uUseIng University -
- 1Wag
Janingsugiond
SSSCI2019 BT 20 Asro Hajiabdullah o . ASHARNSATNTTRNIINAINEIRNAMELTD
6. 13.30-13.45 - - URNINYIRLEVAIUATUNS National

55SCI2019 O 141

9958 vizBdunalany

Actinobacillus succinogenes
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No.

10

11.

12.

13.

14.

15.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

16.00-16.15

Paper Code/

Registration Code

$55CI2019 BT 21
$55CI2019 O 144

SS5CI2019 BT 28

$55CI12019 O 220

$55CI2019 BT 29
$55CI2019 O 222

$55CI2019 BT 31
$55CI2019 O 225

$55CI2019 BT 33
$55C12019 O 229

$55CI2019 EN 15

$55CI12019 O 106

$55CI2019 BT 38
$S5C12019 O 245

SSSCI2019 BT 32

$55C12019 P 228

Name
Soilng @ndl
Ruchnekorn Swami
fariun fde

Kaltima Pichai

AQa91 WALWNG

Kanwara Wongpaet

Peangjai Jianwitchayakul

a a a
wiedla Fesivna
UM MU
Rungnapa Tagun

AinAwn LnegeIn
Kittima Ketsa-ad

Tnsgne e

Krailerk Taweechue

143 guileslaWatcharee

Hanmoungjai

Institute

UM INYIRBYTN

W INedesvin e

Iedesvin e

UIINNRETVAYINARS

Refreshment Break

WINe§e A e

UNINEIS8UAnG

IR TIVANYTYS

W INedesvin e

Topic

v & & a a
nsfudadeuuaiizevesinlalegniuain
#9518 Arthrospira platensis waza11sng
Synechocystis sp. PCC6803

2 o X o e ) 5
MaiusneRedananuminiUaen
[ aa o 4 =l I3
dulzan Inedsn1sviianuuidonids
wqﬁﬂismaqumﬂmm (Dendrocygna
Jjavanica) Uswngafiutin aely
UANINEIRY
1A Welnl Audusisy
Anumatnuatensiinmaedldneunuly
Jrinanysndneamluniswdadendinga
Tddouandnauyn

nansenuvasaiwlusyuuidnaudise
daiTAslusnouduns Y iadedd
MsfaksnLUATISER UM ULAnsTiass
ansanusRIITINLaran TN zay
Tun1sadreansanusaiaiadanim

MsAnwIienTIwaIsuiilfalelnaALaraINy
AunUsvesdudeleaunduluung (Capra

hircus) dedludaminmysys

nansiasaesduleindasunemsiaes

Wognsanulaslinging o
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International/

National

National

National

National

National

National

National

National

National



Chairperson Co-Chairperson

No.

1.

SSSCiZiTy

Conference Sessions: Environmental Science & Technology

HYILAEnIINTeIAng Yuiles

ANURRMEINEIAansLavinalulad uine1desvsigedlng

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

14.00-14.15

Paper Code/
Registration Code
SSSCI2019 EN 1
SSSCI2019 O 22
SSSCI2019 _EN 2
SSSCI2019 O 34
SSSCI2019 EN 3
$SSCI2019 O 43
SSSCI2019 EN 4
$SSCI2019 O 48

$55CI2019 EN 5
$55C12019 O 50
$55CI2019 EN_6
$55CI12019 O 53

$SSCI2019_EN_13
$55C12019 O 105

SSSCI2019 EN 18
5SSCI2019 O 116

Busabongkot Room A, 2nd floor (ﬁaeq‘wan% 0 VY 2)

HYILAIEnTINTE AS.iAUNIEY gn1sana

Name Institute Topic
nhing Iuanse UNINRYT1U6Y MTAATITURUETY IR aVNEsEAUT IR
Pornthip Wimonsong qaugsond vowszwmAlny
AUy Laduten . Asuantglamudin nannvesdeni
WTInendewding

Chamnanpong Chalermpow NNTNYATLAEYAFINNTTY

Amsann g1l Sakon Nakhon Rajabhat wINNNsIANIsYEENeluLiIneNdy

Phatlapha Thanwised University ﬁ?“ﬂﬁgﬁﬂaum

Suan Sunandha Rajabhat Mining waste separation behavior related

#iua AURAl

Suwimon Kooptiwoot University factor
Buffet Lunch, Rim Nam Terrace, 1% floor

neng daglning unInedemalulag nsussifiumiveulanIwiInANTIIes

NILIDUNABTUYS

Suan Sunandha Rajabhat

Todsaporn Neelapaijit AANYUTY

g AURA Development of a garbage bin selection

Suwimon Kooptiwoot University expert system for waste separation

. . ANTIATIERANIANLALYDINUNAY GIS
QU aUURA i o a4z B

! Thammasat University Wisdenfindlssnunusvezyaneedy
Vivian Chullamon . _ -
nasnuludmiauyusiil

AsUsTiuUSINansn waskansenu
Aphiranan Phongjetpuk Mahidol University

suANUIALAaN lunsHaRnTELElNTN
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International/

National

National

National

National

National

National

National

National

National



No.

10

11.

12.

13.

14.

15.

16.

Time

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/

Registration Code
SSSCI2019 EN 22

$55CI2019 O 145

SSSCI2019 EN 23
SS5CI2019 O 148

$55CI2019 EN 26
$55CI12019 O 166

SSSCI2019 EN_29
$S5CI2019 O 184

$55CI2019 EN_30
$55CI12019 O 186

SSSCI2019 EN_33
$55C12019 O 203

SSSCI2019_EN_35
$S5C12019 O 243

$55CI2019 EN 17
$55C12019 O 115

Name

Inyad udumay

Paiboon Jeamponk
WWENT HOUNU

Walaiporn Phonphan

MY 2fdeIn

Nich Wongsongja

1510501 Infa7ns

Waraporn Kosanlavit

ugns nvenady

Naruporn Wetchayagulchai

5w 1w3glnasnw

Nitinarth Charoenpokarj

Inuns sendun

11e1 gonys

Wanida Chooaksorn

Institute

U109
AU

U189
AU

Refreshment Break

WM I VAWM

U149
UATTIEIN

UAINYSUFTTUAERS

Suan Sunandhda Rajabhat

University

UINNRYTIVAYNYITYT

UAINYUFTTUAERS
AudSsEn

Topic

wansenuangymnnznuanaiudetlyn
gunmewteveUsvrIruniISuUINg
Alsaneruiadeauey Samindosey

a a & A
n1seanuA1siasuLUasnunUITIBaY
Jarinayvsainsumewmalulagnsdsig
syuglna

N3ANYINSNEIUTINVDIYUTUINUE AL
warduandonusnaseulsdluiimanh
Woursueiuns Sminmeyauy3
Promotion of Community Participation
for Saline Soil Remediation by
Alternative Technology of Bio-Organic
Fertilizers and Nano Material at
Krabueang Yai, Phimai District, Nakhon
Ratchasima Province
msdenmaluladinmnfivsaudmiu
mswdsvezyadesdundsny nadifinw
Jainunusil
ANUVAINTTA AUYNYUUALAIIUATILARS

YDIUN Tuﬁuﬁagmﬁmmuﬂ Uinaels
nzla Lﬁ@miaﬂﬁﬂﬁua%miﬁaﬁLﬁ?iEJ’JL%&ﬁL’Jﬂ
gunaiiles Swminaynsasasu
mMsUszdiufneamasiiuinasueurady
Mt InNY YT
nsAnvaunwimndidmenwieny
USWINTOU WNINeNdessIuamans aud
SAGL)
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International/

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Food Science & Technology and Home Economics
Krungthon Ballroom, 3" floor (ﬁaan@asuuaagu dU 3)

Chairperson Co-Chairperson

FOIMNANTINNTY A3 5TAMIUL 299N 9191380 A9.51UA1 ATy Wnthanrivingimansuazmalulagnsens

AURRMEINeIMansiarmalulad uinedevdgiyaaey  auginermansuazvalulad unnInendesadgaiugiun

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
The effect of extraction methods on
SSSCI2019 FT 19 Suan Sunandha Rajabhat
1. 11.15-11.30 - T Supatchalee Sirichokworrakit phenolic, anthocyanin, and antioxidant International
SSSCI2019 O 114 University
- activities of Riceberry bran
e Y AnwrautAnisnienw wedl wag 1nwuin1sues
SSSCI2019 FT 1 U35 avgw? A Do o« y -
2. 11.30.-11.45 -7 UMINYIRYIIER utlaunungtu Wethuuvuiutsandursdiulu National
SS5CI2019 O 8 Thanawee Loikaeo o e .
NARNUNYUUBY
.. . o . uinnssumsudnnseiieandenlstundau
SSSCI2019 FT 3 Ayey1ivs wwsIngal UNINYIFYNVAY . . . o s
3. 11.45-12.00 T . Suusemu meweluladnisnenmendels National
SSSCI2019 O 29 Kanyapat Petcharaporn AUFUUM o
- U (Air Fryer)
. - . ASANWIINTIETMMINTANNSHARLINS NAY
SSSCI2019 FT 5 INNUA YW UNAINYIFYVAY . e o e w4
4. 12.00-12.15 - v . LTRFNTUNEIURUUNT NIELTIFUAIBLATDY National
S55CI2019 O 38 Jutamas Moolwong AUFUUM . o v
NIAILUUGNNET
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
SSSCI2019 FT 18 >ANS nananing UM INeEY naveIMswisuuugBonudenonuns
5. 13.15-13.30 - - v . N . . e National
SSSCI2019 O 104 Choosit Hongkulsap TIVNLEIUGUUNT AIVDIANTANAINN ADNNTTLIYY
SSSCI2019_FT_20 aigna Uszinadng N INgay msmuanilaenisldudaiumadinuas
6. 13.30-13.45 - . . . - National
SSSCI2019 O 146 Nattapol Prathengjit VN EIUGUUNT uihgraunundeana
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No.

10

11.

12.

13.

14.

15.

16.

17.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

16.30-16.45

Paper Code/

Registration Code

SSSCI2019 FT 21
$55CI2019 O 172

$S5CI2019 FT 22
$55CI2019 O 174
$S5CI2019 FT 18
$55CI2019 O 104
$S5CI2019 FT 14
$55C12019 O 88

SSSCI2019 FT 26
$SSCI2019 O 191

SSSCI2019 FT 27
SSSCI2019 O _207

$S5C12019 FT 30
$55CI2019 O 242
$SSCI2019 FT 32
$55C12019 O 248
$SSCI2019 FT 12
$55C12019 P 73
$SSCI2019 FT 31
$55CI2019 O 244

SSSCI2019 FT 28
SSSCI2019 P 227

Name

1903 3vsnsna

Worakorn Wiwatcharakornkul

F3gns yuduniu
Teerayut Poonjunna
191050] A9eEBUN
Waraporn Songsriin
ATDIANAT AATUNUN
Krongsakda Phakthanakanok

o

TUR wiEITT

Wandee Kaewsuwan

230Uty Aauasyingea
Arunchai

Tangcharoenbumrungsuk
AAUST FAUSH1

5HA1 WYY

Tuiennsal wWaauag

Nanyaporn Mueangdang

AAUST FAUSE1

viiug Buniusedns

Khanittha Inprasit

Institute

PHIANTUN TN

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE

swigustusends
Refreshment Break
Nakhon Sri Thammarat

Rajabhat Univerisity

WNINYIRE VA ATUNS

UIINIRYTIVAYNYIYT

UIINIRYTIVAYNYIYT

UMINYNET19A
ETGERGERH

UIINGIRYTIVAYNYIYT

NsANEIMERSUSNNS

Topic

aeRuileviiiuend qrsdnuoyyadass
wavUSiauansussneuiiuedniionun ves
nonld 5 alialufinainas
AMINAIUIHNARSUluUSE Development
of Pra Butter Products
nsldngnUsenaunurIauaudlui
594

NAYDINITOULAIRDENBUE U259

wulmlusieaanumidulyse

nssuiEnsHandednvaoduiaves
ndrgauyuklanen
nsAnwuiteganadululslunsly
dursuseaUninsalnUuasAluamindilu
%qﬂq%mqgﬁmamﬂumisxuLméaéfuma
0391 voULES

Ashdueaineanaunuimansieluvunig

1SV ULL DNy S

mnaunuudaiudendamengniuly
aenvaddenlus
mMsmuviaieaua MmNt lnasen

AsAnwautRasansNaNsYIelans
Inuaiulalasreanssnlunisuiulsuile
AudavearuNUaIg iU UNTBU
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International/

National

National

National

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Sports and Health Science

Bongkotrat Room B, 2" floor (Foeueanusny U YU 2)

Chairperson Co-Chairperson

As.nANa dadgtey 819158 AS.AUNGY SRzl
inidevosfoRnseniugmansuasmaluladtanmdn i Fntaa Iy IngmansnIsinILasaunIn
AugRuUTIMNsIukazAllagYIn iR (BIOTEC) AEINEAmaRswazmAlulal unIne1dusvagaIugIu
drinauimunIneimansuazmaluladuiand (@mne.)

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 SP_15 Biomonitoring of metals exposure in
1. 11.15-11.30 - Churairat Srimanee Mahidol University International
555CI2019 P 128 Aranyik handicraft workers
. YARNAN 5 35 warn19AnIsANLTALES
SSSCI2019 SP 1 UMINYRY Y - o . a
2. 11.30.-11.45 - Jatuporn Ounprasertsuk o o VDIUNANY mm'mmaa‘awﬂgwwuﬂu National
$55C12019 O 11 Ui gaugiiun
- Uszinelny
SSSCI2019 SP 2 UMINYI§Y The Development of Line Application
3. 11.45-12.00 - Luckwirun Chotisiri . . National
555CI12019 O 15 VA FIUGUUN for Home Visit among NCD Patients
N HAYRIlUTUNTUANINAVADNEFNTTUAS
SSSCI2019 SP 5 1Inede o . . .
4. 12.00-12.15 - Wachiapom Chotipanut o o ENLﬁim?jsﬂﬂWW%MQQQ@’]@UWWU@‘UNUN@ National
SSSCI2019 O 23 Ui gaugiun .. Lo
T DUNDIUNIT W INAYNTEIATIN
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
o . ngAnssumstoaiulsalumiues
SSSCI2019 SP_ 9 NIENG NI Mr.Phoowasit UWINYNY Do .y,
5. 13.15-13.30 - ? ? . Usgnvunguideslusuaiinou National
SSSCI2019 O 33 Phoolawan FVNLFANAUAT

gneiles Tarinanauas
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No. Time

6. 13.30-13.45

7. 13.45-14.00

8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45
14.45-15.00

11. 15.00-15.15

Paper Code/

Registration Code

$S5CI2019 SP 29
$55CI2019 O 219

$55CI2019 SP 30
$55CI2019 O 233

$S5CI2019 SP 31
$55CI2019 O 232

SSSCI2019_SP_ 32
SSSCI2019 O 238

$55CI2019 SP 33
$55CI2019 O 241

$55CI2019 SP 8
$55C12019 O 32

Name

AT Tewd9A

Dawinee Chinnawong

wndns lveu

Preetiwat

Wonnabussapawich

17 @884

BND
=)

) I3 PN
oaane laies

Andg3uns Wayadlsad

Tipvarin Benjanirut

Institute

UNINRY

A auns

UNINRY

FIVAYUATIIVEN

UNINYIRY

FIVAYUATIIVEN

INYITYNTATIIUGY
d3uss

U INENSYTVY
UASATTITUINY

Refreshment Break

UNNANYIRYVAY
augum

Topic

nsenexaveshiugmeninlugtiede
wdew a lsmeunadevzuaglsmeuia
duaSuavnmiiuany snnedave fmin
auns
nMsiaugULUURINTSuduESHaun mlag
N3EUIUNTHAIUTINYBIEIDY MAUIA
suanuestn gunelveusns Jmin
Wetlnl
wavesTUsunsunsBamBennduiilo
danaraNsInNINNINLYRITINANTEAY
iseuAnwnimiauassvdin
UszdviEnavesguuuun1sdnnisisouns
aoulagldtamidundnEeimsguasn
ftheszuuiilauasvaenidonsernadugy’
madeus inuensuidam nsvhenudu
i wazauAaiuvesindny nangms
Usenefletinsiundndugs amufiing
ANAUNIUNNE IeNFNTA51I0UEY
&uss Jwmdant
AMANTIALAENMIELNBUINITVOUNYATNS
yn@mugiuiisvaufeu suneiios
JIAUATAIEITUTIY

ANUABINITHALNTUNTIUTNTATUAUA N
vouaeoglurnunTminay sy
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International/

National

National

National

National

National

National

National



a 2" conference
SSSCiziie

No.

11.00-16.00
13.00-15.00
15.00-16.00

Paper Code/

Registration Code

$55CI2019 CS 22
$S5C12019 P_142

$55CI12019 CS 27
$55C12019 P_159
$55C12019 CS_30
$S5CI2019 P_165

$55CI12019 CS 33
$S5C12019 P_211

$S5CI2019 MA 4
$55CI2019 P 78

Phanurangsi Ballroom, 1* floor front area: ntiwinsUssgun1y3eE 4u 1

Conference Schedule: M%UANI

Poster presentation for participation

Topic

msSuuntndnmmunadnuasuas s
Seou ngldmaianisduundeyamedsaull
msanaula nsdAnwin@nwumiine dy
wan1sAlneg
Tunansyiewginssuanudssnsiie
ANMEAMIATIANIINITIEBS
madsggnatsnsieladdmiviansalunis
SeunISaoU
nsiUSsuisulszansamnisyinuneduiin
fumigdwidnlensuuaannedinsiidulay
THlaseneussamiisunazgendiasng
Yiuned
firupRuazngAnssuvesddnsesrulsygyns
UATINTEYIN ﬁﬁﬁiamﬂ%ﬁmsiaﬁ
Tngansiuniengavme ($9dn) - unauau

Theme

Computer Science and

Information Technology

Computer Science and
Information Technology
Computer Science and

Information Technology

Computer Science and

Information Technology

Mathematics and Statistics

Poster presentation for evaluation committee (UaUBNANULAZN1IATIVAALLULIAENTTUNTINTIALA)

Poster presentation awards ceremony (WSNaUT At ausranUITINITUTELANIUAMDS)

Name

#3559 1a3ny5mul

Sirithorn Jalearnrat

AUAUA JUNSAYYING
Somjin Junatarajessadkorn
an1SPU INRIUING

Sakauwrat Jongpattanakorn

alging Tawn
Natthawut Soha

USendnil urmaassal

Preyarat Naksuwan
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q

Institute

UNINGEE
wansAng

UM INEGY
A uATUTY

UAINYIRBLNYATAERS

PanTalvIne1de

WNIMYIFBYTN



No.

10.

11.

12.

13.

14.

15.

16.

Paper Code/
Registration Code
SSSCI2019 MA 11
$55CI2019 P_189
$SSCI2019 MA 12
$55CI2019 P_193
$SSCI2019 MA 13
$55CI2019 P_205

SSSCI2019 PH 8
$S5CI2019 P 40
SSSCI2019 PH 11
SSSCI2019 P 64
SSSCI2019 PH 12
SSSCI2019 P 65

$S5CI2019 PH 13

$55CI2019 P 66

$S5CI2019 PH_14
$55CI2019 P 94

$55CI2019 PH_15

$55CI2019 P 110

$55CI2019 PH_16
$S5CI2019 P 111

SSSCI2019 PH 19
5SSCI2019 P 131

Topic

Stratified Unified Ranked Set Sampling for
Asymmetric Distributions
AudNiuS IR UIeULaz AU
TutidanuUas
nansznUTesUInaWuTiinaerauuy
dmsulsale wih Un
mamsenliiisnanwanafin wagidule
ALk

Energy Absorption and Exposure Buildup
Factors for Coconut fiber gypsum board
Evaluation of radiation shielding properties
for samarium bismuth borate glasses
Evaluated shielding radiation and
exposure build up factor for La;O3 based
glasses

Energy Conservation of Split Type Air
Conditioner in Mechanical Engineering
Department Building of RMUTL Tak
nsUszgndIsmMamaanmenumulnihves
%uﬁul,ﬁaﬁumt,mﬁaﬁwmma wagMsLARE
WA

Development of quantum mechanics
learning by integrated teaching using
normal scattering effects on charge
transport in a metal/superconductor
junction
UsvanSnmueaniedosTiuiauaasesn

WYY DINAINLAAE D TIIN9ASINYAT

Theme

Mathematics and Statistics

Mathematics and Statistics

Mathematics and Statistics

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Name

Chainarong Pianpailoon

alngdld A
Nattinee Khongnual
AnfAnNs wawny
Kittipat Pondach
FNAY A9

Singhadej Tangjuank

Kittisak Sriwongsa

Kittisak Sriwongsa

Kittisak Sriwongsa

Yuttana Sriudom

suind Sygadiu

Thanawat RangSungnoen

eyl Feas

Panupat Chaiworn

WIEANA Inayns
Pongsuk Jittabut
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Institute

Sakon Nakhon Rajabhat
University
N INESYTUAY
UATAIDITUTIY
W INESYTVAY
UATAIDITUTIY

WNINGIRENUAY R Ane
W IngnduRaUIng

wInedeAalng

WINeIdeAalIng

Rajamangala University of

Technology Lanna Tak

NakhonRatchasima

Rajabhat University

W Ineae v e sl

W IMENdeT1vAY
UATIIYEU



No.

17.

18.

19.

20.

21.

22.

23.
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Diversity of freshwater fishes in Saensaeb
Canal Bangkok area
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Faculty of Science and Technology, Suan Sunandha Rajabhat Universityl

Srinakharinwirot University Prasarnmit Demonstration School (elementary)
email: ruthairat.si@ssru.ac.th

Abstract

The objective of this study was to investigate freshwater fishes in area of Bangkok.
Specify the type of fish found started the study from October 2561 to July 2019, for a period
of 1 year. Specify 8 sampling stations. Samples can be collected 1 time per month per 1
station. The study found a total of 12 families, 17 genera and 18 species. The most common
are the Cyprinidae family that found 6 species. Species found in every station are Sucker
(Pterygoplichtys anisitsi) that found a total of 39 fish, followed by Tilapia (Oreochromis

niloticus) found a total of 31 fish.

Keywords: diversity of freshwater fishes
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Uanazlnn Cyclocheilichthys enoplos

Uan angy Clarias macrocephalus 1818218 Pangasianodon hypophthalmus

UaFInznariadinaed Pangasius macronema UanauNa Pterygoplichtys anisitsi

ialwa Fluta albus Jaa Oreochromis niloticus
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Ua11n31e Oxyeleotris marmorata

Uansz@w1d Trichogaster microlepis
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Uavua'lng Anabas testudineus

Uanweaw Channa striata

Foriuguan g (7) anuilfingrany
Yannsne (Chitala omata) 1 5
YawzLileuw1a (Barbonymus gonionotus) 10 5uaz7
Uanesls (Puntioplites proctozysron) 12 5uaz7
Yamztileunas (Barbonymus altus) 8 5, 6 Way7
Uanai (Labiobarbus leptocheilus) 16 5, 6 wag7
Uaufutn (Puntius orphoides) 7 5, 6 haz7
Yawzlnn (Cyclocheilichthys enoplos) 19 5 uaz7
Uanuaensans (Mystus mysticetus) 22 4,5, 6 haz7
ﬂaquqa (Clarias microcephalus) 16 2,3, 4,5 6 uay7

Foriuguan g (7) anuilfingrany
Yanane (Pangasianodon hypophthalmus) 11 2,3uay 4
Uandingnaviedudes (Pancasius macronema) 14 5 6 uaz 7
Jawnaua (Pterygoplichtys anisitsi) 39 nﬂaﬂﬂﬁ
Jalua (Fluta albus) 8 4,5, 6,7 Lax8
Uatia (Oreochromis niloticus) 31 1,2,3,4,5 6 uaz 7
Uanynse (Oxyeleotris marmorata) 4 8
Yanmualne (Anabas testudineus) 19 4,5 6,7 uay 8
Yaveu (Channa striata) 15 4,5, 6 uay 7
Uansgiung (Trichogaster microlepis) 24 4,5, 6 way 7
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nAn3Aouduuusunuuualussuuves Escherichia coli Fanan1snaassnuitduunuuiuailaauled
fisuauiaedlelnddanun 1,086 Tndlolnd uazaonsadunsaesiily 362 nsnesiily Ineddwuilanalelns
wmilouduainuiindlelvavesBunuuuiiuaann Bacillus subtilis SRCM101392 99.63 1o stdus uasy
fd1dvvesnsnesilufimiloudvuuuuiualunguveslnalaludlolnsiaa nszgad 26 1osiinis
wanTnoNduuiLILuLualY Escherichia coli anewus BL21 (DE3) plysS wuin Loulesifinanld Svunndsyann
38 Alamiadu AanssuvesIaouduuusivuuuiiua a1wisovinnuldludiefiies wazgungfifiniiefe
fifiton 5.0 §9 7.0 wazflgaungd 50 s 65 ssmnvaloa anudrdu Insdifanssuveaouledauvdeninnii
80 Wefldud duannziitey uazgamnlifivazaudenisiauvesaeuduuuiuiuuua fe Mev 6.0 waz
flgaumgd 55 sameaidoa sy uenaintl Irenduuwiuuuunuaautsagesladaduiy Tneffanssuves
wulwiiadul,329 gladeliaddns wazdaArfanssudunigiindu 290 glindediadnTulusiu aneld
anmefiunzay 9nn1siesisinavesnsteslafatuiu semadalasurlnns fuuusiuung (Thin Layer
Chromatography, TLC) lenandausindsainnisgeaidunuanina wuulululea wuululasloa wnuulumunslos
warledlnueanlsaidvwalngniuuuluenssloa fufu Srouduuuinuuuniuad oraduusdlenilunisdou
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AdnAgy : SPanduuuvivauwa wiululedlnugamlsa Bacillus sp.
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Abstract

Mannanase is an endo-cleaving enzyme that randomly hydrolyzes B-1,4 glyosidic bonds in
mannan and heteromannan polysaccharide backbones releasing mannooligosaccharides as products.
Mannanase is widely used in many industrial applications such as coffee extraction, animal feed, pulps
and detergent industries. In this research, we constructed recombinant mannanase and produced the
protein in Escherichia coli expression system.The result showed that mannanase gene composed of
1,086 nucleotides encoding a putative polypeptide of 362 amino acid residues as well as exhibited
99.63 %  of nucleotides similar to that of mannanase gene from Bacillus subtilis SRCM101392.
lts amino acid sequence was also highly homologous to those of mannanases belonging to the
glycosyl hydrolase family 26. When study the expression of this mannanase gene in Escherichia coli strain
BL21 ( DE3) plysS. It found that mannanase was expressed as an intracellular enzyme with
a molecular weight approximately of 38 kDa. Interestingly, the enzyme activity showed broad ranges
of temperatures (50-65°C) and pH (5.0-7.0) with higher than 80% of its remaining activity. And optimum pH
and temperature of recombinant mannanase were 6.0 and 55°C respectively. The recombinant enzyme
showed 1,329 U/ml (290 U/mg protein) toward locust bean gum under optimal conditions. Locust bean
gum was hydrolyzed into galactose, mannobiose (M2), mannotriose (M3), mannopentaose (M5), and
oligomers larger than mannohexaose (M6) as revealed by thin layer chromatography. This recombinant
mannanase then may be useful in bioconversion of agriculture wastes to value products such as

mannooligosaccharides.
Keywords: recombinant mannanase, mannooligosaccharides, Bacillus sp.

unin

Tudagtuinisusauwiualszgndlugnainnssunaleaueg1anineing lugnaivnssuenmsy
wiyunualunisanauniinlusznitenszuiunisudaniun 1nld wazdenlauan dwaliuSununandndiadals
Lﬁ'mqqéﬁyu (Zakaria et al., 1998) qmamnssumammi%ﬂé’wﬁmLLuummmﬁaﬂwﬁﬁmﬂiwﬂumﬁ’u Faudu
anslianumilelulomndy enasyny walduy wazedilufionafauntudesild (Bettiol et al., 2000, Prakram et
al., 2012) QmawmiiumsmémmzmwﬁﬁLLuumLuauﬂﬁusﬁzumausuaamiWaﬂﬁL?J'aﬂizmmﬁaaﬂmﬂfﬁmimﬁ uay
lajﬁﬂﬁl,ﬁmmingL?{ﬂL?jaﬂizmw (Benech et al., 2007) wazlugnainssuermsdniinsiiusuuuiuaasly
91msdnsidnedudnalssuaunuuiussruszneudissandnildainisadosnuunuuld Tnsuuuuiiua
%EJ'ammuuuuiﬁlﬁuuuiuiaﬁiﬂLLszmmliﬁ%ﬂﬁQmauﬁ”ﬁlﬂua”niw'%luiaaﬂﬁm%ﬁmi (Leeds et al., 1980,
Adibmoradi and Mehri, 2007) 1Jugu

Mnind e stunsuunuad adueulyiviadla wuuusassonyldiisann fie dniuazqduysy
Im&JLmumLua'ﬁmamié’a’mqﬁum%‘éfuﬁﬁaﬂﬁmadLaulsnﬁqjd Tngan1zydunidlunguuesdva Bacillus
%ﬁmmmmémLauisuﬁl,mumLuaié’fwm&mjﬁm’mﬁqﬁﬁﬁmﬁuLauiezjﬁﬁaqLm'LL:uumLuaﬁmémmﬂﬁﬁmﬁﬁ?ﬂmﬁmwa
sonsinlUlduselevilugnamnssy uag maq‘[fma'1LLaumumauwmmﬂ‘LummﬂmLLa mmuamqmmm a3
Tunisnameaulay uaﬂmﬂummumau‘Luﬂﬁm’Lﬁ‘LUmumawawawmumau Fan1seunsruIuN At unoy
p1edwmalulalusiutiosas LLaumImmunuiummamLaulszjmmuml,uaqwu Jedinsiwmadanieniu
fugimnssy wldlunssdauuuunua TnsnslaauButuasdaelindaoulsdldluuimaunnlusseznady
Snisdsanansnaruauanizlunmanlsiulddodelfiwadidrdiuiimngay nuidedldudaunuuiua
971 Bacillus sp. Wneld Escherichia coli Wumaaiindulaeldinaiianisimuiugianssy
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I UILEIAYaINITITY
1. easssreuduuuinuuuiualuluaiiiie £ coli BL21 (DE3) plysS
2. \efnwanauTiviiaivessaou TuuuviiuwLua

52 8uIsIY
1. nseenuuulwsiasiisnwizaady man

nseonuuulnsiesfidumzdmsunsifinuuadu man Tnssusmdduiindlelndaingiudeya
GenBank Tu NCBI w84 B. subtilis $1uu 12 anesiuddsiinanulndideadu Bacillus sp. Wileldiu3suiiey
dudandlelndlaeldlusunsu CLC sequence viewer 8 (CLC Bio-Qiagen, Denmark) 1l ®1u5136u 104
fandlenamdudidveusng dmsvldidudundsimuizanluniseennuulnsiues uagliifiy
seuiandlelnafiduduniasidfuivaveseuledfndnig xhol fivane 5’vemesidsalnsiwes (man-F)
waraduiadlelndfidusuninasdsuaveseulaifnduny Hindil fivats 5 vesdiisalnsiues (man-R)
Wielyindnfusinnufitengnlenedmesaauisadensetunnimes 1ng man-F waz man-R dwiufisiinudu
Ao 5 -GCCTCGAGTTTAAGAAACATACGATCTCTTTG-3’ ha ¢ 5’ -GCAAGCTTTCACTCAACGATTGGCGTTAAAGA-3’
Uinaiitaduldfomuniansidduiuares Xhol uag Hindll mugsu

2. msanadlufindaduieann Bacillus sp.

yhmadss Bacillus sp. funandufieguinatagumielininisinns luotmsmen Luria-Bertani
(LB) figauvindl 37 pereaLdoa iannasasou 200 seusoundt Wuan 16 alus nduthansuviusosisad
TunyumIsssneausa 10,000 sousiound gungdl 4 ssmwaidea Wunan 5 uiil wazadndluindidule
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Wuan 20 uit dremznouidutedilddasieniuea 70 Wesidusd Wuasdey3uias) udnilunyumies
fiausa 12,000 seURaUIT gaungd 4 ovrnwaded Wuaan 10 uil LLﬁaﬁqlifﬁqmwQﬁﬁawuﬂwﬁ'q
pznoudidulonris mintuazarenznoudidueillédetinoimiadnfie filey 8.0 udnfvaisazarefibuie
Tigaumgil -20 ssmiwaLdea

3. nsasssReuTLuLRILULUE

Win1sfinvsutadunuuunualaeld fidulenediweowsavia Phusion (Thermo Scientific,
Massachusetts, US.A) uaglwsiues manF hay man-R Imaaﬂmvmmﬂﬁﬁ%mﬁliéﬂumw‘h
Ujlisengnigwodiueisd Guanmaianelassainsiidue Moumgil 95 ssrwaidea Wunan 5 unit dnunis
50U MntuusarsevTeM YUt gnlTnediueisa ‘Ui“’ﬂQUWJ&Jﬂ’liLLﬁlﬂ@LE]ULE]ﬁ']EJﬂLU‘Llﬁ’]EJLG]EJ’J figauvindl 95
osrniwaldoa 1unan 30 3l nsduresiwamesfufiBueduuuy fgamaiduue 60 v 50 esmvaidva 1Ju
a1 30 Jundl nsdaesERanefidulefioaumngll 72 ssruwal@ea 1Wuian 90 wndl $1uu 11 59U LAz
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72 psmwaidea \Juaan 10 wdl Sruau 30 sou LLm‘vnmimmmamm%mﬂﬂgﬂimaﬂiﬁwaaLuama LazINADS
PRSET-A sheioulusldndinizansyiinfio Xhol wag Hindll wazanduiiNsWenduguLazinnasidimeiuy
Tneldiouludiduelana T4 wazvareIneuduuwinaraladng £ coli DHSa fae38n13nszAumiauiou
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figamad 42 osamwal@ea Wuan 45 3undt dadenineuduuuvinaradauueivisuds LB Aflo1Ufdius
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4. n1waAAluTAU
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nduaanuige woundyn 60 wWosidud Huna 5 uiit vuiuds uasilunyuimissnnngnou fgangd
4 parnwalBua ANUSI5aU 8,000 Sausaudt Wunal 15 i LLﬁaLﬁudauiaﬁquQﬁ 4 paAYaLTYd

5. N1SVAEBUAANTINVDIIADNTLUUTMUILULE

nMsms1seuianssuvessrenduuwiuLuLE ilaeTauSinainaiig seisnsnlelulnsedledn
(DNS) LLax’L%’ﬁwmaLLquuaLﬂuﬁniaaawaﬁwmwamm@Wﬂg (Miller, 1959) Ingdrulsenauvesuiseusenouse
Tadaduiu 0.5 wWesidud Ghuilnseusung) luanududu 50 fadluans trlweslufiuezdion fiey 5.0 uaz
Freuduuwinuuuiiua Aanudutuiivuizan udrwaufiserfigungsl 50 ssmwadeaiduian 10 und
’JJﬂﬁﬂﬂﬁ@mﬂﬁuLLmﬁ 540 unluLuns (Victor spectrophotometer multilable microplate (Perkin Elmer))
lnglvinanssuveseuled 1 gin nnedsuinaeulediioue famnsalanudesiiniainag 1 lulaslua
lunan 1w agldaniennaey wazdaseiusuialusiunigisuusanesa (Bradford assay) Meyanaaay
lUsfu (Biorad, California, USA) wasldluiud@sudayfiu (bovine serum albumin, BSA) tuansazane
TWsfunnsgiu lunis@nsiangfiesiivanzaudenisinnuveseules vinlasnismaaouianssueules]
flguundi 55 ssmusaifoa nslddrmodeng q Affesdoud 4.0 1 90 Aflarududu 50 fadluaans
el Wrilofludouesdian Moy 4.0 uaz 5.0 Trlilodveain flow 6.0 uaz 7.0 Triesvialelasaaslse
fitew 8.0 uaz 9.0 N1sAnwIANIE R ITmNrausADn I uveseulsyl ildneasuAanssuteulusily
aradiudu 50 fedluaans twleseain ot 6.0 fitasgamgdfeus 30 F1 80 ssmeadya

6. N15URYEAIBTINIG
nsgesBrunainlaensidladatutududuansy lnowseuladadudiy 5 Gadnsu TudWiesneain
ey 6.0 ANuudY 50 Tadluaans wazarsazateIaeudiuuiuuuuua 15 uaz30 gllnreladniuduansy
wdIUNUfATe T 55 asAnaai@ua WWuian 6 24 uay 48 Talus Ineweg1fina1uL5959U 1,000 soUAOUIT
AILLATINANATNAINTAAIVANEUNYILA (ThermoMixer™ C) 3ntuveaUfATegugil 100 asriwaidea
I = ° a‘ a‘ & ! a A a v & P
Julaan 10 widl wazilunguiiesmnagnauiininusiseu 12,000 seudeui Ngumgiivies ulian 5 uad
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7. mawnsieinvesinafiemaialasunlnnsfiwuuusuung

ynsinsesivinveninadiemadelasuilnnsfiuuuusuuns (TLO) Tneldunusgiidondaniieg
60 109 254 (Merck, Darmstadt, Germany) n15n513dounandasiuuululedlnuaanislsaiilgann
nsgegmeiaouduuum vilaen1svenansdiedeusuns 1 lulasdng asuuukuegiiflenddniaalaeiieuiu
a13ara1eu19sTIUNUTIRS 2 lulasndu laud niuaalna nglaa wuwlua (M1) wwwlululea (M2) wuululaslea
(M3) wuulumnszloa (Ma) wuulumulna (Ms) wuulutesnszloa (M6) ndusinliuiuegiidondaniuis
Tnsmsideansou wddsfuuiuegfideudaninaaduunsdiifidinavarsnswu-2-aea : nanexdin : dindu
Tudmsndiu 4:1:1 lnpUSuns iledvinazatsindouiioutievgauduogiiflonddniaands
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Bacillus subtilis @i ugana q wuinfianuniloududinuiiandlolnavesduwuuuiiuaain 8. subtilis
SRCM101392 (CP021921.1) mnﬁqm (99.63 %) B. subtilis NBRC 13719 (AP019714.1) (98.99 %) uwag B. subtilis
NCIB 3610 (CP034484.1) (98.99 %) Lara1NNNTILATIENANUVINTADLI U LN UUILUEN Bacillus sp. AU
F1uaya GenBank mglusunsy BLASTp wudndianuwmileuduaidureeninesilluvediuuuiuaann Bacillus sp.
(WP _032677458.1)(99.72 %) u1n ﬁ a@n B. subtilis SC-8 (EHA29041) (99.45 %) B. subtilis CICC 9011
(ACX94024.1) (99.17 %) wagBacillus sp. MK-2(2016) (ANG59296) (98.90 %) LLazWU’jWLLuumLuaﬁae_jsluﬂsju
Inalnaleslelasiaa nsznadl 26 9nmsviuIenIuInaLssufsorvosuuuuiiuaielusunss Prosite nu
finsnozily 2 dumis feguinaissufitende nsnoziluganumitdumis 150 vivhdudlilsneu uas
nsaezilugamumiisumis 249 Yiuthiiduionaleld
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Unlasloenozdnm Aoy 5

ANl 1 3nouduuusivuuunudaInnIThaTsidienederaiarludiaadidnlnslnidawuuiioadiea
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Acaricidal properties of crude plant extracts of Cuscuta reflexa
and C. chinensisagainst Luciaphorusperniciosus in Auricularia

auricular
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Abstract

The use of plant extracts for controlling agricultural pests has become increasingly
popular in the recent years. Some mites is also considered as pests of economic crops for

instance, pyemotid mite (Luciaphorus perniciosus Rack) that is a destructive pest of several

mushroom species and has been reported to cause severe loss of mushroom cultivation in
many places of Thailand. Therefore, the bioefficacies of crude plant extracts obtained from

Cuscuta reflexa and C. chinensis for controlling L. perniciosus infesting Jew’s Ear mushroom
(Auricularia auricular) were evaluated in this current study. Both plant species were extracted
using 80% v/v ethanol as solvent. Different concentrations of crude plant extracts (O (control),
0.5 1.0, 25 and 5 % w v and pregnant females of L perniciosus ( 10 mite
samples,replication,concentration) were prepared for contact bioassay. The experiment was
designed in three completely randomized replicates in each concentration. After 3, 5, 7 and 9
days exposure, it was found that C. reflexa stem ethanolic extract exhibited median lethal
concentrations to kill 50% (LCsp) of the treated mites in 3, 5, 7 and 9 days of 16.59, 7.34, 5.87
and 2.01%w/v, respectively. Meanwhile, C. chinensis stem ethanolic extract displayed LCso of
the treated mites in 3, 5, 7 and 9 days of 22.86, 12.25, 2.18 and 1.78 % w/v, respectively. In
terms of the mortality rate, the concentration at 5% w/v in both crude plant extracts showed
effectiveness in killing pregnant mites with 100% mortality of after exposure for 7 days
(C. chinensis) and 9 days (C. reflexa). Interestingly, the mortalities of mites from both plant
extracts in the concentrations of 0, 0.5 and 1% w/v were not observed in this time. However,
from the obtained results, both plant extracts are likely to be further applied in preventing L.
perniciosus and other mushroom pest populations in the mushroom farm.

Keywords: Cuscuta spp. stem extracts, Luciaphorus perniciosus
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Figure 1: Characteristics of Cuscuta plant (a) Cuscuta reflexa Roxb.and (b) Cuscuta chinensis Lam.
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mui%’aﬁmumﬁmsmmmﬁqam‘ﬂizﬂawwmﬁmamawaadwizﬂauﬁwmimﬁwmaﬂdu 819 flavonoids,
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UuaWNTABATD PDA fae cock borer Tuadurnugunans 5 faduns wiudeldlurnguruyiifioims OB
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Table 1: Mycelium growth of Auricularia auricular on different concentration 0, 0.5, 1.0, 2.5 and 5.0% of

Cuscuta reflexa and Cuscuta chinensis extracts

Concentration(%w/v)

Extract
0 0.5 1 2.5 5

Control
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Figure 2: Mycelium dry weight of Auricularia auricular in liquid culture supplemented with different
concentrations of Cuscuta reflexa extract.
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Figure 3: Mycelium dry weight of Auricularia auricular in liquid culture supplemented with different

concentrations of Cuscuta chinensis extract.
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Figured: The mortality rates of Luciaphorus sp. after treated with 2.5 and 5.0% crude extracts of
Cuscuta reflexa at 3, 5, 7 and 9 days after application. Means with the same letter were not significantly
different.
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Figure5: The mortality rates of Luciaphorus sp. after treated with 2.5 and 5.0% crude extracts of
Cuscuta chinensis at 3, 5, 7 and 9 days after application. Means with the same letter were not significantly
different.
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extracts of Cuscuta reflexa and Cuscuta chinensis at 3, 5, 7 and 9 days after application.
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Abstract

Root rot is a disease that causes severe damage to cassava yields. The objective of this
study is to study the fungi causing root rot disease in cassava. The study was carried out by

collecting cassava samples which exhibited soft rot and dry rot from the area where
the epidemic of disease was found in Ban Klang Subdistrict, Wang Thong District, Phitsanulok
Province. A total of 16 cassava samples have been collected and isolation of the pathogen then

has been done by using tissue transplanting technique on PDA medium. Hyphal tip technique

was used to obtain pure culture of the pathogen growing into the PDA and then transferred to
new petri dish. Totally 16 isolates of fungi have been obtained, where 11 isolates are sporulated

and five isolates are non-sporulated ones. Identification of the pathogen was done based on

morphological characteristics of fungal colony, growth characteristics of mycelium and spore
morphology. Microscopic characteristics of fungi were then examined under compound

microscope using slide culture technique. Generic name of each fungus was specified by
comparing the information with relevant fungal taxonomic documents. Identification result
showed that some fungal genera; Fusarium sp. and Neoscytalidium sp., obtained in this study
is consistent with the results of previous studies. However, it is worth noting that Scopulariopsis
sp. isolated in this study has never been reported as causal agent of cassava root rot disease in
Thailand before.

Keywords: Cassava, Root rot disease, Fusarium, Neoscytalidium, Scopulariopsis
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5 LA B1001 fuiinndnass ldlvanu
6 LAY B1002 (Fusarium sp.) Nuiipndrmaes Sulvaniu
7 LA B2001 fuiinndnass fldlvanu
8 ez B3001 Nuiipndrraes Sulvasiu
9 ey C1001 ﬁyuﬁfju
10 Way C1002 (Scopulariopsis sp.) ﬁuﬁfju
11 RYIIZ C3001 g
12 YIS C3002 flufiga
13 (RVlGE C4001 (Neoscytalidium sp.) ‘ﬁuﬁﬁju
14 LAY D1001 (Neoscytalidium sp.) UL
15 LAY D2001 LU
16 LIRS D4001 LN
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3. NSANBIANBALNNETUFIUINEIVBUYDT
NMsfnwanyaemsdugineivedalall dnvarnisasyreadulevuiimihamswasduginenvesales
VOGO mmsmzq%m%aiﬂﬁ 3dna f Fusarium sp., Neoscytalidium sp. wag Scopulariopsis sp. lagnun

. a 153 & & @ = & ao a =] A [
31 Fusarium sp. W3gANUemsaesde PDA nelu 3 Tu lalallvesdelidnuaraviBundunivies anvuy
naduguIng1neldndesganssadiaudusznouiideens 400 win duledniaiu laludd adeduleseu
macroconidia Usgnausig 3-5 Loas JUS1UNIEnuense wazlAvendigldeinseduns yanenigesdie
Seaunavuas Svuieatade 8.9 x 2.5 lulasiuns (n = 20) (a1l 2) Tudiuves Neoscytalidium sp. 1a3gLAL

& & @ = & a gy % =~ < v A v = £

1w MIsEsNe PDA nelu 3 Tu laladveudesisuusniidnvasiduledvinidntdes Wewduledotguintu
sydeududn Snvasmeduguineneldndasganssmiiauduszneuiingavens 400 i1 conidia Fewariy
Jugnly Tdudu conidia szezdeulaldfid dulvgfiwadifen uddeunvziinsadamaiuuuay 2 wad lnewad
asananiivduima ivnela nlesnunaviniontu Svuiamde 7.4 x 6.2 lulaswues (n = 20) (0w 3) dmsu
\® Scopulariopsis sp. La3QyLfnaueIMsiastie PDA nelu 5 Tu laladlveadesniiddr dnvaynedugiu
eneldndesganssaiaudussnoufifdavens 400 wih conidia JUsienan Beweiulugnly niuseuuas
wun dulelalufid fndanu daulvgiwadifsn vuinade 4.6 x 4.4 Tulasuns (n = 20) (A wi 4)

g ol P4
Bsgo1 @

i 2 é’ﬂwmwwé’m@u%mmmL‘??aiw Fusarium sp. lelaan B1002. A = AnvaznIsivessniiudUsmas.
B-C = &nwauzvadlalaiiuueng PDA flaaumgiivies. D = dnwaizued conidia fdsweneuesnIn 400 Wi, E =
Fnwaigves conidia TirfdenevesnIn 1000 Wi, D-E mount dlasde lectophenol cotton blue. scale bar: D
winu 20 lalasiums, E windu 10 lulasiuss.
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A 3 é’ﬂwmsmqé’mgm%mmﬂiﬁﬂﬁmﬁgamiﬁﬁuwLauéﬂizﬂawmv’?ﬁ”@ﬁ Neoscytalidium sp. lolwian
D1001. A = &nuaiznsiivesnndiudUsnds. B-C = nwazvaslalaiiuueims PDA figuvniivies D = dnwas
204 conidia AM&1we18U090 N 400 i1, E = dnwaizaes conidia Aifndseneveanin 1000 11, D-E mount
dlanee lectophenol cotton blue. scale bar: D wihiu 20 lulasiuns, E windu 10 lulasiues.

AN 4 é’ﬂwmzmqé’mgfm%mmaiﬁﬂé’aqqamﬁﬂﬁuwLauﬁﬂsznawaqL%as'l Scopulariopsis sp. lolgian
C1002. A = dnwaiznsiivessnsiudwends. B-C = dnwazvedlaladuuo1vng PDA figuvniivios. D = dnvae
984 conidia if&se18U0IA W 400 Win. E = dnwaizves conidia fit1&swenavaanin 1000 1. D-E mount
alanee lectophenol cotton blue. scale bar: D wihiu 20 lulasiuas, E wirdu 10 lulasiues.
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ViamwﬁuﬁﬂgﬂﬁmmLmﬂﬁhqﬁ’u fie iuiisny 'ﬁuﬁfju Nuiipndrraesiitlnaniu LLa%‘ﬁuﬁL%’lgﬁ Tushuatnunang
sunefmes Samtafivalan $1uau 16 d9819 arursansmidesianuglsasinuirluifuduendsld
16 lolwian ﬁ]’]ﬂﬂ’]iﬁﬂi&)’]ﬁﬂi&)ili%%’]ﬂgmﬁﬂu%%EJ’]‘U?NL%E]?’] wmi‘]m%aﬂéuﬁa%waﬂa% 11 lolwian wazliassalos
51olalan wag mmiaiw%maﬁl@ 3dna Ao Fusor/um sp., Neoscytal/d/um sp. Wy Scopulariopsis sp.
Lmeum‘umamqmmnamwwwﬂaﬂmLmﬂmmu wiiilothuueniteuaznsivaeudnumenisduguine,
youte wuiideniinuliunnseiu amaliﬂmuiuamwwwmmmﬂaaaﬁmuuﬂwamu Flvauuay Ausvuretle
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spp. lalafiveadefidnwarwduniniu densaaoudnuurmadaguineweatoléndesqanssmifiiidmens
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spp., Lasiodiplodia spp., Neoscytalidium sp., Diaporthe sp., Phomopsis sp., Phytophthora spp. Wa¢
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a&iwﬂﬁﬁmmLﬂuﬁﬂwaﬂmﬁ'awudwLﬁ??aiﬂuaqa Scopulariopsis sp. fimulumsanwildineiinissenuia
Juidenelsanlusfuduendslulsemalnemndeu duiunisanendesifinelsauluifudsndsluan
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A comparison of embedded materials on drying plant specimens
for a three-dimensional preservation in polyester resin

Pornanan Boonkorn Jintanaporn Supchai Theerawat Chuwong-jaroenkul
Angkhana Chuajedton Haruthai Thaisuchat

Biology department, Science Faculty, Lampang Rajabhat University, Lampang
email: pornananb@yahoo.com

Abstract

Plant preservation in polyester resin for botanical studies is nowadays increasing
interested. However, plant samples must be dried before embedded. The purpose of this
research was to compare the efficacy of silica gel, sand and rice husk on drying plant
specimens (chrysanthemum flowers, rose flowers and Bodhi leaves as the representative of
carotenoids, anthocyanin and chlorophyll, respectively) and then drying at 65°C before
polyester resin embedded. The research had shown that silica gel gave the shortest time in
drying chrysanthemums, roses and Bodhi leaves (4, 15 and 2 hours, respectively). In
comparing on carotenoids content in chrysanthemum, anthocyanin content in roses and
chlorophyll content in Bodhi leaves after drying, it was found that embedded in silica gel
gave the highest quantity at 0.94 mg/100g, 73.74 mg/100g and 0.93 mg/100g, respectively.
The color measurement after drying was found that chrysanthemum embedded in silica gel
could preserve their color in comparative to fresh flower. The L*, b* hue and chroma value
were 75.10, 68.20, 1.49 and 68.38, respectively. Roses embedded in sand preserved their
color in comparative to fresh flower. The L*, a* hue and chroma value were 35.21, 35.10,
0.14 and 32.59, respectively. Bodhi leaves embedded in silica gel preserved their color in
comparative to fresh leaves with the L*, a*, hue and chroma value were 42.21, 15.75, -1.07
and 3 0.3 3, respectively. Structure collapsed and pale color was found in fresh plants
embedded immediately in polyester resin.

Keywords:embedded materials; 3-dimensional herbarium; silica gel; sand; rice husk;
polyester resin
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Multiple Range Test fisvsuiiudndaymneadf P<0.05
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aendsnisiladiedeiivluTaguilasite q wdnhlveulugouguugil 65 esanaaided wuiinen
LummvzmEmusuamLaaumiaﬂawaqu’muﬂmﬂ’nmﬂmamumau wazAsiifl 20 Wosiiudvaauiinidudy
Tudhlusil 4 sesasnAeyaniugu My uaz unau vaugfinennuaruyamua yadidudaneanazilslunsne
fnsanasvosthminginiinisldunay wagaaiifl 20 Wesdudvesimdnduduludalued 15 dalunsdves
Tulwswuigeditidudanueainsanamenintniininsldtaguindu wagasiiil 30 wWosiduivenimin
Susuludalusd 2 sesasnAonisildunsie unau uazyanIUAY KAN1FIToRANITIANT 1

mendanstsnenugaualutansiane uduhldevlugevemmgd 65 sswnwadoaruiiimiinasi
wuhgnauauilifinisilslutagle 9 wagyaiiluddneaiuiniusaingualsiiuesdgeiiande 1.12 uaz
0.94 mg/100g MuAHU s83asNFenenugNATiHslunIBLazunay vz UT TR Tnqueulnlesiuly
maﬂqwawwudwmﬂ’m@uLLawqmﬁ'EJﬂueTjﬁmLﬁ]aﬁU?u’lmqqﬁqﬂﬁa 73.82 way 73.74 mg/100g AUAIAU
sesaundenannraruiiiaunay aonan uazildunsie dnlulnsluynniuguuasyediidldudanieaiviuim
ssningaaslsiladgsiiando 1.02 uaz 0.93 mg/100g mudiy sesawnAslulnsiddunnay nae wazluan
HANTITBUARIFINING 2

nansiasziadlaglfiniesinduandlunised 1 laewuitnenugeunaaniial L* geflanie 86.98
3aqaamﬁamaﬂLuzgﬁ]mﬂﬁﬁiﬂu%amma YAAIUAN WNAU waENTIedlen L* Wiy 75.10, 64.23, 58.88 way 55.52
AIUAWU A1 b* YasnpniugaLAYnganisaaedianduuinuanvinglidnundes lnsnenuganiaandian b*
gsfignfie 77.28 sesawmnAeneniugaanailludaniiea n51e wnau uazyAAIuAN A1 b* Winfy 68.20, 55.67,
5230 uay 50.58 AAAU AEAARNIAARIlA hue gefignde 1.68 uansindveanendudindesan sesaunie
mamuzgaumﬁﬂﬂu%amwa YAAIUAN N318 WaTWNAUNAT hue Wity 1.49, 1.42, 1.25 uag 0.58 ANUAIRU AN
chroma Aaefivsuenisaruduveniled wuimeniugaueanien chroma gsfignfie 78.06 uansidindy
vouilofinn sesawnfononuguunaiidudanieg vse unau uazgnaruAuTaIfy 68.38, 52.93, 52.49
uay 50.71 MuaAY

nonnmauanilAn L* gefiandie 35.77 sesawnfenenquaiuiildunsne unau @aniea uavyamuauil
A1 L* Wiy 35.21, 32.42, 31.04 uaz 29.64 anuadiu A1 a* vesnuaulunnganisnaasalanduuinuansinting
fidlnuuns Tnsnannuatuaniian a* gefignfe 41.99 sesasmnAensnnuaiuiidslunsiounay F8n1ea wazyn
uAu fif a* Wiidy 35.10, 34.71, 34.34 uay 33.02 MudIFU AenMATUARTIAN hue gefigade 0.18 wansind
vosnonidudunsan sesasndonennuauiildlunsie unau Fdniaa uazgnaIuAu fid hue Wiy 0.14, 0.08,
0.05 way 0.02 MUY AennuauaniiAn chroma gsflgafe 42.74 sesawnfenennuaruitildunsne unau &3
N498 WasYAAIUAN AAWINAY 32.59, 30.33, 30.22 Uag 29.81 AUaY

TulwSaniidn L* geilando 43.18 sesasundelulnsiiilsludaniiea ns1e unau uazyanuauile L*
Wi 42.21, 39.29, 35.68 waz 33.77 auaiu A1 a* Tunnganisneassdianduauuansiningiideendes wui
Tulwdaniid1 a* Anauiigade -21.80 sesasunAelulndiildludanies nie yaruay uazunau lasdidl a*
Wity -15.75, -13.96, -10.83 uag -9.95 aud1su TulnSandien hue gefigade -0.77 wansidvedluidudidenan
sosaunAelulnsiildunsiedaniea YAAIUA hazwnau Ay -1.01, -1.07, -1.19 wag -1.20 awudau Tu

InSanilA1 chroma gefignme 31.58 sesasunAslulngvldudaniee ynatua neuazwnauiliAniniy 30.33,
29.14, 26.27 uay 25.73 A1Ua1AU
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M1519% 1 Wavesianianilsend

=

AVDIN

P

yendinsilusuniigamall 65 ssruealuadusseziaansiig g

wiaNy YANITNARDS L* a* b* hue chroma
ADNLULYIUFA  ADNER 86.98a 11.01a 77.28a 1.68a 78.06a
YAAIUAL 64.23c 10.87¢ 50.58bc 1.42b 50.71c
FAnAa 75.10b 4.90b 68.20ab 1.49b 68.38b
Nn3NY 55.52e 5.11b 55.67ab 1.25¢ 52.93c
bNAUY 58.88d 4.05c 52.34c 0.58d 52.49c
%CV 5.63 7.26 4.35 2.36 6.68
ABNNUATU ABDNAR 35.77a 41.99a 7.87a 0.18a 42.74a
YAAIUAN 29.64c 33.02b 0.55d 0.02d 29.81c
FAanaa 31.04c 34.34b 1.46cd 0.05cd 30.22bd
n3g 35.21a 35.10b 4.26b 0.14b 32.59b
NAY 32.42ab 34.71b 2.37c 0.08c 30.33bc
%CV 8.32 5.22 9.68 5.74 6.32
Tulwd Tuan 43.18a -21.80e 21.4de -0.77a 31.58a
YAAIVAN 33.77e -10.83b 27.01b -1.19d 29.14b
AN 42.21b -15.75¢ 28.62a -1.07c 30.33a
NnINY 39.29c -13.96d 22.24d -1.01b 26.27c
WAAY 35.68d -9.95a 24.01c -1.20d 25.73c
%CV 10.21 11.38 9.65 7.29 7.88

newn: anwsmivaadsluluidwesisuiazyinineiusansivisiuegeilduddgneaifn P<0.05

a

mevdanmaifuinufislunedioamefistuduszesina 6 Weu nuiifivania 3 sliafiiumdeluned
wamofistuiinsguiuagiiesoinmanaeenuniudiuiunn wasiataas luvnsiiisinunsiuiieda
naaunsaiuinwd sune uasguiamilouanmieunavdetuguienedioamesisiu vasiinislinsnsuas
unavrewiusnulustuhlimadadnidoouidensguraineg dnvazvesfivaendsnsildunedieamosis

a Y & o v & & o ::4'
B?JULLa'JLﬂUiﬂNWI'JLUuL'Ja"I 6 LADU LAAIANNINN 3
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afUsenaddeuazasy

nsissuifisuuszansamaesianildlunisils 3 viaievlueuuisiioumad 65 esmwaldualeun
V1318 UNAY wasdanaa dmsuity 3 vlia laud Aeniugauna Aennray warlulng neufushwiselulunedion
wosisdu MnmAdenuifiens 3 elnfidduidniaauiainiinstidutaguiadu aenndesiumenuves Rani
and Reddy (2015) Fs@nwuieiutanililunsilsinenliangviauis wuivinsivansaudigafonisilslu
918 Fanuaa uazveusnd taslamiznsilduianeaddlinadiian wufeaiuseauues Karunanda and Peiris
(2007) Fanaasuianilmansviasenisilinen Plumeria uks wuinsilsluddnearieliinenliiuiasian
\lesanlassarweafinddniaaiidnvazfulasssgnguruadnsnoummilfifsguautinisgadums
n18AMN (physical adsorption) uazn1saruktuluvesnainislugniu (capillary condensation) Favinliida
mL%a@m%’mﬁqLLaxixmaﬁl’]aaﬂlé’fa&i’mmm% (Sindhuja et al.,, 2015) a&hﬂiﬁm’mLf‘iav‘hmﬁmﬂ%mmami’mqhﬁm
wiazalnmendsnsyiliutauinigamuauitlifinsilinluanuiasiie Tusinuseinggeigausliuansing
othsiifoddyfunisilsluanuaaudedidla Meilduivsuieradumsznisuiiedsmnidislunisannis
vhauveseulesifiiindesiunsaarefvesssaingilianusasnuunasseinglidndesuaiilowiouiiio
futsinussningluiivanudmuinfisfieuwidiuuasininguinnd fullvgruinindesainnissenunai
LLmﬂmqﬁ’mwdwmﬂsﬁﬁﬁmﬁﬂLLﬁaLLa55114%am%ﬁmﬁnamzﬁﬂ%mmﬁm&J‘Lmjaa‘ﬁwmumﬂﬁﬂﬁaﬁmw-ﬁfmq
eaninnsldmdnuis annranisiaAdvesitnuinnisieenugauiaslulniludanieaaunsadnwa
waeswardilvvesiialdniinisildutanuiadu denndesfun1331891ues Karunanda and Peiris (2007) &4
wuimsilsludaniaatisnsanindvesnon Plumeria lddfian sgnalsinalunsmaasmuiinenquatudilsly
nawannsinvidaududundddininisidutaneindu vederadeinsntnguesisudassiinoglu
Tnssasaiunndnafulagssaingdimdedlunoniugamadnlugjoglunduualsiiuosd vasiissaing@iorlululng
oglunduanelsfiad devauniuadiiussyssaingiassintoglulslnmarfuronsad vasiissaingiundunty
ponnuatuduneulnlefudsineglundunailussdiiazarslumifloavesvadiis feenuunndrsienadmai
Timssnvdvesiinlutaniudassdadauunniieiu Safesdinenuluneesdonilefigaitoduivguisoly
\defansandnvuzvesiindanisiauagivliuiduiaguiasiisg wuinsisdduddnieauaznseaiunsainw
sUsvesiinelild vazd Dilta et al. (2011) srenuimsitinenliuisdaglimssazdroinwindunenlsi
dnwaziSou lusugiingldtanteassvilindunenlifinuwsvssidntosiiesaneynavemsedvuadnniy
Feannsounsniinlulusesinweanduaenlsfldfndt dau Datta (2001) seyimneazdeaannsaliiiuanileia
1§ ilesmndresensiivsne fdwidnnauiiiuarlivugasedulediluenna sgrlsinnunseiling
SnvadinazBunuazmsiranimane q aduftedrandessnlngawznsiefiunanvzia Jawaharlal et al, 2013)
ﬁm%"umﬂ%lma‘uL‘T]u"’;’a@EJaiuawu%ﬁaa%&ﬁwuiﬂé’ﬂﬁﬁizﬁm%mwéfaaﬂ’hmeLax%ﬁmmaLLﬁiﬁﬁiaa%’ﬂwwgﬂmmag
Fvasiinldinimpniuay silidosnunauiidulowagloauasSsdaandudutssnouduiunndsielumage
Futhla (Ummah et al,, 2015)

dehfirluiiusnuidelasnsnaslunedieamesisduiisufunisldivaniuinuiuil wuirfivan
tanmdelunedloamesistulimaguinedmniuariveseinmayasenundusuiunn esmnfivandaihii
onelumadifleldsuausounnnaurlusduilfiianesenmasonin uazidofansgapdeilugadviiliie
finsvaiuasdinamnszenailumaiuinuiiiutu luvasifefiunshuiiedaneassaiving
3 1u1n wargUranileuanmnounisvdetusuienodeamedisduld uanshiivuisainuarliiuse vasiing
Hilunseuazunauieuiusnulusduiliivnzuazuadudnosussinsguraisey aenndesiusenuyes
Reyes-Aguero et al. (2007) innasaifiuinuidsg1amaresnsyussmysnszga Opuntia Inensilslunsowdn
ihlouwrislugeuguungd 40-45 ssriwalioa udnmemswosnuasvdetuzldiiurosistmuadaesiu
Fsanunsaiusnumavesnsrusamsidustesnaunulasannsansgusswesiive 3l fiduiu

nnslIsuiigudendeidsveanisledanuaasyialunisitliisuiinuitianudasvllndivenveide
uansnsfutuegifuinguarasdmailuldusssuussanniiiie Tneanaidefoaunsavilifivurdasldioand
toenimslitandu fivdlifnsddunassuiasifelilduaslifnnsasuwasmendsmsiivnuluned

'
a
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Effect of boiling and steaming on antioxidant capacity and
phenolic content of amaranth

Natcha Yata'?and Chanikan Junmatong-1°

!Biology program, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Phitsanulok,
Thailand
Email; 2natcha.ya@psru.ac.th, °chanikanjunmatong@psru.ac.th

Abstract
Amaranth is ranked as one of nutritional vegetables especially high in antioxidant. It

must be cooked before consumption as its raw state contains strong odors. Therefore, aim of

this study was to determine the effect of heat treatment by boiling and steaming on
antioxidant capacity and phenolic content of two amaranth namely green and red. The

samples of amaranth were heated by boiling for 1, 2 and 3 min and steaming for 4, 6 and 8
min and compared with the non-heated control. The heated amaranth were randomly selected

for the assessment of total antioxidant capacity by DPPH radical scavenging activity method
and ABTS radical scavenging activity method as well as total phenolic content. The results

show that boiling method significantly reduced total antioxidant capacity of amaranth
depending on the boiling cooking periods. While steaming method increased total antioxidant

capacity of amaranth. Green and red amaranth steamed for 4 min had the highest antioxidant
capacities. Moreover, boiling and steaming method can enhance the total phenolic content of
amaranth. The green and red amaranth showed the highest phenolic content when steamed for
8 and 4 min respectively.

Keywords: antioxidant; boiling; steaming



unin
finles (Amaranthus sp.) §neellursd Amaranthaceae (i afifitiunil, 2549) 1urindigauluselusiu

Aslulamsauazdnnfiu 1wy Indue Inndud2 Iniude Innfiudo warinfue swﬁgnﬁLLi'ﬁmﬁﬁﬁzgﬁiaﬁ'wnmaaﬂ
vanewin Wy whaden widn wundideu Tnunaden neswns uuamile wasdenzd Judu venani Anluudegay
ufsansiuoyyadass (Antioxidant) Fsfiqniteostumainuiitoreendinduuazfrannsalosiuldlioyya
asvluvhanslassadasaduasnsvirvensadladnde Jdiduteszasnsidevanmuesead Untlessnanie
Tulliiunig dredestulsadensiag wu lsade tsamile lsadunn wazlsauaide \Judu Wuna anwaiuas,
S35 Junsiag, Nseial adadan, 39 8gAs, wazani wissnt, 2556) egnslsinny Ao dudnfisusunaeans
ooneLanAeuiieg fefudfiitigmidesds e doshiau sunnesd sudsiidesnsarauuuuueadounis
wfomanidsimsuilnaluviinann dwiunsiulsenuinluudendsdiantoudenninlunanindumdy
Wer (g517n nusUseIR, 2550) nTeATeiiumuinsTianudeusienssudsinge wu nmsdu 59 uaz
lalasiaw asnsadindnenmlunisiuoyyadassuazUiunaasdueyyadassursuiald Wy win dauan
usenlad uvile wavaztudingln \Wudu (Turkmen, Sari, and Velioglu, 2005; ¥fin1gyat JunsuInes, 2552;
Anfa WWaun wagaiinigal Sunsumes, 2562) egslsinin nsfnwiravesnsidnuieurednenmlunsiu
ouyadastiarUTInasueyyedastluinluufiiungsdides fuinlumduinfiutuiiteudgn mldde e
on wardinuAmsesgs feunuideiedingussasdifofnvmaresnsfuuasmstodneniwsanluns
fusuyadaszuarUiinuansUsznouiiueanvesinlusassaneius Taud dnlvuides wazdnlvauuns Jeanansath
Foyauuszgndlidmsumsuszneusmsiiteuslaainludtelldnaimdasuinisgegasely
IngUszasAvaIN1ITY

1. Anwmavesnslimnufeulnsmsiuuasdiodnenmlunsinueyyadassvesinlu

2. Fnwnavesnslinrudeulasnsfunazdeeusunaasusznoufiuedavasinlu

52Uy

1. NSATENAIDY1INY

TNUNUNIINAABILUU Completely Randomized Design (CRD) ImaﬁﬂﬁﬂiwL?'umLLaxﬁﬂIﬂumLmﬁUQﬂ’Lu
Javiafivaylan Fufuifenilesty 20-25 Yu wvidsianuazen uagdausnienamzdluniuuszniuld
Mnfundsinlususiazitusoondu 7 nau wethludunszuaunisienufeulasmsduuasdsiigamgf 95 o
ALy d Imaﬂfjmﬁ“ 1-3 U lUALUNY 1, 2 wag 3 W AUEaIRU ﬂejuﬁ 4-6 ¥lUTauu 4, 6 uay 8wt augdasu
Tnesamanlunmssuuarilsie 100 nfusierh 1 ans daunduil 7 DugeauauilidlFsuanuieu fivhmanases
1 3 9

RnlauLlen PRISEUEN
5UN 1 dnlauinldlunimanes
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2. nMsafpasAIueYNADETE

ddnladrunssuiunsidanudeunude 1 smdiasdiniuunsunsuazduiiliuge wdnshadu
Flviazison Feshetalinlunnidn 1 n Yanadadieansazansomuea 80% (vAv) Usinas 10 Jadans wiluua
fewn3as Homogenizer Wuvian 30 Fudl i ludumismnasneudaenies Centrifuge finanuda 12000
sousieund igamndl 4 ssrwadoa WWunan 20 uiil tiemnzdnveamanladaduasafaveiu (crude extract)
lldasgvidnenmsalunisiueyyadassuazUSunuasusenauiiueiasely

3. msAnTendnantnslunisdueyyadasslagds ABTS radical scavenging activity

nsiesegidneamsislunisiueyyadaselagds ABTS radical scavenging activity Faaulasain
38719984 Huang, Ou, and Prior (2005) lnuin3una1sazals 7 mM ABTS Usuins 2 Uadans nauduvaisazaiy
2.45 mM potassium persulphate Uuns 3 1adans mmfuﬁﬂﬂLﬁuvl,ﬂuﬁﬁmasqmwgﬁ 5 pergadua 1
nan 16 Halus udrhaniFeanseasazansieniuea 80% (v/v) Wldanisgandunasyszanas 0.7+0.02 finy
g1nau 736 uiluuns fewhluld §udendt ABTS solution 91ntiuth ABTS solution Aldd3unns 2 fadans naw
U crude extract U3uns 0.1 08803 wéaislifunan 10 uit wdaadnmsganduuasiienueniadu 734
wiluims sheta3es spectrophotometer Awadnanmsmlunsiusyyadassifivuiuansinsgiu sallic acid
(GA) Fadnenmsailumsiueyyadasziivineifu ug GA/g FW

4. msnseidnantnsinlunisiueysadaselngds DPPH radical scavenging activity

Mnsinsevidnenmslunisitueyyadaselaegds DPPH radical scavenging activity Fasauuasann
3315999 Mun’im, Negishi, and Ozawa (2003) Tnawnseuansavareiildlunisinsziusuins 2 faddns o
Usznausae 0.12 mM DPPH Faaranelu 95% ethanol U315 1.5 fiaddns wag crude extract U110 0.5
fiaddns nenlvidrfunddluifinguvgivieadunan 30 wil udriarmsgandunasiiaueniadu 517 wilu
1R FELATes spectrophotometer AuadnenmsmlunsiusyyadasyIfisuiuaIsImsgIu GA ednenin
salunsiueyyadaseiviedu pg GA/g FW

5. MylATzRUsINaEsUsznauTiueaaTemun (total phenolic content)

¥mseseiUsuaasUstneuTiueaatanun Sefaulaannisnisves Singleton and Rossi (1965)
Tnewiouaisazatefildlun1shnsiziusuins 4 Haddns FeUszneusie Folin-Ciocalteu reagent 10% (v/v)
UsN193 2 UaddnT way crude extract Usuns 0.4 Uadans maﬂﬁﬁﬁuLLé”J’m”l”iﬁqmwQﬁﬁaqLfluna'l 8 il
Mnntuivasaranelaieunsusiun 7.5% (W) Usuns 1.6 fiadans udrnsisliifune 2 $alus uda¥ainis
ganduuasiinueIndy 765 uiluluas fMela3es spectrophotometer FmnaUSinaasUsyneuiluedaiaun
WiguAiuansuInsgIu GA Faglmbendu pg GA/g FW

6. M3AIATIRWdaYANNEDR

nsiesisideyanvaifvesusaznisnaaedagldlusunsudniagy SPSS (statistical packages for
the social science) Tne31As129%A210LUSUSIY (analysis of variance, ANOVA) waziU3ouifisuaadssae
Duncan’s new multiple range tests fiszdupnudoiiu 95%

NaN1339Y

1. mMsmTeidnnaasinueyuadasziieds ABTS radical scavenging activity

NNTBATIERANenMTInTuNSiueuYadaseAIeTs ABTS radical scavenging activity wuindnluy
Weaan (821 pg GA/g FW) fifnanmsisgendnflinlusuwnsan (297 ug GA/g FW) Fadendu 2.76 wih Tudinladen
wuh mafudnavhlidnenmaulunsueyyedasranasmussernaduiiudu lnsyafiiiunsduum 3 i
fifneamsnlumssueyyadassamitgaiiu 711 pg GA/g FW Ssshnindnluuandnidy 13.40% Tuvasfinnsis
fnavilidnenmaalunsiueyyadassifiniu Tneyaiiumsiounu 4 uiit Sdnenmealunsiueyyadasy
aafianiviniu 893 ug GA/g FW %qqaﬂiﬂﬁﬂimmmﬁmﬁu 8.77% (A7 1a) drusnlonuaanuin nsuinavily

Y 9
o

AnenmsilunisiueuyadaszanamussesawuIuILALUiY Ingyaiiun1sauuy 3 i ddnenmsiy
Tunsfueuyadassifianingu 167 ug GA/g FW Fwinndndnluvandnilu 43.77 % Tuvasiinisfefinavihli
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=

Aneamsidlunisiueyyadaseiiindu lneyasunisieunu 4 ui Idneamsinlunisiueyyadasyaanan
Wiy 505 pg GA/g FW @agenindnlunandndu 70.03% (nwil 1b)

2. NMIIATIAUTUIUEIIAIUDYYADATEAI8TS DPPH radical scavenging activity

NNTIATIERANENINTINIUNTA U YYABATEAI8TE DPPH radical scavenging activity wudndnluy
wAsan (233 ug GA/g FW) ddneansinaaindinluuilenan (167 ug GA/g FW) Faddu 1.40 Wi Tudnloaden
PUIN sqmﬁchumiéfumu 1, 2 uar 3 uii ddnenmsilunsiueyyadasemiu 174, 151 uar 154 ug GA/g
FW muddiu dedianliunndneninyamuaunisadd luvugiinisiadinavinlidnenmsinlunsiueyyadass
Wty Imaﬁqmﬁmumiﬁqmu 4, 6 waz 8 u1¥ AAnsamswlun1siueyyadasviniy 232, 204 uay 205 pg
GA/g FW %ﬂqmdwﬁﬂimmmﬁmﬁu 38.92, 22.16 Uuaw 22.75% ANaIsU (Al 2a) drudnlasuaanudin nsuiing
shldneamaslunsiueyyadasyanamiusssaduiiundu Tneyafikiunisduuiu 3 uid Sdneamely
mﬁﬁwua%aaaﬁzﬁwﬁqmﬁﬁu 79 g GA/g FW Fashnindinlonandedu 66.09% Iu%maﬁﬁﬁqmﬁmumﬁﬁqmu 4,6
wag 8 Wl Adnenmsinlunisiueyyadasvindu 247, 227 wag 231 pg GA/g FW a1uadu Fadelaiwmneng
NNYAAUANNINERRA (Al 20)

3. asleneiUSinauasusznauiiueiansiuadae3s Folin-Ciocalteu reagent

MNMTIATIERUSINaEsUsEneuTiuedaiiomun nuidnlundeadn (976 ug GA/g FW) flasusznau
Tluodasmunganitdnluuuasan (905 ug GA/g FW) Fednidu 1.08 wir udnlvuiden wuhnaduu 1 uay 3
unit SnaifiuUinaansussneufiuedasioun Tnefainty 1071 uay 1024 ug GA/g FW mugdndu Ssgendarin
TvuandAnidu 9.73 uaz 4.92% awddy Tuvagigadiiunsdnny 2 ui fiuuuanas Taefiawindu 913 pg
GA/g FW Bsshirindinlauanfndu 6.45% luvasiimstaiiiarmliimuasussnoufuedaimunidiut Tasead
FuMsHauny 8 wiit fsinagsiigawindu 1282 ug GA/g FW Faganindnlunandnidu 31.35% sesasunduyai
HAUNISHANY 4 waz 6 Wit TaeduSunanriiiu 1139 wae 1074 pg GA/s FW Sﬁqqaﬂdwﬁﬂimmmﬁmﬂu 16.70 uay
10.04% mudsy (il 3a) daudnluuunanuin gadiiunisiuy 1, 2 uay 3 Uil TuTnumsUszneufiuedna
Javuavinfu 918, 835 uaz 849 ug GA/g FW mud iy Fafianlaiumnsneinynaruaunseda luvgfinisiedna
ylUSmansUseneufiuedamuaiiiutu Insyaiiunistanu 4, 6 uar 8 wiit Tusinawhiu 1301, 1283
waz 1361 pg GA/g FW ?jqqqn’jwﬁﬂiﬁuuamﬁmﬂu 43.76, 41.77 uaz 50.39% auadu eendlsfnny wafiiiuniss
u 4-8 it fUSIuansUsznevituedaraualiunnesfumeada (nnil 3b)

afuTena

dnennsaulunisiueyyadassuosinlumazuanisiuiuegiuaeiug Taonmaaesinuidnlumdend
Fnoamsalunsiueyyadaselngds ABTS radical scavenging activity gsndndinlununs luwagd3s DPPH
radical scavenging activity nduliraiinssiudnuiy seilanuunniiswemanisnnassitnseldanae iz
ofAnInATIUANANsTBssiavaa i uoyyadas ilegluinluuiansaneiug Tnseyya ABTS annsnavas
Igidubuazansaraeduns Feaunsalfinsgimanenmlumsfuoyyadassvssasingg s duansd
azansinieansfiazagludln lurasiias oreH fndesldlunisiinssgndlunisfuoyyadassvosansiny
ouyadaszaINsIINYA snuasnguualsiiuesdidosnniinsgandunaduriendufiodtu (ean Jvszaud,
U391 yays, Funun yezsind, uasundsny dnddunes, 2549) LONANE HanIVRaesanslFuINE B ML
Tumssueyyadaseiiinliainds ABTS siAu1nni135 DPPH Feenaifinaindidnnseulfeiveseysa DPPH 95N
uptiasheraumuuudy 3 2 wagnylulaslugaslassairsmaniiveseyya DPPH vinlwansiuoyyadaseisians
wssufivwnlvgurssdalianunsadiluviizenls wieiaufisendindianuduess Gant Tyseaud, U3
Y, IUNU qmaz%’mﬁ, WALUNASNY dMRAUNDY, 2549) UoNANG NMIneaDshnUIUSINuENTUsEneuTiuedn

v
o

vanualudnluudeadiganintudnluuwas Faluldldnasiiuedananiilusilenfignslunisiueyyadaseeiae
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Fsaenndestuinsnmsulumsiuoyyadassiiinneildainds ABTS aziiuldindnanmsilunisdueyya
daszuarUsuuansuseneuiiuedaresinluudanuuanasiunuaeiugiduiestunanisnaasdululngem
wagHauzWe (Javanmardi, Stushnoff, Locke, and Vivanco, 2003; ¥in1ayau Funsuimes, 31usé avivyns, uwag
nauLNYsA waalla, 2551)

nslimudoulnenisiadinaifiudneninsnlunsiuoyyadassveadinlay ddlinaunnsiefuiuegiy

Y
v

szovaniide Ingluinluudeuasinlvuuasiildrunsiony 4 i asdidnenmsnlunsiueyyadassiiindy
geftan etinafisduvesdnsnmsalumsdueyyedasemevdinmsiisiuoafnaniviinumsiueyyadass
vinfiiiutu SsaenedesturamannasaiossinuansUssnouftuedaioun Taonsiemu 4-8 uiit fuaiiy
USinuansuseneufiuedarammasiludnluaiforuasinluung nfintsidinadiuuiinaasszneuituedn
sromueluinlvudy fulvgruihemufeuiiislunszuiumsisdmarinliiansusenoufluoaafiunsnuarazaueglu
wiwadvanoanuiuasUsznevituedaiiaesifudasylulelneoaiiuinntu uazdienaiuasuszneufiuede
vilaidgnilunmsiuoyyadaszgeie Ssaenndeaiunismaasswes Anfun Waun wazvinigat funumes
(2562) Fnuiluardudindlnfiunisteuny 3-18 unit fdnsamsalunsfueyuyadassifinduaenndesiud
USinauansusenouiluedaanuniiiuiy wiieafu Dewanto, Wu, and Liu (2002) finuindnlnavnudiniunis
flsunu 25 Wit Sdnsamanlumsueyyedasyfiuduaenndoatfuiivinumsyszneuiiusdetmuniiazansey
TuleTngeauiudugie Wufeatu Choi, Lee, Chun, Lee, and Lee (2006) finuinfiadningidiunnsieuny 30
it ffnenmsaluntsiueyyedassifvtusonadostuiusimnsaniian leduin wmesdn way wisguasn &9
foduansvsznoufuednegneiienisiy

nstiaufeulagdsnisdunduinaandneninsinlunisiueyyadassvesdnlay Tnenisdudnlundu
nanuduhlidnenmsalunsiueyyadaszanias Tasyadduuiu 3 undl axfidnenmsalunisiueyya
Sasviniian Mduruieradumsensiuhlieadduiaiuihfoulaenss shlviansusznoufluedavaneenain
wadinazaweglutduldie dmaliuinuasUssneufiuodaluideifoanas asnadestunanimeaadluin 20
ila Anuimsaunduisivildinisayidsarsuseneuiiuedauazdnenmsaulunisdueyyadaszgeiige
(Jimenez-Monreal, Garcia-Diz, Martinez-Tome, Mariscal, and Murcia, 2009) Tun1emseniudnu ﬂ’lﬁﬁﬂwaﬁliﬂﬁ
dudatuiilpenss udaufeufiwadliuasdisduaiuiliaisusznoufiuedafinzeguinuntasadan
oondudaszuarazavoglulelneen uarsuilinineadiausouuinniu Juhltannsoadaaiseie lu
wadeenunl@nnTu (Palermo, Pellegrini, and Fogliano, 2014) agslsinu Tunseassasainuindinluuden
wazinlouunafiiumsiuldldivinmasussnevfluodnananniioussnunisfineiiidiuan ddudsansd
nsAnwimeiauazyunuvesansuseneuilusdauazunuamsiueyyadaszaindu Aflanudusiusiv
#nenmsanlunisiueyyadaszvesinluniiuasundaailolduanuouiindusiold fuunismaasduna
flomesiisunisfuuny 2-6 wit wuhiidneawlumsdueyyadassgatuaenadoatuiusinaiudualsfiuuas
1a1¢1ﬁmﬁuqﬁ?u TuvnefitiUSinauansUsznouTiusdnnanunansias (Azizah, Wee, Azizah, and Azizah, 2009)
WuiReatunsneaesty Cassia auricalata L fadudnluidediiumssuuagdeuny 5 wit nuihiidneamsly
msfueyyadaszgaudenndosfuiviinumsUssneufiuedauasranliuesdhmuafingatu luvne i
Lmiiﬁuaaﬁaﬂﬁwaa (Gunathilake, Ranaweera, and Rupasinghe, 2018)

A3UNaN133Y

1. msflsdinafindnonmsnlunsiusyyadassvosinluiassasius Inensilwu 4 unit anunsa
diudnonmanlunisiueyyadaseldgefian dunmsduiinaandnenmslumsiueyyadassvesinlvusisaos
aneRusm Tz SAuILY

2. MsflsfinafisdiuuansUssnovituedaimmesinluursaosansiug Tnotnluudeuasinlvaunsd
FuMsHeuy 8 uay 4 unil dUSinaansUsEneuTiuedngadign sy
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Usunasansusznauiluedarmualuazdidindln (Cnidoscolus aconitifolius). seuduiiiesainnis
UsE NI TEAUTANYaaIAs NIy Aafl 5 Usedd wa. 2562 (Proceedings) “ANERITNTEININGNT
Wewavuianssu” Judl 15 dunaw 2562 naumuInemanswazinalulad, 326-333.
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Partial Characteristics Study on Native Chili (Karen Chiliy
Planting in the Western Region of Thailand

Rapeepan Kongtoom*?, Nattapornpash Insiripong*? Krongsakda Phaktanakanok?®
! Department of Chemistry, Faculty of Science and Technology,
Muban Chombueng Rajabhat University, Ratchaburi, Thailand
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Abstract

The objective of this research is to investigate the Karen chilies in western Thailand,
by to compare the differences of their physical and chemical characteristics with the
cultivated on flat area. The study of planting in 3 provinces, 1) Phurakam, Takolang,

Bangkama, Ratchaburi Province, 2) Bangkazu, Phetchaburi Province and 3) Khaosamchan,
Kanchanaburi Province, the results showed that physical appearance in term of shape, skin-
color and fruit size of the chili were different depend on each area. The capsaicinoids content,

spices and capsanthin were different, with the Karen chili from Ban Bang Kazu has the
highest spiciness equal to 1,183,679 SHU, followed from Ban Phurakam, Tako Lang,
Khaosamchan and Ban Bangkama, respectively. And the Karen chili from Ban Phurakam has

the highest capsanthin content. The comparison of physical appearance with planting in the
cultivated on flat area showed that the chili plants height have an average height of 70-100 cm
and found the yellow mosaic leaves and root rot symptoms. The appearance, shape and skin-
color of fruit remain the same, differ only in the size of the fruit. The amount of capsaicin
content and spiciness of Karen chili in the cultivated on flat area decreased by more than 80«
in all samples. In addition, the amount of capsanthin is significantly different.

Keywords: Karen Chili; Capsaicinoid; Capsanthin




umin

winupdosseiilisanfdiniou Tainanasuadledussdfioglunin arsuadlsduosdluniniuiiog
vianevila wiaddadauanndigauazlsinnandauiniign Ao waulsdu (capsaicin) Fedlagtiuuenainagliiioidy
winsUzssanmanda Suhanliusslevdludiudu 4 01f dumsinues Weduanslduuas Funndssdniiie
Judwnaulusmistiensziunisinaiguazlinadyoimis drundsaians drundudiunanluasunse
wausanve Wus uenanarsuadleduuds lundndadansdiddymatongy arsdivhaunliuselovinniian
#io uAtueufiu (capsanthin) SaduasdunsiitnnldusslonitidugramnssuemnafioduingUsund uandu
fmgavlunmsnanluemsdmiuidodnd wuewnslale Welilunsidas usu GAfde arsunsues, 2559)
Uspinalneiifiufinismsugnninnssneiiassma ndoyatiufiugnuasnsudaaiuninnumsnu Jagul
nsUgnuin 5 ilafe W%ﬂ%yﬂmdt,ﬁﬂimg W%ﬂ%ﬂﬁﬂéﬁ?u WinaTh WEnneanuaznindng sy Susazdssaniiing
uunesndudnuanevinniuaieiug

winnginied (Capsicum frutescens Linn.) Wundnivyiusiudiosiianil itudeluFesaudoven
Tnedendnneivissiuliinan silnenswdsddiminiivgnliaunuanomsuazsmedsiusy Wevniles
fAuanssand Aduiifalaluanumennasifiavemin Famfudenniniiminngvies ma@?&ﬁugmmamﬂm
nzwdpdlutssmalnedurzegmunmmsuauiionivinzunad sadusesrosenitaUszimalnguagnduay
mamilauazaianziunnvessemdlne laundamdanin wisesdou masys ngauys uwazsnays @inau
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FadugemaradinaninugdifeldauaulafitsAnmenudululdlunmeassugnninnzwisduudasmos
inwasnsfiuiis Inglifinsldanaailag uenaintissduuarliensniidy iievnanideilidutoya
ﬁm%miﬁwmLLazeiaLa‘%mmiﬂqﬂ‘w’%ﬂﬂzm’émLLazaﬁﬂﬁﬁuﬁw%ﬂzLuéaaﬁmﬁawaaﬁuﬁmw
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JrzesEninanlas 50 wuRwns nvualilgnidusanferluudazuuas seoennasendindu 60 wuRiuns
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SUH = [capsaicin (ppm) + dihydrocapsaicin (ppm)] x 16.1
+ nordihydrocapsaicin (ppm) x 9.3
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WUGNIN ARy HaEN

L* a* b* L* a* b*
Wz 35.93° -8.58° 30.79° 25.62° 35.65 28.60°
Uenzai 30.51° -7.00° 26.12° 32.10° 34.60° 27.36"
mzlnana 39.29° 7.93° 34.78° 29.06° 35.21° 22.68"°
NNz 33.39 7.99° 29.20° 35.20° 32.33° 35.87°
G 53.64" -5.16° 33.36° 38.18° 32.15° 37.60°

L* flaAnanuadng 11 0 -100 wla 0 Aeds wag 100 Aadw1y diuen a* manuldudiung (+) wardides () wazen b* Aermnudud
Wided (+) kazdun®u ()

| aa v o o P Y] & a ' o A a & 1 a aa a < '
AdRmundaRsnesRmtoudululwfs liflanuuwenaesiy Wedinsizia1adelneds one-way ANOVA Lagias1¥9mnuuLangg
YaUAaENIINAaIY LSD e p<0.05

NaN1sUgNWINNZIWILY
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MameAund1 NsUgnuaznsguasnwsunseanunaninlulinszinage lnelinansvaasidal

Aunawsn
n&aaniFunsenudaninaddunguatnniy fundminazFusentunlagldiaiusenin
1 §avi wazeios 9 wlaiulnaunseiailuaselszana 4-5 TulunaUssana 30 Su dnvasdundnsnnsuies
floogldl 30 fu flvunamiugandsUszanm 10 wudiues Ténvazludusuliarsuvan dami 2

10 cm

7 amlengise
NaN1TAATIEiaNURvesAY
Hansnegeuantaau lagldyaneaeunuin Aulunlameasslgniian pH USuusinemsmen
N P K uainasfanisnadl 2

M13797 2 wan1snadeuRuaLTAveuluulamaneslgNINNEIYTe

29AUIENOU pH N P K
HANNTNAGDU 5.5 dvuneeu diludy lalalingnou
AT evandi Junsadinioy #n31n gun #in

nA15197 1 audRAvesiuluwlamaasaugnial pH wiriu 5.5 Tallanulunsadnties Fededneglu
Frnaeiniianumsnzadlunisuannin Maidsnnn (2551) $1e91ud and@funianumsigdenisiasyiivlauae
Tvnandnvensnaesdianwuziilenuduausiuvunsiy dnsszuneiid wazian pH sewing 5.5-6.5 fatiuialain
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WUﬂ’lﬂ‘ﬁﬁ’liLﬂﬁLﬁMﬁjﬁ%ﬂ Tasanznisldaisaiilunisaivaulsnsindides uaglsauauunsalua ATeila
Anwinsnadeugnivesarsataneivanluuazuaduddae 95 % eniueadenisduiauies Penicillium
digitatum Wwag Colletotrichum gloeosporioides mmaiiﬂﬁ% 1n8 poisoned food technique fisgiuaany
[uTUUR9aNsaia 1,250, 2,500, 3,750, Lag 5,000 ppm WUl ansafmanlunaynavesiuafiseF ULty
1,250 pprn fuszansamlunisdudenisiesyvenduleidos . digitatum liasan fo 32.91% wag 49.07%
auadiu Mnduledeniasaidunan 7 5u waransatnanlunasnavesivafisysuaududu 5,000 ppm
Uszavawlunstiudinswiyveaduleesn C gloeosporioides I¢igean Aa 31.48 % way 58.20 % AuEY
Pndledosiesadunem 14 fu ﬁaﬂfumﬂsﬁmiaﬁmmﬁﬂﬁLﬂuLmewﬁﬂﬁmmmﬁugﬂL%ai'm,azmuaﬂiﬂ
kel

ANEn Uﬁy: Colletotrichum gloeosporioides, Penicillium digitatum, AU, asannney
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Effects of Leaves and Fruits Extracted by Ethanol of Piper
retrofractun Vahl on Inhibition of Penicillium digitatum and

Colletotrichum gloeosporioides, Causing Plant Disease
Angkhana Chuajedton® 2

! Department of Biology, Faculty of Science, Lampang Rajabaht University, Lampang 52100, Thailand
E-mail; 2achuajedton@gmail.com

Abstract

Postharvest diseases caused by mold are the major problem of loss product quality. Disease
control has found increased the use of chemicals, especially the use of chemicals to control
reen mold rot and anthracnose disease. This study was determined the effects of leaves and
ruits of Piper retrofractum Vahl extracted by 95« ethanol on inhibition of Penicillium
digitatum and Colletotrichum gloeosporioides, causing plant disease, by using poisoned food
tech_nlgue at several concentrations of 0 (Control), 1,250, 2,500, 3,750, and 5,000 OFpm_were
studied. The results showed that the concentrations of crude extracts (leaves and fruits) at
1,250 ppm gave the high inhibition of mycelium growth of P. digitatum, which were 32.91%
and 49.07%, respectivelﬁl when testing with seven days of mycelium growth. For C
%!oeosporlmdes, It was shown that the concentration of crude extracts at 5,000 ppm, revealed
the high inhibition of mycelium growth from both leaves and fruits about 31.48 « and 58.20 v,
respectively when testing with 14 days of mycelium growth. Therefore, the antifungal activity
from Piperaceae extracts may be valuable to control plant pathogenic fungi.

Keywords: Colletotrichum gloeosporioides, Penicillium digitatum, Piper retrofractum, crude
extract
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Hagtiulszmalneduuvasndnuazdieonndnnaiivinuaznalsifiddny annsondnuazdmwdnnailiain
fiwdnuarnalivatssineenlusmiedwnaUsema  Faniswdnfivdnaznulsandenisiiuiiies (Postharvest
diseases) Inginanideqdund wu uuaitide Weswhag fsnuieiulsavdinaiuiees lsaniis@den
(green mold rot) uazlseuins1diindu (blue mold rot) Wulsafiddyuaznuinnlusyezndinisiuiovesdu
(Snowdon, 1990) Weawvnfe Penicillium digitatum \Fos1azidnvhatenadifiusa uazdosundnszatsanain
wafifulsadsnnvausglulssdnussquagluain madiasannsaifelagdmsumafifiouadninn 1wy sex
fwﬁuﬁﬁagﬂﬁwma udu (aide, 2543) mma‘uaﬂiwﬁqmw‘mLﬁmdau“lwyjtﬂummiﬁLﬁmmmil,m Tnede
awmaaeulsindeaaeidedornaeduiduneduiiisadusnsenandu ieifelsyuiawiliiuuay
@y 0In15Bnviinfinufie mmiﬁL%aévﬁaLﬁaL?ﬁamﬁmmeaM udin1savavaisuszneuiiueaiinliunaiin
Hudthaadeorauimiedinails dusulsandansfiuiesvemaduliun lsanhsdider lsanhsdiitu
Tseudthana lsafliinanidesn Rhizopus Tsaniiinainifes) Alternania Tsaniriiiinainidles) Fusarium
waglsatnnaln (atfy, 2543) Tsaueuunsaluaiinannides Colletotrichum sp. e?fw“gaﬁﬁwuLsﬁﬂﬁwmaw%ﬂﬁﬁagui
3 gfiaseniu fe Colletotrichum gloeosporioides Wivharewanualvaiiuwan C. capcisi lvatewsnualan
(w%n‘lumjuw%ﬂ%mg) waz C. piperatum 11vha1ensndng (Winy) dnvazmsidiiatende %Lﬁmﬁmﬁwﬁﬂﬁu
TngfiRnvemaninaziisesyuidniios LLasﬁmmiaf"WﬁWLﬂugmaﬂaw%aﬁ ROUUNATABY 9 VEDDNTETNY
asavesdafudunnauds iy

nsmuaalseiiinondesmesinuasnalildaaeinualuwangnuasinsldanadauaulsamss

Mafiuife wszasmvaulsandanmsiiuiesinagldnaviefiussavsamnnnimsldansiadfunaliieuns
Auiien asndiiildtestulsandanisiiuifeivewadu 1oud thiabendazole, thiophannatemethyl, benomyl,
guazatine, SOPP (sodium orthophenylphenate), 2-amino-butane, biphenyl ag captan (1991 hagAM Y,
2546) Anwimsaanisiiidevesduseninamsiiuinu Tasirdunsiluguen benomyl wag imazalil 91 500 ppm
wéniliedeuRade Wax 551 wuindeiiuly 12 daminaduifueuazindeuinininisoug fe iinlseiiosdian
famsmueulsaundfomdmniudelegldosidenduiusunmedefuiloammzerninasivandauas
\Aamshesvendeanun wu msld thiabendazole ilamuaulsaiin MiAnanide P. digitatum wuideaiug
finnsgumuenl@azy (Holmes and Eckertrmn, 1999) s1eumsiasigsinisldonsdaidesimuin P, digitatum
A115061UNUEN imazalil, thiabendazole Way o-phenylphenol i mm7'iLﬂwmﬁyﬂ%ﬂwsﬂaaﬁuuazmuau
TseiAnduiiy wuansidifidunavesansiaifidusunseseglduaziis Tasimensldasieilunsniugulsas
Whdilen uarlsaueuunsalua Jeilitinis@nw1isnisivag fasdunldlunsauaulseits nunnsAnuide
Tngansarinayulns Lﬁaﬂﬂiﬂﬁvﬂmiiﬂﬁé’ﬁﬂﬁiLﬁULﬁEnLﬁiJ%u

FU f8oInenmaniin Piper retrofractum Vahl. ogflunsd Piperaceae \iuliifosfiands luguly Tay
wy Ymeunan Wufisluifer adelugrunasialuiunin visnindntdes aenilusunsenszusnuaneuy eunas
fnaluduns AUalansdrdgnanaisdaniases (Piperine) Useuna 4-6% Piplartine wuldludidunazsin uagil
13 Alkaliod A Afluveaman wenanisailans Sesamim Dihydrostigmasterol uag Sterol visiuneuszineld
Pnmshavasianndudieloth Uszneusearsndniie Alpha-Thujene Terpinolene Zingiberene wa Para-
Cymene Jusu (3558003, 2550) ?zfqﬁﬂwumﬂ%’a’]iaﬁmmﬂayuvl,wﬂumﬁé’uégu%aﬂ feanuIdevee AMaiad
wazAny (2549) AnwUszansanuemansarvnsnanazasatinaniie lumsdudimsasyveaduledos ns
assales nssenvesales muenveadeaiaselsife waznisaueulsaiiy wud asaingns 6 (Mnelva : AUE :
n1ung 8ns1aiu 1:1:1 IneUsuins Anududu 1 %) duse awﬁmwmwammmiaaummiLaimt*uaql,au‘[,mﬁuaﬂ
mmqimwwmﬂm 5 9iia (Sclerotium rolfsii Marssonina sp. Colletotrichum gloeosporioides Pythium sp.
wae Phytophthora sp.) I 100 % @efieluaed Piperaceae ﬁmiéwﬁmﬁmmmﬁmL%aaaim%ﬁlé’ d0nAABINY
U8V Srichana et al., 2009 WU a’liaﬂmmﬂwammmmumLsnaiﬁ A fovus wag F. verticillicides 16\
LLauwumimﬂms[,uu’muMamuL‘MEJ‘U?N Amezon Piper species ‘Vlﬁ’lmimJUENL‘uai’l C. cladosporioides Wwag C.
sphareospernum LLaﬂumuLLaﬂU‘UEN‘uzwgwuaﬁmﬂiy‘VlEJ‘UENL‘Ua Escherichia coli wag Bacillus subtilis 161



(Reigada et al., 2007; Masuda et al, 1991) Famsldarsainainfinduisnisuiangniunldiiienaunuaisiad
Minlsaiy deiugdiTedaulanf@nwaisadnainlunaznaduddon1sdudures Penicillium digitatum uag
Colletotrichum sloeosporioides awwslsaiiy Liaiduwuimidlunisavauieslsafivlusuansely

IUILEIAYaINITITY
eRnwUssansnmvesansainanaualunisauauiesinelsa Penicillium digitatum uag
Colletotrichum gloeosporioides avinlsaity TuseAuvieaujifns

52 8ulsIY
Funoulunseniiuemise
1. Mawieudoanglsni Wosillddmiuamaded fo Penicillium digitatum wag Colletotrichum
gloeosporioides ImEJ‘VT']miLLEJﬂL%@U%@Méﬁlﬁﬁﬂﬂé’uLLazmammﬂﬁaaUﬁﬁami AMEINYIANERNT UININYIRYTIY
F9ds wazihafilduidesuneims Potato Dextrose Agar (PDA) diawfiuidiu stock culture Tinismnasslu
Fusioly
2. MIesENMIRYNETaNnINlULaYNAAUA

ihlukasmafUAuwinanuazeauaridlius auldihmiinasd wdihinuadutugng vssgadunivuy
ui Fefiausanesed 95 % auvi wishegrslufhasanedunm 48 Hilus vdmindunsesueniaogieens
afin udnhasatafinseddluiuduneumsssmedvinaranelngldiedes rotary evaporatory flgaungil 40 °C
FnssemeaunsEtansanafidnvar iy segnasatnunsemeliuis few3as Vacuum Freeze Dryer wae
Fafminvesansatailld Tnglidminad iiuansafafiodlldliaamgfi 20 °C iilevhnmeasdudusiely

3. ﬂ’15‘1/1maa‘uﬂiz%m%mW‘uaaaﬁaﬁmmﬂMLLazNaﬁﬂﬁﬁiamiﬁugﬂmim%zysuaﬂLs??ai"nmmsﬂiﬂﬁaa%%
poisoned food technique Tnerauansafaiialuas PDA fisesuauidudu 1,250, 2,500, 3,750 waw 5000 ppm
thewnsfnauensainlusndelursomsietsmuiile Wunm 15 il mewnsfinauansafnaduaudonde uay
Wisudisuiugamunu Tnsyumuay binauansada WeRmihuesemsiinauasanauazyaiUSeuiiouuisatn 1
ufuildannisld cok borer wwmduuAuSnan 1 wuiums @wddesouden P digitatum ey C
gloeosporioides Tifleny 7 uay 14 Fu auadu Msasuuimthevnsfinasmsatnaniie ﬂﬂLs‘??aUmﬁﬁqmmgﬁﬁm
(28+1 °0) Wusvezian 7 uae 14 Yu mudwiu wazyinnmaaes 3 91 Tufinnansvnaes Tnemsiadunmuaudnan
Telativoadon mﬂﬁ?uﬁwmﬁiﬁmﬁwmmmLUai%uﬁmﬁé“uégnﬂmﬁﬁfgimasl%gmﬁwialﬂﬁ

Weddudnsduds = [(A-B)/A]x 100

dle A fledlafivveddurnuALgNaNYeue TTAT YU IMTIALLTRTIYAAIUAL

B flernafrosdurnuguinaIsuetde ety uue msiagaleTnasansania

o

adnildlunsinge
Range Test (DMRT)

toua lolusunsu SPSS Tunmsiasigsaia 91nATATIERLUY Duncan’s New Multiple

ﬁ Y
NszAUANULRNY 95 %
NANITINY
ansainanlukasnavesiudumaaaunsiugainisiasaiulaveatios P. digitatum amalsaraii
ATenszauANLduTuA1Yg Uniaamgiiies (28+1°0) iWusseziian 7 1w nadile fall
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UszAnsnmeasansanaainlududsdenisdugenisasyvesdulewas P. digitatum aunlsan
asannanluvesnvaiivssansanlunisdudimsiasgueadulewes P. digitatum awnslsaraiinsad
Wed Tuynszauanududu lnefiseruanududuresansaiai 1,250 ppm aunsadugainissyresduloes

anvalsalanian lnelA1nsduguwiihu 32.91 % wagvesansanail 3,750 ppm a1unsadudanisiaseyves dule

o v A o =

Woslateedian Inefinsdudaringu 10.31 % FannuuanssessditudAyseaunnudodu 95% Aan13199

1 hagn g 1

UszAnSnneasansannainwafuadenisdugenisasyvaadulewes P. digitatum auvglsaiy
asannnNavesiuaiivssansnnlunsdudinissyrenduledes P. disitatum awelsnawiisnad
Jed Tuynsgauanududu lngseduanududuresansanail 1,250 anunsadudenisiasoresduleesave

Lsalanign InedAnsduduniniu 49.07% wagseAuaudutuvesasaiaf 3,750 ppm @1u15adugInisiasey

o v A o =

voudulowesladesiian lnelAnsduduniihiu 33.13 % Fadlauwansed el dod Ay seduainudedu

o

95% MaR151990 1 WaznIndg 1

A13°99 1 wansUszdnsnmassansadinainfivdnenisdugsnisiasyvesduleiios P digitatum

Diameter %

Treatment Diameter of colony (cm) Average (cm) o
inhibition

Leaves extract
Control 4.3 2.5 35 3.43 0.00°
1,250 ppm 3.2 1.6 2.2 2.33 32.91°
2,500 ppm 3.9 1.8 28 2.83 19.42
3,750 ppm 4.1 2.2 3.0 3.10 10.31
5,000 ppm 3.2 1.6 2.7 2.50 21.48"°
Fruits extract
Control 4.3 2.5 35 3.43 0.00°
1,250 ppm 1.2 1.0 1.2 1.13 49.07 °
2,500 ppm 1.4 1.4 15 1.43 3554 °
3,750 ppm 1.2 1.7 1.6 1.50 33.12°
5,000 ppm 1.3 1.6 13 1.40 33.33°

*aaaglunsanilnuigonwsiaiudaNLANAIAUNISERR 31AN1TILATIZILUU Duncan’s New Multiple Range Test (DMRT)

N

DILAUANUTOAU 95 %
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Al 1 navesansataanlukasravesivaiussavanmlunissudmnasyrendileden
Penicillium digitatum (a:gaaua, blu 1250 ppm, clu 2500 ppm, d:lu 3750 ppm,
e:lu 5000 ppm, f:na 1250 ppm, g:Ha 2500 ppm, h:ka 3750 ppm, i:Ha 5000 ppm)

Wethasainanlukasnareshvanmegeun1sdudinissaliulanuesiesn C. gloeosporioides @1
Tsauouunsalua iszauanududusing vuiaamgiivies (28+1°0) uszesiian 14 Ju waiiled fsil

1Jisﬁm%ﬂﬂwmaamsaﬁ'ﬂmn‘luﬁﬂﬁdamiﬁugamiw%m%u%aﬁ C. gloeosporioides #1447 15AN %

asafnanluresivaivssansamlunmssudnisasyivinventes C sloeosporioides mmmim
wouunsalua NnszRuANIduty Tnefisduauitudy 1,250, 2,500, 3,750 wag 5, 000 ppm annsadudins
Wgiivlaveadosils 10.37, 20.00, 21.85 uag 31.48 % AINEIRU waznui1 arsataiiseiuaadudy 5000
ppm mmiaE“J’U5@1,%@3’1161’517‘1@@1@&JﬁmmLmﬂm"1qwNﬂ’&lﬁﬂé’iymaaaaﬁizﬁmmuL%aﬁu 95 % AUaITAZaIUAIY
Wndudue uazyaruRy egnailduddny dmsedl 2 wazamii 2

Uisﬁ‘w%mw*‘uaamsaﬁ'ﬂmnmaﬁﬂﬁﬁiamsé’ué‘amsw“sm%aeﬁam C. gloeosporioides aunlsnneg
aatanuavesivaiivssansamlumsdufinsaiydiviavenden C gloeosporioides mmmiiﬂ
wouunsalua NnsefuAILduu Tnefissduauidud 1,250, 2,500, 3,750 wag 5,000 ppm mmsaa‘ummi
wiaiulnveadosild 43.78, 51.77, 53.60 uay 58.20 % ANAINIU uaznudn VIﬂiyﬂUﬂ’NiJL‘UJWU%Jﬂ’]EJUENVI
unnenstuegefitodfymeadffisedunnuderiu 95 % fn131efl 2 uaga it 2 uagiirdudu 5,000 ppm
Tusvavsnmidianlumstiudimsaigiviavesdonanvglse
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M19197 2 wanamaansannanlulaznafuanen1siasyrentes C. gloeosporioides a@walIALOULNTALUE

Diameter %

Treatment Diameter of colony (cm) Average (cm) o
inhibition
Leaves extract
Control 9.00 9.00 9.00 9.00 0.00°
1,250 ppm 8.00 8.20 8.07 8.07 10.37°
2,500 ppm 6.00 7.90 7.20 7.20 20.00°
3,750 ppm 6.30 7.50 7.03 7.03 21.85%
5,000 ppm 4.80 6.60 6.17 6.17 31.48°
Fruits extract
Control 8.00 8.50 8.40 8.30 0.00°
1,250 ppm 4.50 4.70 4.70 4.67 43.73¢
2,500 ppm 4.00 4.00 4.00 4.00 51.81°
3,750 ppm 3.70 3.70 3.70 3.77 54.58.°
5,000 ppm 3.50 3.40 3.40 3.47 58.19°

*aadeluneduinumgsnysNAulinNLANAISIUNISEDR 991NN153LATIZALUY Duncan’s New Multiple Range Test (DMRT)
Aszauauetu 95 %

il 2 navesansataanlukarravesiUaTussavenmlunssudmsasyrendiladen
C. gloeosporioides (a:gARIUAY, b:lu 1250 ppm, c:lu 2500 ppm, d:lu 3750 ppm,
e:lu 5000 ppm, f:na 1250 ppm, g:la 2500 ppm, h:ia 3750 ppm, h:wa 5000 ppm)
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dsduazanusena

aatnnAvaansadudinsalyeanduledon P, digtatum I wazssdumududuresansalin
201lu uaznaIINAUamNIEaNsiani1TAIUANlsANALLIETE? ansafinTelukazkafisziuaudud 1,250 ppm
annsadudimassyrenduladen miliemnluivaiisuneusameifigrilusudinmsiasareaduledosls
WULAEINUNNSITBUDY Ounchokdee et al., (2016) $1891U31 @sainaNAUalusYazay diethyl ether Wag
ethyl acetate ﬁﬂiz?%‘%ﬂ’]ﬂ/ﬂhﬂﬂi%gﬂL‘??aiﬂﬁaiiﬂiuﬁ‘zj A C. cladosporioides, C. capsici wag F. oxysporum
WulAeaiu Srichana et al, 2009 wWui1 a1safinINNgAIBleNIUea 95% fiaandudu 10000 ppm @wnsa
AuAITeT A flavus uag F. verticillicides I annuan1sadeutssAvsnmuasansatnainluuasuaiuzlunis
Fudamsiasaueaduleon C gloeosporioides luas PDA #2838 poison food technique wuinansafnain
Tunasnaduaiszsumududy 5,000 ppm Wiuszavsamlumsduded Tnefiedidudnsdudsit 31.48 % uaw
58.20 % sy Indiiestunandevesfaiuviariine (2548) fifnvmadudesasatnanuanuidses
1 C. gloeosporioides awRlsALBULNIALLATEIHANZIS NUITisEiUAITNTY 500 ppm Fuluanusaduds
nmaaSadiulavesduleesls 100 % wuansddylufiuased piperine WuasesiUszneundn thumaaeugns
nstfudinisaiauendon C. gloeosporioides Bniametmunisnensiinsdnendesuiefunmsthasatinan
fiwisznauseans piperine wuhilgrisnuaas léun wuounseiiin gnihuasdufiuTossans Wusu (Yui, 2534;
1ann, 2537 wawsnRen, 2542)

uaﬂmﬂﬁﬁ‘dﬁéTﬂL‘fJuﬁmﬂﬁLﬁmﬁﬂquma Fnsyauazany (2565) Tevhnmsinwravesansatnainly
quwiav‘??a Colletotrichum gloeosporioides @LvnlsALBUWNTALUATULEIIN wuithsuenstiveiadaldain
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nMsd1mnuvainvateadinnvesiinliddesluiminanauas fingusrasdiilosiuruviinvesiivi
Tradennniigluguvuifinimedi wazmadanslifwiddoudn Jalutadefidsmasommudisavesinansidon
dsssumAludiunsudnaednthunden 1WugruvinlhAnnsfmusdndasifons A seldidigyuwu Tuns
dsnndsiasituiidsuasdunuauruiiadestumstoudssumnalutminanauns wanisdrmawuiidli
adfousionun 71 wia Tnenud dauvesiinillideudadon du na uazlu unasiiumesiieliadenldun T
vy uazgin Huifla131ea1unisly (Use Value Index) 11 1duA as1umsalindigofera tinctoria) As1319
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THE DIVERSITY OF DYEING PLANTS, SAKON NAKHON
PROVINCE

Krit Phinetsathian®
Program Biology Faculty of Science and Technology, Sakon Nakhon Rajabhat University, Sakon, Thailand
E-mail; krit807@gmail.com

Abstract

The diversity of dyeing plants at Sakon Nakhon Province aims to survey the diversity
of dye plants and dyeing techniques are the success facters influencing the achievement of the
occupational group, who produced natural dye cloth in order to develop the production for
income to the community. This study were collected by area based on surveying and
interviews with relevant people in community about natural dyeing at Sakon Nakhon
Province. The findings were that there were 71 species of dyeing plants. The findings were
that components of E)Iants that provide color parts were bark, stem, fruits and leaves while
dyeing resources collected from area house, community forest and the mountain.The use
value index were Indigofera tinctoria, Indigofera suffruticosa, Pterocarpus indicus,
Mangifera indica, Cassia fistula and Artocarpus heterophyllus. The dyeing technique found
that 2 types were cool dyeing (color extracted by ferment method) such as kram dyeing and
hot dyeing (color extracted by boiling method) such as natural dyeing from bark. The color
shading more than one shade depending on the components of plant species, dyeing process
and mordanting. Besides were found mordant: salt, alum, limewater, tamarind juice and alkali
Water_.T?ese traditional knowledge appropriately pass on next generation and conservation to
remain forever.

Keywords: biodiversity; natural dyeing; dyeing plants
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¥ana
3 Mangifera 1z Wasnanu ¥ana
caloneura Kurz
4 Spondias pinnata 1gnan Wasnanau e
(L.f.) Kurz
5 | ARECACEAE Cocos nucifera L. UEALE D) Na Sl
6 ASCLEPIADACEAE Marsdenia tinctoria AT Tukazian ff’u?u AU
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10 | BIXACEAE Bixa orellana L. AER Ha AU uan
11 | BOMBRACACEAE Bombax ceiba L. | 32u Waendwu | nna
12 | CABOMBACEAE Delonix regia (Bojer mquﬂgm%ﬁ WA 1hena
ex Hook.) Raf.
13 | CLUSIACEAE Garcinia cowa Roxb. | %334 wWaenaau YBRE
ex Choisy
14 | COMBRETACEAE Terminalia bellirica | @uaiiLan wWaenaau YERR
(Gaertn.) Roxb
15 Terminalia catappa | ¥n3N4 Waenaneu a8
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16 Terminalia chebula | auelne v A13eaTih
Retz.
17 | COSTACEAE Costus speciosus L?Tawmam 200 N
(J.Konig) Sm.
18 | DIPTEROCARPACEAE | Dipterocarpus 879U Wasnaau ﬁﬂma
alatus Roxb. ex G.
Don
19 | DIPTEROCARPACEAE | Dipterocarpus RN Wasnaau thana
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ex Miq.
20 | EBENACEAE Diospyros mollis ULLNAD Ha 1
Griff.
21 Diospyros pzlnun Ha ¥ana
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22 | EUPHORBIACEAE Phyllanthus emblica | uzvulou Tu vhana
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23 | GENTIANACEAE Fagraea fragrans UL Tu Waeq
Roxb.
24 | IRVINGIACEAE Irvingia malayana nIeUN WA N4l
Oliv. ex a. Benn.
25 | LAMIACEAE Tectona grandis (L) | &n Tu vhana

Kurz
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Parkia javanica
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U1m1a

Indigofera tinctoria
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WINU AU
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suffruticosa Mill.

ATTUD

Tukazau

T
°

UIRU AN
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1416118
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LAY
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LAY
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LAY

bbGIY

Butea monosperma
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N
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a5 Albizia procera aou WasnaAu thana
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a6 Tamarindus indica SRR Wasnaau ﬁﬁmwa
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47 | LYTHRACEAE Lagerstroemia AZUUNUN Wasnanu 1
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49 Lagerstroemia Sundath Wasnaau Nkl
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51 | MALVACEAE Hibiscus sabdariffa n3TREULA AN LAY
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52 | MELIACEAE Azadirachta indica | @gian wWaenasu WA
A. Juss.

53 | MORACEAE Artocarpus YU WAy Wides
heterophyllus Lam.

54 Swietenia NzgannIl Waenasu WA
macrophylla King
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56 | MUSACEAE Musa sapientum L. | néag nuly vhana

57 | MYRTACEAE Syzygium cinereum | WU Wasnaau w1
(Kurz) Chantar. & J.
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59 Syzyeium gratum G Tu ﬁﬁmﬁa
(Wight) S.N.Mitra var.
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60 Eucalyrtus citriodara | gaaudsa Wasnaau thana

Hook.
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Potential diabetes prevention through key enzymes inhibition
from local vegetables in Moo 9, Khun-Thalay Sub-district,

Muang District, Suratthani Province

Araya Pranprawit

Department of Public Health, Faculty of Science and Technology, Suratthani Rajabhat University
email: apranprawit@gmail.com

Abstract
Alpha- amylase and alpha- glucosidase enzymes are important for starch and

carbohydrate metabolizing process into monosaccharides. Inhibition of the activity of these
enzymes can help to reduce blood glucose level in patients with diabetes. The objective of this
research was to survey local vegetables used for diabetic treatment in Moo 9, Khun-Taley Sub
district, Muang, SuratThani and to evaluate alpha-amylase and alpha-glucosidase inhibitory
activities of these local vegetables. Data from the survey indicated that a total of 18 local
vegetables traditionally used for treatment of diabetes andor lowering hyperglycemia by local
healer, including; Ocimun tenuiflorum Linn., Senna siamea (Lam.) Irwin & Berneby, Coccinia
grandis (L.) Voigt, Pandanus amaryllifolius Roxb., Vigna unguiculata (L.) Walp. subsp.
Unguiculata, Ipomoea aquatica Forssk., Phyllanthus emblica Linn., Solanum torvum Sw.,
Anacardium occidentale Linn., Momordica charantia Linn., Momor dica charantia Linn.,
Moringa oleifera Lamk., Aloe vera Linn,)Burm.f., Archidendron jiringa Nielsen, Azadirachta
indica A Juss. var. Indica, Parkia speciosa Hassk., Micromelum minutum (G. Forst) Wight &
Arn. and Musa acuminata Colla. Among these local plants, the extract of Anacardium
occidentale Linn. exhibited the highest anti-alpha amylase activity (92.98 * 4.65 %), which was

equal to the activity of the standard Acarbose, followed by the extract of Ocimun tenuiflorum
Linn.and Azadirachta indica A. Juss. var. Indica (68.01 + 3.40 and 66.16 + 3.31, respectively).

Furthermore, the extract of Azadirachta indica exhibited the highest anti-alpha glucosidase
activity (82.41 + 4.12 «), slightly higher than the authentic drug, Acarbose. The data from this

study showed the promising used of local vegetables for prevention of diabetes through alpha
amylase and alpha glucosidase inhibitory pathways.

Keywords: local vegetables; diabetes; alpha-amylase enzyme; alpha-glucosidase enzyme
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15ALU MU (Diabetes mellitus) Lﬂuiiﬂwﬁﬂuﬂfjﬂmiﬂﬁmim%a%’ﬂ (non-communicated diseases)
U Lflufjiymmﬁﬁmzjéuﬁﬁﬁigmmﬂizmﬂiwﬂuﬂwﬁu Tﬁﬂmeml,ﬂum’;ﬁii'wmaﬁixﬁuaaﬂuuau‘*gaﬂmﬁam
i1 videidlaidorineg vesinnefinsnevaussesesluuduydutiosamiethdugduiiiegluldlild dswaliin
AMURaUARTRITEUUNSIINaTYAsUlan e TUsAY wagludu auﬁﬂﬁﬁwmaiw,ﬁaﬂgmdﬁsﬁuﬂﬂa (Diatewa,
2004) Tneffthelsaummuilliannsanuaseduimaludonld awdsmadrafonhliiAnnsunsndoudug
AwLndnsie 19U anufulafings nasadeniiladiu mf ladenauenafenidglaie 1am 91ns1e9uves
International Diabetes Federation Tufl 2012 nuh Jagsuiiusznsiilaniidulsauimuiisdu 387 d1uau
waganingiAnisaivesnaiialsamuvuaziiindudy 552 duaurtlananelud 2030 uenani damuind
Q’Lﬁa%ﬁmmﬂm’szLmiﬂ%'auﬁLﬁmmﬂiﬁmmmmﬂizmm 3.2anuausiel IelidedInussaa 6 ausiaui (IDF,
2012) dwiuludsznalng snsranuynveslsawinnululszvinsiitony 35 Yuly lul 2543 winfudos
av 9.6 Yowszr NIV vieAndusiuuiaau 2.4 ey

nsanszduinaluden uas/viemsinvssiutnaludenliad Wuuumemidunsinweinsves
Tswnudlédlanad Tutiagiu fnsldenusznm Acarbose, Miglitol wag Vogilbose (Dong et al., 2012) lun1s
Fudanmsvinuveseuluiuearhnglefing dewalsiseduthmaludenvesfihemuanas useghdlsinu nui
fananmanifnatiafesteiasmu Wy lmAnennstedn uasiiosiae Husu dadunsldfun
futhuvdendnsusidldansssund Sadudnmadenvilsiaulaasidadufifeseganiraundutiagi

wulesiueannozluias (alpha-amylase) uagioulesiueaninglading (alpha-glucosidase) 1Huteulesideg
fusnantuaduesdldidn vimihidesudazanslulamsaliduthmalianaiier sy nisdudsnisvie
voseulesiiaowiia avanunsatisanniagadunglaaingnszuaidonusssraonmaiiuturesseduinnalunszua
Hen deyavnnisnaaedduniesufusinag (in-vitro experiments) nuin asainaindnuazralivateyia iy
uzl¥817 HIview uazanselued 1av ﬁ@mamﬂ’a‘tumaé’usﬂgamiﬁwmusumLaulﬁzjﬁLLaaWwﬂqiﬂ%ma (alpha-
glucosidase) dsnaliyzaanisgadunglaanazannisiiniuvesitniaidngnszuaidon (kwon et al.
2008; Cheplick et al. 2010; Kim et al. 2010; El-Beshbishy and Bahashwan, 2012) uaﬂmﬂﬁ?u ANSANYIVDY
Kim Tuderinaaodul 2012 Smudnin arsadaanfiviwissiuvesussmenna (Ecklonia cava) finauautivae
nsgfumandasesluudugiu uazansyiuihmaludeavemynanosiidulsauimiu

seuMIdedudimaumn wuiaswgnuesl (Phytochemicals) finuluity fauasd@lunsduansd
ouadase (antioxidants) FsfieuduituslunistisanandsstenisinlsaiFesadinieg (131w nesdua
wazAy, 2557) UBNINLY ﬁ%ﬁﬂﬁuﬂmmmﬁﬁﬁﬂ%mmmaquwmﬁﬂizLﬂwmiﬂizﬂaumuéﬂ (Phenolics) Tu
Usungs defienuululdidniiuthumdrionafinaaudilunisiestuniesilsauimiuld uiegslsfin
foyaidedniferfuanaudilumsiulsaumuvesiiainfiutiufiesdumanisdogosadidn nsfnuiidelu
pdsil Sl nguszasdiiiefnuamaudilunisanseiuimaludosuasquinisdlsaummuiunisdedens
vhuoneulesiuoaniorliaa (alpha-amylase) uaseulesiuoaninglafiaa (alpha-glucosidase) vasiniiuty
Auslaaluviesiudmingsnugisd LwaLﬂumauawumummumimwwﬂwuum’LumamuLwanﬂmﬂumi
Josuuazshwlsaummnusielulueuan

IngUsTaIAvaInIITY

1. Wefununuiedsiniutuesduluniiuiing 9 o qunsia suneidios famingaugiod

2. dleAnwigrdnisiulsaumukiumsiussmshauveseuleiueaeyluaa (alpha-amylase) uag
wulwduearinglafiaa (alpha-glucosidase) Tufhitudutesiu
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dndeyainiiuthuideuuilnalunituiing 9 m gunsia o.iles 2.q51un 351l Tnglduvuasuany
psesryTemainiuthudionusiuein wdsdildunvesinfudiu sl lenilufunniundseney
9113 uazmMsduN el Unvgendhuresiuiing 9 s gunsa oifles a.gaugiond wiouafusogg
fnftutiuilensivdeuieinemansuasUToudisusesnsiia a vewssalldl (Herbarium) nandnounsuisiu
2. Mawseusegansatadnitutiu
tdregreiniutiuindnddiazenn dedduie Muduiudng wazirldualfasidondisiniesun
197 (blenden) ¥innsafnanseengnisiefaiiazatsn (waten) Tnelddnsidiuiin 1 nfurofaii
azany 5 Jadans Uluwgheirdoaviimiuiiisey 250 seuseuiifigaumgiiveadunan 12 $alus ileasurian
luisadei3aaios (centrifuge) finnandisou 4000 seusiewdt Wunan 10 wift wondulaeeniiuly daw
Adunznewhuniufshazaieiian 5 fadans tldwisiiianndseuiusn 5 wiiasidndaun st
n¥aniuiilunsesHunszAIunses whatman# \uansafindilaigumgiisinndt 4 ssmwadoa dwmiuns
Anszilutuneusold
3. nsnedevgvissusueuluiuearherlinad (alpha-amylase) vosansafndnitutiu
wmaaqu%‘é'fué'?ﬂl,aulsaﬂl,t,aaW'mulmaa (alpha-amylase) A1835 3,5-dinitrosalicylic acid (DNS) lag
Fauvasanizves Gowr et al. (2007) Tnethansasainiiudhusiuau 300 lulasang Wuasazanslaieumean
UniWes pH6.9 1 udu 0.1Tuas YSuans 200 lulasans vusauduteulatueaniesgluiaa (4.0
unit/ml) $1u9u 250 lulasans Agamgdl 37 esrnwaidsaiduian 10 i wdRniy asazateuda 19
(w/v) $1uau 250 Tulasans defialfifunan 30 wiit diluvudefiguugil 37 ssmwadeafiunat 30 uif uén
nynUA3e1938n15 LANaTazane dinitrosalicylic acid colour reagent 500 lulas&ns (LW3eua1n 3,5-
dinitrosalicylic acid 1 n§% Wag sodium potassium tartrate 30 NFu Wa@NAU 2N NaOH 91u7u 20 Haddns way
UuUTunsliasy 100 Sedansdetndu) thammauioueildlulugsmuaugamgiiimuauenmnilvey
Tur29581ine 85-90 psAwalfoailuan 10 udl wé’nmﬂﬂsunm&y’nﬁﬂﬁﬁ@uﬁqmmﬁﬁm wdnnaeans
dunaLdIBTndLs U 3 Tadans wazluInAIn1snanduuas fianueradu 540 wiluans Wisuidleuiuans
1175§1U Acarbose Blfidusnsnulsauvn wazilusmMmSosazrIn138US (% inhibition activity) &9
ans
% inhibition activity = (Abtank — Asample)/Abtank X 100
4. miwmaaqu%‘ﬁugqLauI%ﬁLLaaWWﬂqim%ma (alpha-glucosidase) vesansaradnitutu
FauUasu19dIuanisildlae Kim et al. (2005) wag Schafer and Hogger (2007) Tngransafindn
Huthuswau 300 Tulpsans waufuaisazaneveamintiimes pH 6.9 wWudu 0.1 Twans Usuims 200 lulasans
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A1383a18 NaxCOs WuTu 0.67 Twais Usuans 590 lulasans waamﬂgmawauaﬂw nEantuioans
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% inhibition activity = (Apank — Asample) /Abtank X 100
5. MTIATILAHAVIED
nMsnnaeu fethsay 3 91 uaziauenansvaassfildlusuuuuvesaiadsuazaiudoauunasgu
JiAT1eiAIALUTUTINFIBERR Analysis of variance (ANOVA) uagiU3euifisuiadelnegis Least Significant
Difference (LSD) nadeuauiitiudfaynisadiisesiu P < 0.05
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yosfirluviosiuuay qmmawwu Tagandoyafidhsany fvluviostiumi 9 nyunzia o.fleq . qanugionil finain
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& (anti-alpha glucosidase assay)

grsnissuduevlsduoarherluaanied’ 3,5-dinitrosalicylic acid (DNS) wagguisnsudueuluivearh
ngladinanigds p-nitrophenol colometric n1snaaes 3 Flagld Acarbose Fufuendnulsaumuduans
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3 g v Uaniey/mam mianaenl  ainuazsulsEmMusINAUeIT vise 1hluusenaueIms W wnedn unudes viieurludn

4 peveu gl Ugniesy/nann wildmaon?  nlumenonduliduriou dufuiiliien udauinuniy
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AR Fudsgmuas/meadudnung vienthlUdndinvsesunyi
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M13197 2 Jewarvesnsdudueuleiuearherlusauaziouluduearngladinavesansaiainiiuiuininaauds
lunsannnaluiiion

fa0819NY FoImereans quidasaaulay quadagaaula
woavhazluaa waanngladins
(% inhibition) (% inhibition)
nzns (unageeneeau)  Ocimun tenuiflorum Linn. 68.01 +3.40° 72.38 + 3.62¢
2 Twndn (nenuazeen Senna siamea (Lam.) Irwin & 63.71 +3.20° 68.72 + 3.44°
90U) Berneby
snas (unazyensow) Coccinia grandis (L.) Voigt 61.46 + 3.07 66.77 + 3.30.°
Weveu (510) Pandanus amaryllifolius Roxb. 63.25 + 3.16° 78.19 + 3.91°
5 tilnem @) Vigna unguiculata (L.) Walp. 44.30 + 2.22" 34.26 + 1.71’
subsp. unguiculata
6  wnds Quuagdei) lpomoea aquatica Forssk. 57.95 + 2.90 ¢ 68.52 + 3.43°¢
7 uzvuleu (wa) Phyllanthus emblica Linn. 48.94 + 2.45° 71.30 + 3.56 %
8  uzlUawy (Wa) Solanum torvum Sw. 50.20 + 2.51° 48.10 + 2.40'
9 wzdshuwud (useu)  Anacardium occidentale Linn. 92.98 + 4.65° 77.16 + 2.63°
10 wzsy (@) Momordica charantia Linn. 58.15 + 2.91¢ 72.33 + 3.62¢
11 uzsetun (Wa) Momordica charantia Linn. 59.93 + 3.00 75.26 + 3.76 ¢
12 wgu (#ln) Moringa oleifera Lamk. 63.05 + 3.15°¢ 78.45 £ 3.92°
13 unsased (lu) Aloe vera (Linn.) Burm.f.) 57.55 + 2.88¢ 51.03 + 2.55"
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15 azion (luwaveenseu)  Azadirachta indica A. Juss. var. 66.16 + 3.31™ 82.41 + 4.12°
indica
16  dyma (1LAn) Parkia speciosa Hassk. 56.36 + 2.82° 69.96 + 3.50°
17 wye (unazzensou) Micromelum minutum 62.32 + 3.12°¢ 77.16 + 3.86°
(G. Forst.) Wight & Am.
18  nalw (WIUA) Musa acuminata Colla 56.23 + 2.81° 54.53 + 2.73°
19  @15u1ASg U Acarbose - 94.24 + 1.88° 81.89 + 1.64°

e : 1) finanaludnndoninnismeaes 3 91 + dudosuunnnsgiuvesansaiafivianududu 5 mg/ml

2) Aadefmiumednusikanaiulugaus Lanandaulana1eiueglitsd Ay n1sEds (P < 0.05)

Pnmsnedeugninssudueledueanierluaavesansatadniiutuia 18 wia nudt uzshafung
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fudaeuladuoarherluea Wiy 68.01 + 3.40 Wesiiud uazazia elgvslunsiudueulesiuearerluiaa
Wiy 66.16 + 331 wWediiud TnglusuuinfiuthudinamiiddeyairdnuausiTisansssuimaludon wuh
fhilngnn Squilumsdudaeulesiueanosluaasihiian fio 44.30 = 2.22 Wedidud sosann fo uzvndlon way
uzifonns Seflgrslunsiudaouleiueanogluea wihifu 48.94 + 2.45 Wesidus uay 50.20 + 2.51 Wosiiud
mudi wazlenSsuiisugrimsdudueuleiueanezluaavesansatainiududind iy Acarbose Al
ansunsgIuiiseduaddy 5 flafinfusofiadang %qﬁqwéiuﬂWiﬁugqLaulenﬁLLaaW']avauLaaaaﬁamvhﬁ’u
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fuan531n 551U Acarbose Tiszuauidesiy 95 Wedidud Iummuwaﬁaﬂmmauwﬁuamﬂwumwuﬂauq figuslu
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vau (37n) Bedgslumstiudueuleiuoarnglafing wihiu 78.19 + 3.91 wWedidusd lufiemenssiudu Saiinem
ﬁqwéiumﬁuéu'nLaulsaﬁuaamﬂaiﬂ%ma@?’]ﬁam Ao 34.26 + 1.71 Wosidud 5998901 Ao UsLTNII LazIumg
REEI mmqwﬁiumia‘uENLau"LazjuLLaanaIﬂm@a WU 48.10 = 2.40 Wosidud uay 51.03 = 2.55 Wosldud
AU uazuenaNty damuh LuaLUiEJUm&mqmami&mwauimLLaaWﬂﬂaiﬂszjmamaqmiaﬂmmﬂ‘wumuﬂ‘umi
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qaugionil mumsaummsmmmmLaulsuuLLaaW”naJLmaaLLa Laulezmuaamﬂaiﬂsma wud1 asafindaeiues
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Foyaiildnmuitetasivsslovdlunnilvldlunisdaaiumsuilaadnfiudnilugusy sudeansolfidu
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USE OF CADMIUM RESISTANT ACTINOMYCETES FOR
PROMOTING CADMIUM PHYTOREMEDIATION IN
CONTAMINATED SOIL BY CHLOROPHYTUM COMOSUM
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! Faculty of Environment and Resource Studies, Mahidol University, Nakhon Pathom 73170, Thailand
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E-mail: pppoohpat@gmail.com

Abstract

The important environment problem in agricultural areas is the soil contaminated with
heavy metals, particularly cadmium. Cadmium is one of extremely toxic heavy metals to

human health. Currently, many technologies are used for remediation of heavy metals
contaminated soil. Phytoremediation technology is a green technology to remove heavy metals
from contaminated soil that has received widely attention. However, high concentration of

heavy metals in the soil cause adverse effects on plant growth, resulting in low biomass
production. This study aimed to study the performance of two strains of cadmium resistant

actinomycetes, namely Nocardia sp. K5PN7, an IAA-producing actinomycete and Streptomyces
sp. 11-10SHTh, a siderophore- producing actinomycete on promoting the plant growth and
cadmium accumulation in Chlorophytum comosum planted in cadmium polluted soil. The results
found that K5SPN7 promoted the dry biomass of C. comosum and translocation factor better than
those of other treatments. In addition, cadmium contents accumulated in C. comosum inoculated
with K5PN7 and 11-10SHTh were higher than that of the uninoculated control. The highest
phytoextraction coefficient was observed in the plant inoculated with 11-10SHTh. Our findings
concluded that the synergistic interactions between cadmium resistant actinomyces and C.
comosum can improve phytoremediation efficiency in cadmium contaminated soil.

Keywords: Cadmium contaminated soil, Cadmium resistant actinomyces, Phytoremediation,
C.comosum;
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Root dry weight of plant (§) s aunsi 1

Shoot dry weight of plant (g)

Cadmium concentration in whole plant tissue ... aunsi 2

Phytoextraction coefficient

Cadmium concentration in soil

Bioaccumulation factor = Cadmium concentration in whole plant tissue ......cccocovvienee. aunIN 3

Cadmium bioavailable concentration in soil

Translocation factor = Cadmium concentration in shoots (Cshoot) oo, aumi‘ﬁ' a

Cadmium concentration in roots (Croot)
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T2 (IPA) 30.40+1.94 20.93+0.21 24.85+0.33 51.68
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veriuasviBeululunsgefsuazazauuaniilon iesnaslunelsesiuendlulodnndnuniidautaesinla
waaluiieglusyniaduvgaeenuieglusunienldnisdanin (bicavailable form) Failiiuiasugidoulu
?HZM’]iﬂG]GWNLLﬂG]LﬂJ‘c’JﬂJlW’]EﬁJUﬂ’J’]‘Uﬂ%ﬂaaﬂ@us] #0AARBITUTIBIIUVBY Rajkumar et al. (2010) Finudnanslane
IsWefannsafian LLayaumamaﬂiauaﬂamauq Peiinawasnsalunsedeutnevestanginusniiy ua
yilifvgadslangvinlddietu uona1ni :uddeves Ali et al. (2017) wudn Streptomyces pactum Act12
mmamnamLaiumsLmuimmiugumimma‘mmwmawamLLamﬂ USuamaslsiiad uazUunaualsiiuess
vouinnaLdeaUd (Brassica juncea) wavdsaiunisgaislavgmiinvasinnindedafugnlufutuiioulansun
I68nde ol mmamsﬁnmﬁﬁmﬁlﬁdw Nocardia sp. KSPN7 ansnsatigasasunsifiuln uagifiunisayeay
wandlenluiniasgiFeuludodniduuinausnileusesfuldfian ilesniuasuiidunasedunnninans
VnaBIBUY @3 Streptomyces sp. 11-10SHTh ﬁmmmmiﬂumﬂhadqLa%umi@mﬁqLLaxazammmﬁamﬂy’ﬂudau
MnuazdugenvesiuasySouluiivgnluiuiivudou wandifuiuesiluddvdiunuwendouisaosans
ftusivszAvsnmlumsdassunstidaaadesluiuiudeuroriumsug euly

Jorausuuy

ashmsdnsuiadalunsldueadluoindumuuandeuisaosaeiug Ae Nocardia sp. KSPNT uag
Streptomyces sp. 11-10SHTh luguiuy Co-culture \WiotreduasulsyansamamnisthdaauUuidounanilon
vafiy warAnwiuivuindug

AnAnssuUsENA
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Ability of Cadmium-resistant Actinomycetes on Cadmium
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Abstract

Heavy metal contaminated in water and soil cause the important water and soil
pollution and affect living organisms. Heavy metal contamination occurs from natural sources

and human activities. Excess accumulation of heavy metals in soil and water results in
deterioration of natural resources and contamination to the food chain. This study focused on
the screening of cadmium resistant actinomycetes which have plant growth promoting (PGP)

property and the ability on cadmium removal from aqueous solution and increasing cadmium
solubility in contaminated soil. Actinomycetes isolated from mangrove and swamp were

cultured in culture medium amended with cadmium nitrate and measured the production of
indole-3-acetic acid ( IAA). The results found that only 21 actinomycetes among 92

actinomycetes isolated from rhizosphere soils at the swamp forest and mangrove were
resistant to 2 mM cadmium nitrate. Twenty-one isolates produced IAA in the range of 5.13 £

0.09 to 87.91 £ 9.69 pg/mL. Only one isolates, K5PN1, highly produced IAA and identified as
Streptomyces rapamycinicus. The minimum inhibitory concentration of cadmium for K5PN1
was 3,000 mg/L. In addition, S. rapamycinicus K5PN1 had the ability to remove cadmium
from aqueous solution. The percentage of removal was 41.7% and to solubilize cadmium from
contaminated soil by increasing bioavailable cadmium concentration in contaminated soil. It
could be concluded that S. rapamycinicus K5PNL1 is suitable to use for bioremediation of
cadmium contaminated water and soil.

Keywords: Cadmium resistant actinomycetes, Indole-3-acetic acid, Cadmium
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neam mMaedl wasndanin Susastssaniden uardodeduandraty feluFoswesiunuillunisthda
NansvUsoANMaInaededdiTinludwadey Armdiiurenszuaunstnuazanadulinseduandon
Fenszurunmamstinmiadumedandefigninalflunsidalaneminivudeuluuasfuegnan s
Taoamnznnsléqduvdduas inlunseurumsttnlavewiin Tnsmsthaduniduntaglunisiedoudie msess uas

= [ o

nsanuafivluiu Aunznou uazludildiu edrlsiauy msliaduniduasiivlunstidauanilondedidosa
vaneuszns Tnsamzenudufivisuandenfivudouluivieluiuluinadudinsaiyvesiuriduas i
werdlutsdnduuuafiFeunsuuin fdesniseendiaulunismsd®in finswsydudule uasiinisats
aue$ WunguuuafiBefianunsanuldludandouiinarnmats ueadlusisdniinalnflanunsadumulavenind
anududugaraisanuannsoluduasunmaiulnvesiis arwannsalunisadsamiond visieulesifianunsn
Wutadeddglumsiunuanuieisaandsnndey ie meldannzamuduiuveuanilongs (Hamedi uas
Dehhaghi, 2015) waaRluss@ndsduasunisiivlnvesiale lnon1sndngesiuuiy 1wy eondu lelalatiu Juive-
\adu wazansTitednasunsasyiule W lanelsrled msazateeama nse3elulasiau lavawnsasen
wenRludednianunsaadsasdinannin weailudednduasunisiulavesdiv (Plant srowth Promoting (PGP)
actinomycetes) Fansndulpa-3-wedAn (Indole-3-acetic acid, IAA) 8@ﬁuuﬁ%ﬁ5®a§1nmjuaan%u finalndagylu
MSLINTIDNTDUUAA UATNITASQYVBITINTY uenand Seflmesunsidalaventinlnglduenflufodn Favui
2128999 Nocardiopsis sp. MORSY1948 wag Nocardia sp. MORSY2014 @111901140 Tasidley dniia way
dangdluansazareld (El-Gendy wag El-Bondkly, 2016) uag Hamedi uagAmy (2015) 51891UANUEILITAVDS
Promicromonospora sp. UTMC 2243 Tunsmianuanidlenesnainaisazaiglaig 96.5%
é'fﬂﬁ?un’lu?%’aﬁaiuﬁuiﬂﬁmiﬁmLﬁaml,aﬂaiuﬁa%wéf’mmwmmLﬁa:u Afauenldanuuinamg wazhiu

vsnanunUsaunianalivessemelng lnen1a3v9adiing) augIng1ans aning1denynseans

LAYYININITASIVIANITAS19NTABULAA-3-LaTRNVBILBAR I BTNA 1 UNIULAALTsuNAnEaN e wana1ni &9

Qe

vhnsAnweaududusiigavesuanifleuiidugannsiatawewenlugiod (minimum inhibitory concentration)
wagyinnsAnwIUsEaNSnmvesweafludsdnatuniunaniiisy lun1sandauanidiatsanaingisaralsiay
Uszansamlunsindeuthevioazansuanisueananauduiou Semanisnuinded annsauendlugedn
fumuuandleniluvszgndldlunisthdnhuesiuiivudouwandlould
IngUsraAvaIn1sideY

1 iedndonuenfludedniighunuendlonuazamnsaadrensadulaa-3-4odan

2 WieAnwuszansaneesenfluodniunusandoulumsidaunndoteonainaisazaiouasiud
Vuidouunniiioy
s2108U35799
1. Mshndonuandludedniifiaauausadiumusandey

thueaRlusiednsiomn 92 lolanuanaaivnadnine auzinenmans sminedoinunseans 7

AnkenaNUIng wasdveiaunisnialdvesusemalng uinigiiedduemisideditis Minimal Medium (MM)
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agar fidnsiunandlsalumsviienududu 2 fadluas ((Faudasein Schmidt wazanse, 2007) iU
oumgdl 30 asrniwaldea Wunan 10 $u uazdadenuendlussdvidanuannsalumseiquuimihvese s
Geadeiduandlouls
2. MsRadenuanilusisdndumuuandisfissnsaadnsadulae-3-wedfin
¥msmnziasaenilufodndunuuanflondidadenldaindes 1 vuemsidsaie Glucose yeast
extract (GYE) agar Wuszeziaan 7 $u 91nialld Cork borer 1o 2 YALFUHIANINAIINTU 5 Tadwns langad
uuRamthemsiifinsasyredaladueniluledn wazdhlumzdedusmsiiesde GYE broth 20 fiadansiia
A5LAN L-tryptophan Tidanudutu 0.5 Sadnsuneliadans LLazﬁﬂUUmﬁqmmﬁ 30 peAadud finuisa
58U 150 s0ustound Wuan 7 $u wesifivdniidsuead dWewlunsaatanisasnansadulna-3-uedin Ingldis
Colorimetric assay (Gordon wag Weber, 1951)

3. AINTIVIANITITYHALNITAZ19NIADUIAA-3-4aTRNVB AR LUTBTNAIUNIULAATIBUNTZBZNI5LDI8YAS Y

o

v S v

Yugaduvinassveeniludedviunusandotuaradrinsndulaa-3-weddiidadenldaindes 2 il
Fruruelugag 10°-10° CFU sofinddnsuimizidedlua1mis GYE broth anduiiluduiigamgii 30 pean
waLTea 1A1U5159U 150 SeUsewndl uazvimsiiuiiegsluiud 0, 1, 3,5, 7,9, 11, 13 uay 15 audsu lag
mathluduiesiirnusaseu 8,000 seusaund ﬁqquﬁ 4 sarnwadod Wunan 20 widt anduthaunsneu
wadluouwisigaungfi 80 ssmwadea Wunan 24 Falus wavthludaimdnigaduis onsoinniaeiy wae
haulalunsiaiauSununsndulaa-3-Ledfn
4. mavadsuarudutudgavasuandsuiisudinmasigueniluddndumunandon

Wmsineiaswealudedngununeandlenlustmsideadio MM broth Mdnuandenlumsniiaay
[udum9 Ao 500 1,000 1,500 2,000 2,500 tay 3,000 Aadnsusnodns AauUasan Hamedi wazany (2015)
nthuiluisigamngd 30 ssrimadea fiarmigisou 150 sousioundt ibunan 72 Flus wanifuiwad Wevnly
suLtazasaIntnnsaduis
5. MSANINTITAIALAALLINDDNAINENTAZANUAALLBNYDILDAR LULBFNATUNIULARLT Y

¥nsinzidesuendlusiodndumuuandionluenmsideatie GYE broth Wunan 3 fu uwazvhnisdne
aneuwasiIasarateeamntesTInIuNSEEe 2 sou warthundluansavaneuanleufiaadudy
yosuanleuloseudl 25, 50, 100, 150 waz 200 fadniusedns waziluwen 150 seudeun? WWunan 10 Falus
ntunsessdIua1sara1esas Whatman filter paper No.42 et lunsiafausinauandlealngldinies
Flame Atomic Absorption Spectrophotometry (FAAS) wazthinfwalsyansammsidauendlodlooousi
(Aloysius wazAtls, 1999)

Uszdndamnisidnuantiius (Removal efficiency) (%) = (Gi = Cf) x 100
Ci
oo : G Aomnudidusuduveweniloy @adnsusedns)
O Aemnuudugavnevasandlen (Hadnsusedng)
6. nsAnwnsazaneuandlenlududuilouveaailudedndrununaniey

wlsn1svageusenilu 2 yn1sneaes fis T1: fuvudeuunndlon was T2: fuduilounandlon + a3
wauasguenRluedndumuuaniion Tnevhnsmeasdlunasananainiiusidanieuasiesensyavatina
wazthluiwgn?l 150 seusiowdt Wunan 10 fu iiumessiuniinsgiaududuvemuansioslugundosldma

a1 Inen1sanneiea1s DTPA- (Diethylenetriaminepentaacetic acid) #1u35n15009 Faust Lag Christians
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(2000) wazas2TaUSINauAndsuanunluRy (Total cadmium) #re3En1safnuazdessiansa TneiAdes
Tulasinlaaned nduiluasemnmududurecnndon Tnewnies FAAS
NaN13IY
1. MsAALADNLDAR IUNBZNAUNIULAALTTEN

nan1IAAeuUNsHUULAnd suesweaRluTsdniis 92 leluanfidausnuiainimsuasnveiau
wutweaRludednsiuau 21 leleian Andudesay 23 veseailuiodniivinnisvadeu awnsaasyuuemis
Foadeiiiuuanilon

B Liffnmiady
+adgld

++ iyl

JUN 1 anusnuvnunanidionvessonlusiodn 92 leluan

NN3UT 1 sziiuduendluodnand iy 92 lelwaniimsiasauuemnsiduuanifloslusyfuiadale
(+) $1wau 17 loleanAnludosas 19 uagnuuendlufednfiannsiasyvuomsiduuandeslusefuiasyldd
$1uu 4 lelmandndudosas 4 MnsuuimueTiviansagey
2. M3fnuenuanRlutedndunusandeufisnaunsaadiensadulaa-3-uaddn
nansasaiaUsinansndulna-3-uediniiadrsanuenilutedndununaniioutis 21 Telaan wui
annsaaiiensedulaa-3-wednlalurissening 5.13 + 0.09 wazgeanil 87.91 + 9.69 lulasnsusiediadns uendlu
fedndumuuandlondnlngfedosay 57 airensndulaa-3-wedinldluszdusm (5199 1) Tagleloandiinis

asunsndulaa-3-uedinasgailiies 1 loluandeloleian K5PN1

A15799 1 SEAUTBINTADULAA-3-LBTRANTNFS19IINWEAR LU YA UNIULARLTI B

IAA level (ug/mL) Number of isolate (%)
0-15 12 (57)
15-30 7(33)
31-45 1(5)
>45 1(5)
Total 21 (100)
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dlethleleian K5PN1 wvinisduwunudalagldds 165 rRNA gene sequencing wuinleleian K5PN1 &

AMulnALAEany Streptomyces rapamycinicus NRRL B-5491 fia¥aeaz 99.13 (% Similarity)

3. Maadyuaznsainsndulaa-3-uednveuandlusisdndununaafisuiidadenldiissoziaainianiy
7199)

dlevn S, rapamycinicus K5PN1 Adadenldunnsdodlusmisideaiewas GYE broth wazyiinis
AIITANITATYUAZNITAINNTADULAA-3-LBTRN lﬁmamiﬁﬂwﬂugﬂﬁ 1 TnefiAadsthmingaduiasuduwiiiy
0.32 ndusedns uwazdevnismizidss 1 Tu nuinihmdneeduiafintunndu 3.17 nfudedns waznisimiin
waduraRutuluaugeaelutud 7 lneldradedmdnsaduied 4.19 ndusiodng ndsndudedinasiyanas
dniniadil 2.90 nfusiodns Tutudt 15 vesmamsiisade dunanisasnsndulna-3-wednnluurazdasnis
\93qywe3 S. rapamycinicus K5PN1 (3U7l 2) wuin S. rapamycinicus K5PN1 a$1snsndulna-3-uedinudaainisy
wzidesd 1 Tu Tasadslduiina 6.82 lulasnsudefiodans wasifingetuaudetudl 15 lufuaniiievosnis
wwzided 16.80 lalasndusiediadans annnsilaziiulédn S. rapamycinicus KSPN1 B3usinmsadransadulna-3-

WaTANMEIINYI Exponential phase wardinsifinduileiingyiaves Stationary phase ¥8n151338y

20 5

i
W
L

TAA (pg/mL)
=
Dry weight (g/L)

5 4 +-JAA

0 5 10 15
Time (days)

v

JUN 2 dwilinwaduiiaznisasnensndulaa-3-wediinues S. rapamycinicus K5PN1 Wiaimzidedluamisides

\¥8 GYE broth Ngauuqil 30 asrLeaied H1aszeziian 15 Tu

a. dnanudutudngavosuanidenlunisiudaniaiadey (A1 MIC) vas S. rapamycinicus K5PN1

11 S. rapamycinicus K5PN1 wnwnzidssluemisidsadewas MM broth fiiuuaniflouiinanadudy
a9 Wutaan 3 Tu LLasﬁmﬁ’mmam%zgmam%iugﬂmaqﬁmﬁfﬂwaéuﬁa Iae S. rapamycinicus K5PN1 d@n
dtinwaduiadudud 0.36 niudedns wan1svaaesluzuil 3 wudn S rapamycinicus K5PN1 iwzideslu
pmsasatedildfinsifuuendleninisasyled us S. rapamycinicus KSPN1 fnsideduemsidoadeiiu
wandenfimsaiyanas Inslanzluomsidssdeniduuanilonnnududu 3,000 fadndusedns fdmdnivad
whssnimiineadurasudunandiidiuind) MIC vesuandlouse S rapamycinicus K5PN1 agizﬁuﬁl 3,000

o

Jadn5usoans
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% Removal

g‘uﬁ 4 puaansatunsminuaaiisuluasazaisves S. rapamycinicus KSPN1

. . ) =y a y g
6. AMUANNIAVBS S. rapamycinicus K5PN1 Tunisdaidsunisazansuandisnlufuniudounaadion
HATBINIINAABUAIINAINNTANTAUESUNTavaneuaaiisnsanandululeuves S. rapamycinicus
K5PN1 wansdlunns1an 2 nuienududuwandedlugunsouldnidnmiainaie DTPA Tuganisnaaes T2 913
a s L. o 1 & o oA ' A
MSANENSWAIUARELEAGYRS S. rapamycinicus K5PN1 waausiuszeziia 10 Tu dAnannndtaniuauiliinis

Winigeasly (T1) TaunsdSunauandisunmvunlufuluyganisaaes T2 desniituganiuausneae
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M1597 2 anudutuvesaniadlusunseslimainmuasuandouviavaaluduluidouwaaiiey

Cadmium concentration

Treatment Bioavailable form (mg/L)  Total (mg/ke)
T1: cadmium contaminated soil (control) 13.15 34.80
T2: cadmium contaminated soil + S. rapamycinicus 15.46 33.02

d5Uuazaiusnena

PNWANISANYINUT S. rapamycinicus K5PN1 1unendlusiodndumuuanilonfianansaasiansndu
Tna-3-uedinldgeanannuedlusiofviumuueaidioniomn 21 lelean nsndulaa-3-uedindadusesTuufivngy
senduiifianuddydenisiasyvesiivludusniuusnwassnuus Seiiuea-vsulaumu (L-tryptophan) 1
ansmasulunsdauaseioandulufivuazqdun3s (Frankenberger uaw Arshad, 1995) nsndulna-3-wodinidu
Hadednlutefivdunmunneisaanduindon vie neldannzanududuresuaniflongs (Hamedi uaz
Dehhaghi, 2015) 3saanadasfiunuidoves Rajkumar wae Freitas (2008) lé518911 Pseudomonas PsM6 way
PiM15 @nanseadnensndulna-3-wedfindl 17.74 +2.06 uaz 39.88 +3.68 faansuredns muawu awnsaufiuana
Frnmues azvis (Ricinus communis) Wluannedidinmsvudeuvedlanenin uenaini Smunisadransndulaa-
3L aﬂvLéﬂ,uﬂ&jumadﬁgauw?&jﬁwmﬂwaw W1 Streptomyces, Nocardia, Rhodococcus, Micrococcus, wae
Klebsiella (Khamna wagagug, 2009; Trivedi WagAly, 2007; Prapagdee uagmtiy, 2013)

PNEANISAN® MIC 84 S. rapamycinicus K5PN1 7 3,000 fiadn¥usedns Fais1891unisn1sdumu
wARLLBLURY Terichoderma sp. 71 2,000 Aan3urpans 3A1 MIC UBNEIANATLNTOlUNTEUMUTBILUATISE
#9 a’liLQ‘W’]Sﬁﬁﬂﬁlﬁﬂm'ﬁguézﬂﬂﬁtﬁﬁiyim wennil S. rapamycinicus K5PN1 Ssanansaidauanilonosnain
ansazanelifefonas 41.7 Aszduanududuveuanifion 25 Jadnsusdedns densgaduniadanimy
3¥UINNMST89N13TUL000UYENE15AEA1888N1NI NILUIUNTTHTUDATY NN INATYNE LS E R ULAd
LLUﬂﬁL%‘EJﬁé’mwdauﬁuﬁa&iaﬂ%mmqﬁnﬁm’mmmmiumagm%’umd%amwgn ﬂaé’uﬁaﬁumﬂmﬁﬁﬂixﬁyﬂuau
liansagedulosauuinvadansld (Collins uaz Stotzky, 1992) FeaonndosiunuiTeves Hamedi wasamy
(2015) 5789MUANUAINITAVO Promicromonospora sp. UTMC 2243 @usaminuanidenesnainaisazaisle
g9fi9 96.5% WALT1BIUVD Hou WagAme (2015) Wuinsgadun1sdinimaes Klebsiella sp. 7l pH 5.0 gaungil
30 esmaldua tnieanuaunsalunsgaduwaniden windu 170.4 Tadnsusionsy

S. rapamycinicus K5PN1 élaanynsaifisananduduvesuanidieslugunieulimsdinmillenssouiiiuiy
yamuAy Galangvingnisideararseeninainduiivudeuld Tasodenalnvesgdunisinanniadunisls
(Gavrilescu M., 2004) a'ﬂmalﬁmmLﬁi’Iuﬂi’IqugiJw%aﬂﬂi’fmq%amw*uaqmeLﬁamﬁwﬁu FeapnAd0IRUTIB LD
Prapagdeetlazaig (2013) Wua1 Micrococcus sp. wag Klebsiella sp. ‘thaLﬁmmaazma‘uaqLLﬂmLﬁau’lﬁasﬂugU

a =

N5oulIN19TINMNUINTU kazdarigiuUseansaniivlun1sinUaauluilouwantleudnaig F9anuL U

[

wanlyluguniouldmadinmduladendidylunisgefdansutnanfuvesiiy daunisgisnisasyiiule
Yoy waztiinArzunseuldnisiinmuesnaalisuaztieiinussaninmuainisiidniinduity Ja9nwanis
naaesaguladn S. rapamycinicus KSPN1 fiauanansalunisiumuseaiiiouwazanuaansaasiinsndulag-3-

waBANlAgIdn wag S. rapamycinicus K5PN1 HUsgansamlumsitdauaaidisueanimnaisaraiouasdununis
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avansvewandlonluiuluideuwanioy v‘iﬂﬁﬂ'%mmLﬁaﬂugﬂw%ﬂéﬁmn%amwqﬁuuamﬁa&ﬂﬁﬁmﬁﬁﬂ

wandlsneenanauluiouldaoy

JoLausuug
msinsAnviiniilaonsiueadluiedniumuueaileuiifguendilunsduaiunisadydulaes

fiwfia S. rapamycinicus K5PN1 Tvinns@insiiietisduadunisiiivlnvesfivwazdioiiuuszdnsamnisiidn

wendledlufuuuidouvosity

fnAnssuUsznA
Tassmaideildunuatvayuangudnnduiagiuanuainuatenisdanm aeldlsunauide

“gauvislutuazuumnanmslivsslovinmeiunanunsuazauinden” (BDC-PG1-160003)
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ANSHANNSATNTUNIINAINUINIAABLIB Actinobacillus succinogenes

9959 nzgddunalans’ YN Aatudiiiy’ Udveyn nssugau

U3v1 ndnssalwyad’ uaz glsdssas quiuns'™
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Audinsesilenan AngIneimansuazinalulad wninerdeasarueiuns Inenvatani 2.0nmi 94000
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UNANED

mASeildFnsmskannsndndinlaglduuadiseaiin Actinobacillus succinogenes TISTR 1994 Tuoms
deadeiildnininnadadunanassldannszuiunisnaniaaifuunadmnsveulagldanensvdnuuuly
sondiaunariimaiufgansveulaeenlediieadrsannyiimunzausonsisyiivinvesdeuarnsnannsadn-
Bl Fuandniige LLazﬁmw%'uamwmmfﬁmaéf’;aﬂim%’a?\lﬁﬂdauﬁﬂlﬂiéﬁlﬁ'aﬁﬂwwmauﬂ’amq 9 wazfnw
am’;xﬁmmxauﬁﬁmaiﬁLLUﬂﬁL%'&Jmmaamamﬂim%’ﬂ%ﬁﬂlé’quqm Iun narlunsndndl 24 48 waz 60 Talus uaz
aududusudureniiniasiuianuad 30 60 90 120 150 way 180 o/L ﬁ]’lﬂﬂﬂiﬁﬂ@ﬂﬂmﬁmﬁﬁ“ﬂ@ﬂmmj;’m’la
Wm’mﬂimmmmai’mwwm 70 29 % wagnuin fivaan 24 Halug a’lu’ﬁamamﬂimﬂ%uﬂlmmam 0. 62+O 02 ¢/L
wazdmiuanududuvesimaiimnzaudensnaansndndin wuii Aenududuvesinasutimuniudy
180 ¢/L mmazﬂ,mamammsﬂﬂsﬁuﬂlmqwqm 2.1620.12 ¢/L man1sanwiluaseidtldidiuiinisléninimadu
IngAundnlunswdansadndinlasldide Actinobacillus succinogenes TISTR 1994 ansnsnandunulunIHan
warldFunafivietisangranssuldoshailifodidey

Keywords: n3agndiin ninuinia Actinobacillus succinogenes
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Production of Succinic Acid from Molasses
by Actinobacillus succinogenes
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Preecha kasikamphaiboon! and Uraiwan Khunjan®
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Abstract

In this study, the production of succinic acid by using Actinobacillus succinogenes
TISTR 1994 in culture media was performed using sugar cane molasses, a by-product of

sugar production process, as a carbon source under anaerobic condition with the addition of
carbon dioxide to create the optimal conditions for the growth of bacteria to achieve high
yield of succinic acid. The molasses was pretreated with sulfuric acid before being used to

study various properties. The optimal conditions that allow bacteria to produce the highest

succinic acid yield were examined with the fermentation times of 24, 48, and 60 hours and
the initial total sugar concentrations of 30, 60, 90, 120, 150 and 180 g/L. It was found that the

molasses used in this study contained 70.29 « of total sugar. The results showed that the
highest succinic acid production of 0.61+0.02 g/L was obtained at 24 hours of fermentation.
The optimal initial total sugar concentration was found to be 180 g/L, resulting in the highest
succinic acid production 2.16+0.12 g/L. The results obtained in this study suggest that the use

of molasses as a raw material in the production of succinic acid by Actinobacillus
succinogenes TISTR 1994 can significantly reduce the production costs and utilize biomass
wastes from industry.

Keywords: Succinic acid, Molasses, Actinobacillus succinogenes
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ﬁﬁ]ﬁ;ﬁummLLUﬁﬂﬂummaquﬁmmﬂLLazﬁ&lﬁﬂ’amqaﬁiumaﬁamwiﬁﬂ%fauﬁﬁwé’uﬁm%uﬁmﬂuﬁimﬁ
undurhaegeds E‘Lﬂ’]‘WLﬂi‘lﬂgﬁﬁﬂu{jﬁlﬂﬁ’ulﬁﬁﬂﬂ’]iL‘UEi‘IEJ'LILLUaGLLa%ﬁﬂ’]iUﬁiﬁ@@lﬁ’]ﬂﬂﬁuL‘iJa‘IEJULﬂUﬂ’ﬁI“ﬁL%IE]Lwaﬂ
woata naden siufiu uasfwssaued) dialunssuiunmsndmnniudssammslithiueanirgnamnssy
Wildu1nn31 1 Wuduuisisasel (Delhomme et al., 2008) LmawmimmmsuﬂmLﬂJaLwaaWamama&Jaﬁm
mﬂml,m aﬂ,mmLLUaﬂhwamaumwﬁﬂﬂui‘]ﬁmuummmeﬂu{]mmwmEJUiymi 1w anthifuflifiutuedng
sordles pudandmnaiunindouasnansenududundonfizunsdunniu Yymmdariilmaansnsedu
madenlmifionaununslditemasmeata lnesumldinaluladianm vioiFont “widder” Wewamun
qmammsumamﬁuasmme%“wenﬂsLﬁ??améawga%aﬁqzymamﬂdm Wi nsdentdunaminensvyuieuly
nszvaumaninlnegaunidiitendnasieifodumsthsanuansenuiudanadesangnamnssuiad 1wy anns
Tindsnusensldfusafizoniifiussansam uaglimrhazarsfiinansenudedunndoutiosas (Delnomme
et al, 2008) NTENTINEIUANSTT (The US Department of Energy; DOE) Lagstiufisnisldunainineins
muﬁaﬂumiﬁﬂwL?{mﬁ’ummﬁmmimﬁﬁﬁaﬁu (Werpy et al., 2004; Patel et al., 2006; Beauprez et al.,
2010) uazldfinisseyds 10 Sudumbeiugiumaaifiddnenmlunsdneyiusiiiyaranudmdsnunauny
Fensnsn@ain (succinic acid, SA) (Werpy et al., 2004; Beauprez et al., 2010) 5@Lﬂumiﬁmmaﬁﬁwﬁ@uaxgﬂ
W lEluNINENN1ARAAIMINTTUBENNINUNY LU DRAINNTTUNAARITNNON/ETAAWTIRIRT BRAMNTIUNITHER
913 (Wu arstinanudunialuemis a1sUsandeomInieasdugadn) nargaamnTTIAFYN TN
(Beauprez et al., 2010) ﬁ’J‘ue[MiyjﬂWil’,\laG]ﬂiﬂ%ﬂ%ﬁﬂﬁ]%E]’lﬁﬁlﬂi%ﬁ’mﬂ’lﬁ/l’l&LﬂﬁLLUU%ﬂLaﬂﬂumjﬂ\laﬁl LU N9
ponfiatuvesmsil msldiussuiatenlalastudu mssidnsannadnuazuiadnueulelase Faaziindelde
aasnogrannanmslitinaiad nssuaunmindegdunidiluitiasenuasivszavsnmannsaidumaden
Tnaivaununslétianadl waggdunddilflunsndnnsadndinansoldmsveulnoanlediiiatuainnisuiin
woanegeald Mliteanuansenuneisaunsyanl (Xu et al., 2018) aepndesiuuleuiesguiaseensans
WAszey 20 U (w.a. 2560-2579) Ingmsiamnuazlindanuiiduiinsiuasnndouiieannisudesufadounszan
nszvumsHAnNIadndinmeiinwduednszuumantnuuulallfeondiau annsfinuives Liu et al. (2008)
I§Anwnisnannsadndinannninmalrewuniidesia A. succinogenes CGMCC1593 luanmzmsminuuuly
oondlauuazlfideniBnisusuanmninthmagensadaininnuiannselinandnnandndingsds 79.541.1%
Tusvavanisndin 60 dalue FsnsAnwves Almevist et al. (2016) 114 A. succinogenes Tun1suannsedndiin
Tnenananunasnniveuiifuiimaniasiig 9 il xylose, arabinose, glucose, mannose kA galactose Gifiu
dhanausazeiaies 10 o/L ‘W‘U'jﬂmﬂ%"f’]maﬂqiﬂa%v‘i’ﬂ,ﬁlﬁmamémammsﬁﬂ%ﬁﬂqaﬁqmﬁ 0.56 ¢/g Tuwnuedl
xylose, mannose @y arabinose lnansadndinidu 0.42, 0.38 uay 0.44 g/g AUEINU sudildinimimads
HutapAvnanaesldfifiesusznouvesimanusansalvinandnnsadndiindias

FefunuiTeildidongduniganeiug A. succinogenes dwiuldudnnsndndinlaglingivandanimdu
wndsnnsuou fie nmniima Fadunanassldannisudaiiniaindesdszneuiudszmelnadulszine
inwmsnsuifinnsgndesluiummn andes 1 fuarldninthniauseann 60 Alandu dafu lssnudiaa
Hagtuaziimmimadunanaseldlaitosndt 1 &w 5 uausu Jadufiiadlafissthnnimauldlumswannse
%ﬂ%ﬁn%’!wzLflumst,ﬁm_gaFiﬂﬁt,m'mmfwm1aiumiﬁwmwémmiﬂm%’ﬂ%ﬁﬂ wafldanmsAnwaziduuumandsly
nilAnwdeseniiiemsndnnsadndinduiulilusyfugnavnssusaly

TgUITaIAvaINITITY
1. wefnwamauifvesnmniaadielfiluwmainsveulunsudansedndinieuuaiise A
succinogenes

2. Wefinwanmengauilddmsunisnanansadndinlilausuuaswiswunaiie A. succinogenes
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a ¢ '3 2 an' v & ' '
1. N15IAIIHBIAUTENBUVBININUIAaLNB I urE IS UDY
AN5197 1 WARISN1TLAYH19BIVINITIATITNBIAUSENBUYRININLaW D L T uLraIPSUDY

19013 WMTUATIEN 91994
nMsAzhiedidudmiuiy yenuulagllgaeniud AOAC (1999)
(Desicator)
MIAATIEAUeS U nesidudidlagldwmgn AOAC (1999)
(Furnace)
AMTIATIEALUSAUTIM Kjeldalh Method AOAC (1999)
mMaaNgsiesidudiuty Soxhlet AOAC (2019)
mMIAszilesidudlany ICP-AES Huseyin et al. (2015)
MIAszsiesidudinge mesidudindelneldarsazaiy AOAC (2002)
KSCN Tunislasinse
MsAsIETUS A as Y Dinitrosalicylic acid method (DNS- Miller (1959)
method)
MSIAS U AT v Phenol Sulfuric acid Method Dubois et al. (1956)

Asiud, (2559)

2. n’liwﬁﬂm%al,mﬂﬁﬁﬂ Actinobacillus succinogenes
finUaanianion139ed Jiang et al. (2013)

thillewunafii3s Actinobacillus succinogenes TISTR 1994 9 nAugaAUMISanTuinemaniuazmelulad
wislszinalng L?ﬁyaﬂummﬂgmﬁa culture media ﬁﬁﬁ’auﬂsgﬂawmmmiﬁnﬁ tryptone 15 ¢/L, peptone
from soy bean 5 ¢/L wag NaCl 5 ¢/L 81115U31185 50 mL slummgﬂwvjmmm 100 mL wazirenmslvenided
gaundl 121 °C \uwian 15 unil nfudedeuuaiiGaduommsidsade LLé’aﬁﬂUﬂuﬁqquﬁ 37 °C nulel
annzldeendiau wasihdeivldlunmsinuduneuseld

3. Mawdeaiieg1anniiaig

fnuUasn1nizues Liu et al. (2008)

mnthaaiidlunsinuadiideunanusdningma $1in uwdhundnsimusinashmaroun (total
sugar concentration) nu3Eludedt 1 lneisuduainnisidearsninimaeindulilganududureuinia
Favuagasinewiniy 30% wi niuiaisazanenintaaliuiuanimeaensa 5 M H,S0. Ineusuen pH Toild
iy 3.5 nduthlulianufeuiigaumgd 60 °C iunan 2 dalus andudal sy iilutudssdausiseu
40000 rpm Wuan 30 Wit uduendnlaliusuan pH WHwihiu 6.5 #e 10 M NaOH wdahnmimaiiniunis
Usuanmividlutunousely

4. msAneUSinannimaiivunzasensuannsadndiin

dusuitnsHannsadnIinaaulaiminisues Liu et al. (2008); Jiang et al. (2013) Yidouuaiise

A. succinogenes Ssduiia3euldande 2 Gﬁqﬁﬁhmﬁﬁ_]mﬂﬁuumﬁmwmmé‘lu 600 nm 111U 1.2 UTuad 10%
(v/v) ldluemsidsaide fermentation medium ﬁti’mﬂ’liﬁzhﬁyaua”aﬁ@mwgﬁ 121 °C 1WJuaan 15 uil wagll
ﬁ’mﬂixﬂawaqmmiﬁﬁ yeast extract 10 g/L, NaHPO4 1 /L, KH2PO4 3 ¢/L, MgCl, 0.2 ¢/L, CaCl 0.2 ¢/L,
NaCl 1 ¢/L wag MgCOs 30 ¢/L Lﬁ'aLﬂuﬂ’WLWa%mU@ummm pH Tudlidunnasliuia Co, Tusgwinanismdn
wazUsu pH Wity 6.5 Tasiw3ouemnsuiuing 100 mL Turangusuyeuin 500 mL uazdiunintmaikiuns
Usuanmuudanuisluded 3 Usuim 30 60 90 120 150 way 180 ¢/L mugndu antuiilutsiigmagd 37 °C
Wl wazifiuiegnafivian 24 48 uay 60 alu Wiethluieszsinanaishuded 5
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5. N15ATIZNADEN9
5.1 MylnTinsndndinuasnsaduniduindy
AnLUaIR1135Y09 Borges and Pereira (2010); Chen et al. (2011) uag aignaw (2559) \iusegnedile
st dusdesit 10,000 seuseundt Wuan 30 uni udraednlaiowrlunseseidonsosuin 0.45
um ldasluransiegreneuaniiluiaszinsndndin nsnesdfnuaznsanesiin drewades High performance
liquid chromatography (HPLC) §u 1,200 S1io Agilent Tngldians1aTAuUY photodiode array detector Aadul
C18 Ame 250 mm uazidusingudnansneluuig 4.6 mm dsldansazans 0.025 KH,PO, 11U mobile phase
fignsinslua 1 mL/min injVot : 20 ul wagldnedinifignmgd 60 °C Mnduduammiiesedldieutunsm
ipspuiieAnUTINMveInIadndin nnesdfin uay niawesfinlufedig
5.2 M3aseidayanieata
5.2.1 admiug liun Anads Sovay drufosuunnsgu
5.2.2 3n5e9tayan1eafifuuy One-way analysis of variance (ANOVA) TaenisiUseuiiisudoyasieds
Duncan’s multiple range test Tngldlusunsu SPSS version 17.0 fisedumuidosiu 95%

NAN3IVY
a ¢ ¢ H 4 qua ' ¢
1. MsesigiaaUsznauvasmnuinaie liduwnasnisuau
PNNITUATITNDIAUTENOUTBININUINNAAILIBNITIUAITI9T 1 @105 ANANITILATIZRIINIDNITA 9)
Tanslunnsned 2
A15197 2 NANTVAEBIUBINTTIATIEYBsRUTENoUTRIN NIAaLield T uLrasmSuaulaeiBSnsmng 9

318713 NANITIATIZIA (% w/w) NN (% w/w)
AT 27.82 206+ 1.3
Sutigoolabud et al. (2005)
N 7.8 7-15
qls¥nil (2543)
TUshuTm 3.8 2.5-4.5
qls¥nil (2543)
g 0.027 0.1-1
qls¥nil (2543)
langsau lawn Fe Mg Ca Cu Na 0.76 8.9
ey K Liu et al. (2008)
\N@D 4.07 4.6
Liu et al. (2008)
thnnasing 25.68 235+ 19
Sutigoolabud et al. (2005)
dhanasautiomn 70.29 38.8 + 2.9

Sutigoolabud et al. (2005)

Mnmsleneiesusenourssmmimiafifunanassldannisiantmanindosnuindnduiuim
hanasaufemuaiigsds 7029 % defioanursoiunldiduinasansvounaununislfidomdmoadalds
nniaadunidudanaifinsilUldenannssunmananegiunivans 1wy lugnamnssundn tovusariy
nsgULNTIVINde9AuNES gpamnsIuNIRARNIALAARN gaaMnTTINARSad Ludu wineuiazthninihema
rouazidgnazuauniandn sudufesdinisufvanmiesanniniaaiilavevineglusedunils (du wdn
doned vowuas wusmia wundiden uea@ey mav) wazmsiesesinuiiivinalanssmedi 0.76 % dfie
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:na&Jmmwwam”l,umnmummvluLsuuuuiawmﬂmmummsaaummmswmu‘[mmwa AUYSY finasier pH

Youmasniueu wazylneulsdildlunsuandouann

2. mim%ﬂw%al,mﬂﬁﬁﬂ Actinobacillus succinogenes

ﬁ]’]ﬂﬂ’]iLGliEJiJL‘UE)LLUﬂV]LiEﬂumWﬁLL‘UQ (medium agar) LAY SITA? (culture media) ‘Uwam‘wm 37 °C
L‘U‘LJL’J@’] 36 ‘U’JI‘J,N ﬂ\‘il,l,ﬁﬂﬂuiﬂ% 1 WU’NL@J@’JﬂﬂWﬂWiﬂﬂﬂﬂULLﬁQM O.D. 600 WA 1.764+0.004 ﬂ@’l’]L‘UE]@JﬂW@Jﬂ’]i
Lﬁ]iiUvLG]UIG]E]EJ’Ni’mLiﬁﬂ@uﬂlﬂIﬂUﬂ’ﬁMﬂJﬂm@ﬂlﬁ]@ﬁ]ﬂﬂmﬂﬂﬂ 0O.D. 600 VILM@JE’]‘LJﬂUﬂ’e] 1.2

a1 1alatlveaide Actinobacillus succinogenes UNB1H1SWTS (A) WAEN15V818LTD Actinobacillus
succinogenes adluomsivan (B)

3, pswideudegianinina

dosmnmninadlaveniineglussdunildsdndudesusvanimdeuiluldvnads dmiuitnisus
anmanunsavinlananeds wu nsusuaninmensadailain lnsuraleuneams Wusadeuesislaenlus nsa
wiaulaorilumnszendin (EDTA) sdunanasulosou wavaiuiusiug (Roukas, 1998; Kotzamanidis et al.,
2002; Wee, 2004) 91nn13AnE189 Liu et al. (2008) léAnwinsusuanmniniinagieiziunnsneiy sl
Sulfuric acid treatment, Potassium ferrocyanide treatment, Activated carbon treatment L & ¢ Cation
exchange resin HaUs1NgIN1sUuanIwiensataiindnamnsalinandnnsadnddnlageiian 50.1 + 0.8 ¢/L
WuReafufuuiseves Xu et al. (2015) Adiulddninisusuanmwnninadensadaiisnegnaiomieasly
nsadaiiinlumugiuluunadeuelsloenlus Jadiulddainnsusuanmeensadaiiadnifissenadisnud
Foansdmiunisuannsadndinlunssuiunsusinuuuserios :ann1saassSunaimas RS s RLe
Woslusdedt 1 wuindl 70.29 % anduhludendildmmduduresimanmunanawuie 30 % Faly
Usuanmamiensadailasnaaly

4. nsAnwanIzRazUSINANINTNMaTivIaNsensHBANsATNSnvasuuATiSe A. succinogenes

dmdvanmsfivnzaniinaliiuueiiGoaumsandnnsadndinligean anannzdldihnsfnude adly
navin wasarududurostiniaduiy Saadldlunisfnuiléud 20 48 waz 60 Falus Ineldmnuidudy
dhmasautmunwiiiy 65 ¢/L wazAnvarududusuduvenihnasustameldud 30 60 90 120 150 uay 180
/L anmsanwnavesnantiumsuiinieliannsandansedndinldnagegalinadening 2 :nnswiiiuldi 7
a1 24 Falus WowuafiFe A succinogenes anusandnnIndn@inldgean 0.62 + 002 ¢/L sesaunieiivag
48 way 60 Hlus aunsondansadndinle 0.5 + 0.03 waz 0.24 + 0.03 g/L mudIFuLasdmSuAmudtuves
ﬂ%mmﬁﬂmai’mﬁ%wmLéuﬁuﬁmmzamiamimﬁmmm%’ﬂ%ﬁﬂLﬁ@iﬁmmmwﬁmﬂi@%’ﬂ%ﬁﬂlﬁwaqqqﬂiﬁmaé’qmwﬁ
4 wuhiieududurenimaruiouniSudy 180 o/L mmszﬂ,ﬁmamammm%’ﬂ%ﬁﬂlﬁqaﬁqm 2.16 +0.12 ¢/L i
Athmasuiaaedldmdonindu 5.61 ¢/L uazAauguii 0.0, 600 Wiy 0.7 sesasndefinmududues
thaasauiiuaisudu 150 120 90 60 uay 30 ¢/L winfu 1.69 + 0.05, 0.73 + 0.02, 0.36 + 0.07, 0.32+ 0.02
waz 0.14 £ 0.03  ¢/L AEAU LLamJ'%mmfﬂmaiwﬂgwmﬁi%mﬁaLLasmmﬂmjulﬁl,l,ammaﬁamwﬁ @)
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fauanuan1sanwinlainszeziiatlunisudnuazs Usunuanududuresinn1as1u nent Al LA U
wanganlunsmineuuaiiisy A. succinogenes Tuaniglivendiaume 24 HalusuaylgiimasIuiavualsuaud
180 ¢/L anunsalinandnnsndn@tinlaaiia

0.7

0.6

0.5

0.4

0.3

0.2

Succinic acid (g/L)

0.1

24 48 60

Time

AN 2 HaINN1TANBIIATTUNNTRIN A UTUTULSTNAUVDIUIAIATILTIRUATDINIAUINIAVINAY 65 ¢/L 9
WNrauReN1SHaRNIAgnItnlaelae Actinobacillus succinogenes.

25

W succicnic acid g/L

& CDW 0.D.600

15

Succinicacid (g/L)

30 60

Initial total sugar concentration (g/L)

120 150 180

25 2.5 r 8

a Msuccienic adid oL

2 i residual Total sugar ¢/L
2

15

Succinic acid (g/L)

Cell concentration (OD600)

05

0 30 60 90 120 150 180

Initial total sugar concentration (g/L)

Residual total sugar (g/L)

AT 4 1a3INN1TANYT A AT TUSUAUVBIUINATINTRIVUATIUANANAULATAIAUYUVD YA B
ANUANTUENAUYRRATINTINATILA N ukAE USINahaaTvdevesieNaun sandnnsadndiinlegae
ImeLae Actinobacillus succinogenes
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dsluazanusena

mﬂmi‘wmammimamﬂimsﬁ’ﬂ%ﬁﬂmﬂmmfflmaﬁ'mﬁa‘[.%mqnmnwmé’%%’&Jmwi’qdwmﬂﬁwmammimﬂu
Lmdmﬁuauﬁa@iamﬂﬁ@Lauiwuau%aLﬁawamﬂiﬂeﬁ'ﬂ%ﬂﬂiuama3ﬁ1§aaﬂ%L%uLLaxﬁﬂﬁLﬁuLlﬁa
mi‘uaulmaaﬂlezjﬁm’hlﬂLﬁaU%“uamaumimﬁﬂﬁmmuamﬂimgm%a A. succinogenes annsoRaANIATNETNLHT
AN TULSNAUTDIUINIATINYINUA 65 ¢/L LAY 0. 62+ 0.02 g/L ‘vmm 24 Fluauiidierinisfinwia
LﬁumuLimu‘uaﬂmmai'swwmmLLmﬂmmuUﬁﬂg'sm dhmnasutoiuniSudu 180 o/L annsolinandniiniian
2.16 + 0.12 ¢/L wariesidudnisldimauitu 96.9% FanuimdnFudigavineilddaiesnindeisuiu
nsnwwes Liu et al. (2008) #ldnannsadndinanninihnalnewuaiiesia A succinogenes CGMCC01593
TugnmzmsminuuuZeendaunarldidenismsusuanmnnimasensadaiin3nuazdonldmududusudy
YmaTIinAy 65 ¢/L wudranunsainandnnsadn@iingadia 56.0 = 0.9 ¢/L wiiilesnninssuunmansinues
ddlifienuaiossutsUsinsuiansvelneenler i lUgdivsinaildunnnes o luaiilaiivsunanse
Fnatnfidesniuasinsndunideiadunnninduansunnd 5 nsdunseinsadnddnvesuuaiidetuaunsa
N TUEUTNINSUNUUeATIYES Cs uay Co Feanunsandnldnadunees C wazannsadunszailalnensmiu
L@ U199 Co ajﬂLﬁumqémié’qLﬂiwﬁﬂiﬂ%’ﬂ%ﬁﬂﬁﬁqmwﬁ 6 WU’hﬁ’]mﬁlﬁﬂ’]iﬂﬂa@ﬁﬂ%ﬁﬂﬂﬁﬂiﬂauﬁié%ﬁ@gu
mnndnsadndfndeninivunauiaaiveulaeanleddiliunnnedwhliuunuedduvewuaiiieluma
v G unnnindehlidusuna nsnesdfin wavnsawan@nflunnndtinfu 3.04 + 1.57 uway 2.69 + 0.36 g/L
muds AennadiuinasiutivanSusy 180 o/L

nnimaaunsafuunasaveuiiasensnannsndndinlaneide A. succinogenes laiinan 24 Falaa
annsolinaldffaalurnsfidefuemnududurosihmanufmuadudutufildldnsedndiniuiuegied
IGREHY

o 67 -
)
(@]
8357
- @
o) 4 -
5 % Formic
o A acid (g/L)
T 23 4
g E ; % % /é # Acetic acid (g/L)
-~ [®) 2 — = = e
:r% 5’1 é ~ ; ﬁ 2 £ Lactic acid (g/L)
o 81 7 = = = =8
L 5 / = = = : B Succinic acid (g/L)
£ ", I_%Ell,gnl-:%i TR 1R ;
L.

30 60 90 120 150

Initial total sugar concentration (g/L)

AT 5 NAINNISANTIANUILTUSUAUVDIUIAATINYINUATILANAAUN A1 TaNARNIATNTTNLaENIADUNTY
wiindu 9 lneldie Actinobacillus succinogenes
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2NADH+2H*

Ethanol

Acetate

NADH+H"

NADH+H*
i Formate

: NADH+H*
Malate

dehydrogenase

MADH+H®

Lactate

Fumarate

MenaquinokH*

( Fumarate

reductase

Menaguinone

Succinate

A d 6 Metabolic pathways of Actinobacillus succinogenes (Song and Lee, 2006). G6 P, glucose 6 -
phosphate; G3P, glyceraldehyde 3-phosphate; PEP, phosphoenolpyruvate.
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wlevinlundndunansiaeing | Iﬁlﬁ'aqmﬂmﬂﬁ:ﬂmaﬁaﬁﬂ%mmﬁwmanuﬁwmﬁmﬁaagﬁﬂma%qlﬂuﬁéfaams
dmsunsuenedesugamnssumedinm wiimnazimemasemsuannsednddnlaglduuaiiSeluannyls
ganBiaueIIRfostunndassuuINEawasosdiuTnauiansuaulaeanlesiiunnwedviliwuafieaunse
nannsadndinligeian uazenafinisAnutedusudu 9 Wune Wy nmsifieugnse s Anwiumadlulpsiou
vidoszuumavsindilinisiwenlusne ielildnananindian
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nsdugadanuaievaslnlalyeniiuaind visne Arthrospira platensis Wazannsne
Synechocystis sp. PCC6803

[y a

Svling @il ASmnsal Mna1e uay syl ASydad

wihgldumaluladdinmmmeia aazmaluladnmeia anTinendeysn Ingnunduny3

email: rachanimuk@.buu.ac.th

[ ]

UnNAnga

miﬁﬂmﬂizﬁwﬁmwmié’vgdl,%aLLUﬂﬁL%'EJ°UaqlWIﬂlﬁaﬂﬁuU%qwéﬂﬂﬂawwéw&J Arthrospira platensis wag
@1%918 Synechocystis sp. PCC6803 (uommsimieusetanudy 15 wisluiudan) anmsianuuuliuns
W3aiuln wudnansne Synechocystis sp. PCC6803 (15 Tw) Miaanteaninamsie A. platensis (21 u) wiile
Wnsiuifensadnuitainiie A platensis (8.90 nfusedns) flunninamsie Synechocystis sp. PCC6803
(1.025 nSuadns) waznuinAutntueesasinlaleeiuvesaimsiy A platensis (1.085+0.023 fiadnsuse
faddns) danududuaindtamsie Synechocystis sp. PCC6803 (0.548+0.011 Hadniusieiiadans)

Wllaleendulunegaunstiudade Pseudomonas sp. Tagvnsvaaeu 2 wuu e agar well diffusion;
A (Fuuaaadudulnlaleeduily 150-300 lulasndy) wag Minimum inhibitory concentration; B (7nvua
aradudulalaleerfudu 150-200 lulasnsu) wuilnlaleefiunnainsies 2 odin awisadudude
Pseudomonas sp. i msnaaeusieds A nuiillalesriuainamsieiis 2 via Suiinnsdudadedaud 150
Talasn3u drumsmaaeusieds B iiunanaasuludlud 4, 5 uae 6 wuitlilalgefiuanamsie A platensis
WaLA13I18 Synechocystis sp. PCC6803 SuiinnstufadouuniiBesus 150 war 200 ulasnda, auddu uas
dleteuiiisulssansnmnnssudadouuaiiovesialued 4, 5 way 6 aznuinludalued 4 fusednsamns

v v
o A

fuduenign

AanAgy: avsedileannuunty, lalwenily, Pseudomonas sp., Arthrospira platensis, Synechocystis sp.

v
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Bacterial inhibition of phycocyanin form Arthrospira platensis and

Synecocystis sp. PCC6803

Ruchnekorn Swami, Paritaporn Phaklang and Rachanimuk Hiransuchalert

Marine Biotechnology Research Unit, Faculty of Marin Technology, Burapha University Chanthaburi Campus

email: rachanimuk@.buu.ac.th

Abstract

The objective of this report was studied on the efficacy of bacterial inhibition of pure phycocyanin
from Arthrospira platensis and Synechocystis sp. PCC6803 (in medium prepared with 15 ppt salinity).
Synechocystis sp. PCC6803 (15 days) had higher growth rate than A. platensis (21 days). In contrast
harvesting’ cells of A. platensis (8.90 ¢/L) provided higher wet weight than Synechocystis sp. PCC6803
(1.025 ¢/L). Moreover, according to the phycocyanin extraction result, A. platensis (1.085+0.023 mg/ml)
had higher concentration than Synechocystis sp. PCC6803 (0.548+0.011 mg/ml).

Extracted phycocyanin was utilized to inhibit Pseudomonas sp. There were 2 bacterial inhibition
methods conducted in this study agar well diffusion method; A (set the phycocyanin concentration 150-
300 pg) and Minimum inhibitory concentration method; B (set the phycocyanin concentration 150-200 pg).
The results showed that the extracted phycocyanin from both cyanobacteria can inhibit Pseudomonas sp.
According to method A, phycocyanin from both cyanobacteria could started inhibit bacteria from 150 ps.
While method B collected the test results at the 4", 5™ and 6™ hour. It was found that phycocyanin from
A. platensis and Synechocystis sp. PCC6803 to started inhibit bacteria from 150 and 200 pg, respectively.
When comparing the bacterial inhibition efficiency at the 4™ 5" and 6™ hour, it was found that the 4™ hour
has the best inhibition effectiveness.

Keywords: Cyanobacteria, Phycocyanin, Pseudomonas sp., Arthrospira platensis, Synechocystis sp.
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unin

amsedideunutitiu (Cyanobacteria) smfudsdiTinsmanuuaii Souslanvasunnsanuuaiie
mwmnmm Tsannsndunswiuadliuaylvieendiau (maaund i, 2527) uarluamiediBeuny
mwumqmmamLaummuum FauAnanlnladauiiusznoude 3-lilalseniu (C-Phycocyanin) uwazuealaluln
l9efiu (allophycocyanin) dudussniniliaiGuvdoihas

@118 Spirulina vise Arthrospira fidnwaiiluguindeandneadinu (Spiral) wadvsinssuanvianeivad
Bowiorudumenss vievalundensedue Lififeiu amhealusaudnseiyiulalnemsudasad
(binary fission) Wit (7 fsnsfiena, 2549) loszozialunssyiulayszana 20-30 Ju wadaniedlusd
ilsiffeRuluedoauaseaslsnatas uilidusaduszneuseifioriuduuen (outer membrane) wawifowanaun
(plasma membrane) 7ifituveuduflalnauey (peptidoglycan) LLmﬂa&“isszNL?jaﬁy’qamLLazﬁL?jaiwmﬂaaﬁ
(thylakoid membrane) yhwnthillunisdansizsiuas uaziduudmussaingdaunsizsiuasine liud ualsfiuoss
Usanal 0.4% vesinmiinuis, raslsladuszanas 1% veatnmiinuds uaglnlastaulusay 14-16% vatmiin
WY d9UAINII8 Synechocystis sp. PCC6803 Huamsedifeaunuihduiieadisnvaznanrsosaniosoaay
oeieng vidpegidugy lfidery msanaavadazudugndidu (97 fswsfiena, 2509) amsedadld
syoznatlunsasyiulauszua 7-10 Ju a@msie Synechocystis sp. PCC6803 Hntlsvassaanuvinliaings
Iillaloendusenuliviinntios Teamiedifunutiiuduididinifeuansalunsuiuimldgenn wu
asradion (gelatinous sheath) viovfuizadiiofunudulluwaduss duauufuaufeunayanudu luwad
wilgeauilefiunmsngsiannyimnzaslumsdaasesivas fiiadvslunisdesuuassansibloanaines
onfing udy 39ldiramine Arthrospira platensis wazamusne Synechocystis sp. PCC6803 uniassluantz
TmnaAagsld

illatAuslulnsoududndszneuedasaine azaeldilud Tnladauutassinarogsauiulusiu
p819lndTnun nanetduansuseneudedousenin Inladaulusiu sneauaes Myers wag Kratz (1955) wuanla
Talonfursdvsinaanniudoiuasiiin venandluamseddeunahiy laleedudaduumesarea
Tulpsiau Faagvhmihiilisgemsuiwadavsigluguivauaausinlulpsiau (au1d nasyfa, 2540)
593 Ilaloonfuduiivseloviednannmagravnssuuasndinssy fMenuautivessinngivhlHian
Ay (undtey giduns, 2549) FlnllAleenduuiqrisgeannsadudadouueiiGerelsaviniinesldunsialasiinns
neaesiiuansiannanTilumstiudinsaiyvesuuaiiGeidluasemaaes (in vitro) wagluasdidin (n vivo)
(Rojas et al., 2014) uaﬂmm‘féi’aﬁqmamﬁ’&ﬁumiﬁmaaﬂ%mﬁu (antioxidant) AuN158NLEU (anti-inflammatory)
duifason (anti-tumor) uasnuiLadLzs (anti-cancen)

Tunsfnwilgatiufentumsinwinsainasilelesiiuanamiedifeunutiiu iethameaoy
fanauanifinsdudatowuaide WonmuuBinuaaduduresmsatalnleleedulumssudadouuadise
Pseudomonas sp. WiowSeuifleuussansnmnsiudeuuafiBessuinamsne Arthrospira platensis Way
a1M378 Synechocystis sp. PCC6803

A5M15ANEN

miLgEl\‘la'mi']El Synechocystis sp. PCC6803, Arthrospira platensis wazn1sanalnlalegniiy

Besansne Arthrospira platensis wa% Synechocystis sp. PCC6803 Tua1is Zarrouk Medium fnes
Fetufa 15 ppt m&ﬂwmﬂgummiaumiwawnmwmmwaa’tuﬁu geninn (log phase) Mdnsduvesems
Gesamsesewuteoamsiefldviitu 201 Sehnsiuradsenmstumisdiirnundaseu 4,000 seusiound 4
ssrwaldua 15 wifl Mlieadvesamsisunnlagidnsududaduivazany (freeze-thaw) Fsa1mgns 200 mg
waAnaITazany 0.1 M Na-phosphate buffer (pH 7.0) 10 ml maﬂﬁvﬁwﬁuuazﬁﬂﬂLLﬂLﬁaﬂLLsﬁaﬁqmmﬁ -20
psrwalded Wuna 6 Si?"ﬂmLLazaé“uﬁumiﬁﬂﬂmﬂﬁqmmﬁﬁaﬂﬁﬂ 6 Hlu (dmsuawsie Synechocystis sp.
PCC6803 ald Rattler Plating Beads Litevinlviwadunniiety wavifinduneunis Sonication iuan 30 wadl
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W NATANBLAREMIIELED) Yavun 3 50U 9Nt lULE ¢ ssrwaldea Wunan 12 $alus andudunen
\waaT 13,500 S0URBUNT Uy 20 Wndi ﬁqquﬁ 15 perwadoa antuiansazaediuunnasnaulusiu
mendewanlaniloudamndui 25%/50% (wunsel FsvAauzida, 2559) Anausinauweiludoudandusad
#lfanauns 1 (@5uns wvestug, 2502) dharsavanedrilduviusidagiBns Freeze drying guvndl -31
peraLdea Wunan 24 Falua ‘v;ﬂ%gumaumiaﬁﬂé}’aqﬁwmmmmmL%m%usuaq%—lmﬂlsamﬁu (C-PQ), dalalulale
g13u (APC) wazlu-1ad3n3u (PE) MUEASYDY Patel et al., (2005) 9INENNN 2,3 uay 4 ﬁﬂmmmmmﬁqwé
v053-Ilalgeduainaunisit 5 wazdwanmal recovery yield anaunisil 6 (Liao et al, 2011)
G=533(52-51)/(100-0.352) aunsi 1
e S, fe Wesidudufvewenludoudamaluasazaslusiusudu

S, fie Wesidudumveweuludoudamaluansazanelusiudisonis

G e Usinanndewenludoudamaiiiivasty miadunsu)

C-PC (mg/m) = [A620nm - 0.474 (A652 nm))/ 5.34 aunsii 2
APC (mg/ml) = [A652nm - 0.208 (A620 nm)]/ 5.09 Aunsi 3
PE (mg/ml) = [A562m - 2.41(C-PC) - 0.849(APC))/ 9.62 aun1si 4
Purity ratio = Ag20/ Azgo aunsil 5

Yield(%) = [(phycocyanin concentrationmemy X collected volumegmy)
/ (initial phycocyanin concentrationmemy X initial volumegmy)l x 100 aumiﬂ' 6
nvndeuamanTavessslulalogdulunsiudatouuaiiBe®a3s agar well diffusion method
vanslilalegndunmageunissududewuniiie Pseudomonas sp. #2838 agar well diffusion
method Tuewnsideade Luria-Bertani broth (LB) wuuuds Tnefmuausunamnududuvesansanlnla-loen
HuanaInsie Arthrospira platensis WJu 150 pg, 200 pg, 250 pg, 300 pg, 350 ug, 400 pg, 450 pg Loy 500 g
drudsuaunnududuresansanalnlalyeriuainainsie Synechocystis sp. PCC6803 1w 150 pg, 200 pg, 250
pg waz 300 pg Amualnilaw lelefiu (wadu) anududu 5 ug Wuseuey United 37 sswrnwaidea Wunan
8 Halus SnvuelaulaiistulneSaanloulaveudndhmilslugTauveusnirmdnhnansinanuenvedula
ViLﬁwﬁummL%@W@ﬁ@ﬂquwﬁwLaﬁamaqLﬁuNWQuéﬂawaiﬂa

wuavedlaula = ldurAudnasvemauuarlaulaveade - lduHAUgNa19vemaY (Inhibition zone; mm)

nsasaugsuivasssinlalesfiulunisfudadouuafideds38 Minimum inhibition concentration
(MIC)

tharsinlaleendunmageunisdudutowuailiis Pseudomonas sp. #2833 Minimum inhibition
concentration (MIOluewnstataLde Luria-Bertani broth (LB) wuuwad laefmusuSinaninududuresasain
Inlaleeiuanainsie Arthrospira platensis Wu 150 pg, 200 pg, 250 pg, 300 ug, 350 pg, 400 ug, 450 pg ey
500 pg duliunumnududuvesansanalwlalyerduainamaeg Synechocyst/s sp. PCC6803 Ju 150 Mg LLaY
200 pg riwualwilau leledu (waiw) Anududu 5 pg udmue vudedl 37 esmueaidoa 1uian 4, 5
wag 6 $2las wdathunadn1sgandunasi 600 nm thiargandusasiintusiadslag
AgAnduLasatouuafise = Agandulamondouuaiiiouarinleleeniuluomamvaragandunadinlely
gnfiuluemmsmen
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NANISANTG

n1sLsyYiulaUsuMURsE e Arthrospira platensis waz Synechocystis sp. PCC6803
NNTRANILNITLATYLAULAVOIEIMIIY Arthrospira platensis Wag Synechocystis sp. PCC6803 (lu

aﬂ‘ifiﬁﬁl,m'%amﬁaa‘fWﬂmuLﬁu 15 ppt) JNUIIEININY Synechocystis sp. PCC 6803 Tz pzianlunisiasyiaule

au‘mamﬂa 15 ¥u (§Uil1) usagnuinamsie Arthrospira platensis fhhmindenuinniide 8.90 g/L (A1519dt 1)

400

350
300 ¥

250

P

1 a
aanalaanns:)

!

200

L4

ANUHU N AE (x 10

150

100

50

e Arthrospira platensis Synechocystis sp. PCC6803

A9 1 m‘WﬂiW\ILU%EJ‘ULﬁEJ‘ULLmiuﬁﬂﬂiLﬁﬁiy,Lﬁuim‘UENm‘mﬁEJ Arthrospira platensisikag Synechocystis sp.
PCC6803 (luawnsmaseunietin aaadl 15 ppt)
N Svilng @il

a5199 1 1WSsuiisuimidnidenavsie A. platensis wag Synechocystis sp. PCC6803 (luamsfitnstuniuun
AMLLALl 15 ppt)

YrpinilenueedInse

FUNVDIFINT Y

dhuiidenstaue (o) dhuinienseans (g/L)
Arthrospira platensis 44.50 8.90
Synechocystis sp. PCC6803 2.05 1.025
Ysualwlalaeniiu

91NAN5197 2 UATAIS19 3 aznuIIALT LT uarsaned-lnlalsendu (CPO), Salallalyeniiu (APC)
wazllad3nsu (PE) ﬁiﬂﬂ%‘uﬁ’aﬁ’]ﬁ’liﬁﬁﬂlﬂiﬂl%EJ’]ﬁulUﬁﬂﬁU%EjWé%uIﬂBﬁlﬂmxﬂauiﬂiauéhﬁlLﬂﬁaLLa%ﬁ]%WU’j’]
ansadali-lalvenduiiadalsninamsne Arthrospira platensis fianutudugeninuesansie Synechocystis sp.
PCC6803 wara1nas1eil 4 %W‘udnwhmmu%qm%‘%mamﬁwa Arthrospira platensis 1A41NAINVDIEINI18
Synechocystis sp. PCC6803
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A5199 2 Wisusuanudnduansanalwlaleenfiuvesamsie A. platensis (lupmnsiwisunieiinuay 15
ppt)

AnadsaIdNturesansaialnlalee1iuain 3 Tuneu (mg/ml)

v1inv0939AIng saturation with ,
Freeze-thaw ) Freeze drying
ammonium sulphate
C-PC 1.085+0.023° 2.586+0.283" 2.652+0.278°
APC 0.379+0.039° 0.678+0.179" 0.778+0.382°
PE 0.112+0.009° 0.141+0.173° 0.271+0.173°

NN 3, b kAT ¢ (AUWIUBL) LanItanuuAnAtae19ildedAyneadia P<0.05

A519% 3 WSsuiisuanuuduansanalwlalegniuvesaimsie Synechocystis sp. PCC6803 (luamsinses
mei1ALAL 15 ppt)

AadgANUITNTUTsasana lnlalwe1duanns 3 Tunau (mg/ml)

wilnvesssndng saturation with )
Freeze-thaw ] Freeze drying
ammonium sulphate
C-PC 0.548+0.011° 0.976+0.388" 1.071+0.272°
APC 0.204+0.053° 0.341+0.662° 0.604+0.410°
PE 0.073+0.006° 0.168+0.261° 0.277+0.195°

NUBA: 3, b kAT ¢ (MIULUILBY) Lansdennuuansseeslitedfysadia P<0.05

M1909% 4 WiBulsuRUSansuae Yield (%) vasllaleenduainamnsie A platensis waganiny
Synechocystis sp. PCC6803 (luommsiasuusietinnuay 15 ppt)

YUAUDIANNTE Purity ratio Yield (%)
Arthrospira platensis 3.748 100
Synechocystis sp. PCC6803 0.082 100

Nami‘VIﬂaE)Uﬂmauu&wm‘lﬂhﬁmuumEnﬁ agar well diffusion method
91nA15197 5 Wmwmiaﬂmlmﬂlsﬂmuumaﬂmmﬂmmw&J Arthrospira platensis Waz@1%518
Synechocystis sp. PCC6803 aﬂmimJUENLﬂIEJLLUﬂVILiEJ Pseudomonas sp. 19 (umaz mwmmulmmammuamw
uamﬂmmaaam P<0.05) ImEJIWIﬂ"LGumuwaﬂmmawma Arthrospira platensis finudutuiitesiigade 150
b Fadien inhibition zone asm 5.434.712 mm ﬁ’JulWIﬂl%EJ’]uuVlﬁﬂV’lﬁ]’lﬂﬂWlﬁEJ Synechocystis sp. PCC6803
fnnuidududiesdigade 150 ug Fsiln inhibition zone ogfl 6.90 mm (Feeslnlalogdufiatnainamsie
Synechocystis sp. PCC6803 filaliieanedsldannsaviglé)
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a319ft 5 nawdsuiiiausniade inhibition zone (fadiuns) veadouuniiiss Pseudomonas sp.inaaeuiiuans
afalnlaleeiuannainsie A. platensis waz Synechocystis sp. PCC6803 (luanmsiimseusastinaananfia 15

ppt)

Inhibition zone Y¥o4LW® Pseudomonas sp. (mm) (Mean+STDEV)

ANudnduvesllaloeniy

Arthrospira platensis Synechocystis sp. PCC6803
Na-phosphate buffer pH 7.0 0.00+0.00° 0.00
150 pig 8.15+0.35° 6.90
200 pg 4.80+3.97% 8.40
250 pg 8.90+4.24° 7.90
300 pg 9.40+0.71° 6.40
Betadine 9.15+0.35° 11.90

wneg: -lianansamamaadaldidosnnlufisnnududuresmatalilalseduluusasidouvedizedesann
ansatalnlalweruaesainine Synechocystis sp. PCC6803 afialdtiosisdosanaududuvesansadaditin
VINFBUAY

-a, ab uay b (MULLIRY wansienuLANeeEedited

o

YN9@DH P<0.05
1NH15199 6 431811 inhibition zone W wsudRdIUTUEgNLTaUAIRUNUINASANA LN TAlse Tunanis
1N@MIY Arthrospira platensis Al tuntesignde 150 pg dA1dndiuegd 0.448+0.444 mm (Lsiag

o

Aduduluunnatsiusgrefidedifgvieada P<0.05) daulwlalggrduiadinainainiiy Synechocystis sp.

PCC6803 NiAnuituduitieeianfs 150 g derdadiusgi 0.57 mm (Hreegralnlaleerdunainanainsie
Synechocystis sp. PCC6803 illaiiteanadalsianansavirle)

A197199 6 WalUIBUTIBUEREIU inhibition zone/8giLABLUAAY VOUFBLUATIRY Pseudomonas sp.inaaeuiu
ansanalnlalwenfluannamsne A. platensis wag Synechocystis sp. PCC6803 (lupumsinssunlgtnmnuia
15 ppt)

dndau Inhibition zone vaslulalwetu/gngidaiunidu (mm)

Anududuvasllaloeniy

Arthrospira platensis Synechocystis sp. PCC6803
Na-phosphate buffer pH 7.0 0.00+0.00° 0.00
150 g 0.67+0.30™ 0.57
200 pg 0.46+0.44° 0.70
250 pg 0.96+0.43° 0.66
300 pg 0.48+0.01%° 0.53
Betadine 1.00+0.00° 1.00

wanewn: -liannsamavnsadalfidesnlifisnnududuresaatalilaleseniuluwiosdouuaideidosnn
ansarnlnlaleeriuresainsie Synechocystis sp. PCC6803 afialdtiosiadosanaududuvesarsatadinim
NAFDUAY

-a, ab uag b (MUK wansdteruuanasegeiod

@

Yn19adia P<0.05
nan1ngeuananTavesssinlalysdulunsiudatouuaiiGedae3s Minimum inhibition
concentration (MIC)

nsnaasuauautavesarsinlalesrfnlunissududenuafiiod2073 Minimum inhibition
concentration (MIC) 9zutsoanidiu 3 seu Tnsauifunaludhlusit 4, 5 way 6 WosnEuiimstuduuafizodaus
Faluad 4 1 Fuduly aanmsed 7 1Bunsiiieudisuefifudussansnmnissudatenuaiiiovesanslnlale
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grfiuludalusdl 4, 5 way 6 nuinarsiulalesrfiufiadnainainsne Arthrospira platensis wara1nsney
Synechocystis sp. PCC6803 Tumsifiunanisvaaauresdalusd 4 ﬁﬂixﬁw%ﬂwwiuﬂﬂié’ugqLﬁ??al,wﬂﬁﬁaﬁﬁqmim
mmﬁu%’uﬁwqmﬁé’ug’dL%al,mﬂﬁﬁalﬁﬁa 150 pg (14.68+5.5 1Uasidus) uag 200 ug (88.86+2.4 LUasidus)
AU drumsifiunanisnaaouvestalusit 5 uay 6 aunsadudutenuaiiseldiruRerfuiudilud 4 udd
Uszansamlumstiududonuniidoanas

ﬂ’ﬁ'N‘VI 7 L‘LJiEJ‘UL‘VIEJ‘ULU@iL%umUﬁyﬁWGQ’]WNa MIC ‘U?IQN‘VI 4,518y 6 SUENL‘U@LLUﬂVlLiEJ Pseudomonas sp. ‘VI
naaouivansanalwlalgeiuainainsiy A. platensis Wag Synechocystis sp. PCC6803 aummimmwmam
ANLLAL 15 ppt)

WasurRuseansninnisdududianuailise (Mean+STDEV)

ANULTUYY T3 o o o< o
Pl 4 G 5 G 6
vasllalyen
- ) Synechocystis . Synechocystis  A. Synechocystis
Uu A. platensis A. platensis .
sp. PCC6803 sp. PCC6803  platensis sp. PCC6803
bacterial 100° 100° 100° 100° 100° 100°
150 pg 14.68+5.5° 112.7613.9d 81.82J_r2.5b 111.83+2.9° 82.294_r0.5b 106.36+1.9°
200 pig 10.13+4.6° 88.86+2.4° 79.81+2.2° 99.63+1.7° 86.33+0.9° 97.25+3.2°
Betadine 70.10119.5b 16.91+2.6 7.84+2.5° 36.66+2.3° 4.30+1.4° 40.18+1.0°

o w

NUBIAA: -3, b LAY ¢ (AUUUIAY) LEAIDIAMULANANRE TN AN AU N19@DR P<0.05

3salNanIsaaeg

ﬁ]’m’ﬁﬁﬂmﬁwvd’m’méwﬁ@&J’JLm:uﬁ’]L“duﬁﬁ’lqmmﬁﬁﬁi”nﬁuﬁamiw%zg@uimLLasé’qddmaﬁiaﬂ%mmlw%
lyenilu 99n31891uee Hiroko et al. (2015) ivnsinizidias Synechocystis sp. PCC6803 luamsidas 3 wuu
THud 1) ewnsidesdunsiest wie tmsaidloviiinlulasiourearesaluemns 2) dnsasssumiann Oshima
uaz 3.) ‘1%‘1/13Laﬁiimwﬁmﬂmuagm@q NaRBEAINIIEY Synechocystis sp. PCC6803 La3gyleaatua1msdasizi
i msasssIATe 2 via idesnnluomnsdunsziiuinasinomsvesulasiaulas woanesaiiasiise
nsaseLAUlATeEINTIBNINNTIN

MNASARIENUIE MY Synechocystis sp. PCC6803 fimanududuvesansanalnlalgsiuosnia
@318 Arthrospira platensis ﬁL‘fJuLﬂuﬁm%xL‘ﬁummcqmmnmaﬂ’uﬁ:maﬂamiwﬁLmﬂ@mﬁu Feaenadoaiy
NUITved sty ASdILEA uazAug (2558) fivhnsvaaesainansd-lalseniuainaivse Arthrospira sp.
waz Synechocystis sp. luanizanuduuasfiuansneiu 2 seduiie 1 Aladnd way 4 Aladnd wuiramsie
Arthrospira sp. fUsmnaensarad-llaleedusetminannninamste Synechocystis sp. wenaniuinallile
lgenduiiatldanansedideunuhfudsduegiueinuesamis suuuumaisuariinisadade (sulye
ASYdNAA hazAue, 2558; Kumar et al,, 2014; Soundarapandian et al., 2008)

nuamInadeunuantivesasatalilalsedulunmsudadonuaiidoasnuiasadala-lalse,
HuaINamIY Arthrospira platensis waga@1niny Synechocystis sp. PCC6803 (lummiﬁm%smﬁ’amfwmmﬁu
15 ppt) awsadudinisielyivinvendeuuaiise Pseudomonas sp. Bsutsnsnaaeuiludesisies agar
well diffusion method taz35 Minimum inhibition concentration (MIC) lngn1snadaunieis agar well diffusion
method wuiududuitos igavesanslnlaleefuiiafnainaimsne Arthrospira platensis uagamsng
Synechocystis sp. PCC6803 annsadududeuuaiiselade 150 g @238 Minimum inhibition concentration
(MIC) wurhnsmaaeuanaudinisudadoluradud 4 fussavsammsiiudatouvaiiSoffian wavarududy
fosiigavesasinlalogfufiainainamie Arthrospira platensis Wazawiny Synechocystis sp. PCC6803
anunsadudadonuaii3olane 150 ug uaz 200 pe MuEFU FsdonndaiunuItudenndeiu MuiTeves
Muthulakshmi et al. (2012) #il§vinnsafnansd-lnlalsenfiuanavse Spirulina maxima wuinansadad-lila
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loenfuaunsasiudeuunaiiie Escherichia coli, Streptococcus sp., Pseudomonas sp., Staphylococcus sp.
uaz Bacillus sp. 19 ImammL%wﬁ'uﬁ']qmﬁmmmL%Mé’uéy’ﬂﬁﬁa 100 pl 91T Sarada et al. (2011) WU
#-laleerfuiiadauianamie Spirulina platensis ﬁ@mauﬁﬁlumié’ugﬁL%@Lmﬂﬂﬁ'af\ﬁw*m Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa Wag Klebsiella pneumonia LLasmmmé’ugu%mwﬂﬁﬁa
Pseudomonas aeruginosa #Afiandasardudusandianmisadudslddo 50 pe/ml (Aadsvousadiildie
1x10” 1wad) LazaIN9IUIBYOe Murugan et al. (2012) laainansd-lnlalsetu 9anamsie Spirulina platensis
mvmaaumiéﬁm%a LUAYILSY Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, (wenlaan
nuo9) wag Klebsiella pneumoniae way Escherichia coli (hunansiiag1stlaanis UT) vilaginisuununag
Waduresd-Inlaleonduiiunnsady (5, 10, 20, 30, 40 wag 50 ug/disc) mL‘U%'EJ‘ULﬁaumiﬁugﬁuLLsiumiJgj%auz
sﬂz’fqﬁmﬁ’lﬁﬂuﬁammu@qmﬂ nared-llalenduannsodududouuniield

G

ansanalilalwerduiiatnainaivsie Arthrospira platensis waz@1msne Synechocystis sp. PCC6803
(uewsimssuseiennd 15 ppt) detumageuntsdudinisasaivlnventewuniiSe Pseudomonas
sp. BadudeuuafiBeunsuuin nuihannsadufimsasyivinvesdeuuniiSelfiguieniu udastlalgeiu
fiafnansne Arthrospira platensis SUsgansn1nannnii

LONEI5919849

AUNNIUA WIANBS. (2556). Msmaeiimanzausaznisuaainlalyenfuainlsenluwuadie Osciliatoria sp..
UsyayrlinusuSgyayr. nendansumtaudio. a1v1333men. TadieivendeumIneauasunsunsila.

nayaun Aaaluuud. (2527). swise. namne: AngUszas IAnIdeinunsmans,

§an inwsual. (2542). @:ﬁamimwslﬁmuwamau. ATUNI: FINNUNBINUATUALUNTITY.

nunsal IsvAavziaa. (2559). nsuend-lWlalveriiuvesdavisie Synechocystis sp. “lﬁ’u%qﬁn%‘éiwf‘fﬁ'ﬂnmnau.
TymiivawuSayinermansdaudio. avmalulagnimeia. asgmalulagnimeia. anningdeysn.

wsfing atfud. (2551). n1safnansdatnamsealuzauniedanléiduddon. Usyandnudusyyrinermans
UUUTIR. @1UINYIPNERS. AMTAAUMAATLAYINYIAEAS. NRINYIRBLNYATATERS.

fifla AdAAIfY. (2553). N15UNINTZaN8LTe Pseudomonas aeruginosa Tudga1unguia: nsalAne
T5ang1uraunde Jandnaynsaensin. Iednusuiyyinermansumdadin. a193inendans
Aandeu. Auginenransaunndey univededialins.

wnutfe IvdanTIuwn uag anlsanl AsAuationa. (2535). F-lnlalweniiu (C-Phycocyanin : C-PC). uvnngsnadl
wiedsd (1) - (8). aunAuwAluladTinmwsiausemalneg, (2), 33-38 way 40-44.

uuna LaFsUTY waz Tedns duzay. (2554). Eenterohemorrhagic Escherichia coli (EHEC). we3riiilauay
JEUIINEN, (14), 109-117.

a

gf NINTNAE. (2549). EUIIYINGT. NFUNN: MATVITIINGIAULINAERTUNTINEFeLTe sl
San B

syilyY ASydaandn, nuntiun wnussng, ugdTad aavle way ASNINTIA 51550, (2558). HAYBIAUTUUES
fousuad-lnlalveniiuluavisne Arthrospira sp. wag Synechocystis sp.. WAULA®AS, (43), 548-
555.

$yiing @i, (2560). nasAneUTualnlaleenfiuainamse Spirulina sp. fidnade mss?us"?amsw’%zy%a
wuafitsautsaiin. Usygrdnusisyyrinermansiudia. arvnnaluladnimea. auzmaluladnig
VT, UNTINEIREYTN,

S Fondamney, algennsed Fsvadssa wavyse yuuia. (2554). n1sAneraduasitvasansainlnlaleeniiy.
ANENTNINTTINMLAzIMALULAE. U InedemalulagnsyaeunaIsuys.

anAn 2ASHIL (2544). uWaaABUINY. NJumns: drdnfiuiunine deinunsaans.
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dms1enagmas (Spirulina sp.). NTLNN. UMINGIFUNYATAIERS.

Hiroko, L., Yuka, N., Ayuko, K., Masami, Y.H. and Takashi, O. (2015). Seawater cultivation of freshwater
cyanobacterium Synechocystis sp. PCC6803 drastically alters amino acid composition and
glycogen metabolism. Frontiers in Microbiology, (6), 1-10.

Kamble, S.P., Gaikar, R.B., Padalia, R.B. and Shinde, K.D. (2013). Extraction and purification of C-
phycocyanin from dry Spirulina powder and evaluating its antioxidant, anticoagulation and
prevention of DNA damage activity. Journal of Applied Pharmaceutical Science, (3), 149-153.

Maria, B. (2016). Natural solutions for blue colors in food. Handbook on natural pigments in food and
beverages. Stuttgart. University of Stuttgart.

Mahmoud, S., Ali, O., Abdel, G. and Ali, S. (2015). Antibacterial phycocyanin from Anabaena oryzae
SOS13. International Journal of Applied Research in Natural Products, (8), 27-36.

Murugan, T. (2012). Antibacterial activity of C-phycocyanin against clinical isolates by disc diffusion
method. Journal of Pharmacy Research, (5), 3020-3021.

Muthulakshmi, M., Saranya, A., Sudha, M. and Selvakumar, G. (2012). Extraction, partial purification, and
antibacterial activity of phycocyanin from Spirulina isolated from fresh water body against
various human pathogens. J. Algal Biomass Utln, (3), 7-11.

Patel, A,, Mishra, s., Pawer, R. and Ghosh, P.K. (2004). Purification and characterization of C-Phycocyanin
from cyanobactrial species of marine and freshwater habitat. Protein Expression and
Purification, (4), 248-255.

Richmond, A. (1986). Handbook of Microalgal Mass Culture. Florida: CRC Press.

Sarada, V.L., Kumar, C. and Rengasamy, R. (2011). Purified C-phycocyanin from Spirulina platensis
(Nordstedt) Geitler: a novel and potent agent against drug resistant bacteria. World J Microbiol
Biotechnol, (27), 779-783.

5-147



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

S o 1

wuanisgananldvzuanidneningasniunnzan

L4 o/

fMSUNAANIUNNINSEAURAEIMNTTY

o $2

ST uuen’, sauvdsy Aind

ydngesinermansuvdudin a1v13vn9atiine1Ussend MAINITIIMeN AuINemans inTinedeidedlnl
27TV AaEINEIREns U Inendeigedng

E-mail: 'teerawat_ng@cmu.ac.th, jomjoyjon@hotmail.com

UNAnED

qqu%’aﬁﬁi’mqﬂizaqﬁLﬁaLLaﬂLLazﬁ’mﬂimLLUﬂﬁL%Elﬁvl,aiﬂ'aT,iﬂLLaxﬁﬂaﬂuaﬂuﬂiaIuﬂﬂimﬁmLauieuﬁ pectinase,
cellulose, amylase, protease wag lipase ﬂ’mqﬁ]mﬁwawzmﬁLﬁw'ha&mmnméuLWﬂngaqmmiu%’wf}'m
Foseuardmiadiung eannslivrunlumsndnniulvzanluszmalne nelduuaiiseiidadenidumide
Tunsuamnunndniislussduios fifnsuagsedulssnufuuuy msudsnundszanifedestumsdniinigo
nssudnilaglivzuniusaniunanifieasranauuarsananiduendnual dsmaliisnaigauaznadiin an
999138 vLUATIUI 26 FregiiAusauTlufeusunay 2560 AausnuuaiiGefifanssuveseuladuuems
wisiAnduansnvonoululldimun 164 loluan uazdnidonloluaniiifonssuvesouleiudazaingigmuile
Aedluomnamaniiduduamsels 37 lelaan anduiaden 11 leleian fAnaaouiwaneuleiv 5 wilals way
figaulondnuniveiuailiemea1fuluarad 16S rONA wuindl 4 aUTaTlinelmAnlse léun Paenibacillus sp.,
Bacillus sp., Lactobacillus sp., Wag Lysinibacillus sp. 1Magaun1sgasniunngan IWEJL?:ENM minimal media 7
WwunkWngaIuIy 0, 48, 96, 144 waz 196 “i'jb’ﬂm WU Paenibacillus sp. CMU-RSC29 uag Lactobacillus sp.
CMU-RLPC16 fifanssutoulesi pectinase, cellulose, amylase uag lipase Qﬂzjﬂ‘ﬁi 48 Hluauazioulas] protease
geand 96 Hlus LLUﬂﬁL%‘aﬁqaaqé’mdna3ﬁwmﬁwmqmuﬁﬂmLLW%@UWLM%L%@NM LLﬁZﬁ’JL%ﬁJU%@%éﬁﬁM%U
nsuannunndnludmdnuumdnuazvuinlvgsely Immﬁm@mmwmmmmmﬁﬂﬁy’u%dﬂmmwﬁqslmﬁm
LINTFIU LAEN1IATINETAAYMIEINALA metabolomics

Aadgy: Nuvinzan, nwwngdn, nundzun, wuediiseldnelse, wuniluladind
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Civets intestinal bacteria capable of parchment coffee digestion
for commercial coffee fermentation
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Abstract

The purposes of this research are to isolate and screen for non-pathogenic bacteria with high
potency of pectinase, cellulase, amylase, protease and lipase production from Civet's feces,
mainly collected at Civet's coffee cultivation farm in Chiang Rai and Lampang. To reduce the

use of Civet animal for coffee production in Thailand, selected bacteria were used as
inoculum for fermented coffee production in both rural and pilot plants. Civet s coffee or

Kopi Luwak production is concerned as cruel commercial trading by feeding Asian Palm
Civet with cherry coffee to generate the unique aroma and flavour, resulting in the most
expensive and rare to purchase. From 26 feces samples collected in December 2017, 164

isolates were obtained and preliminary screened for those enzymes activity with specific
substrate on plate. Thirty-seven isolates showed the highest activity of each enzyme that

measured in culture broth. First 11 strains which produced all target enzymes above were
further identified by 16S rDNA sequences. Four selected strains that identified as
Paenibacillus sp., Bacillus sp., Lactobacillus sp., and Lysinibacillus sp. were repeated

determination of the digestion ability of parchment coffee in minimal media for 0, 48, 96, 144
and 196 hours. Paenibacillus sp. CMU-RSC29 and Lactobacillus sp. CMU-RLPC16 revealed

significantly highest ability to digest coffee at 48 hours and initially decreased after 96 hours.

For further fermented coffee production, the inoculum will be formulated as mixed and pure
culture for different fermentation processes in small and large reactors. The qualities of coffee

will be determined for cupping test and its metabolomics.

Keywords: Parchment coffee; Fermented coffee; Civet s coffee; Metabolomics; Non-
pathogenic bacteria
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nuidueiesdudndvdiduifeuveanguiuilaamilan esanilsavuaznauiiduendnwaii
waneaiuluaunIsiEUgnuagnsEuIUNISHER FesamAnaznauvesniuiidunasuiownannisuaunay
szinasUsznaumaniiiszmelduwassymeldls sadnge arsUszneuseadles alau TWsiu nsnexilu nse
Tty thana ansusznouilluan wazianssuveseules] (Chinet al, 2015; Lee et al, 2015)

nuitrran wildununitindusas sesniniduendneal L‘f’lumLLWﬁwammﬂmﬂﬁmmﬁuwamLw\lqﬂ Lan

AUEanUNTlFannsTuseve szl wazia fyafmMeN1INAINEWIN Woswnnandaiilaiisuau
$1in Fuduamamdniivhlfaaesnundezunilyadigei 20 widlesuiunumsssuamieussui 300
vmdent vie Alanduazuilmiuuin egrdlsinmunisuannunivzuninimmigunssudnd Tnensindaagl
grupfuwsranunilaldemisudn vlvvsunlliidasnamlunismseinausssuad Jumhawan et al., 2016
Hadipernata and Nugraha, 2018)

uenanilouledanqdunisiohienuddglunmsimuamnmvomuilfiduiy Snfsanusaan
syevnanszuIuMINaslunasuduas Tnen1sasianse arsusznouwumiiulaiing ewlesl pectinase, (Silva et
al,, 2013) cellulase, amylase, protease wag lipase Tusgurinanssvrunitsndniouledazdovarsiinan
asluleasm Tsiu Tutu dananglaa thamangnlng uastmaglasainuludunganiuuassdaniun o3
HafeNAUYBINILNEE191N (Ramos et al., 2010; Lee et al, 2015) swidunaunaneulesiasnsafiuniodes
a15Usznouiisemeld 1wy witaezdian (ethyl acetate) Lofialaludnfiisn (ethyl isobutyrate) uazezdvadlas
(acetaldehyde) (Pereira et al., 2015) lws13u (pyrazines) ‘Vj‘iﬂuu (furanones) M lemaa (guaiacols) waglnesa
(thiols) Inesegefiiulddn Ao touleilusAiea anunsaifinansinsdu (Proline) uagnsauealnsin (Aspartic
acid) ﬁLi‘Juaqﬁﬁizﬂawawﬁﬁ%mLuaaﬁm (Maillard reaction) filinauansiwaluniun (Lee et al., 2015)

auniditeuthunldlunsudinnu iedesnsuiuusindunagsaudlidauduiendneal 1iun
WUAILSY WU Lactobacillus plantarum wag Lactobacillus rhamnosus (Pereira et al., 2016) Wag (Wang et
al., 2018) Lfg 851 LU Rhizopus oligosporus wardan Ly Pichia guilliermondiii, Pichia fermentans, Candida
parapsilosis, Yarrowia lipolytica wag Saccharomyces cerevisiae (Evangelista et al., 2014; Lee et al., 2015)
Feanunsauulasunesiunduvesnunldlaeniswasuanseuresnauar msasanssemeludaniu 3
wileuRunulTrzunifiauduendnualludusandasnay sudunaunannsauazieulailudildvoszun
goolusiulinanadunsaeziludasy dansaesilumaniiiuesiussnovvosanssemelunun SwildAnsana
waznauiluanaseanly (Marcone, 2004; Yusianto et al., 2005; Lee et al., 2016)

mﬁﬁﬂmﬁﬁuﬁi’mqﬂizmﬁtﬁaLLﬂﬂLLazﬁfﬂmanLLUﬂﬁL%'SﬁlziriaiiﬂiumdLﬁummiﬁﬁﬁﬂﬂmﬂummam
ol pectinase, cellulase, amylase, protease WLag lipase ﬁ]ﬂﬂqf\]ﬁ]ﬁwwmﬁLﬁuﬁaaéwmﬂmi‘mwwém
srusludminidessouarfmingiune iedndendutideuuaiidelunsnannurninildsaufuaznauiidu
ondnuaivslusgiuiesufoinisuarsedulssnuduuuy
IUIZaIAVDINTITY

1. ileusnuazdansesuuniiFenlineliAnlsalumaiuemsanngaaseszan

2. Wieinnanssuveaeuled pectinase, cellulase, amylase, protease way lipase Y8InUATIIINILENLA
Tunsgeenunzan
sedauinive
< o 1 [ aa
1. NSINUAIBELAZAANTBILUATILSY

o

quiiusegnegaaseszunanrisudezualy 2 dmda laun Jmdndessne 20 freg1 wazdmin
a1U19 6 e MudwIuiaEy 26 fegs lnafiufegrwndeduemsidsuiioiedawenwuaiise 2 ngu fie
naukuaMSenaly lawn @1%15ma3 M9 minimal salts f1bAa 0.5% pectin, 1% starch soluble, 1%

carboxymethyl cellulose (CMC), 10% skim milk, 48 1% tween 80 Wazhuafisenguas1INIAkansn tawa
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91M15ia3 De Man, Rogosa and Sharpe (MRS) broth 7iliuduainsn wudgfiuneunin nuuunigamail 37

pamwaLdea Wunal 48 93lud nauthundnleniakuaise
2. nsueniauuaiiendneuleiaingannssysun

'
£ A

Yransazaoieannde 1 mﬁmam%@u’%qm WenaasuUszansninnisgesunaaulesl pectinase,
cellulase, amylase, protease wag lipase feTRinasde (spread plate technique) UummiLL%dquﬂiuLamﬁ'U
1o 1 Midnduamsadondn wdduidenialadindneulvdumaaeudssansamnisgessenis spot laladl
wuafiSovuomsudeiiinduamsnvesusazioulesl Iiun e1vnsuds pectinase dmuteulesl pectinase Ul
gl 37 esrwaided Wuan 24 dlug LdMAEBUAIEN155A Kl La181908n818 1M NaCl (Soares et al.,
1999) awnsude CMC dwisuteules cellulase Unitguvndl 37 ssmuwaidoa iuian 24 Halus mndusindae
1% Congo red 7133 10 unfl udad1seandae 1M NaCl (Patagundi et al., 2014) 8115 starch dnduroulasl
amylase Unfiguundl 37 ssmusaidoa ilunan 24 $alus 9nndusiinismaaeudaslelofiuisly 10 uni
(Sudharhsan et al,, 2007) 8115WTa skim milk d1nsuteules protease ﬂuﬁ@mmﬁ 37 sspngaldea Wuaan
24§14 (Lakshmi et al,, 2014) uazawnsuda tween 80 dwfuloules lipase Unfigamndl 37osmiwaidea 1y
a1 48 alus (Duza et al, 2014) wulesliie 5 mninsasrneuledaziinlaulaseus laladl
3. pMsiananssuvaseulal

thuuafidefiaunsasdedlannds 2 naloluan umaseufanssueulssiss 5 ¥ia Inewdssuuaiise
luem1simad Luria-Bertani broth (LB broth) U3uns 5 iadans mﬂﬂy’uﬁﬂﬂﬂuﬁqmmﬁ 37 osraded 1y
nan 24 il uwdiudaeaduuaiidaiiolfumnududusuduvesuaiidsliiviiu 0.5 McFarland anntudne
\Feu3uns 1 faddns adlunaeannassfiieins basal medium Miiuduansnveneuleiiguideatude 2
U3uns 9 fiaddns vuuazivgdsdundouuugimunugungifianuga 200 souseuniifigumnd 37 e
waidea Wuan 48 alus nduhludusiesiiannngs 10,000 seusewndi fgauvind 4 esmwaidya Wunan
10wt hdnlaiilalunaaeuianssueuleivenoulusi pectinase, cellulase waz amylase #2633 DNS method
(Miller, 1959) toulal protease 28735 Lowry protein assay (lowry et al,, 1951) wazioulyl lipase AIN35UD4
Weerapong (2015) wuafli3efifiianssuveneulssigsiianazgminluinfanssuouluiis 5 sdavuomsudausas
wulal Tude 2 WieTnAnssuveneuledug venaneulsindgn
4. msigailenanealuuaiite

thuuafideainde 3 unfigadiendnwal densmaduiuaves 165 ONA Tasldsadesimaimad LB
broth U3u1ms 5 fiaddns Unfigungil 37 ssawaidea 1Wunan 18 dlus Mntudunnagneuwadiianuis
8,000 soURDWIT sl 4 e wadea WWuan 5 wiil usnauwaduewuafissunaindludndfduede
@mﬁﬁmﬁﬁum (Zymo Resesearch, USA) LLazLﬁuﬁmmgu 165 rDNA A28735 Polymerase Chain Reaction (PCR)
Tneldlnswes 27F (5' AGAGTTTGATCMTGGCTCAG 3) uag 1492R (5' TACGGYTACCTTGTTACGACTT3) #1a16iu
waniuin3ed DNA sequencing wd11deyannItAs1eyt phylogenetic tree A38lUSUNTU MEGA 7.0 #7833
neighbor-joining W& maximum composite likelihood 7ie bootstrap wiifu 1,000
5. M3gesnurinzaiiaduduuuundndueiniunusin

JinsziusEansammsgesnuinzandetadeiidaden Tnedenuuaiiieande 5 Aldiduwueiidede
Tsaumsindununnzaritssindsnd Ingldnuninzar 1 nda Iﬂaﬂuﬁqmmﬁﬁauﬂunm 0, 48, 96, 144 Lay
196 $7las FnRanssuveseulesinndla Wisuifeufugamuauitlifiiade edndeniutefidssansamd
winngdmurdndaintunndinluseruanavnssusioty

5-151



NAN15398

1. nMsAnuenwuafiFedidanuaiunsandmeuley pectinase, cellulase, amylase, protease uaz lipase
mﬂmiﬁﬂmmmaﬂL%aLwﬂﬁL%'smﬂ'qa)am3%mﬁﬁﬁﬂwmﬂm‘laﬁuumummiLgmL"?jyaﬁl,mﬂsmﬁuimEJ
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ﬂfcjuwamﬂmLLaﬂaﬂﬁlmmmmamaui%ﬁ pectinase, cellulase, amylase, protease wag lipase 1o 11, 17, 8, 11
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bacteria

Lactic acid
bacteria
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Bacterial isolates

A 3 Aanssuvesewlend A) tewlesl pectinase B) toulesl cellulase ©) toulesl amylase
D) teulwl protease wax E) toulwd lipase vasuuaiiisengundnnsnuanintuduansnvosurazioulesl
3. Msfadenauasavassuafidelunswaneulusiduuenaneulysingn
PnmsfndonwuaiiseilliazuuaiiSondnnsawaniindenisiessiianssuveseuls] lnadenleoly
laniifiArAanssuveseuluilgeiian wdnhumaseuvuemsudweseulesidu 4 uenaneuluivén wuind 11
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Isolates Cellulase Pectinase Amylase Protease Lipase
CMU-LPCO6 - + + + +
CMU-LPC16 - + - - +
CMU-LCC14 + + - - -
CMU-RSC29 + + + + +
CMU-LKC15 - - + + -
CMU-LTC19 - - + + +
CMU-RLPC16 + + + + +
CMU-RLCC02 + + - - +
CMU-RLSC13 + + + - -
CMU-LLKC08 + + + + +

CMU-LLKC11 + + + + +
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4. MIsTYAIERUTvaILUATISY

€ o W

A1FATIZNAIAULUAVD

@

phylogeny Wuninsey

15 leloianaienis blast Augiuteyanazn15ina1iuves 16S rONA 11a$1e
YLaNanwalv09Lalalanianualandan1ni 4 Jerndantuniseflinelsafia1adeann

Biosafety Guidelines for Modern Biotechnology tiaz NIAID Emerging Infectious Diseases/Pathogens a3l
Aanssuveteulasigegalivianun 5 leloian Ao CMU-RSC29, CMU-LLKC11, CMU-LLKCO8, CMU-RLPC16 uag

CMU-RLCCO2 dnsuihluneasunsgasniuinzaisiald

CMU-LCC14
ICMU-LPCO6
ICMU-LPC16

Brucella canis ATCC 233657 (L37584.1)

Brucella microti CCM 49157 (NR042549.1)

Brucella melitensis AT CC 234567 (AY594215.1)

Brucella ovis ATCC 258407 (L26168.1)

rucella inopinata BO1T (NR 116161.1)

robactrum intermedium CCUG 246947 (AM114411.1)

100 Acetobacter orientalis 21F-2T (AB052706.1)
60f Lcmu-RLSC13
Acetobacter cibinongensis 4H-17 (AB052710.1)
cetobacter tropicalis NRIC 03127 (AB032355.1)
Acetobacter indonesiensis NRIC 03137 (AB032356.1)

10 —Acetobacter persici JCM 25330T (AB665070.1)

100,

5 1 Acetobacter orleanensis JCM 76397 (AB032350.1)
FAcetobacter malorum LMG 17467 (AJz1ss4z.1)
s0lAcetobacter cerevisiae LMG 16257 (AJ419843.1)

tenotrophomonas rhizophila e-p10T (AJ293463.1)

DCY01T (DQ109037.1)
0 fStenotrophomonas chelatiphaga LPM-5T (EU573216.1)

73 tenotrophomonas tumulicola T5916-2-1bT (LC066089.1)

ali[ienolmphomonas bentonitica BII-R7T (NR 157765.1)

CMU-RLPC16

o CMU-LTC19
il ibi ATCC 198677 (AB021405.1) 68 | CMU-RLCCO02
93] Pseudomonas geniculata AT CC 19374 (AB021404.1) g5 || Lactobacillus plantarum CIP 1031517 (NR104573.1)
Stenotrophomonas maltophilia IAM 12423 (AB294553.1) L illus plantarum subsp. is DKO 227 (AJ640078.1)
5 Lactobacillus paraplantarum DSM 106677 (AJ306297.1)

99 —Paenibacillus motobuensis MC10T (AY741810.1)
CMU-RSC29
Paenibacillus anaericanus DSM 158907 (NR 117034.1)
aenibacillus selenii W126T (KF923806.1)
Fontibacillus phaseoli BAPVE7BT (KF583881.1)

Fontibacil i is KCT C 135647 (GQ303568.1)
100l Fontibacillus solani A4STRO4T (LN651195.1)

70 Lstenotrophomonas pavanii ICB 89T (FJ748683.2)

L illus fabiferr MG 242847 (; 1)
Lactobacillus xiangfangensis 3.1.17 (HM443954.1)
Lactobacillus plajomi NB53T (AB907190.1)
Lactobacillus modestisalitolerans NB446™ (AB907192.1)

100

Paenibacillus vini LAM0504T (KJ005124.2)
L———Paenibacillus chibensis HSCC 4427 (AB073194.1)
60rBacillus sonorensis NRRL B-23154T (AF302118.1)
-Bacillus aerius 24KT (AJ831843.1)

[Bacillus licheniformis DSM 13T (NR 118996.1)

CMU-LLKCO08
Bacillus haynesii NRRL B-41327T (MRBL01000076.1)
Bacillus swezeyi NRRL B-41294T (MRBK01000096.1)
Bacillus nakamurai NRRL B-410917 (KU836854.1)

76 (Lysinibacillus macroides LMG 184747 (NR 114920.1)
Lysinibacillus boronitolerans 10a" (AB199591.2)

7

%

is NCCP-547 .1)
CMU-LLKC11
ILysinibacillus fusiformis NBRC 157177 (NR 112569.1)
Lysinibacillus parviboleh' piens BAM-582T (AB300598.1)
60|rLysinibacillus mangiferihumi M-GX18T (JF731238.1)
8111 ysinibacillus sphaericus NBRC 150957 (NR 112627.1)
L |actobacillus plantarum CIP 1031517 (NR 104573.1)

0.020

Lactobacillus herbarum TCF032-E4T (NR145899.1)
Lactobacillus mudanjiangensis 110507 (NR125561.1)

100] CMU-LKC15
Enterococcus faecalis ATCC 194337 (AB012212.1)

Enterococcus rivorum HAMBI 30557 (FN822765.1)
Enterococcus wangshanyuanii MNO5T (MF326566.1)
Enterococcus haemoperoxidus ATCC BAA-382T (AF286832.1)
Enterococcus moraviensis ATCC BAA-383T (AF286831.1)
Enterococcus rotai CCM4630" (AJ276353.1)
Enterococcus crotali ETRF1T (KF803651.1)

MG 230857 (; 1)
Enterococcus ureilyticus CCM4629T (AJ276352.1)
Enterococcus caccae 2215-027 (AY943820.1)

Bacillus subtilis DSM10T (AJ276351.1)

B)
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5. MsIananssuvaaulsidaniunnzan
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LLKC11 uwagaunisgesniunnzan lnednianssuveveulesifivunaiiiondn lauwn pectinase, cellulase,

amylase , protease @ lipase lolaian CMU-RSC29 anunsageslafaiignsening 48-96 dalusuaviunilisendn

nsawanin Laletan CMU-RLPC16 TikaaanndadtufedfiufanIng 5
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dsluazanusena
Mmideiliynusvasdifiedndeniudonuaiiisanganssasundiedlfiduideninnunlusedu
QAAMINTSINALTIUNIHAN U BEsn FiidoTmndindunuivinlifnnsmgunssudn uesluguassams
mié’wﬁm%ﬁdﬂaaﬂmLLW"ﬁyﬂjzm (Jumhawan et al., 2016; Hadipernata and Nugraha, 2018) 5au8en15udnee
wuATiBsasdieandununanan SnitssdeliAnnauuassamifunndaasduendnual Wy Wunduasiua
Tunuw (Wang et al., 2018) vilsinusladafimwduidonunivats Froduasugsiovesinumdndis ns
fndenuuafidelunuided WunduuuaiiFertiluuasuuafiZongundnnsnuanfinuninfanssuveseulesiidd
dwiumsdesnuninga Taudsiannszuiumswiinidielfiduwnmeaiannnuniinsssugnamnsadluounag
nnuuAfidetmueiifiianssumenouleigeiian 1dsndonuunaiidon 2 leluan fidnsnmmsgesarsusznay
Astulawmse Loty LLasIUiaqumﬁﬂmLLWlﬁﬁﬁqmLﬁaamﬂLﬁumiﬁﬁNasiaﬂ?{w,l,assasmamLLW (Marcone, 2004;
Yusianto et al., 2005; Lee et al., 2016) Ingnszuaunisdnideniidelunmiseifinsdnunonssueuleddfey
neudsansInAsuinnwnlunuideneuni auddiauaulanisgesnunngaiununaniungn (cherry
bean) uazansn1un (green bean) tielannsauszyndldaieiuinunsnsld wagildunsmaenin aannisann
grsidedmiuniinniunluag nsrurunisnnuuadiFevsaesiidnidentd nansraaounmaInvaanIuIddile
wudhiindunazsanaianilaensusaifivaniifeny (ldauelussnuniad) dufudsdanudululigs
dmfumanannuriviinanuuafidoununisnannmundssnsely

AnAnssuUszNA

nanuiteatuildsumsaduayuiuuangudanududadiunuvainuaienisdinim drnay
ANYNTTUNIINNTEANANE (BDC-PGA-161010) hazdrinaunesuativayun1side (@nd.) lasaniswmundnide
LazuIdeifiegnamnssy (W1e.) (MSD60I0034) ¥oveUANAINIATIINGT N1ATYTIINe1 AnyInermans
uinedodedumidldidedioanuiuanaioslodmunisdniunmise
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Efficiency of anti-acne gel from Zingiber zerumbet (L.) Smith and

Alpinia conchigera Griff extract on inhibition of acne

Suwichaya Buachard* and Angkana Pakdee

Biology Program, Faculty of Science and Technology, Kamphaeng Phet Rajabhat University
*email: suwichaya.gift@gmail.com

Abstract

The objective of this study is to develop an effective anti-acne gel from Zingiber zerumbet (L.) Smith
and Alpinia conchigera Griff extract for inhibition of acne. The Antibacterial of anti- acne gel on
Staphylococcus aureus, Staphylococcus epidermidis and Propionibacterium acnes were determined by
agar well diffusion method. The result showed that the optimal formula of anti-acne gel contained water,
Carbopol Ultrez 21, Methyl Paraben, Glycerin, Propyl Paraben, tween 20, TEA 99%, Zingiber zerumbet (L.)
Smith. extract and Alpinia conchigera Griff. extract of 90.60, 0.60, 0.20, 2.00, 0.02, 5.00, 1.50, 2.00 and 1.00%,
respectively. The zone of inhibition of S. aureus, S. epidermidis and P. acnes of 11.86, 11.70 and 12.20 mm,
respectively. Nevertheless, it was less effective to inhibit of S. aureus, S. epidermidis and
P. acnes compared to standard antibiotic (Clindalin) and standard commercial herbal formulation. The
satisfaction survey with 30 volunteer showed that 70 % of them accepted the anti-acne gel and the overall
liking was a great like. This anti-acne gel will treat acne in 3-7 days.

Keywords: anti-acne gel, Zingiber zerumbet (L.) Smith, Alpinia conchigera Griff
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unin

?nLfluiiﬂﬁwﬁwﬁwﬁﬁmmﬁﬂWUié’LLWﬁ'wmmnﬂﬁqmiuiaﬂ (Azimi et al., 2012) SinUsingeinisluine
M908 16 - 17 U uawtnArgyieeny 17-19 U (Mahmood and Shipman, 2017) Ehuslwg?mzmmﬁamq 20
¥ fifles¥onas 15 - 20 vesfifudrszdutunarsiosuussiiennislaviaias (Bhate and Williams, 2013) &l
Wiesusidsnansznudesameiniuusssdmanodale vlifiduinanueion anuine wasinanudulaluns
1&9AN (Jeong and Kim, 2017; O’Brien et al., 1998) lnadadud1Agyvesniaings fe sosluunaulasiau
(androgen) lUnszdunisviuseslautuladsluiusnniu sudasadfmildwnesfudnnismndninnivh
Tsruuinnisendiu Juduameliuuaiise Propionibacterium acnes Witgyiulauaziinnsdniauvosimils
A11U1 (Toyoda and Morohashi, 2001) L%Ia LLUﬂﬁL%HﬁﬁaiﬁLﬁmﬁﬂﬁLm, Staphylococcus epidermidis Wag
Staphylococcus aureus TagkuAfllSevan Aa P. acnes (Kapoor and Saraf, 2011; Hassanzadeh et al., 2008) P.
acnes \unvafiFeunsuuindilalldenmdlunisiadyduln erdveglusonluiunassynvuvesiond (Dizay et al,
2017) Yaqtumssnwdaiinanvansds 1w edTue shivesd (retinoid) e1U5ugestu vd1ens Wudu (Jain
et al., 2014) wnuihmsdnwdeisdindyilideaunishen nthaAswiefihe uazaldtiegs srosndeds
finnuaulalunisiayulnsunldlunsinuiuiniy nisite (Zingiber zerumbet Smith) wazw134 (Alpinia
conchigera Griff) \ufiw1edds (Zingiberaceae) lutaidenuiinnadiuszana 141 iin Tnednlngnunnluede
nziusanidesld (Yob et al, 2011; Tzeng et al,, 2014; Ujang et al, 2013) nssiiodmduayulnsuszdrdiuin
nil esanaulnefougniieliusslosifuoims wu Sudwin uns Snitailasswaalunissnulsniiosde
vioale wuugniden Fuan 1ooms vanviestn Uamitu 14 7 1Jusu (uAvugnduanii, 2559) lunseitedianseen
qrisnsinwitdriey fio §5uTuu (Zerumbone) annsadedudeuuniiss nsshiau uzse tead Msudsiives
\don anszduthmaluden aneinsuan Wudu (Murakami et al, 1999: Thha et al., 2010: Yob et al., 2011).
Prastassmgalumsinwonisiinvies gnideauiuiile vieayn uwasinses Jadeufsus fvues nannindeu du
W13 waglsavuasluy (@n¥nd Junsindes uavamg, 2555) ﬂiwaqﬁmiaaﬂqwéwwa%aﬂwwﬁﬁﬁquaw%ﬁm g 17-
acetoxychavicol acetate, chavicol, chavicol acetate, 1,8-cineole, B-bisabolene, B-sesquiphellandrene wag
B-sitosterol duflgnilunisdududeqduvis nisdniau (Wong et al., 2005; Faridah et al., 2010) lauduAndu
msfnwdiiazthedudeuuaiie \$smsvignasnues epithelial cells ¥iliidmgnasn annsiind uasilons
AaANITENLAY (N7, 2558) qmﬁ%’a‘ﬁ?ﬁﬁﬁ;mﬂixmﬁlﬁaﬁﬂmﬂixﬁm%mwLaaLLé}’uﬁaaﬁaﬁ’mmsﬁaLLaxﬁu'ﬁwiamﬁ
fudadered uazmsdnunin

I UILEIAYaINITITY

1. WaANwUSEANT AN LIaLANAINANSTANANSE VDAL IR UNTE UL MUATIIS 8 IND LAINE

a

2. WianeaauUsEaNSAINNISSNENEeuIawiudlanaisananseionasiasbuanaadag

521 08U75999
nsmsBuEIsanaaINUiInsEiionazdnag

tninseilouaztrdandrehanuazetn dudutudng snuaasuwis dulfasdeaududluonues
fovaz 95 ludhsdunssitessoniuea 1:4 uidunan 48 9109 n3aenefinUMUIILaYNIaIRoRIBNIZATYNTBY
Wwas 1 ﬁwmﬁxmaLamuaaaaﬂé’ham%laqixl,uangﬁgﬁmﬂﬁqmmﬁ 45 +2 sarwaldod LAvasataneudl
gaunnil 20 ssrnwald druansainminseioiuiwselivansatianseiie (gaudnual, 2553)
asaATzivsunuEsUsEnauiuednuazwaliuaen

d1susznauiluedn

AAI139A2833 Folin-Ciocalteu method lngldnsaunadn (Gallic acid) Wuansuinsgiu i arsadami
nszfiewaraids 200 lulasans Wuasavaie Folin-Ciocalteus reagent Usims 800 lulasans A1n15130919 10
Wi wasldutndy ¢ Tadans wen Wuaisazansluisunisusiun (Na,COs) anudududosay 7.5 Usuans 2
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fladans wen 2 WRNNaY 3 fadans wen Lﬁulﬂuﬁﬁmﬁqmwgﬁﬁm 2 Flus %Whmﬁamﬂﬁul,maﬁ 750 w1ly
LIRS ¥N1SNAA04 3 971 U blank Thnduunuansatauasldnsaunadn frnududu 5, 10, 20, 50 wag 100
lulasniusefiadans Wuasazarsamsgiu Ingvhnmmeass Wudsafuasain lnewdsuanasatndegaiu
A13ALANENINTIIUNTALNGAN @519NTIHNINTFIU (Singleton et al, 1999)

narliusen

ansafmuminseitenardias 100 lulasans Wuthndy 1.25 fadans Wuasazanslaion Tulnsy (NaNOy)
Wudusesar 5 Usuns 75 lulasing Uu 6 uniliduansazangegiideunaslse (AICL) Wudufeway 10 Usuns
150 lulasdns Yutian 5 wiiliinansazane leiisulansenlan(NaOH) wudu 1 lua1susunns 500 lulasans
&S blank Mnduunuansadauasld catechin finnandudiu 5, 10, 20, 50 uag 100 lalasndudedadans Wy
asnsgIu TaAmsganauuasil 510 ulumns a31snaminasgiu Uia et al, 1999)
A/NSIASULRA

MRS EULRALG LA IINT197 1 Ingdnudasansain (UdiE, 2549) Taeld citric acid Tun1susuAanudu
nsaRsueakANEIlieglu 6.8-7.4

A15197 1 N5LHT8ULARNANTANANTETIBMAT I

, % w/w
dulsenau v A - v oo 1 A
qmiﬂauam qmi 1 Qmi 2 qmi 3 LRAALLANAINTEND  LAALANAIVIAY
Part 1
Carbopol Ultrez 21 0.60 0.60 0.60 0.60 0.60 0.60
Methyl Paraben 0.20 0.20 0.20 0.20 0.20 0.20
Part 2
Glycerin 2.00 2.00 2.00 2.00 2.00 2.00
Propyl Paraben 0.02 0.02 0.02 0.02 0.02 0.02
Part 3
nseiie - 2.00 1.50 1.00 3.00 -
9184 - 1.00 1.50 2.00 - 3.00
Tween 20 5.00 5.00 5.00 5.00 5.00 5.00
Part 4
TEA 99% 1.50 1.50 1.50 1.50 1.50 1.50
DI Water 90.60 87.60 87.60 87.60 87.60 87.60
Total 100 100 100 100 100 100

Rk gmmuam‘h%’uwaﬁu
gns 1 sulRasnwd@nnansananseite, 9181 2, 1 % w/w
ans 2 MsulRasnwd@ninansananseite, 9183 1.5, 1.5 % w/w
gns 3 MmSuleasnudrinansaianseie, K89 1, 2 % w/w

nsnadeuUsransnnnandudivesasaianseiieuazindesenisiudadenaiagaes Agar well diffusion
method

L%@LLUﬂﬁL%EJm‘ﬁumiwmaaﬂﬁ wn Staphylococcus aureus TISTR 2326 wag Staphylococcus epidermidis
TISTR 2138 2 n@atuideinemansuazinaluladuisussinalneway Propionibacterium acnes DMST 14916
INNTUINYIAIAASNITUNNE NTENTIIAITITUEY ¥de S. aureus 1apslue1mis Muller Hinton broth d@au
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S. epidermidis \a¥ P. acnes Gosluamns Tryptic soy broth Tneido 5. aureus uas S, epidermidiis Wluwendi
240 soUsieWT oMyl 37 sarwaldea lWunan 24 Halu dude P. acnes L??aﬂuamaﬂ%fmmﬂﬁqquﬁ 37
psmwaldoa Wunan 72 Halu U%’Ummﬂumau?gal,vhﬁu 10° CFU/ml W3suifisuiiu Mc.Farland No.0.5 inde
\easuuenmauds inllsusisih cork borer lnzuuaMINmqEay 7 fadiuns wdthwauiudai 6 gnsan
A157197 1 waglaududifidureniuviesnainldun andudreufiiusiivrsluiiesnainfifienujiue
Clindamycin WWuduiesas 1 uaziaausuayulnsayulnsvianisi @auaudauin) laaslilunau vquas 0.08
n3u Tagvhnisnaaes 3 41 Unitgumgfl 37 ssmwaiBea 1ian 24 92l waw 72 dalus Tuanngl¥onadniude
P. acnes &unmuinanisdudauuadise (inhibition zone)
nseneinstuidouderduniduazarsiuldlumauduiavesssatanseiowazande

iieaududvesansatansyiionazindgnsniatian mﬁwﬂ13'1/1maaumaﬂwﬁawﬁyaﬁ;aw%‘é leun d1uu
wuafliSe Sad uwaest Madalagldennie 1835 1S0 21149:2006 wa 1SO 16212:2008 Staphylococcus aureus
#1875 150 22718:2006 Pseudomonas aeruginosa @135 1SO 22717:2006 Candida albicans #1835 150
18416:2007 way Clostridium spp. $E38 USP 39:2016 Inausiivuan sl Usenanssnssensisaiay 13od mvun
Snunizyouaiosdiosivhundn i vievie Tusivfeayiune wdu 127 aeufivay 51 ¢ asiufl 23 ey
2553 nsnageumsuuileuansrinald laun Telasadluy §e3s ASEAN Harmonized Method, 2005 Lnausisus
P13 UsEnAnsEMseansIsagy 130 Amuaingiivihalfiudiunaslunisudnieiesdions (@dufl 2) astudl 16
NUANS 2552 Usen A5 ASEAN Harmonized Method, 2005 n3aLs#ilugn ¢ae38 Clarke’s Analysis of Drugs
and Poisons awiaseas (wsailalaw, wnanusilow, uAus o, lnsweudlulay, AaoLUs1ea) LainIAus
MAUsENANTENTNASTMAY 1309 Avundngivnaldidudunailunissdniniosdiens asfudl 26 uiau 2551
Tnogudinemansmsunmdi 1 1Jodlmi naafnermansnisunme
nsnegauUsEansamnsineRausnilanarsananseiiouazunasluaianadng

AndonenaladAsvIendeeysening 15-35 U 99U 30 AU 31nn1sduntwal baun Useiinisud
1A3ead1913 81371wE waznsuayulng AeunaaeulvioranatasnaaeunisszAeIfoeneu Tnoneaududad
Fosuauislidunan 5 uiit ilennaeugensuiiviesnanatastouldndntsivnuionii tvualvioraaing
mwdafausiaaududinnnszfieuazinasiuag 2 ade lunanduasidududszdmniu 1 §Uav 9nfuls
pranadiastufinnsuAsundasiidndumuuuustesufitmusliuesRamunalasmsmesiiisudisumsmeves
a1 wazlionanadasvinuuuasuaiuanuiianelandniuinaududlansadanseiiouasvnfslaswuvaouniuay
wiadu 4 dw fio Feyaviluvesimeunuuasuny Teyaiferiunginssunisliudndusisnuas deyafetu
waFnssunslinandusiausdud uasdeyaiioafunmaaeunansnsinausudinnasatanseienasnas
nsaAseideya

yhmsAnuTiiesevideyanisadn Taomeiede uazdrudoauy Tagldvenuas IMB SPSS Statistics 20

NAN13IY

nnsthansanaminnszfisuazanduwmusuiuasusznouiiuednuaziinlauess nudnaisadamii
nsgouazirdslivsunuasUsznauiusan iy 42.22 way 15.06 mg gallic acid/100g sample thay UTuiw
Warlauews (flavonoid) ¥R 33.89 wag 66.94 mg catechin/100g sample AUAGU F1m15199 2 Llefnw
UszAnsnmmsduduuaiiFefineliifindivesaauiug nuineaufudis1ufFaug Clindamycin (aruidadu
Clindamycin $ouag 1) mmmé’ugqmﬁm%zgéuau%a S. aureus, S. epidermidis Wa¥ P. acnes 155%@@ Tned
ﬂ"lLagﬁlLﬁu&i’]@uéﬂa’]ﬂﬂ’]igugﬂwi’]ﬁv 13.8, 13.00 wag 13.23 faduns lnoawsudtayulnnianisanli
UseAnBnmsesasn uazlaaufiinnansatanssftewasindsaunsadudatora 3 wialdfnineausudignsii
nsldapulnsfosiafier unndegdifodfey (p<0.05) Fusaududinnasaiansziieuasiidagmsd 1 wui
U%mmmsaﬁ’mﬂssﬁaﬁmaﬁugaﬂWiLa%mmaq P. acnes L%aﬂ'ﬁﬂﬁLﬁwﬁﬂmamqlﬁaﬂdwamﬁ 2 uaz 3 fifinsiduans
afansyiteUsinadosnd udaunsadudutes. aureus uax S. epidermidis 195 LLa.vLaamemammummlm
ﬂwiLmumiaﬂmauulwﬂummmEJUEmmjam 3 9fialdl fam15197t 3 wasnwdi 1
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A15199 2 USunauansusenaufusanuariniliusenuesansannnseiionazinad

asanm a1sUsznauiluedn (mg gallic acid/100g sample) wWlaueen (mg catechin/100g sample)
nseiie 42.22 + 0.16 33.89 +0.23
UIGR 15.06 + 0.01 66.94 + 0.43
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A15197 3 UsEanSN N8 USLTaRUATLSENNB LANAFIVDIIALANED

ARReLEURNAUENa1aNSEUEs (1))

ERGIGHG .

¥ Staphylococcus aureus Staphylococcus epidemidis Propionibacterium acnes
WwawaNdIB1U)Tue Clindamycin 13.80 + 0.17° 13.00 + 0.17° 13.23 £ 0.05°
wansNE Ul 11.46 + 0.20 ™ 12.80 + 0.17 12.76 + 0.23 °
WausudInansananseite 11.26+ 0.20° 11.03 + 0.05 € 11.20 £ 0.20
WauduANasainY1A 10.60+ 0.17° 11.20 + 0.17 10.66 + 0.56 '
LAEAIAIVAL 00.00 + 0.00° 00.00 + 0.00° 00.00 + 0.00°
RaufiEINNasatansfiouazidsgasi 1 11.86 + 0.23" 11.70 + 0.20° 12.20 + 0.10°
RaufiEINNasatansyionaznAsgnsi 2 11.90 + 0.36 ° 11.73£0.32° 11.93 + 0.05 °
RaufiEINasaiansiouazi1dsgnsi 3 11.80 + 0.26 ° 11.76 + 0.20 ° 11.50 + 0.17 °

nuewg snwinmleuiuluudazanusiuanstianuliuandsiuegradfided Ayneadiansedunnudedusasas 95 WewIsuwieulngds Duncan’s Multiple Range test

P & & a ~ Y a o o I a
M990 4 ﬂﬁiUi&U@i&ﬂ@@ﬁumiéiuL%aumuaimadﬁﬂiﬁﬂﬂﬂizwauazmﬂaﬂ

Lﬁ?‘?@ﬁgauvﬁ&? Uanauiiny (aladl/n3u) wnauaiivua* (aladl/n3n)
wuaiSe Bad uars1 Masalagldennia Hownii 10 TaliAiu 107
Staphylococcus aureus Taiwy lanwumensu
Pseudomonas aeruginosa Taiwy lanwumensu
Candida albicans Taiwu lanusionsy
Clostridium spp. Taiwy lanwumensu

A15199 5 nsuuUauansinulylusauaudivesansananseiiowazanag

asmnulel USuaufinu (%w/w) LUINTAUR (%w/w)
lalasadluu Taiwu Taiwu
Uson Taiwy Taiwy
nsaLsAludN Taiwy Taiwy
apesosn (nsadlalay, Wwneusiloy, witus oy, lnsweudlulay, Aasiusivea) Tainu Tainu
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waufudiayulnsgrsiinfiaalunissudadenalsad Ao waufudinnansadansefiouazdrdegnsd 1 9
anunsadudade S aureus, S. epidermidis wag P. acnes Winfiu 11.86, 11.70 wag 12.20 Jaaluns aud1au 11
gjmé’ma'nuﬁmswﬁmﬁUuLﬁauL%yaqauvﬁéuazmiﬁwﬂﬁﬂmﬂ%"mﬁwmqﬁ) AN USENIANTENTNAITUEY
WUl wandudnnansaianseiieuazindsgasi 1 Tumsgrumannas InefiuTinuuuadiSe Sad uazsn sy
Tneldormetosnia 10 telail/nsu liwuide S. aureus, P. aeruginosa, C. albicans wag Clostridium spp. Wagli
wumsuwdeuasiy W lelasailuy Usen nsmsfiludn awiiesess (nsailalau winewsilou wiasleu
Tnsuendlulau uazAaeiusI9ea) Fwnsf 4 way 5

ﬂ. Y a U (3 Y oa o I £y [ U 4
A19199 6 NslUanNglRaLANEINESENANSETIDlueaalAs 30 AW WWual 1§UAY

UUTUNAILTNARN D N

9IN13 nouldnan e
2 3 4 5 6 7
DINTUIULAY (FNLEU) 30 - - - - - - -
doniavanag - 12 15
DINITUIULLANAAE - 6 19 5
RGN - 3 19 7 1
e (lufinsoniau - q 12 9 3 2
AU
33U 30 12 21 29 36 16 4 2

ﬁfmaLLG’T@JS%}Wﬂaﬁaﬁ’mmsﬁauawﬁnqmﬁ 1 umegeuiuotaaing 30 Au wuaduwie 15 Au ng 15
au Tngeranasinsfieny 15 - 19 T uay 20 - 24 U fdwautisas 7 au 01y 25 - 29 Y uag 30 - 35 T fd1unuma
av 8 Ay nuineuldndnsadiaawdudinnnaisatanseitenavdidenanatnsie 30 au d&nvardiuIuLag
(Fniew) ndsanlinansusiaaudiudnnasatansiouazindsgasil 1 enanasinsarulugdiannissniay Tugas
1 - 33U 81M1sUInkaanad Tugag 2 - 4 U 81588 3 - 6 Ju @amelutie 3 - 71U uansindnduiaauau
mmﬂmsaﬂmﬂiumauaumm gu1saann1sonauvesdllalu 2-3 Julagliiinnnssyane msuAy aamﬂwuwaa
Wit ﬂauumamm%Lﬁ]aLmummnmsaﬂmﬂsmaLLaumaquwymaﬂimmN'mmLLauaaﬂqmmuuauaﬂmmuwa
wuaiiSefinelmandals nelu 2-3 Yu wazvdmmelanisly 3 - 5 5u Tnsundrasmelutud 4 Huswou 12 au
AnduSesay 40 vesenaaiing Lwiﬁ%uagjﬁ’uamwﬁmﬁwmmmaﬁﬂsLwiazﬂu Faen3197l 6

dsduazanusena

asanmuninnsyyiefivsunaaisuseneuiiuedn uazUsuranailiuegayinnu 42.22 me gallic acid/100g
sample ag 33.89 mg catechin/100g sample a9 lngUsuuasazunnsenuvilaivinagas Lazene
293579819 Nag et al. (2013) asanaleniusaveLninsziiodusunaasusznouiluedn waliussswindu 33.64
mg gallicacid/g extract Lag 26.79 mg quercetin/g extract Mokhtar et al. (2018) vi1n1safAL%in
nszilefeiiigungli 100 - 180 ssrwailea iua 5 - 25 uil WilSmuansUszneufiuedn wasrarliuoss
Winu 2.12 - 18.52 mg GAE/g DW uaz 0.95 - 2.34 mg QE/g DW. Ghasemzadeh et al. (2016) 578974311537
nsgiefiflengunazdiunaumsuszneuituedn waztiinamailussdginimiiienyties lnemiinszieieny
3, 6 WAy 9 Whou dUSuuansUsznauiiuedn 19.2, 26.7 uag 44.8 mg GAE/g DM muaau tagUsunamniliueen
11.2, 19.6 way 29.7 mg QE/g DM ﬂﬁxﬁaﬁmiaaﬂqwéﬁimlﬁiu Ao asnquLnesUu WU Zerumbone, Bomeol,
O--pinene wazansnguasusenaunlaliueen W Kaempferol-3-0-(2,4-di-O-acetyl- @ -\-thamnopyranoside),
Kaempferol-3-O-(3,4-di-O-acetyl- O -l-rhamnopyranoside) (Adriana et al., 2016) @15afinningIaasiusuIu
a135Usznauiluedn waruSuravailiuesaLyindu 15.06 mg gallic acid/100g sample Lag 66.94 mg
catechin/100g sample ALa16U AINEIGU Masud et al. (2017) ansadamiusamittasdvsunuansusznau
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Wuodn 71.08 mg of GAE/gm extracts Lumuaaﬁaﬁaaﬂqméﬁimmdu Ao P- pinene, Eucalyptol,
Cyclohexene,1 -methyl-4-(5-methyl- 1 -methylene-4-hexenyl), 1,6,10-dodecatriene,7,11-dimethyl-3-
methylene, Bicyclo(7.2.0)undec-4-ene,d,11,11-trimethyl- 8 -methylene, Chavicol, Eucalyptol, Ol-
Caryophyllene (Halijah et al., 2009; Mohammad et al., 2010; Halijah et al., 2014) Taga15annaInNRIINTLND
LLasﬂwanﬁqmﬂuﬂﬁé’U&qLﬁ?iyaﬁ;aauw%'ésm AUENTOULABATY Fudneadunss Judu wausudnnansatanseite
LLamhanmmmé’uégu%aﬁL“f;luammriakﬂ?ﬂiéfﬁy’q 3 9iln @0AAFDINUNITINVIIUVRIGIVY wazAnY (2558)
miaﬁ’mamuaawﬁﬁﬂisﬁa‘lﬁﬂ'WmmﬁwﬁuﬁwqmﬁmmmﬁzjwL?ga P. acnes wag S. epidermidis +infiu 31.25
fiednsusediadng waransadnenuoamiadmanududusingaiannsnsnnie s. epidermidis ity 31.25
fiadnsusofiadns Halijah et al. (2009) Teuinihiuneuszivetiddviaanudududgalunisdudude
Staphylococcus aureus (ATCC 25923) way Staphylococcus epidermidis (ATCC 1228) A 11An31 33.3
lulasnsudelulnsing oweidny (2553) lEnanaaududifude S. aureus 91nansafansyanest wuin
peRUsznaumuaiiiddy fo warlouesd Tnswaududadgnisunissneay wardufinnasaiivlnvede

S. aureus 97 usiagslsimumausiudayulnsdsliuszansamaninaawdudrenuiTiue Clindamycin 1ws1e

¥
L. &

drunanndnAosiig Clindamycin Lﬁumﬂﬁ%awﬁﬁqmﬁmLﬂjaLLUﬂﬁﬁanEju Anaerobic bacteria, streptococci
uaz staphylococci Taudsradudeluslada (Protozoa) v1ewiln Wueniitneannisdniauvesdilsd viaulae
Fudinsduaseiiusiuvesuuaiide Tnsduiulslulew Fugilln 50S wuuiunduld AlAanssudinszuaums
transpeptidation %38 translocation ¥esUnfigniumedie IunaliiAansvzinvosnsidulaveswadsils
wuafiemeuazldansaasayivlaseld a1slelasailuy dauandilunisendiy uwidesinuiniliianis
syagiAeuaz e iliduihans Usenuesludisesngrisuniunisvinnuvesieulssivlsdiua vinl
annsasadindindwelivthem aunsesdewuaiiSelatelestudild Tedldluaduuianth soumuitannse
vhaela suuUszam Weymadumela mnazauuupiliAndunasladnauld dmsunsasiludniduamnsi
PrgliAnnsulsvsssadfimduasvanaontd Tstelidufsuuarimilsiinerunsuvgreondietu vilui
wodla auiduiivevilinduasuauiousuuse semofosdnay Wuduamedenisnlunssd Jwhlasis 3
wilail gnimumfuansdosnauluiaiesdions (Wans uasamy 2551) AAUTENANTENTNANSISUEY (309 Amtus
dnvnzveaniesdiensiivinundn tud1 uievis Idszyineiesdiensdosdiandiniagadnine fe dosliny
Pseudomonas aeruginosa, Staphylococcus aureus, Candida albicans, Clostridium spp. (Lawwméaﬂﬁﬂmﬂ
nanayulng) wasduiuTnvewuaiise ad LLaxﬁ‘ﬁ'LﬁiyJLﬁuimimaisﬁ’aﬂﬂwmé]’aqlﬂLﬁu 1,000 lalafisiansunse
guTrlEuRms (neRaanyune, 2559) 3a73 (2549) levhnsiauiasesdienssnudzuuuuieasnansadn
nszfeiini lnawsaussuaesguuuude lalasiaa uaz transparent oil inwater gel (TOW gel) wudnaunsoan
91MIONLAVTDIET vosonanaiinslalu 2-3 Ju

JorduBuY
ASANYILRLLAUAIUNISTE ARl udRTnaauiufy aludouadudusulssansaninazduasulin

Y

N

'
a a o A

Usggnyuiunldndoduananayulnsinennniu wagaisnwinsviusgvsansadaiieneaevanseengvsiiua

Re

a

RNIZLANZNUTRIN 3 ¥En Feazidunisiinyseansanlunissnwidunudu

LlONE1581994

Na19f Lufosuus. (2558). ¥15nw1dn. AuduTuiansd 31 flunay 2561 910 htpp://
http://www.pharm.tu.ac.th/pdf/acne57.pdf.

WIS atunduna gasan vilnes wisw lveanlly warassen des. (2551) Msimurieslian1iA3a918n529
wndnwalasiald lalasadluu nsasiiludn wazusenuaulandle) Tundasusindasdians, 1 nsuine
W 50 (4), 311-325.
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UiS mmirana. (2509). Mawauaaududafifdiunautifunisng. nemansumdadio Gnermans
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uvuandUniA. (2559). wm¥r-lu-nen-inas-fu Usslemiiieu! “nszite” vasiiaulnevasdu?. wounsTunsi
21 $unaw 2559, AuduTulansdl 31 fuaw 2561,

AU, (2559). UsENIANTENTHEISITUGY (309 uundnunzyauaTasdasiivihundn tidh vio
VY WA 2559. LaN 133 ARUMNLAY 72 9 519N 28 Tu1As 2559.

IngmansuiUudio Gnenmansindsnssy) unIngaesvsigsdesml
A7 quadni. (2559). mMaNauAasd1eswIArULIURAINETsaRnNs Bl ada.
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Yeast Preservation from Fermented Pineapple Peel
by Freeze-Drying
«Kaltima Phichai Thanyaporn Sangsrichan Aomhatai Deethae

Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand
«E-mail; kaltimap@hotmail.com

Abstract

The purpose of preserving microorganism cultures in a university laboratory is to ensure they
remain viable for laboratory classes, research, and to generate consistent laboratory test results
over time. The objectives of this study were 1) to isolate yeast from fermented pineapple peel
2) to characterize the basic morphology of yeast isolated under a compound light microscope
at 400x magnifying power 3) to preserve the cells by freeze-drying method. The results showed
that three isolates of yeast were found from fermented pineapple peel. The survival rate of
isolated yeasts after 4 weeks preservation at -54°C by freeze-drying were 77-96 percentage. Data
presented here will help laboratorians make a more informed choice about how they preserve
and maintain their microorganism cultures. In addition, cryoprotectants need to be considered
to get better preservation.

Keywords: Preservation; Yeast; Freeze-Drying; Survival Rate
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1§ aneldssuuaaana anuduszyilieadudsiuazlossszineeenainarsazanes easazaisveasad
wlafudn inTeavsuiissagngavina LwiﬂWiﬁﬁmﬁw35@ﬂqﬁagjauﬂizﬁaﬂaﬂu6§ugﬂﬁﬁﬂaaﬂlﬂawm WA
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3. Wiefusnwidedanfiuenld Tneamsvuiuuudonuds

5-180



52 U8UI5ITY
1. mawssutmsniudendudzan
Sobenuazerniendulysn MntuiiUdendulsmndundinisnseseinumun deldi
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hnduusimanide (sterile distilled water) \ufdonns auflsnrndutu 10° deuwinisgaansazaeiifni
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nsdnwluadsiuenidedadls 3 leluan Insdnuazduguinewesdadiuonldndrefunisfnuives
oA 11BiUn (2556) Minsusnidelaianduusesani ¢ 4 lelowam Telafifisusnenau yu Raveiundes s
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culture) W%aﬂ’liLW’]ngENL"UaéLLUUG]'E]L‘dm (continuous culture) (Stanbury, Whitaker, & Hall, 2017)

mafiushvieadlaeisnsiuiuuudonudaisnsnissentinileduaid 4 agjﬁ%’aaax 77-96 Faduau
wadnanaailesnaniwadgniliivasuanuranveavanuvesidaeuhuwiusi vemsiasueesaluin
meluwagosnasanss (osmotic shock) dwalieaduanld wazilofnmsifiusnuudulinansadiviazanas
AU (Miyamoto-Shinohara, Nozawa, Sukenobe, & Imaizumi, 2010) agnslsAnaianisifuitniiiazaan
warlinarlunnivinuidogduiddlng saviuuaiide Bad Wonfladvavesuarlfaunsin iesnnisd
ausanEnNAINsTITe AT avdnsiusnuldn wildmaneudeniildadeaves lasaureiin wazlnsla
1 fenunuidasnsitinsenanmafuinelagdstnia 0.1 Wesidus (Abadias, Benabarre, Teixido,
Usall, & Vi, 2001) meaué’ﬂﬁLsaaét,ﬁ&lamvmﬁﬁ%%m 919983NNNANSLAANEN LTS LpsanaIdu TR Ens
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pgaunIviany \Wogaunisvansslinfiivnvilae i dannsndTinegsenldifua 20 fs 40 T udifiseey
wuhnsiivinvitenuafiselneitienavinliiannnsnaneld (Ashwood-Smith & Grant, 1976) usnainiitladed
eadesfunisiiusnundelaeidnisiuiauuudonudeio arsidesnisivad (protective agent #3590
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fianas Ladns@nuaiyu Lactobacillus plantarum Wu31n15.@Na15 cryoprotectant b sorbitol 3 e
monosodium glutamate Tu cell culture ﬁ]zﬁﬂﬁ%iﬁ@ﬂi@ﬂ%ﬂL%éﬁ“ﬁu (Champagne, Mondou, Raymond, &
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weuy rhunsruunMsuuuenuiud Weudaruledisnsnsseaiuanseiuly Tneilleluaniitsns
msseardsnunszuunsuuudonudsdausdinindesas 1 auidosar 100 Fsideldinnisiiunuide
TneFadannsnilvldlunmsifvinsudediel fluresu joansuiensiddeifielilddefiduiuioiunasn
nsanwle

JorduauY
maweidsagadiielildadusinamnnhilifielignsinssenaminluiie msnaaesmzitegadang

WveanrsiaidsaieusainluuILtugs (high cell density culture) wagasnaassldanstdosiuwaduiingineg
Woundeawadnounsvhusisiuuidonuds

5-184



BNE15D19D9

auns us3. (2544). m3uen N5IATILN UazMsIIUShITaskar siuenlFIngautled Inuazgnutlana
Tutsemalne. IendnusUTganly, UnTINeasnyaIAEns.

oiug 11BN, (2556). matiuyardendulzsalaenssuaunsvsindneBadfiuenl@iainsssund. Menuns
38, unInenaesvig e,

030 Mo ITand. (2558). Smiuazimaluladas. ngawwn : Anilvouenaneslud weud wiuds.

Abadias, M., Benabarre, A., Teixido, N., Usall, J., & Vi, I. (2001). Effect of freeze drying and protectants on
viability of the biocontrol yeast Candlida sake. Int. J. Food Microbiol., 65, 173-182.

Ashwood-Smith, M. J., & Grant, E. (1976). Mutation induction in bacteria by freeze-drying. Cryobiol., 13, 206-
213.

Berner D. Viernstein H. (2006) Effects of protective agents on the viability of Lactococcus latis subjected to

freeze-thawing and freezing drying. Sci Pharm 74, 137-149.

Buchs, J. (2001). Introduction to advantages and problems of shaken cultures. Biochemical Engineering
Journal, 7(2), 91-98.

Champagne, C. P., Mondou, F., Raymond, Y. & Roy, D. (1996). Effect of polymers and storage temperature
on the stability of freeze-dried lactic acid bacteria, Food Research International, 29(5-6), 555-562.

Miyamoto- Shinohara, Y., Nozawa, F., Sukenobe, J., & Imaizumi, T. (2010). Survival of yeasts stored after
freeze-drying or liquid drying. J. Gen. Appl. Microbiol., 56, 107-119.

Nasir, A., Rahman, S., Hossain, M., & Choudhury, N. (2017). Isolation of Saccharomyces cerevisiae from
pineapple and orange and study of metal’s effectiveness on ethanol production. European Journal

of Microbiology and Immunology, 7(1), 1-16.

Shang, F., Wen, S., Wang, X., & Tan, T. (2006). High-cell-density fermentation for ergosterol production by

Saccharomyces cerevisiae. Joumal of Bioscience and Bioengineering, 101(1), 38-41.

Stanbury, P. F., Whitaker, A., & Hall, S. J. (2017). Principles of fermentation technology (3rd ed.). Oxford:

Elservier Science.

5-185



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

a < . . a 1 < H
noAnIsuveunlauas (Dendrocygna javanica) Ustana19iuin
aeluamInendesnvigdesud audualsu

L4 3 < vV a

a3 2eAuwng’ wazalgsan gnmngy?

&9

PP - ‘ S A a4 4o
MAINTIINET angInemansuazinalulad wninendesvagdedual Wedwl 50300
Zgudenududeaiuanuvannanenadinmiuriodiu eagiveimansuasmalulad umingrdenvdgdedn Gedlwl 50300

“corresponding email: n.supahan@gmail.com

unfnge

nsAnwngAnssuvesunilauas (Dendrocysna javanica) ‘U%L’Jma"mLﬁuﬁﬂumﬁwmé’mwﬁgL%aﬂmj
Aubualiy Sudausifeungunieufanainy we. 2561 Tnqusrasdiiodnunginssuiluvesunidaunsuiing
ﬁumﬂélmziqﬁﬁﬁizﬁwaqmagﬂwﬂ’;u‘[mwwémﬂmqﬁ'u ?zfqLﬁwﬁasﬂawqaﬂﬁw%nméwLﬁ‘uﬁw 2 U4 Ag 8719
uthittang (aignsumu) wazsrafuiiazaidu (gnsuniu) dunamginssy 3 929981 16 08.00-09.55 w.
12.00-13.55 u. 4ay 16.00-17.55 u. LLavﬁuﬁﬂsﬁ’auawqaﬂsmwﬂ 5 w1l lne3an13deensn (scan sampling
method) 31nNsANYINUT uﬂLU@LmemmUimmmqmwmf]aﬂmaqumﬂiiumiammamma@ TRIRIUAD
nsldvu n1sBuiiuae N30 N1saReUl N15UI N19918U1 N9V LAZNISHAY MNEIAY LLaw‘NﬂLUWLLWMEﬂﬂEJ
‘Ummmamumazmﬂuuaqumﬂisumwwgmamamqm sesatnie nstuitune s msldau n1su
M5 uagMIAY audIy uaﬂmﬂﬁﬁawudmﬂw’meLLmﬁmﬁw'%nméwaLﬁufwasaaﬂuﬁgﬂsumuﬁ%@aasmmﬁ
YosNsuAnINgANIINAg 4 Tesniunlauasiiendeuinasiaiuihiitng Ssnmsinwadedannsadludy
Tayalun1suInisInnis WyuvjwéﬂﬁagjmﬁaLLasza'ﬂmmi wagfmuALuININ sy SNSRI g lufiud
WIeRe v Teddud audusy la

AdAsy: undauas waRAnssu e1aAui

5-186



Behaviour of lesser whistling-ducks (Dendrocygna javanicay

in the reservoir areas within Chiang Mai Rajabhat University,
Mae Rim Campus

Kanwara Wongpaet!, Nattida Supahan®-?"
!Department of Biology, Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai,
Thailand
2Centre of Excellence on Biodiversity Research and Implementation for Community (BRIC), Faculty of Science
and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand
‘corresponding email: n.supahan@gmail.com

Abstract
The study of behaviour of lesser whistling-duck (Dendrocygna javanica) in the reservoir

areas, in Chiang Mai Rajabhat University (CMRU), Mae Rim Campus, started from May to
October 2018. It aimed to study the general behaviour of lesser whistling-ducks in areas near
water sources that have different levels of human disturbance. Data was collected from two
reservoirs, the Dipangkorn reservoir (undisturbed) and the Saluang Nai reservoir (disturbed).

General behaviour of the ducks was observed in three periods, between 0800 h to 0955 h, 1200
h to 1355 h, and 1600 h to 1755 h, and was recorded every five minutes by scan sampling
method. It was found that the ducks living in Dipangkorn reservoir showed the highest standing-

head- up behaviour, followed by preening, standing- neck- fold, flying, floating, sitting,
swimming, bathing and walking respectively. The ducks living in Saluang Nai reservoir also
showed the highest standing-head-up behaviour, followed by standing-neck-fold, swimming,
preening, flying, sitting and walking respectively. In addition, the ducks that lived here showed
lesser frequency of general behaviour than Dipangkorn reservoir. This study can be used as

management information for restoring habitat and food sources, and establishing wildlife
conservation guidelines in the area of CMRU, Mae Rim Campus.

Keywords: Lesser whistling-ducks; Behaviour; Reservoir
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unauns (Dendrocyena javanica ) daduunluasd Anatidae Lﬂuuﬂﬁﬁmmixmaﬁuﬁﬂuﬂizmﬂ
Untdanu Ushaudiineme Susenaslufssmedui wina waih aSdant ne Tenanne wnaide denlus
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fuiwisiuilunadsonsfiunzauuasuvasiiogfivasnde (awan Yy, 2556)
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Juiedifuiuiifundauwnanlisslend dudaimgnisfnemginssumesunidaunduiuiisrafoh
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Effect of crude extracts from local orchids on antimicrobial activity
Wimonrat Phottraithip!, Wasana Prapalert' and Aomhatai Deethae®
Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand

E-mail; pptawan@hotmail.com, p.sanaa@hotmail.com, aomhatail21@gmail.com

Abstract

This research work is supported by the Plant Genetic Conservation Project under the
Royal initiative of Her Royal Highness Princess Maha Chakri Sirindhorn. Three local orchid

species, Dendrobium chrysotoxum Lindl., Aerides falcata Lindl. & Paxton and Cymbidium

aloifoliu, were selected from Ban Hua Thung Community Forest, Chiang Dao Wildlife Sanctuary,
Chang Dao District, Chiang Mai Province. The methanol extract from the flower of each orchid

species was tested for its antimicrobial activity. Aerides falcata Lindl. & Paxton had the highest
yield crude extract (31.45%), followed by Dendrobium chrysotoxum Lindl. (23.89%)and Cymbidium
aloifoliu (17.87% ). Antimicrobial activity against Staphylococcus aureus, Bacillus cereus,
Escherichia coli and Enterobacter aerogenes was tested using Agar well diffusion method. Within
a concentration range of 31.25-500 mg/mL, the extract of Dendrobium chrysotoxum Lindl.
inhibited the growth of the gram positive bacteria S. aureusand B. cereus, but did not inhibit the
growth of the gram negative bacteria E. coli and E. aerogenes. In the same concentration range, the
extracts of Aerides falcata Lindl. & Paxton and Cymbidium aloifoliu inhibited the growth of gram
positive S. aureus and B. cereus as well as gram negative E. coli. None of the extracts inhibited the
growth of E. aerogenes. The results obtained from this study provide valuable information for
future research involving medicinal application and conservation of local orchid species

Keywords: Orchid, Dendrobium chrysotoxum Lindl. , Aerides falcata Lindl. & Paxton,
Cymbidium aloifoliu, Antimicrobial activity
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odorata Lour.) luns¥nuunanndeinanilsld (wounds) (Dourness J, 1995; Pant, 2013) wenaniidaiinsived
wuhansafinandiumauesiundslsainvansaneiiug Sovslususieg Alduusslevienags 1wy Tqvsdunis
9Ny (anti-inflammatory activities) qwéﬁmmﬁamﬁai’ﬁa (anti-viral activities) qnsn15vzas’e (anti-aging) qv3
fuenN1stnvedlsaaudn (anti-convulsive) lusiu (Avasthi et al., 2013; Singh and Duggal, 2009; Pant, 2013).

TunmiAfedislfalafnmnarsatnannenndaslsl 3 wliafiddymansugia wesdumetusiugnluiiosiu
yuyutuings 01989917 0488991 2.8uslval Ao 1Beseh (Dendrobium chrysotoxum LindL) i8esnuaunszii-
\Jn (Aerides falcata Lindl. & Paxton) wagnwisnzsey (Cymbidium aloifolium) Tnevlundreliiduiivludesies
Turad Orchidaceae ulsiFanensoaion ilosanddnvaurnonuazdduainaismsny wazidufiviasugions
audfyvesszmalng mszdulidweneiisssmaiinelfdUssnalasnatsSesduum 1doer
(Dendrobium chrysotoxum Lindl) \lunéelifanaiiulaston feuiSenindelianavne faduanaifuniigaly
Useinelng nudifiannnd 150 e nneiadundelibends Snvaeduiduuuiidudinausnademnedediu
naenIUNINRIddUNeNETIAG 8 duaIn Snvarnsasaivindlng dunuuiesgmediudne luflfananluen
Tumn Tudni3enfteunau uazmniindudeungaen wiewndifluiorguiumans? (eususi Ineves, 2548)

©le

weunuarunszilla (Aerides falcata Lindl. & Paxton) iundqeliidsendeanaezioina noussna

|
v v W

FAndumluludelneisendt 1Boavaiu WINUaIU 1BoINMaIUNIe LBasAauun Bennaiull

'
a

(Aerides)\ Jun

a

ag19lsinu Seldfilonarsdsdeiuysslaviiazassnaunisnisunnduinidn d@unzisngsou (Cymbidium
aloifolium) Vnngnuemanssaiau lifede nonveansilundusnin “Epideredrum aloifoliar” wasanniulud
A.A. 1799 Peter Olof Swartz léfﬁﬂmwumuLLaxﬁaLﬂuaqaslmj Inelddengnumraniin “Cymbidium aloifalium”
dwiudeszyrdauanniwiaziu 2 A fie A197 aloi wladn 110 ua folia wuain Tu vaneds Tludwouun (ada
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avsdasssy, 2549) fenvgnidesmutiusumduaungnueans Sniadahunveeiusluiesdjifnisiieniseusng
a1emug wazAugUuInulAIINIINIEIITANS

dmsunuideaiiunsdndenndeldifidAylulndewmia 3 wia eidhanadnaisataneiusieisnisug
niin (maceration) kagNAaBUNENTTUEINTATRUINVBUYRYAUNSTUYnAI87T Agar well diffusion wagii
toyanlaluliuseleovilunansunndsoly

IgUITaIAYaINITITY

a

Wafnwinuandilunisduginisnsyiulaveiuniguiselinvesansadnainaennalgld 3 anedug Tudiguvu
T 0.4889077 0.889013 2.438ln

sudauitive

Awildlunisinen Ao ndelifegraivantigueutiuiiys aideann o.@send a.desdul loun 180
naunszidiliniagneisngseu

W aﬂgauw%éﬁi‘mumia%’ g laun Staphylococcus aureus, Bacillus cereus, Escherichia coli Wwa¢ Enterobacter

aerogenes NYBIURURANTIATIINGT A1AINTVING I Inendesuigdesinl

SumauAIAIELNUITY
nMsmsENansannInAennaelyl

thdunenvessnagandgliine 3 adn wdsanluiisuuny 5-7 Ju antudunueliassendeniesiy uay
thduiiunazdenunddimsiudminiuiueu

thiegausiagelinuaiadefhazasmiuea 3 ass afay 1 dUai figaungiives Tng3snsudnsin
(maceration) Y1@1585a18v8@ILARAIMLATIAULEINSTOHIUENE waysEMefvnazanseenaIeLAS8ISE R LUY
Aqysy el (rotary evaporator) selfansatmannenndagliii 3 9din Funam3esasnananvesasataermiinui
yosmanndanldl (% yield) Mnduihansafaneuilldlunaaeulssdninmmstiudinasiyivlnvesqaunidaely

ﬂ’]iLGl%‘EliJﬂ’J’mL%Néﬁu%mﬁﬁﬁﬁ’ﬂLLa8L%’aﬂauw%‘ﬁjlﬁaﬂ’ﬁ‘wﬂE‘1E]‘U‘Uizawgﬂ’w\lﬂ’]ig\igﬂﬂ’]iﬁﬁmyL@UIWJENQ%UV]%‘E?

wisnansataneivanaenndaelfifianududuisudu 500 fadnsudefiaddns Ineld 10% DMSO 1Hu
favhazats andurihnisidersansatangiuanasitay 2 wh (two fold serial dilution) auldvienua 5 Aruidud
A® 500, 250, 125, 62.5 kay 31.25 Taansusaiaaans suainu mmfutﬁwﬁ??aaﬁw%‘é Staphylococcus aureus,
Bacillus cereus, Escherichia coli wag Enterobacter aerogenes lagnns streak plate UueIMIsaB e Nutrient
agar (NA) udthlutuiigungfl 37 esmwaifoa Wuan 24 dalus wdadvelalafidesdunisasunemsidente
Nutrient broth (NB) Usfigaungfi 37 esmwaidea Inslddusimeifeuuivgnmuaugungi Wunan 18-22 dalug
iidordunisillalutadinisganduuasiianiueniadunas 600 uiluunsdieiades Spectrophotometer Tildan
AANAULATUTEINN 0.80-1.00 (ForFuduUszann 10° CFU/mD)

N6y

nsnadeuUsEansnmlumMsuginisasyiulaneqdunidaneds Agar well diffusion

a

Uneduvsduiinsine Nldrpandunateglutig 0.80-1.00 1191135 swab asUReIM1T Mueller-Hinton

q

° 1 '

agar laglgldwudranciunisddounds selildeuisfniavtnenmisualld cork borer AHIUNTTENTDLALIZ OIS
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Mueller-Hinton agar 1131 7 gy (faudurugudnansvemaulsvszanu 0.6 wufiuns) Mlulastidavenasaing
wissn i luwiaranududuadunguemng Ysunamauar 30 lulasins lngldasazansennnaleaiiu (Tetracycline)
avududu 12.5 fadnsusedaddnsdudniuaudauin (Positive control) uagld 10% DMSO Hudauaudeay
(Negative control) ¥nn1snAaesduIu 5 91 uasUuidendeiignmgd 37 ssaneaidos iuna 24 $9lue Savun
duhaudnanndlavesuinaiiimsduds (nhibition zone) uasirdeyavesmunduinuguinaweninududinis
\3aiulnveaiteqdunis (inhibition zone) smAnadsuasALdIULLIIATEIL (5.D) mﬂﬁ?uﬁwmﬁl,ﬂswﬁ%;gama

adAluy One-way ANOVA 1ngvagauaduiaAnAnyAnmels Duncan isedutiudfgy 0.05
Nan1339Y

nanswsLuaEsanaanaennagll

Mnmawteuasatanetuannenndelll 3 vlin Tiud Besi nraunsztdauaznzangsou uazduInm
Sovazvnmananvetansatindetminuiwemenndels (Geyield) Idnasuandlunsei 1
ms1eit 1 smithansarn Sevavnanan (G6yield) uardnvasmamenwvesasasaveuainaenndagls

Y1nn (nSU) 9
Soway

yinvpanannalglil v NAKAR aﬂwmzmgg%%mwmm
ABEN ansana (%yield)
WA
L989AN 38.2316 9.1324 23.89 VIR IVUNTNFF ULV
na1unszLlle 152.1992  47.8600 31.45 Ypaudedmantautinia
AYLSNLIOU 37.7482 6.7451 17.87 YauaINindL e ndy

Ussﬁw%mwmié’u&mﬂﬁ@La‘uimaaL%'aqﬁuvﬁfe‘immmsaﬁ’wmumnﬂannéww
MnnsAnUsEAnBamussansatavetvanaenndeliided guatunselnauasnzisnyeusions

gugﬂﬂﬁl,ﬁiylﬁuimaﬂl,%a S. aureus, B. cereus, E. coli Wag E. aerogenes 91875 Agar well diffusion @1115081UNa

ms¥adusiuguinanswendla (clear zone) wie Tuhoduliadiuns ldnunsed 24 Fil

N3N 2 HATRIENIANNANABNLBBIARBNISEUEINSIRS aAUln Ve TR REUNSE

GRGHIEHRINETER: Wurnugudnanlande (aduns)

GREGHE
a o v A an S. aureus B. cereus E. coli E. aerogenes
(HaansusaNaaans)

Tetracycline

(1.25 faansusio

Sedine) 30.00°+0.71 28.60°+0.82 24.50°+0.93 24.50°+1.12
10% DMSO 6.00°+0.00 6.00°+0.00 6.00°+0.00 6.00°+0.00
500 23.30°+1.67 11.40°+2.07 6.00°+0.00 6.00°+0.00
250 22.60°+2.04 8.00+0.70 6.00°+0.00 6.00°+0.00
125 20.20°£1.09 6.60°+0.54 6.00°+0.00 6.00°+0.00
62.50 18.00°£1.27 6.20%+£0.44 6.00°+0.00 6.00°+0.00
31.25 16.40%£1.14 6.80°+0.44 6.00°+0.00 6.00°+0.00

5-200



RUBLUG: - mmmawqmvhﬁu 6.00 HadLuns

- fidnwIn wsInguiuanssiuluanud nunefs danuuandaiuegnivedAynieada N5y
\Waslu 95%

M1399 3 navesansanaveuIIngvaIun el laren1sduginsasyiulaveeqdunsd

GRQHIEHRIETEN: ushugudnanandlaeds [@adwns)
#5809
. e oA aa S. aureus B. cereus E. coli E. aerogenes
(Uaansunalanans)
Tetracycline
(1.25 fadn3usie . , , .
. 36.27°+0.83 24.20°+1.97 25.70°+1.40 23.67°+0.47
198803)
10% DMSO 6.00+0.00 6.00+0.00 6.00°+0.00 6.00°+0.00
500 15.17°+2.18 10.80°+1.97 6.43°+0.97 6.00°+0.00
250 12.03°+2.14 9.30°+0.45 6.00°+0.00 6.00°+0.00
125 10.70+1.20 8.37°°+0.50 6.00°+0.00 6.00°+0.00
62.50 9.10°+0.65 7.40°+0.55 6.00°+0.00 6.00°+0.00
31.25 7.10°40.22 6.20°+0.45 6.00°0.00 6.00°+0.00

RUBLUG : - Guquuwhﬁu 6.00 HadLuns

o

- frgnwInwsanguiwanasiuluanusd nueds danuuandaiuegliveddynisadanse
el 95%

A3 4 HATRIENTANAVENUIINNELINE TEURBNITEUEINSATYAUIN VDT REUNTE

GRQHI R TR ushugudnansdlawde @aduns)

#158nn

a4 oA oA S. aureus B. cereus E. coli E. aerogenes
(Uaansusaianang)

Tetracycline

(1.25 fiadnSusiefiadans)  26.007+0.00 26.00°+0.70 25.00°+0.00 24.60°+0.55
10% DMSO 6.00+0.00 6.00+0.00 6.00°+0.00 6.00°+0.00
500 16.20°°+0.84 16.60°+1.14 12.60°+0.58 6.00°+0.00
250 14.60%+1.67 14.20°+1.30 6.00°+0.00 6.00°+0.00
125 17.40°+0.55 11.80°+1.48 6.00°+0.00 6.00°+0.00
62.5 15.40+1.67 9.60°+1.82 6.00°+0.00 6.00°+0.00
31.25 13.40°+1.52 7.80°+1.30 6.00°+0.00 6.00°+0.00

NN © - PUANGUYIAY 6.00 Haduns
- fI9nwIN Wy Nuanasiuluaausd waneds danuuansisivedelidedAyniainse
el 95%
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dsduazanusena

nsfnuitendeilldldiviararsiumiueaatanenndaeliieds 3 wia Wi Bosi Beanmatunssid
Wauaznzisnedou wuiasatamedisiilidosasuanan (% yield) unitgadie 1esquarunseidnln Sovay 31.45
sosaanlud Bed uasnuisnzseu fidfevaznanan (9% yield) Winfu Sevay 23.89 waz17.87 muddu (Msefi 1)
LLazNa‘Ui%ﬁ‘m%ﬂ’]‘wﬂ’]ig‘ugﬁﬂ’lﬂﬁﬁiyéua%%aLL‘UﬂﬁL%‘EJ 4 ¥iln WudwaﬁaﬁmmﬂﬂaﬂLgmf-ﬁ"lmmiﬂé’uéy’nmmﬁzgtﬁuim
vouBeuuniFounsuuan 2 wila Ae S. aureus wag B. cereus ¥ Aianududusniian 31.25 fadniudeiadans
aunsadudansiaiyvende S. aureus 1§ duenuidudusifigafianunsaduinisnaiauede B. cereus 16 250
findnsurefiadans (n31efl 2) Anudududinarilinanissudinsatgueatordunisldunnmannimunuiday
(10% DMSO) aeafitudfyn1eadn fiseduanuidotiu 95% Jsaenndesiuanuideves Sandrasagaran et al. (2014)
flgmaaoulszandanvasansatnaindiusiieg vesiivwia Dendrobium crumenatum (AeRvieEVIeI8awWEd) B9
Dufivanaifieatuidesd lunisiandudatogdunis 8 via #1633 Disk diffusion Wudn ansafpumueaves

D. crumenatum WiUsgansnmlun1sdudinisiasyuede S. aureus launniign

Ka91nuATEEUTINg 11 ansatauniueaninaenidess (Dendrobium chrysotoxum Lindl) laiaunse
fudansiaseyuende £ coli uaz E aerogenes FuduuvaiiSounsuavld vaifosanideuuaiiGounsuvinuay
wuaiSeunsuauilasaiauazesiussnevmaniivemdaradfiunndaiu Fainuansnaaeunuitasadiaumuea
mnnenndeldl 3 viln awnsadudenisiyvendewuafiiownsuuanldedsiiusraniam msenifuvadues
wuaTiSsunsuuanifuresmuilalnauau (peptidoglycan) Jussdusenavdiuuengn druwuafiewnsuauindausad
fiusznoudleduvedlaty 2 du fe Lipopolysaccharide (outer membrane) wag lipid bilayer (cytoplasmic
membrane) fsiuitenananlihanseengrimessaumnainuluarsatnnaenidesdliannsavhaneduluuday
nfugadvomuaiiSaunsuauld Slilinandanssududouvaiide (nsed 2)

mami‘wmaawizﬁmﬁmwmaamsaﬁwmumﬂqwmmiuﬂwL‘TJ@LLaSﬂ:Liﬂzi'awiamsé'fu5&mm’%zy@uimm
auniduanduniaed 3 uar 4 wudh ansatndi 2 elieaansadudiniaeigivisventonuaiiieunsuuanild
naaeu 2 viln fie S. aureus waz B. cereus IfaesiliuszAvdam laglinadusitugudnatnsla (inhibition zone) 7
wansfanissudininaiyfvinveadouuaiiiens 3 wlaldffian Aanududy 500 Sadniusefiaddns uazary
WYY 250, 125, 62.50 wa 31.25 Jadnsunaiiadans LLamméTUé'?amsw%zgL@U‘Imanﬁmwﬂﬁﬁaa@aqmmmzéfv

AMLEDNN uadlUszanSnwlifisuwindu positive control

agalsfinuansadauniueasinnuaiunssidulanaznzisngseu annsadudininaiyivinveade
wuaitSounsuaviildnaaeuldifios 1 ¥iln Ao £ coli finnnududu 500 fadnfusefiadansuiniu uwazataneuls
ansadudenisiasaivinvende £ aerogenes 1§ HeiiesinuuafiSensaewialudeuuafiiownsuau 3
Tassadevmaduguinemesdasaddiuuenaaitduiuluiu uasdinmaedouiildfeuranaaar 1 £ coliwas £
aerogenes ﬁLLWaﬂLaam?juaaﬂmsauq waaluduauuin (peritrichous flagella) Whmuaneami ddwvesture
1A (immunogen) Ao waufiau H (antigen H) adussiusznauiidrfglunisielsavendouunilide (Veterinary
Microbiology, 2554 §1¢1u usdnwalwazuiun, 2541) donndesius1uideaas Jhansi and Khasim (2018) 7ilé
ﬁﬂﬂ’]iﬁmﬂ’lq%éﬁ’]m%’@LL'UﬂﬁL%‘EJ“U@ﬂﬁﬂiﬁﬁﬂﬂﬂ’mﬁ]’]ﬂq%a’mﬂizLﬂ’ﬂiﬂ Fadundelifanaideaiunrarunszilndn lag
Tamusalduivinavarglunisainansdifey wagldis Agar well diffusion \ionadeauide £ coli uaviewundiBoun
suUINLaruNINauTindudn 7 4iia Wv’iﬂaﬂmmé’u5&mmﬁmmau%a E. colilgt LLaSﬁ’m’]iﬂgmjgﬁﬂﬁﬁ]%iy%@%%@
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wuaiiSeunsuuanldiniuuafiSounsuay SwanismadeuiuansaaIniyideves Shubha and Srinivas (2016)
Anwqrsduteuuniissvesmsataumueaindiudug Iiud Tu wWienvesma wazsinvesnzisnzsou wazldis Disc
diffusion wutanunsadudanisiaSayvende £ coli way S. aureus ¢ wafluszansnmnnssudade £ coli liindn
d1uauIduues Radhika et al. (2013) Idfnwinssudanmasyivresdogduniduesasatnannziangsou tnovh
mwﬂamﬁ’m%aﬁ;éw%'éﬁa 10 w9im lawn E coli, Proteus vulgaris, Xanthomonas sp., Pseudomonas mirabilis,
Pseudomonas aeruginosa, Klebsiella oxytoca, Staphylococcus aureus, Staphylococcus epidermidisa,
Staphylococcus mitis, Staphylococcus angriness wuhansataneIuaInAennzLsnzseuiivnsatadesvhazay
i1 2 ¥iln fio inieuLazuen aansadudinisasydulaveatiogdunid 10 ¥ Tngldan Inhibition zone o)

71 7-18 Taduns

Faduanuanuided Ssenandnldhaseengrinnansataumiuearesnuarunssiidauanzianedeu
Tlasnsavhanslassadrmensaduvaiiiounsuau Tnsanizdiuesunaniaaatld dalaeiiluaisoengninig
sysuRaiivlauazUuuiuaneiu Tuegiusiavesnontsl dauvesiulsl (Mohammed et al, 2016; Seema et
al, 2019) wiovdavoivitazasfiuildlunsyurunisannans (extraction) (Paulomi et al, 2013; Seema et al,,
2019) Faiims3veiilinanisduddumaientu Wy arsafnumiusasazesdlnuaindiuaes capsule cover o9
nvisneseuTiUsEImABuAe Wnansdudade £ coli, P. aeruginosa Wag S. aureus VLﬁmﬂﬁ?jfﬂ Tagle3s disc diffusion
Tnandlanistudainiu 16 fiadiwuns (Shubha and Srinivas, 2016) yiSenaideansadalaeiiadines (di-ethyl ether
extract) 3nlusagsn vendleliianeiug Acampe praemorsa wagndleliiwiud (Vanda tessellate) Ussinaduiie
T¥nan1sdudude £ coli Salmonella typhi, Shigella dysenteriae Wae S. aureus b6 100% A2835A15K1AN
Minimum Inhibitory Concentration (MIC) walienanududuiidududold 3.5- 25.0 fadnsureiiadans (Behera et
al,, 2013)

nuantsnaaesaduasulidn ansafnaneenndaeliifesd osnuarunsudndanaznzisngsou
annsndudanisaigivlavendordunidunsuuanldfiniunsuay FateuvaiiFounsuuanie S aureus uay
B. cereus \Juanmguaslsafndeiineliiintymmsgunin wu lsafadefiiavdsainde S. aureus uazlsnomis
Hufinilinanidle B. cereus (Anna et al., 2019; Fabio et al., 2019) waziinasoiasugiouazdanuduegiunn e
middeluafiiadudoyatuguiiddy Weldibuuuimidlunisuiuugs uasAndusndnulsnanfivasyulnedid
Usgavsnmlanelulueuan

JaLauBLu

Antdenvidnaunsndlsldifionaan Minimum Inhibitory Concentration (MIC) wag Minimum Bactericidal
Concentration (MBC) waudaaunidnelsasaly

LANE1591999

widnwal 433N, uazUIun aIssauiiiia. (2541). anvalzuarinsiainazidenveuuaise 9aTTne 1l (um
ASIN 4). NTUNNT: ﬁwﬁfﬂﬁummﬁ;maqmaﬁmﬁwmé’a.

ada avddasssu. (2549). naagldndeslny Runiasshl 1). n3anna: a1egsnalsaiud USEnausuInTuRuouAnuaY
9 310
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pudud Inenea.(2568). ndrellidoelneg Guiiadsdl 9 nyunna : aradwingnuaians
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Fnaurnduisisisuaneuarawaiveiavidulanifomnamnsasadulaldognsngs vay
mhssildanuneneiazidafivsiniurdliiislafivsaunadiia Wevesinnurluduminensnuinia
yinigadululnaiou woaretauarnumaBenanunaei fadu dnaurnieddnenmlumandndulslieuld
Tutsemalnewuinlddouiitunldmne fedursnduldfouiivuduandssamadaussinliamise
Usuialidnfvaninpiivssmavesusanalngld Kadu nsfnniffiingusrasdifienumuiugldifouiug
viosduanhdulauslusunefiauniay s1nevimas sunediaudiazsunodouina sainanyiudatiunda
SuuneEmeduguine Wusedsduiiolnneinuaninieildnd-ndvesiu udnildfouriediu 6 vin
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$117u 3 61 nmsAnwuldideuinun 2 29 4 ana 9 vl Wulddeuilinednemlulssmalneunou 2
wilnA® Metaphire peguana sp. 1 way Metaphire peguana sp. 2 EchLﬂaﬁWU‘\Tﬁmusuﬁmaﬂﬁt.aauumﬁqmﬁa
gunemwiay wuldisieu 3 ana 6 ¥ila IAvlaunainnaieves Shannon-Weiner (H’) Wiy 1.45 uazvil
AMITiey (E7) Wity 0.81 nanisnageudnenmnisuandendnyaldideuaindnaueinduiat 90 Junuii
Metaphire peguana sp. 1 (d1aus) Tuszavsnmlumswdndeviindnaurnlsnniigauasliuimadeldifounn
e
AdnARy ANNTAINTaenBInI lddeu Jeldfeu dAnauan
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Diversity of Earthworm in Lopburi Province for Potential of the Production of

Water Hyacinth Vermicompost
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Abstract

Water hyacinth (Eichhornia crassipes (Mart. Soims)) is one of the world’ s most destructive and
noxious weed that has prolific growth rate. Many efforts were made to eradicate this weed but they have
not been successful. However, referring to a resource view, they absorb Nitrogen, Phosphorus and Potassium
from water. They have a potential for vermicompost production. However, most earthworm species in
agriculture farm were imported from abroad. Nevertheless, many terrestrial earthworm species in many
area have never been asserted. The aim of this research is collecting the terrestrial earthworm in daily farms
at Phattana Nikhom district, Tha Luang district, Lam Sonthi district and Chai Badan district, Lopburi province
by using morphological method. Soils were collected to analyze for physicochemical properties. Further,
test feasibility of indigenous earthworm to converse water hyacinth into vermicompost. The experiment
was Completely Randomized Design with 3 replications. The results found 2 families 4 genera and 9 species.
There were 2 species which had never been found in Thailand ; Metaphire peguana sp. 1 and Metaphire
peguana sp. 2. The data indicated Phattana Nikhom district discovered the highest earthworm species (3
genera 6 species), Shannon-Weiner index (H’) was 1.45 and everness index (E’) was 0.81. In addition, testing
ability of conversion water hyacinth into vermicompost. The experiment revealed that Metaphire peguana
sp. 1 (Lam Sonthi) has the highest potential for decomposition water hyacinth and the highest biomass of
vermicompost.

Keywords: diversity, earthworm, Lopburi, vermicompost, water hyacinth
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FnauLa (Eichhomia crassipes (Mart. Soims)) tuiwiryianisfiadedynluwndaiilan
(Abbasi, 1998, Tchnolobanoglous et al., 1999) Tnesinaurnldfavnamaduesiluunaesilidesduwsidh
d1ma0s MITELILth uarngieaIu anavkturesinaur L duguassasonisannszudlaiin nisvaUsemu
nspuds maenaun1sUsELe (Patil et al, 2012) fhauvandufiasiirndnlaen lddnasnserhlagisnismamenn
\nil §733uazBuU 9 (Abbasi and Ramasamy, 2001) fetiy 3eldiaunersiiesiinauruldsslevdlui
#19 9 19U udenszany ewnsdad wesiiaes myurussgveazendnwlea widslinuisAafiaafian Ui
Fnavr e (Deka et al, 2013) Aunsevisdimaluladnsnandonsinanyaldideudunlddesaasvszdunid G
Gajalakshmi and Abbasi (2004) wuildideuaiunsaiUasudunidinguisduliiegiguiifvaunsaluly
Uselomildunntu venaniludeviingaldidoussfiouleiuarsosluuuimiaiilinnnisdosaasansdunislu
Sldvodldidiou fedu malidendnyaldfeurndusslosiefivunnnimslientnossuni Patil et al (2012)
senuhinausdufiniigadululanau eanedauasInuadenanundeni Jsdanumnsaufiagldnand
Jendinyaldifould

TutsemAlngldddaulalumadoddiouiieldminverdunisuldfouiitondundoaiondaioviin

s 1

yaldiiounienisAfenldaneiugansuseina 1wu lnines (Eisenia foetida) d3fulusinasiass (Eudrirus
eugeniae) 150054 (Lambricus rubellus) 39 liiinsinldReuansassmedunmns s adioldselonids
wuhldifieuaninusemaliaunsauSuiilidnivanmalivseinavessemelneld (11, 2555) uagludszine
IneTlAFoufssaeiugiiefiiianumnzausonisdosanisvezdunisaotniug (Perionyx sp.) mnléiinag
drnmeiuildifeuinaiuimnzanlunisdesanevzuvidlvnniufwndunadenliuiinumsnsgaulauas
Wumsiisyarvedldifoufuameiugiiostulnednde
IngUszasAvaInIIdY

1. lenwmnuvannvaiensiinmeesldfoudulunfilauy Sminany3

2. \fiefnundnenmvedldifeuiodfiuluiminanyFlunisdesaaeinaumniduleldifou
s2il8udsd

o °

1. vnsarsanldideulunisulaun 4 s1ne laun snnewauday sunedeuinia s1LnevIvaILay
SUNDAIAUS UV NTEUIBUBUFDIINADNERT

2. YANQUIUIN 50x50x25 gnuralauAiuasiiolfuiogialdifiourniuag 3 90 uTIUTINEBENS
145oulnaeAs passive method uagldflounziuuasfiuldiieustsasiden inldideuuldlunsuziussg
aromiiodsldinen mniuhldideuldadluasazarsusanesed 70 Wesiusudnhlusuunldineulngizves
Gates (1972) Sim and Eastons (1972) wazienanssu 9 fiAeados

3. hauildnnsyadetndldifeuluinsinuandinig q vesiulurosufoRnslaun gumgliau
ALTUAY A pH (1 : 10, pH meter) Tulnsiaunmualuiu a3 Kjeldahl method (Bremner, 1996) Waawo¥a
fiarnlé 1ne3% Bray Il and Murphy Riley method (Bray and Kurtz, 1945) Tnusadeufiadald denisatngie 1
N NHs0aC pH 7 La131AS %9628 atomic absorption spectophotometer (AAS) (Isaac and Kerber. 1971)
uvsyinguardunidasuenlufulagid Walkley and Black (Walkley and Black, 1943)

a. dadonldifeuiiivsausiunld 6 wugluAnudnenwlunsgesaaeinaurnnuisuiu 15 3u

wan 90 Tu eedildifounsAn Eudrilus eugeniae \uiugiuouiisu 2eunun1svaassuy Completely
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Randomized Design 31uau 3 41 duiinszuziianildlunisgesaats vsualeiindnliuazusednsamlunistey
aaneUeninudrimszideyalagldlusunsudniagy IBM SPSS Statistic 2-

NANTIY
inmsAnwnuldifiou 2 29 4 ana 9 alla WWuldideuiluisenuludszmalneuinou 1 ana 2 sila
19N Metaphire peguana sp. 1 wag Metaphire peguana sp. 2 lnggnneinuviinvasldifiounniignfediine

Wawndew (1296 4 ana 7 wia) Sdvdanunainuate (H') widu 0.28 wagdvianuwindes (7)) Wi 0.16 way
gunetuuInany 1 16 2 ana 6 3ila Tavdanuvainvalewiniu 1.45 avlianuwindies wihiu 0.81 dwdune
vimananusiisvesldifioutioniian (2 2 3 ana 4 vile) Hfularumainvanawiiiu 1.20 wazfuiinuwiniion
Wity 0.86 (AN51s71)

dmiudnugmailand-iailvesduiinuldideunuifinnuuenieiulunueumuistiuagsuiueia
vosldifiou Tngdunedouinadsdianuvunuunazduuviavedldieunniignionmgiisening 31.62-34.26
psAgaLdoa Audy 34.79-71.37 Wedidus anadunsa-anasening 6.24-7.16 Yanailulasiou 2.04-6.87
Wesidud veavleafiafald 2.21-3.33 Wodidusd Inunadeudiaiald 0.46-0.55 Wesiius dunieing 0.95-2.11
Wesidud Suvdandueu 0.95-2.11 Wefdusd dawdunevimarsimumumutiuiazsunurisvedldifeuves
Routieniandigungd 29.33-30.67 esmeaidoa Anutu 29.84-44.30 Wosifusd euidunsn-ane 6.80-7.47
Wosidud lulmsiay 1.58-3.04 Wesiiud Weavesafiafnle 2.51-5.85 1Wesiiud Inunaideuiiadinle 0.24-0.64
Wedldud Buniuing 1.89-2.50 Wedldud BunTuaniueu 1.88-2.85 Wedldud (19 2)

dothldfeuitusriesduinmaasufnenmlunisdesaaefinnurrmuildifeusasviaiusyavsnmlu
nsudndensingaldifounnnsineiu (p<0.05) Inaldifiou Metaphire peguana sp. 1 (f1au8) aunsandndendn
yaldideuldunniign (55.72) ndunazivszansawlunsdesamainauvnldunndian (12.38 wWesidud) widsd
USnauiidnni Eudrirus eugeniae Sauduldifouiusnsmiingnld 89.55 n3u wagiuszavsnmlunisgosaais
19.90 Wosidud dniléifou M. peguana sp. 1 (iwans) wandeldifeulfiiosiign (32.05 nfu) wagilusyansam
Tumsudnievsinliiosiign (7.12 Wosidud) (1397l 3)

dsduazaiusena

nsfnwanurainaten@aninvedtdinoulurisulauy Jminanynuldifiou 2 1A 4 ana 9 wila
Imwﬁmﬁwumaﬁqmzaaﬂwﬁ Megascolecidae @vaanadasfiu Somniyam and Suwanwaree (2009) 15184711
lddeuiinusnnlufiuiinisinunsaulugdnoglundgu Pheretimoid wag Edward and Lofty (1972) léesud
Tadeuimusnnlukaunivierdedanilvigjogluid Megascolecidae uaziuldifeulungu Pheretimoid

M1999 1 uanavlin AnuvILLY Avlianuvainranewaauaialevedldidouiuluginesing q Jwminanys

21A/v8n WAL Y19a4 anaus Fyurma

Megascoecide

Amynthus alexandri 36 25 - 29
Metaphire bahli 33 - 32 5
Metaphire houlleti - - - 12
Metaphire peguana 153 - 37 53
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Metaphire peguana sp. 1 - 60 360 3279

Metaphire peguana sp. 2 36 - - -
Metaphire posthuma 200 20 132 33
Polyheretima elongata 23 - 19 -

Moniligastridae

Drawida sp. - 97 - -
AU 481 202 561 3411
uviln (s) 6 4 5 6
fatiauainaiy (H) 1.45 12 1.08 0.28
frtniey (E) 0.81 0.86 0.67 0.16

M990 2 wansanuaeeidnd-indivesnunnuldfeulugunesig q vesiminany3

SnwagMINEng-Ladl WA YINAN Aaus FouIna
g ilau 23.43-32.93 29.33-34.67 27.40-32.76 31.63-34.26
aataluiiu 33.53-55.10 29.84-44.30 34.43-44.48 34.79-71.37
AN dunsm-Ang 7.23-7.49 6.80-7.47 6.33-7.57 6.24-7.16
Tulasiausiavan 1.93-4.56 1.58-3.04 1.02-2.53 2.04-6.87
WeaveSaiiadnlé 2.32-4.23 2.51-5.85 2.24-4.45 2.21-3.33
Tnuvadeudiadnle 0.41-0.62 0.24-0.64 0.24-0.50 0.46-0.55
dunseing 0.66-3.84 1.89-2.54 1.47-4.56 1.63-3.62
dunsgmsuau 0.38-2.23 1.10-1.71 0.86-2.65 0.95-2.11
C/N ratio 0.19-1.43 0.43-0.69 0.57-1.59 0.22-1.08

M13197 3 uansUSinadendnldanldideuiugvieuiasUssdnsanlunsudaleninyaldifieuandnauymn

wilaldifou naudediudnle Usgdnsnmn
afat 1 pdfi2  edadi 3 ﬂ?mmﬂi&l‘ﬁwm E;mmam
Eudrilus eugeniae 30.95 26.44a 32.16a 89.55a 19.90a
Amynthus alexandri 12.80 13.50b 11.72b 38.02b 8.45b
Metaphire bahli 10.48 14.98ab 7.10b 32.56b 7.24b
Metaphire peguana 30.43 13.19b 9.78b 53.40b 11.86b

5-210



Metaphire peguana sp.1 (§1@us) 2131 2350ab  1091b 55.72b 12.38b

Metaphire peguana sp.1 (VNna4) 9.63 11.81b 10.61b 32.05b 7.12b

Polypheretima elongata 19.42  18.58ab 9.24b 47.24b 10.50b

F-test ns ns * * *

CV. (%) 67.82 38.49 55.35 36.29 36.3
UG ns nuefeliinnuuanseiuneaii

* 9131y BANA1TUNINERRNTEAUANLTRIY 95 Wasidud
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L@NE15D19D9

v N a
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Abstract

Black Termitomyces mushrooms or Jejong mushrooms caused by mixing many species in China but the main
ones are Chinese Termitomyces mushrooms or Xeruloid mushrooms, which are hybrid with Termitomyces mushrooms
of Kanchanaburi and is very popular in China. This research the objective of this research was to study the effect of

Jejong mushrooms growth on various modified medium, including modified solid medium and 3 modified liquid
medium, consisting of potatoes, rice bran, jackfruit seeds and 4 types of cereal medium, sorghum, maize, paddy,
glutinous rice (RD10), and green beans. From the study of growth by measuring the colony diameter found that Jejong

mushrooms mycelium has the fastest fiber growth rate on potato solid medium the colonies are 8.53 centimeters in
diameter and Jejong mushrooms mycelium. Had the fastest mycelium growth rate on sorghum seed cereal medium the
colonies were 9.10 centimeters in diameter and the growth of mycelium in liquid medium was substituted for Jejong
mushrooms. Has the fastest mycelium growth rate in the potato liquid diet with dry weight equal to 17.8 grams/L.

Keywords: Jejong mushrooms, mycelium, growth, modified culture medium
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The Effects of pollution in rice field ecosystem on organisms at
Mae Taeng, Chiang Mai Province

Rungnapa Tagun' 22 and Tatporn Kunpradid 2,°
Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand
2Centre of Excellence Biodiversity Research and Implementation for Community,
Chiang Mai Rajabhat University, Chiang Mai, Thailand
E-mail; 2rungnapatag@gmail.com, Ptatporn@gmail.com

Abstract

This study aims to survey and monitoring of pesticide use in rice fields in Mae Taeng District
Chiang Mai Province in order to explore the effects of pollution in rice paddy ecosystems on
aquatic organisms in Mae Taeng District. The interviewing survey were randomized 50

households and collected prior to analysis between July and November 2017, the area covers
7 sub-districts in Mae Taeng. The results found that the farmer used 23 chemical products. Most

herbicides Accounted for 53%. The most chemicals used in August were 12 types and the most
used was H-95 products (140 rai). The analyzed to find residue in the area based on the use of
the Tier Rice model of the US EPA, 2012 found that the residue of the active ingredient 2,4-D
Sodium salts is the substance that has the highest risk of soil residue in the rice fields. This
herbicide group has the effect of destroying weeds through roots and monocots. It is used to
control weeds in rice fields. The persistence in the soil for 1 -4 weeks with mechanism of action
similar to plant hormones. In addition, these substances also affect farmers such as nausea and
vomiting, stomach pain due to irritation of the gastrointestinal mucosa. In term of living

organism in rice filed found that biodiversity is significantly related to the type and amount of
chemicals used.

Keywords: Pesticides; Mae Taeng; Rice field
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Effects of Non-albicans Candida species and Streptococcus mutans
on cariogenicity

Wirunphat Sansanoal?, Oranart Matangkasombut?® and Panida Thanyasrisung?®
! Medical Microbiology, Interdisciplinary Program, Graduate School, Chulalongkorn University, Bangkok,
Thailand
2Department of Microbiology and Research Unit on Oral Microbiology and Immunology, Faculty of Dentistry,
Chulalongkorn University, Bangkok, Thailand
E-mail; 2rmc_satit@hotmail.com, Poranart m@chula.ac th, panidat@chula.ac.th

Abstract

Early childhood caries is a major problem in dental public health. Microorganisms,
especially Streptococcus mutans (S. mutans), is an important causative factor. Recent studies
reported that the presence of Candida albicans together with S. mutans in plaques of children
with dental caries enhances cariogenicity. However, no information exists regarding the effect
of non-albicans Candida species (NACs), which are also found in children with caries.
Therefore, this study aimed to examine the effects of two important non-albicans Candida
species, Candida dubliniensis (C. dubliniensis) and Candida parapsilosis (C. parapsilosis), when
co-cultured with S. mutans on acid production and biofilm formation, which are important
cariogenic factors. The results showed that the pH of dual-species culture was lower than that
of Candida alone and was lower than the critical pH that can demineralize enamel when S.
mutans was co-cultured with C. dubliniensis or C. parapsilosis in media supplemented with
sucrose for 36 hours. Moreover, biofilm formation of dual-species culture was significantly
higher than the sum of single-species biofilm. In conclusion, co-culture of C. dubliniensis or C.
parapsilosis together with S. mutans resulted in increased biofilm formation and a pH that was
lower than the critical pH of enamel. This could lead to an increase in cariogenicity of the
microorganisms.

Keywords: Acid production; Biofilm formation; Non-albicans Candida; Streptococcus mutans;
Dental caries
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sﬂz’fuﬂuﬁa%’aﬁﬁmﬁdaﬁ@ (Kawada-Matsuo, Oogai, & Komatsuzawa, 2016)

mmmmiaiumaﬁaia@ﬂmyumLﬁ“ga S. mutans \AannszUIuMItasdatue I UTsavasiulamse
Swnnudlauazthaa 1wy dinaglasa (sucrose) Tnedoasthlullumsaiandany wasivdsuthmalidunn
(organic acid) dulvigjazeglusuvesnsnuaniia (actic acid) uenaniide S. mutans efimuannsalunis
duAs1z9 extracellular polymeric substances (EPS) ﬁ’lUﬂixU’JUﬂ’]ﬂ%ﬂE’Wﬂa“ﬂﬂiﬁ (sucrose metabolism) lag
odeteulesl glucosyltransferase (GTFs) 1umia%’wﬂ§]Lmumﬁﬂﬁiﬂazmaﬂfﬁ (insoluble glucan) Fadussdlsznau
nanvadlulefau (Forssten, Bjorklund, & Ouwehand, 2010; Kawada-Matsuo et al., 2016) Tuanmeiiinisuilan
omnssmnuduarihnafiaty  sshlideinsnannsneenulutinasnnty  dwaldiidanudunseasig
anad uavenmanasausnisEiuAadunsasiiausoararenssnaniundevity (Citical pH = 5.5)
wenniigsdsnaliideiinisadslulefiduiunnty mﬂﬁgﬂmamaaﬂmwgﬂﬁﬂLﬁua&_jmas[,uiuiaﬂéu lAnns
ﬁﬂaﬂaﬁaWuLLaxLﬁmﬂuﬂuﬁqm (Pitts et al., 2017)

mMsAnwImMsAatnraten1sANwlATIB9IUNIINY Candida albicans (C. albicans) $afiu S. mutans 970

ﬂiwﬁﬁuw%sﬂu‘dmmmaaLﬁﬂﬁlﬂﬂiﬂﬁuw (de Carvalho, Silva, Hebling, Spolidorio, & Spolidorio, 2006; Xiao
et al, 2018) a1nnsAnwluesufifinis uazludnineaes wmfwmsa&”Ji'wﬁumaaL%aﬁgﬂaaﬂﬂjﬁmﬁdamaiﬁﬁwmm
Hunsaswinas wasdiviinameduleflidufutudlenSeudsuiudeio dmalvimsgadsanuudsnveateity
Fisnu waswuiiseslsaituniidnauludniaans (Falsetta et al, 2014; Sampaio et al,, 2019) uin1sAny?
dndainu C albicans $affu S, mutans Idveslungudniifftuy uiludagiuisenuniswuidondy non-
albicans Candiida species (NACs) tistulunguitanmegidufulsiauysal wu ludnidn daeny waenguitaed
ﬁmazqﬁﬁuﬁ'uuawiaﬂ (Lozano Moraga, Rodriguez Martinez, Lefimil Puente, Morales Bozo, & Urzua Orellana,
2017; Owotade, Patel, Ralephenya, & Vergotine, 2013; Papadimitriou-Oliveeris et al., 2019; Sadeghi, Ebrahimi-
Rad, Mousavi, Shams-Ghahfarokhi, & Razzaghi-Abyaneh, 2018) dsfisstunsnuniinuidiolunguues NACs Tu
Lﬁﬂ‘ﬁ'ﬁﬁw\! kA Candida parapsilosis (C. parapsilosis) waz Candida dubliniensis (C. dubliniensis) AN
Hududu 2 uay 3 awddu Tasleniz C dubliniensis Fsnulangludindidiiluy wilamuludndilaisiiug (AL
Ahmad et al., 2016; Lozano Moraga et al., 2017) LLm"Iu{]a]qﬁ’usj"alajﬁmiﬁﬂmmaﬂuaqﬂﬁiagiauﬁumaaﬁaﬁy’q 24
fu S mutans Tundveseuanansalunisainensa swdsmsaiislulefidy Jadutaduddnlunsielmaniiuy
GT&‘S’umiﬁﬂmﬁ%nﬁ’?@\qﬂizaaﬁﬁawmaauwammL?z"?a C. dubliniensis waz C. parapsilosis ADN1THAANTA LAZAT
adslulefduiterneidossaudu 5. mutans

[

nQUszaIAURINITIY
Wofnwwaves Candida dubliniensis way Candida parapsilosis Wolw1glaessmiy Streptococcus

mutans siemsasninsa uaznsaslulefidudadudedoddylunsnelsailuy
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521 08U75798
1. \WoqaTn Uavan1izn1sieie
Streptococcus mutans (S. mutans) UA159, Candida dubliniensis (C. dubliniensis) NCPF3949 uag

Candida parapsilosis (C. parapsilosis) ATCC90018 Dudefldlunsdnundsi

'
= a

yhnsmzaes e S. mutans Vo siAeaTeviiadu Brain Heart Infusion (BHI) figauungd 37°C il 5%
€O, ihuaan 36 Falus mniudelelatadluomadsnderinmm BHI Unitguugfi 37°C Aifl 5% O, iuiian 18
s wdrhluiadrmnmsju (optical density) inymenIadu 600 wiluiuns (OD600) wagyinnsUsuAANugUls
1# 0D600 whity 0.1 9ndurhnstusieauld 0D600 aglutassning 0.4-0.6 (Whity log phase)

wnzisade C. dubliniensis uay C parapsilosis U‘LJ@’M’WL?;’ENL%’BGU‘D@:J:U Yeast Extract-Peptone-
Dextrose (YPD) figmunigfl 30°C 1Hunan 36 #alus mnduimsdelalataemnsdeatoniaman BHI Uui
gaumndl 30°C Wunan 18 s wdnhluindnmnusuiianiueniadu 600 nm. (OD600) uazvhAsUTUAMAIINYL
Tilé OD600 Wi 0.1 wagyin1sunsiaauls OD600 agluyIITEnIng 0.4-0.6

nvuIngensassvialultlunisasrslulefldunuuianer wazenaulunisnaassely

2. meadlulefiduuuuideiie: wasdonas

thideiildanmamnededude 1 svhmsufumenutuielildsnidudorenadesiusnmdnuiing
1uﬁ’;a&ha1§’uﬁawmaatﬁﬂﬁﬁﬁu@ Ingld S. mutans Uszana 10° CFU/ml waz Candida spp. Uszunas 10° CFU/ml
(Hwang et al., 2017)

‘L‘hL%aﬁﬂ%’Ummm&zjuuﬁﬂﬂfjum%&Jqﬁmmﬁ’; 12,000 g ﬁqm‘wqﬁ 25 °C \Juran 15 wift Wiefdnems
deadoiiueen udnimafuemsdeateviame BHI Afhmaylesadesay 5 WelmAnnisaidlulofidu
Tnglulefiduuvudedeon toun We S mutans, C. dubliniensis wa C. parapsilosis ﬁm%umjuluia?\lém%amau
1#ud nguide S mutans fivhnsimeidessiu C dubliniensis wagndande S. mutans MMz
C. parapsilosis  Gsflewnadsadesiame BHI Aifthnaglasatesar 5 Alinamdaidunduaiuan vhms
wnzisdulefiduuuudodelumquuentily 24 well-plate wazvhnsuadesaessinadlunquieatuile

wnzidedlulofdunuuonay wudwhnisunduna 36 $alus igamgll 37°C 7 5% CO,

3. Mmydaaudunsavaslulefidy

nashnmsmngdealulefdunsu 36 Hlus Hinmsiaaanudunsaveslulefduwuuidaiien wasiionay
lagIn91n supernatant sagtasosinAAulunIAA1g (LAQUAtwin, HORIBA, Singapore) yinn1snmaediien 3 A5
pgadudaserany

4. myiawalulefaulagldnisdondnsada lilowan

wdnsanzdediuloflduasu 36 $alus vimsanalulefiduly 24 wellplate @38 Phosphate Buffered
Saline (PBS, pH 7.4) 91n4uifiss 0.1% (w/v) Crystal violet (CV) asluusiagviau Al ifunan 15 wififlgamaiivies
n&niuihnedeie sterile distill water ulififduAunaafineantn udufiu 33% acetic acid Lioartadd

doudnlulefidy udniluinAnisganduuafinauenindu 520 nm. lngldemsideadeviinmad BHI 1fuina
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glasadovay 5 Nlinaudeaidunguaiuny imsveaesid 3 aswedraludassraiu diAn1sganiuuaeileiun

AUIUANENT Al

95181098 luleNauveUTaLReI=0Dss0nm VadluloWauvea S. mutans + ODsxonm V84bUlaTdUv0 Candida

ODsz0nm VUL WANYBY S. mutans + ODsyonm VBkUlWaNYBY Candida

n51dmve9a lule U RToNEy = ODs20nm V09 bULOTALYD L YDA

ODsz20nm V0bULOANRS S. mutans + ODszonm V0tUleNANYBY Candida

5. MTIATIToyYa

foyaramungnieseilagldlusinas 1BM SPSS statistics 23.0 Insaruniunsnvesiulofiduuazaalulo
Haugnmilunageunisuanuadiagld Shapiro-Wilk test dwiuannudunsavesiulefidy wuindeyafinisuan
watuuldun® FdeseiilSeudisupnudunseveslulefidulngldadn Kruskal-Wallis test wagmusiae Dunn-
Bonferroni (pairwise comparisons) d@wsunlalulefidunuindeyainisuaniadkuuund 3inseiseudiou

andmvesialulefidussvinandeneiiuenauusazAlagldadn T-test Inan1sineigninvunseautadfy
149 0.05

NAN15338

Anadsrnudunsasmediuleflduventoden s mutans, C. dubliniensis wax C. parapsilosis i
4.49+020, 5.83+0.82 uay 5.78+0.64 awddu awdnadsmulunsasvedulefiduuuuidonausening
S. mutans waz C. dubliniensis Sianwifu 4.2+0.02 slndfiuAnes S. mutans waz C. parapsilosis Tifienvinfy
4.18+0.08 a5 A EinUTmAsunsasvesluleiduwuuionay S. mutans wae C. dubliniensis ¥ S.

mutans waz C. parapsilosis SAuana1a1nanudunsnsswesis Candida Weaneiugiinssiu Candida Tu

o o

\Wonanog1dltud1Agnsaia (P = 0.006 Wag P = 0.001 muaeu) Lalluanasainidie S. mutans W81l

o

Tydn

o

ARYVN9Eda (nmi 1)

,
CARN I Lo crticalpiof .
g0 ool
241 \
25 -
£ .
g2
ol 1 -
: N
S, S
Ué/”? /¢ 'OS/,{ * CQ' * Cp
S/s OS/&

AmA 1 nwansAadsnudunsasng wazAndeauunsgIues S. mutans (Sm), C. dubliniensis (Cd)
wag C. parapsilosis (Cp) LUloWAUWUUITOLALT UAZITONEL LATBIVLNEADNTY (*) LARTNANULANAINAY
otslitedAgneada (P<0.05)

5-238



nan1TItATIzvalulefdunuindnsidruvesuialuleMdunuuLtonaunoltoLAsaves S. mutans
U C. dubliniensis wag S. mutans AU C. parapsilosis 1A 1.80+0.28 tag 1.70+0.13 Aua1AU FaiAININNTT
snsdrveanaluleiduventeifetedgaiidedidgy (P = 0.03 uas P = 0.02 mua1sv) (Wi 2)

2.5
~ — % —1
g 2 — =
‘O
8
ﬁ 3 1.5
< _tén ss/ss
£ @ 1 - M ds/ss
E o
o -+
D o
£ 05 -
©
0 -

S. mutans & C. dubliniensis S. mutans & C. parapsilosis

AN 2 MnLERIARAEYeORTdLYssIaluleldNLULITBIRBITINAY @neow) Lagensndiuvesia
Tulefldunuudonas Fmidy) Aenasiuvesnaluleflauuuuideineisiuiu 1neg ss = Wolnen (single species)
way ds = Wweray (dual species) 1ATDIMUNBABNTU (¥) LAAITIANULANANNUENTTBEAYVETH (P<0.05)

dsduazanusena
nsfnwidingUsvasAlunisiiiefnwinavesnisedsiuiusening Non-albicans Candida species i

Streptococcus mutans sionsainansa waznsadslulefiduduiutiadodrdniunisnelsailuy 91nn1smnaans
wanuin dedeadeliadduleiiduuvudemenduna 36 $alus 5. mutans Waanudunsasmaiisnnii
Aanudunsassingavesiiaadouiiu (critical pH of enamel = 5.5) FaduaivaFuduvenisgadoussinoon
Mnedouitu mnddesiisliftasnilugnafniiugluiian Tusneirmeuiunsnsmmedlulefiduuuuidofoves
C. dubliniensis waz C. parapsilosis fifngsniraanudunsaasingauearamdeuily wideiidosaeciing
WH8e3uiU 5. mutans udmuiilriaudunsadiedlulefiduuuudenausninge s. mutans ien
LwimmLmﬂemf':hjﬁﬁaﬁﬁzwwaﬁﬁ

dmfunamsiaualulefidunuin Sasdwvesnalulefiduuuuidenausonasuveunaluloflduwuy

o W a

Weaihed darunninaArvendaifieegrelifedAynieadd annasaesiuansliiiuiinisegsiuiuvenie

S. mutans fiu Non-albicans Candida species ydossintldsnanonisuannsn aznisasislulofdy Jerianu

' v
S o

Hunsassiinnas waranaluleflduiifisdy asnsodmalilianudssteninfnitugldinndsduluangiiting
glasa Fadiouldifunsisulssmueimsmnu

maﬁnnmiﬁﬂmﬁfwudwmsa&vjiwﬁmaavﬁa C. dubliniensis Way C. parapsilosis U S. mutans Tnalu
dnwaigiiertuiunmsiinwnisegsimiuresde C albicans AU S. mutans ewutriiaandunsasasiiag
wazdivsinamesluloflduiutuiiewssuiiieufiudoiien (Barbosa et al, 2016; Sampaio et al, 2019) ¢ise
Lﬁ'a’m”maiﬂsuamﬁa&uiiwﬁ’umau%@ C. albicans fu S, mutans wuinieadestuieulasl slucosyltransferase
(GTFs) fla¥1997n S. mutans lUSufu Mannan Fadulassadrsvuntaraddunenvende C albicans dewali

C. albicans fnaaui@du slucan producer viliinsasisluleflduinduiiodorsaesyinogsiuiu (Falsetta
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et al,, 2014; Hwang et al., 2017) LALLBI91NIATIAS S Mannan UURY89 C. dubliniensis wag C. parapsilosis
ANULANAI991A Mannan U84 C. albicans (Lizicarova, Matulova, Capek, & Machova, 2007; Shibata et al.,
1995) Aeun1segIIAUYeLTD S. mutans iU Non-albicans Candida species Waaavilail 81ae1denalni

WANF99INNNTBEWAUE C. albicans Bedwasinmsfnusely

SRIGIGIIE

wailFanmsineiluaded aunsmbluldfedudeyatuguielilunsinwenudiniuslussdunaln
iwd’m%a S. mutans Wag Non-albicans Candida species ‘LumuﬁlummLﬁaqﬁaﬂWiLﬁmiiﬂ‘Wusg ?szzﬁwvl,ﬂgjmw
dlanalnnsialsaiitu waznswauiisnstosiu LLazﬂ’ﬁ%’ﬂwﬂﬁﬂﬂmﬁﬁﬂﬁz?m%ﬂww?jq%uﬁiaiﬂ

LANE15D1999
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Laness.) Galaviniu 65.57, 34.29, 18.95, 18.62 uaz 16.77 Aua1siu uaz 3) saiimunainvinvesnssallsd
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Abstract

The concept of community forest, which underlies the significance of local community has been
widely accepted and implemented in developing countries, where product based on the forest
resources. For Thailand, the role of community forest has become important for decades, and the
number of community forests has been increasing in every year. This research aims to study species
diversity and tree community of the deciduous forest after logging concession. To compare of natural
regeneration and reforested forests that allow Ban-Tung-Hang, a small community forest in Lampang
province. The 8 main sample plots with side 40x40 m” were set in the area. The results showed that 1)
1,124 trees were identified into 25 families, 36 genera and 47 species. Basal area of natural regeneration
and reforested forests were 9.872 and 11.242 m?/rai, respectively 2) Important Value Index showed the
most important plants of natural regeneration forest to be Lannea coromandelica (Houtt.) Merr.) ,
Pterocarpus macrocarpus Kurz., Shorea obtusa Wall. ex Blume., Millettia kangensis Craib., and Dalbergia
cultrata Grah.ex Berth, and the values were 45.88, 40.41, 24.71, 18.65 and 17.02, respectively. While
Important Value Index showed the most important plants of reforested forests to be Ectona grandis
Linn., Lannea coromandelica (Houtt.) Merr., Millettia kangensis Craib., Shorea obtusa Wall. ex Blume.
and Terminalia corticosa Pierre ex Laness., and the values were 65.57, 34.29, 18.95, 18.62 and 16.77,
respectively. 3) Shannon-Weiner Index of diversity of natural regeneration and reforested forests were
3.021 and 2.367 respectively, while Evenness Indexes were 0.698 and 0.548, respectively. For the initial
of management plan, this area should be conserved through the natural processes. Moreover, the study
of socio-economic status of the village and forest resources utilization should be conducted for the

purpose of sustainable forest management.

Keywords: deciduous forest, speices diversity, logging concession, Lampang
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Yalny FoInreans 296

ﬁﬂ Lannea coromandelica (Houtt.) Merr. ANACARDIACEAE
Bt Canarium sabulatum Guillaumin. BURSERACEAE
ALY Millettia kangensis Craib PAPILIONACEAE
Lzl Schleichera oleosa (Lour.) Oken SAPINDACEAE
LANZWIY Schleichera sp. SAPINDACEAE
wAUD Dolichandrone serrulata (DC.) Seem. BIGNONIACEAE
Sath Bombax insigne Wall. BOMBACOIDEAE
3 Ceriscoides turgida (Roxb.) Tirveng. RUBIACEAE

LAY Tectona grandis Linn.f. VERBENACEAE
pTUUNLADN Terminalia corticosa Pierre ex Laness. COMBRETACEAE
AULHN Diospyros ehretioides Wall. ex G.Don EBENACEAE

é{a Cratoxylum formosum (Jacq.) Benth. HYPERICACEAE
fiuun Vitex pinnata Linn LAMIACEAE

fia Strychnos nux-blanda A.W. Hill STRYCHNACEAE
é:u Haldina cordifolia (Roxb.) Ridsdale RUBIACEAE

g Shorea obtusa Wall. ex Blume DIPTEROCAPACEAE
WAIUUNL Shorea sp. DIPTEROCAPACEAE
anulnd Diospyros montana Roxb. EBENACEAE

ns Ficus annulata BL. MORACEAE
ﬂizﬁj Pterocarpus macrocarpus Kurz. LEGUMINOSAE
inj‘m Terminalia nigrovenulosa Pierre ex Laness COMBRETACEAE
Uagu Sterculia sp. MORACEAE

ﬁ Dalbergia cultrata Grah.ex Berth. LEGUMINOSAE
‘LJLLR’]”] Terminalia triptera Stapf. COMBRETACEAE
wWlhe Shorea sp. DIPTEROCAPACEAE
Wednueou Lagerstroemia sp. LYTHRACEAE
Andn Albizia lebbeck (L.) Benth. FABACEAE
uznaniUn Spondiias bipinnata (L. f.) Kurz. ANACARDIACEAE
uzidu Adenanthera pavonina L. MIMOSACEAE
UZLNED Diospyros mollis Griff. EBENACEAE
UV Tamarindus indica L. LEGUMINOSAE
ugAlug Afzelia xylocarpa (Kurz) Craib. LEGUMINOSAE
AELHY Aegle marmelos (L.) Correa RUTACEAE
UL Antidesma ghaesembilla Gaertn. EUPHORBIACEAE
ULHUAY Chukrasia tabularis A. Juss. MELIACEAE
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fulan Fagraea fragrans Roxb. GENTIANACEAE

UUE Terminalia bellirica (Gaertn.) Roxb. COMBRETACEAE
gaUn Morinda coreia Ham. RUBIACEAE
AT Terminalia alata Heyne ex Roth. COMBRETACEAE
YN N Cassia fistula Linn. FABACEAE

AN Gluta usitata (Wall.) Ding Hou ANACARDIACEAE
plY Garuga pinnata Roxb. BURSERACEAE
dudeu Bauhinia malabarica  roxb. LEGUMINOSAE
dnnag Ectona grandis Linn. LABIATAE

L& Lagerstroemia loudoni Teijsm. & Binn. LYTHRACEAE
Lgmﬂﬁ Bauhinia saccocalyx Pierre. LEGUMINOSAE
wilyn Memecylon edule Roxb. MELASTOMATACEAE

nmseslasdsaamssald wuimssalifuresdsnuriifuginusssumatainnuuiuiy
windu 163.75 diusiels Taewudn fin (Lannea coromandelica (Houtt.) Merr.) fianuviuviugegndl 33.50 du
pols LLax‘wﬁm”lﬁéfuéuaqﬁmuﬂﬂﬁﬁuwuimaﬁmuﬁﬁWﬂ’nwmuﬂuwhﬁu 117.25 #ustels nefl dnves (Ectona
grandis Linn.) ﬁﬂ’nwmmuqaqmﬁ 27.75 dumsls ﬁy'aﬁl,ﬁmmﬂ‘*qmuﬁﬂﬁﬂqﬂﬂmmLmuﬂ%ﬁaﬂmumaéw
soifios Tnesnidondgnlidnnes insmeuinduldfauduiifamaasgisseneviubusianssaldd
wiAulnoguiluriesiu ansafumdmnimzndnlifliie uazndlifamnumumuseaninanuuionds
Tugaeggioulaa T,ﬂafz;mmﬁmﬁmmimaﬁmwﬁwﬁmﬁuéwaa'waﬁwLaua vilsfivviindusenuaziasaiulals
g Fanudnnesdisrunududeligeiniianssaduludiauiiituylnegusu Inedlewioufisunisinuves
afgSand adansng wazanz (2556) SsdrsrausinathAuudanendinsdudniuililuituiiaondiduuas
HNoausuIUNEATATIA f{Tw*'immmmwéYQﬁmiUgﬂwmLmummL%ulsuﬁmmuﬂﬂﬁmmu 35 U wui A
wwuvesldiduduiidnviniu 186.08 dusiels uazdilinseyju (Anthocephalus chinensis) iR umuILILga
fian

dofiansanduiuiinihdanssalls (Basal Area) wudrdsasdritiuylnsguudariufivindauiniy
11.242 ansanssiols Sediangenindenadiftufnusssun @Aty 9.872 mmawnssels (M3 2)
Tnonud ludsauihiiflusmusssusadstanssalfidunudnduiufinidnuings 5 S1duusn Idud fn
(Lannea coromandelica (Houtt.) Merr.) aLd1g (Millettia kangensis Craib.) was (Tectona grandis Linn.f.)
\fi3 (Shorea obtusa Wall. ex Blume.) wazUszg (Pterocarpus macrocarpus Kurz.) lnefiadndiuiosay
Wiy 15, 10, 10, 9 uay 8 muadu (nwil 2) Fsngumssaildiivuiidndrudosariiuandaiumniin Tuvuei
Ssautriuylasgusudvdaiuglidunudadiuiiviintidaundan 5 drduusn ldun dnvos (Ectona
grandis Linn.) fin (Lannea coromandelica (Houtt.) Merr.) @31 (Millettia kangensis Craib.) \A9 (Shorea
obtusa Wall. ex Blume.) waznzuunidan (Terminalia corticosa Pierre ex Laness.) lasfiadndiusasas
WU 22, 15, 14, 8 uaz 7 AWAIU (AT 3) %nnajuwamlﬂwiuﬁﬁmdqu%aajammnsmﬁ’ummfu Taganglyd
dnnes saufengunssailiidu 5 Srduusn fdndiufesargetuegredniau TnsdlewIouifisunisdnuives
digiani adanind uazame (2556) FsdmavinudnAuudddudmiann mendsinsugnnaununiudouly
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AanudAgveanssaulidudugegn 5 d1duwsn Laun fin (Lannea coromandelica (Houtt.) Merr.) Useg)
(Pterocarpus macrocarpus Kurz.) 1@ (Shorea obtusa Wall. ex Blume.) Ay (Millettia kangensis Craib.)
way U (Dalbergia cultrata Grah.ex Berth.) lagda119iniu 45.88, 40.41, 24.71, 18.65 uag 17.02 AMNa60U
(13797 3) luvnueiidsauinifnsiuglaoyurudadsianuddguemssalifufugean 5 diduusn Tiud
Léun dnnes (Ectona grandis Linn.) fin (Lannea coromandelica (Houtt.) Merr.) Usgg (Pterocarpus
macrocarpus Kurz.) WA (Shorea obtusa Wall. ex Blume.) wagnzuunidon (Terminalia corticosa Pierre ex
Laness.) tnefiAnvinfu 65.57, 34.29, 18.95, 18.62 wag 16.77 auddiu (A3 4) Iﬂamﬂﬁuummmﬂm (V1)
ﬁua\ﬂumuiuaﬂﬂ:uﬂmmﬂumﬂuaEJLLmﬂmNﬂuiﬂmﬂL;J@LVIEJUﬂuamU“ljumwuﬁLmu Luaﬂmnmumwuﬁmu%
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M159% 3 uansilanssauiivwazautnudAyvemssaliiiugean 15 didunsn ved
deruUnudiinusssunRugusuiIuYeEa

AU
%’eﬂ‘l’lﬂ ‘U‘ijﬂ‘Wiiiuﬁ“U AUIUU RD RF Rdo VI
(Fusinls)
ﬁ"ﬂ Lannea coromandelica (Houtt.) Merr. 33.50 20.46 519 2023 4588
Ussfﬂ' Pterocarpus macrocarpus Kurz. 20.25 1237 519 2285 4041
1 Shorea obtusa Wall. ex Blume 19.50 1191 390 8.90 24.71
ALY Millettia kangensis Craib. 20.25 1237 260 3.69  18.65
"ﬁ Dalbergia cultrata Grah.ex Berth. 7.50 458 519 725 17.02
PrUWUNLAen  Terminalia corticosa Pierre ex Laness. 11.75 7.18 260 4.05 13.83
KON Tectona grandis Linn.f. 10.25 6.26 390 2.11 12.27
uzeuUn Chukrasia tabularis A.Juss. 7.75 473 260 1.78 9.11
gAY Afzelia xylocarpa (Kurz) Craib. 1.00 061 130 6.35 8.26
él:u Haldina cordifolia (Roxb.) Ridsdale 4.00 244 390 182 816
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Wednueu  Lagerstroemia sp. 1.00 061 260 420 7.41
fia Strychnos nux-blanda A.W. Hill 3.00 1.83 390 0.60 6.33
Bt Canarium sabulatum Guillaumin. 0.25 0.15 519 0.60 595
M Garuga pinnata Roxb. 1.00 061 390 071 522
uznaniUn Spondias bipinnata (L. f.) Kurz. 1.25 0.76 259 1.03 4.39

msafl 4 uansdanssuiiviazadviauddguemssalifugegn 15 dduusn veadany

Unitulnegmu Tutgusutiueng

AU
Holny YUANTIUNY Wy  RD  RF Rdo VI
(Ausials)

dnnag Ectona grandis Linn. 27.75 23.67 465 3725 6557
fn Lannea coromandelica (Houtt.) Merr. 18.75 1599 465 1365 34.29
Uizvj Pterocarpus macrocarpus Kurz. 6.50 554 465 876 1895
i Shorea obtusa Wall. ex Blume 10.00 853 233 7.76 1862
prUWUNAeA  Terminalia corticosa Pierre ex Laness. 7.00 597 465 615 16.77
ALY Millettia kangensis Craib. 10.25 874 233 412 1519
AN Tectona grandis Linn.f. 4.75 405 465 179 1049
Wednueou Lagerstroemia sp. 3.50 299 349 268 9.16
FiuLsin Diospyros ehretioides Wall. ex G.Don 3.50 299 465 076 840
0 Garuga pinnata Roxb. 1.75 149 465 159 7.73
LAzlan Schleichera oleosa (Lour.) Oken 3.75 320 349 094 763
gAY Chukrasia tabularis A. Juss. 2.50 213 349 147  7.09
wgnanin Spondias pinnata (L. f.) Kurz 2.25 192 349 057 597
U;Lf\’]’ﬂ Terminalia triptera Stapf. 1.50 128 349 087 564
Uae1u Sterculia sp. 1.00 085 349 0.88 5.22

dlefinnsandduianuansdauazardaiinnuaiiaevessianssaliinuin deudidusanig
sysnmAiedinunanvinaouigdnesiauiniu 3,021 waefidnganifludseudiitiiuylnegusudden
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fmusssusisiandiimnuasiiaovessianssailiivhiu 0.698 ganinludsautitfuylnegusudsdanieos
0.548 (31971 5) Tneessdanuariianevesuianssaliidandnlng 1 inwiilamnedens@nusnadu
n1snsvanefvesdanssasne wileuq fu Sullenanuifiunssaiiveiasiieg Indidsstunind ety
TnadleiFouiunuidenes INNTING LNYITNINN WazAE (2556) Foinmsfnwmanunainnaisvesiiangsa
nUgNBuneu Jinnwdugnuii Srdvlianuvainvanewitiu 3.21 wavAdadanuaiiauewiiiy 1.02
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Abstract

The Influenza virus is rapid widespread disease which highly effect for health of humans
and animals. Occasionally, non-appropriated sample collection methods lead to low amount of

detectable pathogenic agent; this can be a subsequent possible cause of misdiagnosis. Therefore,

ultrafiltration technique was evaluated for its potential to concentrate influenza virus from the
supernatant. Three different amounts of influenza A virus, 4ml, 32ml, and 64ml loading volumes

were concentrated through ultrafiltration device with MWCO of 10kDa filter by refrigerated
centrifuge to concentrate at a final volume of 1 ml. The concentrated viral titer was measured by the

50% tissue culture infective dose (TCIDS50). The results showed the increase of viral titer after
ultrafiltration. The highest detected viral titer was from viral load of 64 ml at 3.9 x 10° TCID50/ml
compared to the viral control at 1.9 x 10" TCID50/ml. These findings indicate the possibility of

ultrafiltration technique can obtain a higher amount of concentrated virus with increased loading
viral volume. In summary, the difference of viral titer from varying viral concentrations showed the

efficacy of ultrafiltration technique in concentrating influenza A virus subtype H3NZ2This

experiment shows that the fundamental virology laboratory is possible to concentrate the virus
sample.

Keywords: Influenza A virus, ultrafiltration, concentrate virus

1. Introduction

Influenza is a respiratory illness that infects between 5-15« of the global population annually.
Human annual seasonal influenza vaccines are composed of influenza A and B strains. The H3N2
subtypes of influenza A be part of them in every year even they showed a poor efficacy (Melidou et
al.,, 2017, p. 29-32,). Symptoms of influenza infection commonly are fever, sore throat, coughing,
nasal discharge, headache, and myalgia. More severe cases can also lead to the development of
conditions such as bronchitis or pneumonia (Shim, Kim, Tenson, Min, and Kainov, 2017, p. 223),

especially in pregnant women, children younger than 5 years old, and senile over 65 years old, with
the latter being the most affected ( Broberg, Penttinen and Snacken, 2016; World health

organization, 2017). This virus is not only infected to human but also affected to swine. The virus can
cause the disease that leads to economic losses by reduce growth rate in young swine. However, a

sufficient concentration of isolated virus is required for proper validation in a laboratory, thus, the
ability to concentrate virus is crucial in detecting virus from infinitesimal specimen, would be
beneficial for accurate viral diagnosis and treatment. There were varieties of viruses

concentrated methods available such as PEG/NaCl precipitation (Guo et.al., 2012, p. 139-146),
ultracentrifugation (Hutchinson & Fodor, 2014, p. 1038), column chromatography (Kalbfuss, Wolff,
Morenweiser, and Reichl, 2007, p. 932-944). But all of them need very specific and expensive
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instrument. Therefore, an ultrafiltration technique might be a possible method to collect virus by a

physical separation without application of heat using membrane filtration techniques such as
ultrafiltration with known the molecular weight cut-off MWCO) of the membrane and whole size of

virus particlectArmarego,& Perrin, 2000, p.454 ; GE Healthcare, 2008; Wickramasinghe,., Kalbfuf,
Zimmermann, Thom, & Reichl, 2005, p. 23 - 27). Fortunately, the morphology and molecular mass

of influenza viruses have been investigated and elucidated as an enveloped single stranded RNA
virus, with an average diameter of 80 -120 nm. The whole particle of the virus has a molecular

weight of approximately 477,805 Da (Shaw, Stone, Colangelo, Gulcicek, and Palese, 2008, p.
e1000085). These data offer the possibility of virus concentration by using ultrafiltration in a
laboratory.

2. Objectives

The aim of this study is to determine the efficacy of using ultrafiltration technique for
concentrate influenza virus from the supernatant.

3. Methodology (Materials and Methods)

3.1. Virus and virus propagation

Swine influenza A virus subtype H3N2 (Assw/Bissendorf/IDT1864,2003) were propagated in
Madin Darby Canine Kidney (MDCK) cells that were maintained in Eagle’s minimal essential
medium (EMEM) containing acetylated trypsin 1 mg/ml (Sigma Aldrich, Munich). The infected cells
were incubated at 37C° in 5% CO; incubator for 3 days .The supernatants with viruses were clarified
and stored at -80°C.

3.2. Ultrafiltration technique

The ultrafiltration by membrane filtration techniques using Vivaspin 20® (GE Healthcare
Bio-Sciences AB, Uppsala, Sweden). The stocked virus with four different volumes including, 4 ml,
32 ml, and 64 ml, respectively, was applied into Vivaspin 20® concentrator with filter membrane
MWCO of 10 kDa. The viruses was filtrated through centrifugation at 4°C by swing bucket rotor at

3,000 x g, interrupted every 25 minutes for avoid the heat obtained by frictions, until the final
volume of 1 ml were obtained .The non-centrifugal samples were used as a viral control to compare

with the concentrated samples .Each condition was tested in triplicates.

3.3. Virus titration

All of the samples in every conditions including control, were perform the 50 tissue culture
infective dose assay (TCID50). The samples were inoculated into MDCK cells with 10-fold serial
dilution of each sample, and incubated at 37°C in 5% CO> incubator. The infected cells were
inspected for cytopathogenic effect CPE( twice a day for 3 days. At the end of the incubation period,
the infected cells were stained with crystal violet for confirmation. The TCID50 was determined by
Spearman-Karber method (Mahy, & Kangro, 1996).
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4. Results and discussion

Influenza virus titer were observed by CPE of MDCK cells and confirmed by crystal violet
staining. the results of virus concentrations which calculated by Spearman-Karber method, was

shown in table 1. The viral control concentration presents 1.9 x 107 TCID50/ ml, the higher
concentrations of virus shows increased TCID50 titer . The highest viral titer from this experiment
was found at the x 64 concentration) 3.9 x 109 TCID50/ml¢ (table 1). This data indicates that
Vivaspin® has the efficacy to concentrate influenza virus. Influenza A virus particle that presented
the molecular weight of approximately 477,805 Da) . Shaw, Stone, Colangelo, Gulcicek, and Palese (
2008, p. e1000085) was concentrated in this study. The result showed that an ultrafiltration device
with a selected MWCO membrane of 10 kDa (GE Healthcare, 2008) was proved to be efficacious in
concentrating Influenza virus subtype H3N2 sample.

Higher concentration of influenza virus yielded higher viral titer, this indicates that the trend
of viral titer would be possibly increased when use more volume of virus resemble to the previous
experiment of Ichim & Wells (2011, p. 1-8) in retrovirus. The ultrafiltration methods were used and

the viral titer after still increased after 4 times concentrated.

The outcome titer was not proportionally to increased might due to result of virus escaping
from the concentrator body to filtrate tube by their pleomorphism. The Influenza A virus

morphology could be found from spherical particles to greatly elongated filamentous particles. The
most commonly found in laboratory-adapted strains is spherical particles (Choppin, Murphy,and
Tamm,1960, p. 945-952 ; Chu, Dawson, and Elford, 1949, p.602-603). This might due to original
human isolates and early egg passages (Burnet, & Lind, 1957, p.413; Kilbourne, & Murphy, 1960, p.
387-405). The virus we used originally from swine and propagated mainly in cell culture, therefore
the morphology of virus should be more filamentous particles than spherical particles.

One important point to aware in this technique is temperature. Influenza virus is temperatured
sensitive. There are alteration of the influenza protein after approach the heat in different level such
as Neuraminidase protein was thermal inactivated at 50 °C (Sahasrabudhe et al., 1998, p. 14-21A)
and Hemagglutinin present conformational change at 63 °C (Ruigrok et al., 1986, p. 484-497). More

over when the acidic pH condition is involved, the HA protein present largely in the monomeric
form at 25 °C (Epand, & Epand, (2002), p. 841-848). This interesting informations suggest the noval

aspect to concern in the future.

Another advantage of this technique is to use the refrigerated centrifuge that available in
every fundamental virology laboratory for concentrate the virus. This method is easily way to

perform virus concentration for improve diagnostic technique.

5. Tables

Table 1. The Titer of concentrated Swine influenza viruses in different concentrations that define
in log10 TCID50/ml (mean+SD) after using ultrafiltration technique

Volume of virus (ml) Log10 TCID50/ml
1 7.33+0.14
4 742+0.14
32 8.58+0.14
64 9.42+0.29
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Abstract

Roureopsis stenopetala Schellenb. is a vine plant commonly found in the forests of Thailand and is
used as an herb in the northeast region. The objective of current research was to evaluate the inhibitory
effect of this plant extract on human pathogenic bacteria. Hexane, methanol and ethyl acetate were
used as solvent of plant extraction. Crude extracts were tested for their antibacterial efficacy by agar
disc-diffusion method against 9 bacteria (Proteus mirabilis DMST 8212, Enterobacter aerogenes

DMST 8841, Shigella flexneri DMST 4423, Salmonella typhimurium DMST 562, Escherichia coli
0157:H7 DMST 12743, enterotoxigenic E. coli DMST 30543, enteropathogenic E. coli DMST 30546,

Vibrio cholerae non O1, non 0139 DMST 2873 and Staphylococcus aureus DMST 8840). The result
showed that the ethyl acetate extract of R. stenopetala exhibited antibacterial activity against V.
cholerae non O1, non O 139with 27.10cm of inhibition zone. Using the broth microdilution
technique, the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration
(MBC, values of ethyl acetate extract of this plant was determined as 125 mg/ml and 250 mgml,
respectively. The plant extracts using hexane and methanol had no any inhibitory effect on all bacterial
strains.

Keywords: antibacterial activity; Roureopsis stenopetala Schellenb.; Vibrio cholerae

1. Introduction

In 1998, infectious diseases are the major cause of death among 45 of the population in Southeast
Asia and Africa (World Health Organization, 1999). Currently, they remain the leading cause of death
worldwide, particularly in low income countries. Three infectious diseases ranked in the top ten causes

of death worldwide in 2016 by the World Health Organization are lower respiratory infections,
diarrheal diseases, and tuberculosis (World Health Organization, 2018). Infectious diseases can be

spread from one host to another rapidly through contact with bodily fluids, by aerosols, or via a vector.
The majority of agents that cause disease in humans are bacteria or viruses. (Baylor college of
medicine, 2019). Bacteria caused varieties of infection are known as pathogenic bacteria. They use
that host's body to sustain itself, reproduce, and colonize. Some bacterial infections are mild, but some
infections are severe and life-threatening, and some are resistant to treatment. Most bacterial diseases

can be treated with appropriate antibiotic but misuse of traditional antibiotics is causing microbial
resistance (Sakha et al., 2018, pp. 1-6). The increase in multidrug-resistant bacteria has created

enormous clinical problem in the treatment of infectious diseases. The development of alternative
antibacterial agents is urgently required. Plants have served as a valuable source of antimicrobial
substances since they have ability to produce a wide variety of biomolecules.
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Thailand has a large diversity of plant species that has been used as traditional medicine (Mitra et
al, 2007, pp. 508-518; Chotchoungchatchai, Saralamp, Jenjittikul, Pornsiripongse, and
Prathanturarug, 2012, pp. 193-205). Numerous plants have been studied for therapeutic purposes, but
many other plants have not been investigated. Roureopsis stenopetala Schellenb. is a vine plant
commonly found in the forests of Thailand. Few reports revealed that it was used as a medicinal plant
in the northeast region and had the biological activities (Khonkayan, Saengsiri, and Thipsontae, 2019,
pp. 1-17; coordination center of the royal initiative projects, KKU, 2018). To confirm the previous
preliminary study, evaluation of antibacterial activity of R. stenopetala on human pathogenic bacteria
was carried out. The results of this research could show which bacteria had been affected by plant
extracts and use to consider R. stenopetala plant as a potential new source of antibacterial substance.

2.Objectives

The objective of the research was to produce the crude extract from R. stenopetala by successive
extraction with 3 solvents including hexane, methanol and ethyl acetate. The inhibitory effect of these
plant extracts on 9 pathogenic bacterial strains were then investigated using the standard agar disc-
diffusion and broth microdilution methods.

3. Materials and Methods
3.1. Plant material and plant extracts preparation

R. stenopetala sample was collected from Ban Na Khao Kam community in Na Sak Sub-district,
Mae Moh District, Lampang Province. It was rinsed with distilled water and shade dried at room
temperature for one week. Dried plant material was then milled into powder using a blender.
Maceration technique in 3 solvent systems (hexane, methanol and ethyl acetate) was used for plant
extraction. A total of 25 g of dried sample was soaked in 100 mL of solvent at room temperature for
7 days with frequent agitation. The plant macerates were filtered with Whatman filter paper no.1 and
the filtrates were then concentrated using rotary vacuum evaporator. A concentration of 250 mg/mL
of different crude extracts (stock solution)was prepared by dissolving the dried extracts obtained from
methanol and ethyl acetate fractions with ethanol:water (8:2) while the dried extract achieved from
hexane fraction was dissolved with ethanol.dichloromethane 6:4) (Valgas, Machado de Souza,
Smania, and Smania Jr., 2007, pp. 369-380).

3.2. Bacterial strains and inoculum preparation

The antibacterial activity of plant extracts was evaluated against 9 human pathogenic bacteria
species: Proteus mirabilis DMST 8212, Enterobacter aerogenes DMST 8841, Shigella flexneri

DMST 4423, Salmonella typhimurium DMST 562, Escherichia coli O157:H7 DMST 12743,
enterotoxigenic E. coli ETEC) DMST 30543, enteropathogenic E. coli EPEC) DMST 30546, Vibrio
cholerae non O1, non 0139 DMST 2873 and Staphylococcus aureus DMST 8840 (Department of
Medical Sciences, Ministry of Public Health, Thailand). Shigella, Salmonella, Vibrio and Escherichia
species are responsible for diarrheal disease (Hodges and Gill, 2010, pp. 4-21). P. mirabilis is an agent
of complicated urinary tract infections (Armbruster, Mobley, and Pearson, 2018). E. aerogenes and S.
aureus are nosocomial pathogens (Davin-Regli and Pages, 2015, p.392; Valaperta et al., 2010, pp.223-
232
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They were maintained in glycerol broth at - 20°C. Five mL of tryptic soy broth (TSB) was added
with 100 pL of each stock-culture and incubated for 16-18 h at 35 °C in shaking incubator. After

overnight cultivation, the bacterial cultures were subcultured into 10 mL of Mueller Hinton broth
(MHB) and further incubated for 3-4 h at 35 °C. Before running the bioassay, bacterial suspensions

were measured by ODeoo using spectrophotometer and subsequently diluted to obtain a density of
approximately 10 CFU/ml and 10® CFU/ml for agar disc-diffusion method and for broth microdilution

method, respectively.
3.3. Antibacterial assay of plant extracts by agar disc-diffusion method

The agar disc-diffusion assay was performed according to the method described by Balouiri, Sadiki,
and lbnsouda (2016, pp. 71-79) with some modifications. Each bacterial suspension (10’ CFU/ml)was
spread over plate containing Mueller Hinton agar (MHA) using a sterile cotton swab and discs (6 mm
in diameter) saturated with 20 uL of the crude extracts (5 mg/disc) were placed on the surface of the
media. The discs loaded with chloramphenicol (100 pg/disc) and solvents used for dried extract
dissolving ethanol:water (8:2) and ethanol.dichloromethane 6:4)) were used as positive and negative
control, respectively. The plates were incubated for 24 h at 35°C, and the experiments were performed
in triplicate. The inhibition of bacterial growth was evaluated by measuring the clear zone surrounding
the disc in mm with ruler.

3.4. Determination of minimum inhibitory concentrations (MIC)and minimum bactericidal
concentration MBC,

The effective plant extract which exhibiting an antibacterial activity in the disc-diffusion assay was

manipulated to determine its MIC using a broth microdilution technique incorporating a modified
resazurin assay (Sarker, Nahar, and Kumarasamy, 2007, pp. 321-324). with some modifications. A 2-

fold serial dilution of plant extract (250 mg/mL)was prepared in the 96-well microtiter plate containing
MHB to achieve concentrations from 7.81 to 250 mgmL in a total volume of 50 uL. Fifty uL of
bacterial inoculum (10° CFU/mI) was added in each well. The plate was wrapped loosely with cling
film and placed in an incubator set at 35 °C for 18-24 h. The experiment was prepared in triplicate. A
set of controls was also performed for each plate including a well with chloramphenicol n 2-fold
serial dilution starting from 10 pg/ul), a well with all solutions with the exception of the test sample
and a well with all solutions with the exception of the bacterial inoculum. After overnight incubation,
10 pL of resazurin indicator solution (1 mg/mL)was added to the microplate wells and incubated at
35 °C for 2 h. The MIC was assessed visually from the purple color of solution as the lowest
concentration of plant extract that prevent visible bacterial growth.

To determine the MBC of plant extract, all purple solutions from MIC plate was freshly inoculated
on tryptic soy agar plate. The lowest concentration of plant extract that led to bacterial growth

inhibition was taken as MBC.

4. Results and discussion

The extract of 25 g of dried R. stenopetala with three solvents yielded plant extract residues ranged
from 0.38 to 4.84 g. The extraction weight of ethyl acetate fraction was the highest 4.84 g, followed
by hexane fraction (0.61 g)and methanol fraction was the lowest (0.38 Q.

Agar disc-diffusion method revealed that the ethyl acetate extract of R stenopetala had the
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antibacterial activity against V. cholerae non O1, non 0139 with zone of inhibition of 10.27 mm
(Figure 1A)at 250 mg/mL concentration and no activity toward other strains. The hexane and methanol
extract of R. stenopetala exhibited no inhibitory activity against most of the tested bacteria. The MIC
and MBC values of ethyl acetate extract of R. stenopetala were found to be 125 mgmL (Figure 1B)
and 250 mg/mL (Figure 1C), respectively.

R. stenopetala was one of the herbs that was economically important to communities in Phu Mae
Nang Mon area, Mukdahan province. People in the northeast region of Thailand used boiled water
from leaves of R. stenopetala for healthy drinking (Khonkayan, Saengsiri and Thipsontae, 2019, pp. 1-
17). Only a few studies addressed the biological activity of R. stenopetala. In Thailand, coordination
center of the royal initiative projects, KKU (2018, informally reported that the alcoholic extract of
stem of this plant showed antioxidant activity (EC50 =5.05 mg/mL), antiviral activity against herpes
simplex virus type 1 (IC50 =49.79 mg/mL) and antibacterial activity against Streptococcus mutans
(MIC =3.125 mgmL), S. aureus MIC =156 mgmL)and V. cholerae MIC =12.50 mg/mL). The results
regard to the antibacterial activity were not consistent with this research. Extract of R. stenopetala
only with ethyl acetate had an inhibitory effect on V. cholerae, while the alcoholic extract could not
affect neither S. aureus nor V. cholerae.

The type of solvent used for plant extraction influences which biomolecule compounds are
isolated. Methanol and ethanol are the most successful at extracting unknown antibacterial

compounds from various plants (Sakha et al., 2018; pp. 1-6; Bacon et al,, 2017, pp.497-503; Onivogui,
Letsididi, Diaby, Wang, and Song, 2016, pp. 20-25; Muthii, Mucunu, Peter, Gitahi, and Onzago, 2014,
pp. 343-347). The methanolic or ethanolic extracts frequently exhibited higher antibacterial activity
than the other solvents used. However, acetone (50% v/v)was found to be the optimal extraction solvent
for extractable compounds from Salacia chinensis L. (Ngo, Scarlett, Bowyer, Ngo, and Vuong, 2017),
hexane was more effective at extracting antibacterial substances from medicinal plant in Malaysia
when compared to water and ethanol (Samsudin et al,, 2018, pp. 573-579) and Spinacia oleracea has
higher antibacterial activity in ethyl acetate extract compared to other extracts Olasupo, Aborisade,
and Olagoke, 2018, p. 8). Additionally, the differences of biological activity of plants maybe come
from the differences in that geographical area of plant collection, the parts of plant used and bacterial
strains used (Debalke, Birhan, Kinubeh, and Yayeh, 2018).

Figure 1 Growth inhibition of ethyl acetate extract of R. stenopetala (Ee) by agar disc-diffusion assay
(A). He, hexane extract; Me, methanol extract; ed, ethanol.dichloromethane 6:4); ew, ethanol.water
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8:2) and C+, chloramphenicol (100 pg/disc). The MIC value of ethyl acetate extract of R. stenopetala
against V. cholerae determined by broth microdilution technique (B)and MBC value evaluated on
the agar plate (C).

5. Conclusions

R. stenopetala is a medicinal plant which can be a possible source to obtain an antibacterial agent
for treatments of infectious diseases caused by V. cholerae. The ethyl acetate extract of R. stenopetala
has a moderate antibacterial activity against V. cholerae. To achieve enough quality and quantity of

bioactive molecules, the plant parts should be extracted with other solvent types, and further
phytochemical studies are required to determine the potential active compounds.
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Abstract

During fermentation, increased concentration of ethanol is a major stress that causes yeast cell
damage and finally reduces ethanol production. Therefore, the reduction of ethanol toxicity may be a

key step to improve ethanol production. Previously, the protective effect of Moringa oleifera leaf
extract against ethanol toxicity has been reported. This study aims to investigate the effect MOLE and
its bioactive compounds on reducing ethanol toxicity in Saccharomyces cerevisiae. Since the cell wall

is one of major cellular targets of ethanol, we examined the effect of MOLE on protecting yeast cell
wall against ethanol by using Zymolyase sensitivity assay. However, our result showed that MOLE

has no effect on yeast cell wall during ethanol stress. Since it has been reported that the generation of
intracellular reactive oxygen species is induced during ethanol stress and MOLE is rich in
antioxidants, it is possible that the major antioxidants in MOLE such as quercetin and gallic acid may
have ability to reduce ethanol toxicity. To test this hypothesis, we determined the yeast growth under
ethanol stress conditions in the presence and absence of quercetin or gallic acid by using spot
susceptibility assay. Our results revealed that quercetin and gallic acid did not promote the yeast

growth during ethanol stress. Further study is therefore needed to clarify the cellular mechanism of
MOLE on reducing ethanol toxicity.

Keywords: cell wall; ethanol; gallic acid; quercetin; Moringa oleifera; Saccharomyces cerevisiae

1. Introduction

One of the biggest challenges for energy demand is to reduce the usage of fossil fuel. Fossil

fuel has been the major energy resource for industrial development and urbanization over the centuries
(Zou, Zhao, Zhang, & Xiong, 2016). Due to an increase in global consumption of fossil fuels, a major

greenhouse gas COz s released into the atmosphere, thereby causing several environmental problems
including global warming and air pollution (Ho6k & Tang, 2013; Perera, 2017). Therefore, a more

sustainable and eco-friendly alternative fuels such as bioethanol have received increasing attention.
Bioethanol is a biodegradable and renewable energy (Williams, Dahiya, & Porter, 2015), whose major

sources of feedstock are grains and crops with high starch and sugar such as corn, cassava, sugarcane,
and molasse (Busic¢ et al., 2018).

Bioethanol is mainly produced via biological process called fermentation. Saccharomyces
cerevisiae is an ethanologenic microbe commonly used in ethanol production (Favaro, Jansen, & van
Zyl, 2019; Mohd Azhar et al., 2017). Stresses occurring during fermentation, especially the increasing
of ethanol concentrations, can inhibit yeast's growth and viability, leading to the decline of
fermentation performance (Stanley, Bandara, Fraser, Chambers, & Stanley, 2010). Cellular toxicities
of ethanol have been reported to be caused by the effects of ethanol on increasing membrane
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permeability, enhancing reactive oxygen species generation, induction of protein denaturation, and
cell wall perturbation (Auesukaree, 2017; Gibson, Lawrence, Leclaire, Powell, & Smart, 2007; Ma &

Liu, 2010; Stanley et al., 2010; You, Rosenfield, & Knipple, 2003). For this reason, minimizing the

ethanol toxicity may be an important factor to promote the growth and metabolism of yeast cells
during ethanol fermentation, which in turn enhances the ethanol production yield.

Moringa oleifera is a beneficial medicinal plant belonging to Moringaceae family (Leone et
al., 2015). M. oleifera is also known as miracle tree due to its wide-range of pharmaceutical properties

such as antioxidant, anticancer, antihypertension, antimicrobial, antivirus, and antidiabates
(Bhattacharya, Tiwari, Sahu, & Kumar, 2018; Dhakar et al., 2011; Kerdsomboon, Tatip, Kosasih, &

Auesukaree, 2016; Matic, Guidi, Kenzo, Mattei, & Galgani, 2018; Muhammad, Asmawi, & Khan,
2016; Nilanjana, 2014; Vergara-Jimenez, Almatrafi, & Fernandez, 2017; Vongsak et al, 2013;

Younus, 2015). Moreover, the protective effect of M. oleifera leaf extract (MOLE) against ethanol
toxicity in S. cerevisiae had been found npublished data). Therefore, in this study, the mechanism of
MOLE on reducing ethanol toxicity will be investigated.

2.Objectives

To investigate the effect of MOLE and its bioactive compounds on reducing ethanol toxicity
in S. cerevisiae

3. Methodology

3.1 Preparation of soluble MOLE

Five g of the dried M. oleifera leaf powder was mixed with 30 mL of water and vortexed for
30 s, left at room temperature for 5 min, and vortexed again for 1 min. To separate the water-soluble
fraction, the M. oleifera mixture was centrifuged at 13,000 rpm for 20 min, and filtrated by filter paper.
The soluble 50 mgimL MOLE was sterilized by filtrating with 0.2 pm-syringe filter and stored at 4 C
until use (Kerdsomboon et al., 2016).

3.2. Strain and media

S. cerevisiae wild-type BY4742 strain MATa, his3ol, leu2o0, lys200 and ura3o0)was used in
this study. Yeast was cultured in YPD media (Bio Basic Inc) containing 2% peptone, 1% yeast extract,
and 2% glucose.

3.3 Zymolyase sensitivity assay

The effect of MOLE on cell wall remodeling under ethanol stress condition was investigated
by monitoring susceptibilities to cell wall-degrading enzyme Zymolyase (whose major activities are

B-1,3 glucanase and B-1,3-glucan laminaripentao-hydrolase). The yeast wild-type cells were grown to
log phase in YPD media and inoculated into YPD media and YPD media containing 7+ ethanol in the
presence and absence of MOLE at 30 C for 12 h. The cells then washed with TE buffer (10 mM Tris-
HCl and 1 mM EDTA, pH 7.5) and adjusted to ODeoo 0f 0.5 in TE buffer containing 100 pg/mL (1.5
U) Zymolyase 20T (Zymo Research). Changing of the ODsoo Was monitored at 15-min intervals for
120 min (Charoenbhakdi, Dokpikul, Burphan, Techo, & Auesukaree, 2016).
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3.4. Spot susceptibility assay

To examine the effect of gallic acid and quercetin on the growth of yeast cells under ethanol
stress conditions, the yeast wild-type cells grown to log phase in YPD media was inoculated into YPD

media, YPD containing 3% and 7« (v/v) ethanol, in the presence of 0.1, 0.5, 1, 5 mg/mL gallic acid or
quercetin, and incubated at 30 C for 12 h. Cells were harvested by centrifugation at 5,000 rpm for 5
min and were then 10-fold diluted (10°-10%)in sterile water. Aliquot 2 pl) of each cell suspension was
spotted on YPD agar plates and incubated at 30 'C for 2 day.

35 Statistical analysis

The experiments were independently performed at least three times. The data is expressed as
mean * standard deviation. Results were analyzed by one-way analysis of variance (ANOVA,) using
the least significant difference (LSD) method in the SPSS statistical package (version 18.0 for
Windows; SPSS Inc., Chicago, IL, USA). The level of statistical significance was set at P value of
<0.05.

4. Results and discussion
4.1. The effect of M. oleifera leaf extract MOLE, on cell wall during ethanol exposure.

As a stress defense mechanism of yeast cell, yeast cell wall is the first defense mechanism
against external stimuli including ethanol. It is well-known that yeast cell wall will be reconstructed

into a more rigid structure in response to ethanol. Previously, it has been shown that the resistance of
yeast cells against cell wall-lytic enzyme Zymolyase increases after ethanol treatment (Charoenbhakdi
et al,, 2016; Udom, Chansongkrow, Charoensawan, & Auesukaree, 2019). Recently, the protective
effect of M. oleifera leaf extract (MOLE) against ethanol toxicity has been found. Since cell wall
perturbation is one of ethanol effect (Charoenbhakdi et al., 2016), it is possible that MOLE may protect
yeast cell wall from ethanol toxicity. To investigate the effect of MOLE on protection strengthening
yeast cell wall against ethanol stress, the wild-type (BY4742) strain was cultured in YPD media and
YPD media containing 7% ethanol in the presence and absence of 20 mg/ml MOLE. The cells were

harvested and resuspended in TE buffer containing Zymolyase to observe the Zymolyase
susceptibility. Consistently with the previous report (Udom et al., 2019), we found that the Zymolyase

resistance was increased after ethanol treatment (Figure 1). However, the co-incubation with MOLE
did not significantly alter the Zymolyase resistance of the ethanol-treated cells (Figure 1), suggesting
that MOLE has no effect on yeast cell wall during ethanol stress.

4.2. The effect of gallic acid and quercetin on yeast growth during ethanol stress.

Previously, it has been shown that the generation of reactive oxygen species is induced during
ethanol exposure (You et al.) and MOLE is rich of antioxidants (Bhattacharya et al., 2018; Fahey,

2005). It is therefore possible that the major antioxidants in MOLE such as gallic acid and quercetin
(Vergara-Jimenez et al., 2017) may play the important role in reducing the ethanol-induced oxidative
damage. To investigate the effect of gallic acid and quercetin on protecting yeast cells against ethanol

stress, the yeast growth under ethanol stress conditions in the presence and absence of gallic acid or
quercetin was examined by using spot susceptibility assay. Our results showed that the addition of

gallic acid or quercetin did not improve the growth of yeast cells grown under ethanol stress
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conditions (Figure 2), suggesting that gallic acid and quercetin are not the bioactive compounds
responsible for protection against ethanol stress. Based on these findings, it is likely that some other

compounds of the MOLE are important for the protection against ethanol toxicity or the effect against
ethanol toxicity will be exerted only when used in a mixture form as crude extract.

In conclusion, we found that MOLE has no effect on strengthening yeast cell wall against
ethanol stress. Furthermore, gallic acid and quercetin were not the bioactive compounds responsible

for protecting yeast cells against ethanol toxicity. Therefore, further investigation is required to
understand the mechanism of MOLE on reducing ethanol toxicity.
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Figure 1. Effect of MOLE on cell wall under ethanol stress conditions. The wild-type cells were incubated in YPD media
and YPD media containing 7% (v/v) ethanol in the presence and absence of 20 mg/mL MOLE at 30 C for 12 h. The cells
were harvested and adjusted to ODeyo 0f 0.5 in TE buffer containing 100 pg/mL (1.5 U) Zymolyase 20T. Sensitivity to
Zymolyase was monitored by measuring the ODggo at 15-min intervals for 120 min and expressed as a percentage of
ODegp relative to the 0 min point. The mean + SD values are from three independent experiments. P < 0.05
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Figure 2. Effect of gallic acid and quercetin on yeast growth during ethanol stress. The wild-type cells were incubated
in YPD media and YPD media containing 3% or 7% (v/v) ethanol in the presence of 0.1, 0.5, 1, 5 mg/mL gallic acid or
quercetin at 30 'C for 12 h. Aliquot (2 pl) of 10-fold serially-diluted cultures were spotted onto YPD agar plates and
incubated at 30 'C for 2 day.
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Yeast Preservation from Fermented Pineapple Peel
by Freeze-Drying
«Kaltima Phichai Thanyaporn Sangsrichan Aomhatai Deethae

Faculty of Science and Technology, Chiang Mai Rajabhat University, Chiang Mai, Thailand
*E-mail; kaltimap@hotmail.com

Abstract

The purpose of preserving microorganism cultures in a university laboratory is to ensure they
remain viable for laboratory classes, research, and to generate consistent laboratory test results
over time. The objectives of this study were 1) to isolate yeast from fermented pineapple peel
2) to characterize the basic morphology of yeast isolated under a compound light microscope
at 400x magnifying power 3) to preserve the cells by freeze-drying method. The results showed
that three isolates of yeast were found from fermented pineapple peel. The survival rate of
isolated yeasts after 4 weeks preservation at -54°C by freeze-drying were 77-96 percentage. Data
presented here will help laboratorians make a more informed choice about how they preserve
and maintain their microorganism cultures. In addition, cryoprotectants need to be considered
to get better preservation.

Keywords: Preservation; Yeast; Freeze-Drying; Survival Rate
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(o304 MyFeinIiTani, 2558) wilafsanegraunivans Ae Saccharomyces cerevisiae dadudadildlunns
ivunds 1es 1 vaa Jagduiimsidaduildusslevdlugpamnssuvangyssianlnganizgnainnssueims
waztaiasiu 1wy Mlunsuanuunts 1es 1nd wagdan venanddvldlugnainnssudug 8n Wy ermnsdnd
\Adsd0n9A uazldnanieviuea Weiwds Wudu Lﬁaqmﬂgaﬁtﬂuﬁ;auw%éﬁﬁmiﬁﬂma&i’mﬂiﬁm’m CROREY
thunlfdudununulufesujifinig weznisvinideianeq dslsfinmumausnidedadiiielildasiugain
ﬁiiumau,azLﬁU%’ﬂML%yaiuq'u (batch) Weamuly ieldnasaatvesnisinwinienisindseiaduiesniu
miﬁﬂwﬂuﬂ%ﬂﬁﬁqﬁmmsﬁ%LLEmm&Jﬂ’uéﬁaﬁamﬁmﬁﬂLﬂﬁaﬂé’uﬂzimazﬁm%ﬁu%’ﬂmLﬁaslﬁtﬂmfgwé’ﬂ
(master seed) MABANIIANY

IgUILEIAYaINITITY
1. iiteusnideiasannimsinudendulsea
2. iilefnunidnunrduguinendesiuresdadiiuenldnelindesganssa
3. Wiefusnwidedanfiuenld Tneamsvuiuuudonuds
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sziliguigiaY
1. mawssutmsniudendudzan
Samnuareadendulzsa antuiudendulysanauudinsnsessaefiinua deld
Mniwdenduisauds thlumihlunuusUnfigamaives Wunan 48 Halus
2, mnwm%au‘%qw%
diminanddenduizsadildands 1 1vin1side913 10 wh (ten-fold serial dilution) Tagld
dhnduusAanide (sterile distilled water) 1usadeans aufennuidudu 10° souminsgaansazaefifieny
Wududl 107 81 10° asuues YM Agar wdvhmsindeansazanevesdelinszarehinmingewiuiinaee
(spreader) udthlutslugumdeiigumgd 25 ssrneaidoa Wunan 48 $2lus vhanududuay 2 41 a1ndurii
nadenitoifidnunsleladfiunnfuuvhnisdaasuuems YM Agar udwvhmstuidelugumdeiigungf 25
saraldua 1unan 48 $alus Lﬁ@lﬁléﬁaﬁﬁqmé delileladifenqud iludedlindesqanssaifimdsens
400 Wi Tnemsidetasnenasuudladudunasidolinssaederadode WleggusauazIunveaTadTar
3, MIwnsiasadedan
didedasfiuenly undeduoms YM Broth I@&JﬁﬁmﬂfﬁaL%a%‘aﬁﬁu%qmém 1 hadede ldadldly
YInFUBTTTE NS YM Broth U3uas 100 fiadans udnhluwendeinsesaguuisuiinnmsa 150 seu/uni
Huian 24 Halus iteldidudedeiu (starter) Mndulfiadosgnineasazarogautionsiuin 5 Wedidus Taaslu
¥IAgUTNATo1Ms YM Broth U311as 100 fadansviinag 2 vin vhmsigsneiaieasguuisuiinnmis 150
FOU/UH v’fmmﬁuﬁ'gaé’mLf’??aLLﬁ'gﬁﬂUv‘hmiﬁ’whmm@mﬂﬁmm finnuenadu 660 uiluiwns yne 6 $alu
quiatunsiaSayasit (stationary phase) waginmsansiasayveseadias 1neis spread plate finududu 10°
8¢ 10° mududuas 4 91u ndmniurhnsiudedadielUidlutunoudely
4. mafiusnwdelneisnmsuisuuidonuds (Freeze-drying)
ideadildnmsmsdswihnafuiivsuudenuds Taevanldlurauisinden vinay 10
fiad8n3 $1uau 10 a0 wdahluusuddlugBuiigumgf -40 ssrwaidea Wunan 1 4alus lelsiihnieluen
uAaszeeanlUulgdIu m'amﬁflL%yagaﬁﬁv‘i’mﬁum%ﬂuﬁ@ﬂmL%”]Lﬂ%‘lmﬁwuﬁmum%ﬂLL%& (8%e Christ fu
Alpha 1-4 LD plus) shemsaamnusulsisnitusseimaund figumnd 54 sarmiwaidea Wunan 48 Hilus uaz
ihlufulugiBuiigumnd d-6 esmwaldea
5. MINTIRAEUSATITORTR e ta

PP TaR N LAaINNITTILASLUULE 8 NRT9UYINN19952980URI1TaANEINYINSLAUS N Eadiile

'
a a

wauly 4 dUanit dudunueadaedsnis spread plate Wudiude 3 fuiad Tumiheleladvesuieiln
(cfu) UdNAWINBATITOAYBATRINGAT
Snuwaddadndinisiiusne

o sal & 1 < [ X 1OO
UIULRAYARNDUNTITENUINW

Nan1sANYN

nsusniFedaianiminiudendulssn aunsansndedadldvionun 3 lelean Aunndeiu TnsamAded
wonieBakaniminiudendulrsnanuanidletdofadluhnsdesneldndesqanssaiiisidets 400 wih
wuin lelwiand 1 laladfidnwaznan da3u vouiSeu wadilzusistuazivunn 5 lulaswns loluand 2 laladd
dnwaiznay deSu voundnilumuny wadiisusrenauuazdivune 7.5 lulasiuns wazleleand 3 leladddnuvasnan
da3u vouiSeu wadlisusanauuaziivuin 5 llasuns fuandluasiedl 1 uaznini 1-3
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M1999 1 anvagduguinenUesdiuresdania 3 lolaan

anvardugIuIng sy

Tolgian " " S " " . . p
anwauglalail dvadlalall ANy veU JUTA YUIALIAT
nau AN YOULIYU 3 5.0 um
2 nau AN nonAUMUIN nau 7.5 um
nau AN YOULIYU nau 5.0 pm

A9 3 Wedadlaluani 3
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Weouwaadanns 3 lelaanlumizideslues1ms YM Broth aufisdunisiasgasil 91 96 alus wuin

LAY AR 3 TolaaniAwananatuRaLandlunis1en 2

= ° s A o & & 1Y)
M990 2 PUULAALUBYINNITINIELAUUIAN 96 GU'JIlN

A o ¢ ° o
\iodan Furusaasan (x10° cfu/ml)

Tolaani 1

1.54+0.10
Tolaand 2 2.26+0.22
Tolaandi 3 2.56+0.50

M sAUShwdedadia 3 Toluan TnedSnsviuiswuuidontds wuin dads 3 lolaanddnwas i

F1m1a U1edNZRAUSIATIIR AakandlunIng 4 wazdlaiusnwiduian ¢ dUanrinatinunnsiaasusnsa

A950AVBNTDLARANINTIN 3

AN 4 Snwazvasdasndinisiusnuleeisyinuiawuudonutda

v

ﬂ. L é’ a 6 o
A15199 3 SrsINTTenveLTedanns 3 lolulan

Tolglan  UIUPAANDUMTTIMAIMUY S IUIULAANEINTYIUWALLUY M31N15500
Wenuda (x10° cfu/ml.) Wenuda (x10° cfu/ml.) (Sovay)
1 1.53+0.04 1.47+0.03 96.08+3.96
2 1.85+0.06 1.43+0.03 77.30+1.49
2.19+0.04 1.93+0.02 88.13+2.25

NATNN 2 enuinTedadlolaanil 1 ddnsnissengianiiiosay 96.08 seseunlaun leloiani 3

LAY 2 MIYERNIITENS8AY 88.13 WAy 77.30 AUAIAU LALAaNIIUIUANANI LB UAUIIUIULLAANDUNITIIWIA

wuULanwdans 3 Teluan
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dsduazanusena

nsfnwluafaduendedadls 3 lelsian lnednvurduguinevesdadiuenldndefunsdnuug
oA 18I (2556) Tinsusnidelaianduusyaai 16 4 leloian Teladifsusnenau yu Raviundes fu
M A wavadu deglindesgavssmiazidnuaznay 3 SelaevhluBadinguilasfuda saccharomyces (Nasi,
Rahman, Hossain, & Choudhury, 2017) Fezuenldnimalsiifianaudunse wu thduusese tdundudu

nsiwziisasadfadluringurslagliening YM broth Saufueimsiasadenisdunsisy (semi-defined
medium) wagldadgeanagiivsznn 10° cfu/ml udndulunuifimamsidsasaddadluaniiguil (Shang,
Wen, Wang, & Tan, 2006) tasannisimizidssluanzuvuilifinsnfizemssenitanamsides wazll
ansamuauanzanudunse-aels Fadolutedeuvasnsmnzideddunanan (shake-flaske culture) (Buchs,
2001) mndesmaimnzidsaielilduinagadgnnnhimslinsmzdneadluduinsaiiinmuasdennis
wldsneadfiinsiiuemssenitninnzidsagadld Wy mamizidsagaduuuifianund (fed-batch
culture) W%aﬂ’liLW’]ngENL"UaéLLUUG]'E]L‘dm (continuous culture) (Stanbury, Whitaker, & Hall, 2017)

mafiushvieadlagisnsiuiuuudonudaisnsnissentinileduaid 4 agjﬁ%’aaax 77-96 gy
wadfianasdounanisadgniliasuaniuzanvesvanduvendaiewiunyhuis viensidsurooaludn
meluwadete5iasa (osmotic shock) dwalfwaduanld wazidlofnmsifivinvuuiulsinasadfunzanas
AU (Miyamoto-Shinohara, Nozawa, Sukenobe, & Imaizumi, 2010) agnslsAnaiianisifuisnisiiazaan
warlinarlunnivnuidogduiddlng saviuuaiide Bad Wonfladvavesuarlfaunsie iesnisd
ausanEnINAINsTITe AT avdn s iusnwldn wildmanefudeniildadeaves lasauieiin wazlnsla
1 fsnunuignnsitinsenanmafuinelagdstnias 0.1 Wesidusd (Abadias, Benabarre, Teixido,
Usall, & Vi, 2001) igsavdniieadidoaninnisidin omazanTnMianantude essnarnududuvesans
moluwadgailiidianuduesalufin (osmolarity) g9 dswalieiuuiusugnyians arsunluanaidsanim
(denaturation) waznsstnesn (dehydration) 55&é’auLﬂumaﬁanauﬁammmﬂuLaqaimjﬁmauﬁw (hydrophilic
macromolecule) Meluiwad ddlunsdlveation Filmaneiunaivinuide Penicillium wniige uazdeuldiu
pgaunIviany \WogAunisvansslinfiivinuilaeiBdannsndTinegsenldifuan 20 d1 40 T udifiseay
wuhnsiivinvitenuafidelneitienavinliiannnsnaneld (Ashwood-Smith & Grant, 1976) usnanniitladed
Aeatestuninfiusnvndelaedsnisviufwuuifenudedio a1stlesnisiead (protective agent 3o
cryoprotectant) iflesanmsaneluadsifliléinslaastestumadnounsifivinuidmarilfizadisnsseon
fianas Ladns@nuaiyu Lactobacillus plantarum Wu31n15.@Na135 cryoprotectant b sorbitol #3 e
monosodium glutamate Tu cell culture ﬁ]zﬁﬂﬁ%iﬁ@ﬂi@ﬂ%ﬂL%éﬁ“ﬁu (Champagne, Mondou, Raymond, &
Roy, 1996) Wuifienfiu auns dus1s (2544) fidnenssentinvesdadlnensihdamuduvesdadivaisasas
weuy nrhunsruunMsuuuenuiud Weudaruledisnsnsseaiuanseiuly Tneilleluaniitsns
nssenndriunszuumMsTutuuudonuddwrmnintesay 1 auiedesas 100 Feideldinmsiiuinvde
Tne3stanmnsniluldlunsfuinvidodelfluios fifinsvionsidsudelilfdotduiuieitunaon
nsanwle

Jorausuuy

mameidsneaditelilfsaduinunnnhiifielisninssengimulude msmaaesmeiisneadie
ﬁ%‘suaaﬂmﬁ"aLgaaLﬁyaaL%aa‘ﬂ'gwmuuwLLu'uz;N (high cell density culture) LazmnaasslyansUasiuwadviingigeg
Wieunteawadnounsviuiwuuionuds
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