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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
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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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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
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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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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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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
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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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Assoc. Prof. Dr. Chuenchit Boonchird
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Assoc. Prof. Dr. Tasanee Limsuwan
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Assoc. Prof. Dr. Khongsak Srikaeo
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Asst. Prof. Dr. Teerin Chysirichote
919138 A3.590 S35y

Dr. Thanida Chuacharoen

nguINgIEASNISAN InerAansguaw

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
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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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Mahidol University
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Kasetsart 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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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
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11
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Asst. Prof. Dr. Anat Thapinta
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Dr. Wattana Panphut
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Asst. Prof. Dr. Tatsanawalai Utarasakul
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Asst. Prof. Dr.Pijittra Jomsri
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Dr.Nich Wongsongja
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Dr. Thanida Chuacharoen
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Dr. Sansanee Sansiribhan
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Dr. Chookait Pudprommarat
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Dr.Suriyan Sompong
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(JERAD), India
Lakehead University, Canada

Vietnam National University, Vietnam
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Ho Chi Minh City Open University, Vietnam
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08.00 - 09.00 . amzifou m Vinadunihvonssqungisuuedagy tu 3
09.00 - 09.15 . NANTIBUNTUTEYY
Tog  {928A180519138 As.00iR Azlunn
ANUARMEINEIAERSUAzImALULaE
09.15 - 09.30 w. naiUansuseyy
Ty 529ANEAS19758 AS.ALAY LNAITY

B8NTUANMIINES YA AU UM
09.30 - 10.00 u. - fSueuvesiisednundnnnsiuuazansnIng iy
- WBNBUTIIAUNANUITUAAU TI1UIU 3 51973
Ty 599ANEAS19158 AS.ALAY LNAITY
B3NTUANMIN YT VA AU
10.00 - 10.30 u. UssEefeY 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. SuUsemuemsIN a muntviesUsegunagSeEuadagy Tu 1
11.00 - 12.15 u. thiauanammAfonuumelawed u fumivonssgumadduedasy tu 1
11.15 - 12.15 w. thisueranuifeuuunIAUTIIY o Fasuszrn U 1, 2 uaz 3
WOINR5IE 10 1 nguanpenfmesuasmaluladansauna (nqudosd 1)
oI 10ysE & fu 1 nguaeenfwesuasmaluladasauna (nqudosd 2)
Woeuanyini Lo 2 nguanAnduasnEaay

Viosuanysni U 2 nguaIneeansmIivILaEINEImaRsaun W
Wiosuanusn & fu 2 nguavafivaedfineimans

OIYHUINTY 18 Hu 2 nguaineenansauandounasinelulad

NIOINGURY u 2 nguannTiner meluladthnin uazqadinen
osngouveadsy U 3 nduaninenmaniuanvalulaiinsemsuagavnasueans
12.15 - 13.15 . SutssmuewnananeTu o esesian u 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

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

National

National

National

National



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
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National
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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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National
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National



SSSCiZiTy

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

Chairperson Co-Chairperson

HYI8AaNT19158 ATYUAS indiuns 819158 As.NaReNIY loanih
ANURAEINEAERSLaTmAlULaE 1918 AL INeNmEnsSLasmaAlulad

UNINGIRYINVAYNYTUT 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 (oeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYeAanI19158 AS.UTENSR Lasay 819158 AT.YUNYTA HANTUTIY
MATYIVIEDH AYINEFEns Wnthanuigadaussynd angineiemansuasinalulad
WInendedauIng U INYNETIAAIUFTIUN
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 (F29UINU5AY 13 YU 2)

Chairperson Co-Chairperson

589MaN3197158 AT UUIN YN

ANURAMEINEIMansasnAlLlad NnINeIEIIYAUATAISIINIIY

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

S99FNANTITY AS.ASTE LN

Name Institute

Nattapon Chantarapanich Kasetsart Univeristy

Natthaphong Kamma Khon Kaen University

Pinyapach Tiamduangtawan NIV UINYATAERS

nade Inaziium - . .
) UUMINYIRYNEAIAEANT
Kullita Kolanan

ANENEINY AIndauayian umningraumaluladnszaeunaIsuys

) 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

National

National

National

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

AYemans13158 as.de gula 819158 AT.UUNITN F51555H

AMAITVINGT AMLINYFIENS UNINedELAnG

Paper Code/

FntanuninTive augdIneimansuazmalulaguninedesivdgaiuatiun

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

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

-25-



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

15.45-16.00

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

$55CI2019 BT 39
$S5CI2019 O 247

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
Ny93E7 A1
Pornariya Chirinang

143 guileslaWatcharee

Hanmoungjai

Institute

UM INYIRBYTN

W INedesvin e

Iedesvin e

UIINNRETVAYINARS

Refreshment Break

WINe§e A e

UNINEIS8UAnG

IR TIVANYTYS

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

ms@nwifiensvanfuiandlelnduazany
AunUsvesdudeleaunduluung (Capra
hircus) ideslugenTamesys
AauanURTulniues Lactobacillus
plantarum 3C2-10 finAnansanusaRann
Fanmandendy
nanswigrendulediaiasuuemsides
L%aqmﬁmmawﬁmm 9
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International/

National

National

National

National

National

National

National

National

National

National



Chairperson Co-Chairperson

No.

1.

SSSCiZiTy

Conference Sessions: Environmental Science & Technology

HYILAEnIINTeIAng Yulles

ANURRMEIMEIAansLavnalulal Wine1desvigedlng

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 299D 9191380 A9.5UA1 ATy Wntharivingimansuazmalulagnsens

AURRMEINeIMansiasmalulad uinerdevdgiyaaey  augivermansuasmalulad unnInendesaigaiugiun

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 (FFoeuanusny U YU 2)

Chairperson Co-Chairperson

As.nANa dadgtey 919158 AT.AUNGY SRzl
inidevosfoRnseniugmansuasmaluladtanmdn i Fntaa Iy IngImansnIsinILasaunIn
AugRuUTIMNIukazAlLlag¥InwuiaR (BIOTEC) AEINEAmanswazmAlulal unIe1dusvagaIugIu
drinauimunIneimansuazmaluladuiad (@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 du 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 (UEUBNANULAZN1IATIVAALUULIAUNTTUNTENTIALA)

Poster presentation awards ceremony (WSNaUT I IatausranUITINITUTELANIUAMDS)

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
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Diversity of freshwater fishes in Saensaeb canal Bangkok area

Ruthairat Siriwattanarat! Noppadon Chamchoi! Weerawich Wongroj?

Faculty of Science and Technology, Suan Sunandha Rajabhat University*
Srinakharinwirot University Prasarnmit Demonstration School €lementary)?

E-mail: 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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dannsne (Chitala ornata) 1 5
Uanmgiiewuna (Barbonymus gonionotus) 10 5uaz7
Uanesls (Puntioplites proctozysron) 12 5uaz7
Uamgiiieunas (Barbonymus altus) 8 5, 6 uag7?
Uanai (Labiobarbus leptocheilus) 16 5, 6 ag7
Yaufuth (Puntius orphoides) 7 5, 6 wag7
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Uauwvesdnsany (Mystus mysticetus) 22 4,5, 6 wag?
Uannnee (Clarias microcephalus) 16 2,3,4,5 6 uazy7
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Uanynay (Oxyeleotris marmorata) 4 8
Uawuelne (Anabas testudineus) 19 4,5 6,7 uay 8
Uanveou (Channa striata) 15 4,5, 6 uay 7
Uannseaua (Trichogaster microlepis) 24 4,5 6 a7
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wAvawmAUIa Loricaridae nutiesuliowiien Tawn Yawneuia Pterygoplichtys anisitsi

wAvanlua Synbranchidae wuriieswlioien taun Uanlwa Fluta albus

wAvarlla Cichlidae wurisssiiafien lewn Yandlia Oreochromis niloticus
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Bacillus subtilis SRCM101392 99.63 1Waidud uaziidrduveinsnerdluiiniiousuunuuiualunguues
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warledlnuenanlsriidvumlngniwulueneslen fofu Srouduuuiuuuivad oraduusdenflumsideu

1Y P @ 3

Faqundelinanisinunslidundndueiifiyan wu wululedlnueaailse
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Cloning, expression, and characterization of recombinant
mannanase from Bacillus sp.

Pornsiri Bumrungtham and Sugunya Utaida*
Biotechnology , Faculty of Science and Technology
Thammasat University, Rangsit Center, Khlong Nueng Subdistrict Khlong Luang District
Pathum Thani Province 12120
*Corresponding author e-mail: utaidas@gmail.com

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. This mannanase gene exhibited 99.63 % identity to that of mannanase gene from
Bacillus subtilis SRCM101392 and its amino acid sequence was highly homologous to those
of mannanases belonging to the glycosyl hydrolase family 26. The gene was amplified from
genomic DNA of Bacillus sp., and then a fragment of 1,086 nucleotides encoding a putative
polypeptide of 362 amino acid residues was cloned in-frame into pRSET-A vector and
expressed in Escherichia coli BL21 (DE3). Mannanase was expressed as an intracellular
enzyme with a molecular weight approximately of 38 kDa. The enzyme activity of crude
recombinant mannanase was determined using dinitrosalicylic acid (DNS) method. Optimum
pH and optimum temperature of recombinant mannanase were 6.0 and 55°C, respectively.
Interestingly, it showed broad ranges of temperatures (50-65°C) and pH (5.0-7.0) with higher
than 80% of its remaining activity. 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.
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fiaddns wavnaeusundaea 34 lulasnsusieladans Neamall 37 eswnwaled feausiseu 200 seusewd

I3

Wunan 16 $alua wieldiduwadaedu anntiudy 0.5 wWesidudveswadadluaiswal LB Usuing 400 Jaddns
A aa aa a v 1 a aa a v 1 a aa oA a
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5. ASNAABUNINTINVDITADNTHUUMUUUILUE
nsnsaRdeUianssLvesireudkuwkIuw LA vilasTausuanimasiad seisnsalalulasenaledn
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Frauduuun vilagnisvenaisiiegauiuing 1 lulasdns asvuuduegiiflondaniaalaeiivuivaisazats
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Acaricidal properties of crude plant extracts of Cuscuta reflexa
and C. chinensisagainst Luciaphorusperniciosus in Auricularia

auricular

Suphak Kondara®?, Pisit Poolprasert*®, Sarawut Sittikun*¢, Auttpol Nakwa'¢, Ruangwut Chutima?®,
Chanikarn Kumnok®f, Tiwtawat Napiroon*9 and Keerati Tanruean?"
Biology Program, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Phitsanulok,
Thailand
2Biotechnology Program, Faculty of Science and Technology, Pibulsongkram Rajabhat University,
Phitsanulok, Thailand
E-mail; 2suphak2404@gmail.com, °g4761008@gmail.com, Ssittigul@gotmail.com, “auttpoln@gmail.com,

fruangwut@psru.ac.th, fchanikarnk@yahoo.com, 9napiroont@gmail.com, "keerati t@psru.ac.th

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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nansAnwIvesansatnaniivsensasayiiulnveademiia 1ngd% Paper disc diffusion fissduaany
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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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Study on fungi causing cassava root rot collected from Wang
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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. ldentification 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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A comparison of embedded materials on drying plant specimens
for a three-dimensional preservation in polyester resin
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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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L* Aidlng 100 nuneds fregnadimnuaineunnaududviaviedans widen L Whlnd 0 manefls fogsdian
ahatiosasauduiad daue a* Aiduvan wansiiediaduduns wind a* Mfuau uansieshadudife
waze b* fdutinuansiedadudivies mndren b* Wuavuansiiegadufiiii anduiien L, a*
way b* ald sndundidue hue uaz chroma sioly

adAnldlun1sie

dosnlunmsidoadsilléfie 3 sdafideruuanmstuiodusunuressaingudn 3 nau feduislaivh
nswlsuiisuauandiinansiavesfivudosidla Tns3euifsuameiuusiuiidutanilusdazyin
Wil nnsvaaesiiiansununisvaaesuuUguanyssi (Completely Randomized Design; CRD) 3iA5123iAa1M
wlsUsIuvestayane Analysis of Variance (One-Way ANOVA) AAIZIAMLUANAITBIARALH 83T Duncan’s
Multiple Range Test fiszsutiaddeyvneada P<0.05
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aendsnisiladiedeiivluTaguilasite q wdnhlvevlugouguugil 65 esrnaaided wuiinen
LummvzmEmusuamLaaumiaﬂawaqu’muﬂmﬂ’nmﬂmamumau wazAsiifl 20 Wosiiudvaauiiniiudy
Tudhlusil 4 sesasnAeyanugu My uaz unau vaugfinennuaruyamua yadidudaneanazilslunse
fnmsanasvosthminginiinisléunay wagaaiifl 20 Weddudvesimdnduduludalued 15 dalunsdves
Tulwswuigeiitidudanueainsanamenintniininsldtaguindu wagasiiil 30 Wosiduiveninin
Susuludalusd 2 sesasnAonisildunsie unau uazyanIUgN NAN1FIToUANITIANT 1

mendsnstsnenugaualuiansians uduhldevlugevemmgd 65 sswnwadoaruiiiniinasi
wuhgnauauilifinisilslutagle 9 wagyaiiluddneaiuiniusaingualsiiuesdgeiiande 1.12 uaz
0.94 mg/100g MuAFU s83asNAenenLugNATHslunIBLAzLNAY Yz UT I usRTnqueulnlysiuly
maﬂqwawwudwmﬂ’m@uLLawqmﬁ'EJﬂueTjﬁmLﬁ]aﬁU?u’lmqqﬁqﬂﬁa 73.82 way 73.74 mg/100g AUAIAU
sesaundenannraruiitaunay aonan uazildunsie dululnsluyaniuguuasyedidldudanieaiviuim
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* YasnpniugaLAYnganisaaesdianduuinuanninglidnumndes lnsnenuganiaaadian b*
gefignfie 77.28 sesawmnAenenugaanafildludaniiea n51e wnau uazyAAIuAN A1 b* Winfy 68.20, 55.67,
5230 uay 50.58 MAAU AeNUARNAANilA hue gefianfe 1.68 uansindvesneniudindesan sesasundo
mamuzgaumﬁﬂﬂu%amwa YAAIUAN N1 WaTWAAUNAT 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 MmuaAY

nonnmauanilAn L* gefiande 35.77 sesawnfenenquaiuiildunsie unau @aniea uavyamuauil
A1 L* Wiy 35.21, 32.42, 31.04 uaz 29.64 anuadiu A1 a* vesnuaulunnganisnaasalanduuinuansinting
fidlnuuns Tnsnannuatvaniian a* gefignfe 41.99 sesasmnFensnnuaiuiidslunsiounay Fn1ea wazyn
uAu fif a* Wiidy 35.10, 34.71, 34.34 uay 33.02 MudIFU AenMATUARTIAN hue gefigade 0.18 wansind
vosnonidudunsan sesasndononnuauiildlunsie unau Fdnuaa uazgnaIuAu fid hue Wiy 0.14, 0.08,
0.05 way 0.02 MUY AennuauaniiAn chroma gsfigafe 42.74 sesawunfeasnnuaruitildunsne unau &3
N4 wazYRAIUAN AR 32.59, 30.33, 30.22 wag 29.81 AUERU

TulwSaniian L* gefiando 43.18 sesasundelulnsiiilsludaniiea ns1e unau uasyanuauile L*
Wi 42.21, 39.29, 35.68 wag 33.77 aua1siu A1 a* Tuynyanisneassdianduauuansiningiideendes wui
Tulwdaniid1 a* Anauiigade -21.80 sosasunAelulndfiildludanies ns1e yaruay wazunau lasdidl a*
Wity -15.75, -13.96, -10.83 uag -9.95 aud1su TulnSandien hue gefigade -0.77 wansidvedlududideaan
sosaunAelulnsiildunsiedaniea YAAIUA hazwnau Ay -1.01, -1.07, -1.19 wag -1.20 awudau Tu

InSanilA1 chroma gefignms 31.58 sesasunAslulnsvdludaniee ynatua neuazwnaulliAniniy 30.33,
29.14, 26.27 uay 25.73 A1Ua1AU
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M1519% 1 wavesianianilsend

=

AVDIN

P

yendinsilusuniigaumall 65 ssruealuadusseziaansing 9

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

newmn: snwsmivaadsluluidwesisuiazyinneiusansivisiuegeilduddgneadifin P<0.05

a

mevdanmafuinuislunedioamefistuduszesina 6 Weu nudifivania 3 sfiafiiumdsluned
wamofistuiinsguiuagiiesoinmanaeenuniusiuiunn wagiataas luvusiiisinunsiuiieda
naaunsaiuinwd sune uasguiamilouanmieunavdetuguienedioamefisiu vasiinislinsnsuas
unavreuiuinwlustuhlimadadnideousdsnsgurainey dnvazvesfivaendsnsildunedieamosis

a Yy & o v & & o ::4'
%ULLaQLﬂUiﬂNWIQLﬁUDaW 6 LADU LAAIANNINN 3
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afUsenaddeuazasy

nsissuifisuuszansamaesianildlunisils 3 viaievlueuuisiioumal 65 esmwaldualeiun
V1318 UNAY wasdanaa dmsuity 3 vlia laud Aeniugauna Aennray warlulng neufushwiselulunedion
wiosisdu MnAdenuifiens 3 lefidduidniaauiaininsiidutaguiadu aenndesiunenuves Rani
and Reddy (2015) Fs@nwuieiutanililunisilinenliangviauis wuiinsimansadigafonisilslu
n918 Fanuaa uazueusnd laslamiznsildduianieaddlinadiian wufeiuseauues Karunanda and Peiris
(2007) Fanaasuianilmansviasenisilsinen Plumeria uks wuinsilsluddnearieliinenliiuiasian
iesanlassarwendinddniaaiidnvazdulassegnguruadndnoumilifsauautinsgadums
n18AMN (physical adsorption) wazn1saruktuiluvesnainislugniu (capillary condensation) F9vinliida
ﬂ’]Lﬁ]an%’uﬁwLLasaxmaﬁl’maﬂlﬁa&i’mmﬁa (Sindhuja et al.,, 2015) ashﬂﬁmzuLﬁav‘hmﬁmﬂ%mmami’mqhﬁm
wiazalnaendsnisyilutauingamuuitlifinsilinluianuianiieg fvsnusweinggeiigausdltuansng
othsiifoddyfunisilsluanuaaudedndla Meilduivsuieradumsznisuiiedssnidislunsannis
vhauveseuleiiindesiunisaaefvesssaingiliausasnuuinasseinglidndesuaiilowsouiiio
fulsinussaiagluiivanudmuinfisiieuuediusuusininguinni fudlvgruiniadesainnissisausai
LLGmm'Nﬁ’uiwdwmﬂ%’mﬁmﬁﬂLLﬁ’aLLaxﬁwwﬁﬂam%ﬁmﬁnamzﬁﬂ%mmﬁwagﬂwﬂjaa‘ﬁwmumﬂﬁﬂﬁaﬁmwﬁmq
feaninnsldmdnuis annnanisiaAndvesiinuinnisienenugauiaslulniludanieaansadnwa
waesardilsavesiialdniinisildutanuindu denndesfun1331891uea Karunanda and Peiris (2007) &4
wuimsilsludaniaatisnsanindvesnon Plumeria lédfian agnalsinulunsmaasmuiinenquatudilsly
nswannsoinviaaududundddininisidutaneindu vederadeinsntnguesiisudarsiinoglu
Tnssaaiunndnafulagssaingdimdedlunoniugamadnlugjoglunduualsiiuesd vasiissaing@iorlululng
oglunduanelsfiad devauniuadiiussyssaingisassintoglulslnmarfuronsad vasiissningiundunty
ponnuatuduneulnlefudsineglundunailussdiiazarelumifiloavesvadiio Seenuunndrsienadmai
Timssnwdvesiinlutaniudassdadauunniieiu SafesdinenuluneezBonilefigaitoduiuvguisoly
\defansandnvuzvesiindansiauagiliuiduiaguiasiisg wuimsisduddniauasnsesaiunsainw
sUsvesiinelild vazd Dilta et al. (2011) srenuihmsiilinenliuisdaglimssazdroinuvindunenlsii
dnwaziSou lusngiingldtanteassilindunenlifinuesssidntosidesaneynmavemsedvunadnniy
Feannsaunsniinlulusesinsweanduaenlsfldfndt dau Datta (2001) seyimneazdeaannsaliifuanileia
1§ ilesandresensiivine fdwdnnauiiiuarlivugaseduledilueina srlsinnunseildasd
SvasdnaiBonuazaisdinivans 4 adufiedrandesenlasiamensefiinainneia Jawaharlal et al, 2013)
éfm%"umﬂ%lma‘uL‘T]u"’;’a@EJﬂumuﬁi’fﬂﬂ%&ﬁwuiﬂé’aﬁﬁizﬁm%mwﬁaaﬂ’hmeLaz%ﬁmmaLLﬁiﬁﬁia&J%’ﬂmgﬂm&LLag
Fvasiildintmpniuau seilidosnunauiidulowagloauasSsdaandudutssnouduiuanndehelumage
FUthla (Ummah et al,, 2015)

devrfinluifuinwidelasnisvaslunedieamesistuiisuiunisldfivanivinuiud wuirfivand
thamdelunedleamesistulimaguiiedmniuarivesoinagaenuidudwauinn emnfivandih
omeluwadifleldsuarusounnnaurlusduilfiianesennmasonin uazidofansgapdeilugadviiliie
finsvaduasAinawuszeznailumaiuinuitiutu lusasifefiunshuiiedanieaansafuing
3 1u1n wargUranileuanmnounisvdetusuienedieamedistuld uansihiivuiiainuarliiuse vasiing
Hilunseuazunauieuivsnulusduiliivnzuazmadidniosuddsnsgusiaived

nmswseuiisutendedevainisldianuaazytinlunisiliisuimuiniagudasviiniivefdade
wnssfutuegifuingusrasdmaiiluldusssulssanniiiio Tnedanaidefoaunsavilifisuridasldinand
uaamwm'ﬂmamau WsuvﬂmmmaauuaviﬂiwamummmmLLawlmmmmsLﬂasJuLLﬂaamwaqmimviﬂwﬂuwaa
loaLedLsTy uam]'muszjamquaLa,Jammm%uLLa’Jﬂaammmﬂawﬂ#ﬂwmifﬁmauﬂﬂauLLm witeideAaiisnnn
wnandiandn 2 alouarliaansomlfnnsssund dniunseiivenfedinsgusiaudfveiivaiendnisii
wisled s1anliunauazmliieluviosiu uilideidseltinauulumsiliuiuasivurdnddnvusie
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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
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unin
finles (Amaranthus sp.) §neellursd Amaranthaceae (i afifitiunil, 2549) 1urindigasluselusiu

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
Tulliiuaiga dredestulsadousiag wu lsade tsamile lsadunn wazlsaueide \Judu Wuna anwaiues,
S35 Junsiag, Nseial adadan, 39 8gAs, wazami wissnt, 2556) egnslsinny Ao dudnfisusunaeans
ooneLanAeuiieg fefudfiitigmidesds e doshiau sunnesd sudsiidesnsarauuunuueadounis
wfomdndsimsuilaaluviinann dwiunsiulsenudnlvudendsdiantoudenninlunanindumdy
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 wardinuAmsemsgs 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

WAL e PGRIRTEIEN
5UN 1 dnlauinldlunimaaes
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2. nMsafeasAIUeYNADETE

ddnladrunssuiunsidanudeunude 1 smdiasdiniuunsunsuazduiiliuge wdnshadu
Fuliazden dehethsinluumtn 1 n3u tanafndeasavansemuea 80% (vAv) Usinas 10 fiadans wildun
Faewn3as Homogenizer Wuvian 30 uft vniuiludumiomnasneudenies Centrifuge finanuda 12000
sousieund figaumindl 4 ssrwadoa WWunan 20 uiit tiemnzduveamanladaduasafaveiu (crude extract)
lUldasgvidnenmsalunsiueyyadassuazUSunuasuseneuiiuedasely

3. msanTeidnantnsulunisdueyyadasslagds ABTS radical scavenging activity

nsiesegidneamsinlunisiueyyadaselagds ABTS radical scavenging activity Faaulasan
38719984 Huang, Ou, and Prior (2005) lInin3una1sazaly 7 mM ABTS Usuins 2 Tadans nauduaisazaiy
2.45 mM potassium persulphate Uuns 3 dadans mﬂﬁu’uﬁﬂmﬁuvﬁluﬁﬁmLLazqquﬁ 5 psrngaldoa 1
nan 16 Hilus udrhaniFeansisansazansieniuea 80% (v/v) Wldanisgandunasssanas 0.7+0.02 finy
g1nau 736 wiluuns fewhluld udendt ABTS solution 91ntiuth ABTS solution Aldd3unns 2 fadans naw
U crude extract U3uns 0.1 08803 wéaielifunan 10 uiit uda¥adnsganduuasiienueniadu 734
wiluims sheta3es spectrophotometer Awadnanmsmlunsiusyyadassifiouiuasinsgiu sallic acid
(GA) Fadnenmsalumsiuoyyadassiiviedu ug GA/g FW

4. msnsendnaninsinlunisdueyyadasslagds DPPH radical scavenging activity

TR evidnennslunisitueyyadaselaeds DPPH radical scavenging activity FasauUasann
3315999 Mun’im, Negishi, and Ozawa (2003) Tnawnseuansavareiildlunisinsziusuing 2 faddns ¥
Usznousie 0.12 mM DPPH sazanelu 95% ethanol Usuns 1.5 fiaddns way crude extract Y3115 0.5
fiaddns nenlvidrfunddluifngumgiiveadunan 30 uril udrinAmsgandunasiiaugniadu 517 ulu
1IR3 FeLA3es spectrophotometer AafnenmslunsiusyyadasyIfisuAUaTIMSgIL GA Gadneniw
salunsiueyyadaseiviedu pg GA/g FW

5. AsAAziUTNaENsUsEnaUTuaAALn (total phenolic content)

¥msieseiUsinaasUstnouTiuaaatanun SefanUaannisnisves Singleton and Rossi (1965)
Tnewisuaisazatefildlun1shnszilsuing 4 Haddns eUsznaudie Folin-Ciocalteu reagent 10% (v/v)
U313 2 addns uay crude extract Uu1ms 0.4 fladdns waslmdrfuudinalingaumgivieadunan 8 uii
nntuivasaranelaieunsusiun 7.5% (W) Usuns 1.6 fadans udansisliifune 2 $alus uda¥arnis
ganduuasiinueIndu 765 uiluluas fMela3es spectrophotometer AnaUsinaasUsyneuiluedaioun
WiguAUaNsuInsgIuN GA Faflmbendu pg GA/g FW

6. M3AIATIRUTaYANNEAR

nsiesivideyanvaifvesusaznisnaaedagldlusunsudniagy SPSS (statistical packages for
the social science) Tne31As129%A210wU5USIU (analysis of variance, ANOVA) wazlU3suifisuanadssay
Duncan’s new multiple range tests fisziupnudomiu 95%

NAN133IY

1. mMsimTeidEnnaasinueyuadasziieds ABTS radical scavenging activity

NNTBATIERANenMTInTuNSiueuYadaseaIeTs ABTS radical scavenging activity wuindnluy
Weaan (821 pg GA/g FW) fifnanmsisgendndinluauwnsan (297 ug GA/g FW) Fadendu 2.76 wih Tudinloaden
wuh mafudnavhlidnenmulunsueyyadassanasmussernafuiiudu lneyafiiiunsduum 3 i
fifnenmslunsiueyyadassifianyindu 711 ug GA/g FW SsnindnluwanAndu 13.40% luvaiziinisils
fnavilidnenmaalunsiueyyadassiiiviu Tneyafiiumsionu 4 uit Sdnenmealunsiueyyadasy
aafianiviniu 893 ug GA/g FW %qgaﬂiﬂﬁﬂimmmﬁmﬁu 8.77% (A 1a) drusnlonuaanuin nsuinavily

Y 9
o

AngnnsilunisiueuyadaszanawussesawuIuILALUiY lngyaiiun1sauuy 3 i ddneamsiy
Tumsfueuyadasyifianintu 167 ug GA/g FW Fwinndndnluvandnilu 43.77 % Tuvasiinisfefinavihli
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o =

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

2. mMAAAUTIIMEIiUeYYadasEA2875 DPPH radical scavenging activity

INNTIATIERANENINTINIUNTATUEYYABATEAI8TS DPPH radical scavenging activity wudndnluy
wasan (233 ug GA/g FW) ddneansinaainddnluuilenan (167 ug GA/g FW) Fadadu 1.40 wih ludnlowden
WU qu‘ﬁ'chumiﬁumu 1, 2 war 3 uri AdnenmTlunsiueyadasemiu 174, 151 uaz 154 ug GA/g
FW paidisu eanliunndnsangaaiuaunisadn lusazinisiadinavinlidneamsaulunisiueyyadasy
W Imaéqmﬁmumifiqmu 4, 6 waz 8 w19l RAnsamswlunIsFUeuYAdasENdY 232, 204 uay 205 pg
GA/g FW %ﬂg{qnfjwﬁﬂiwamﬁmﬂu 38.92, 22.16 Way 22.75% Auaeu (1 ndi 2a) dauinlauunsnuin mssuiing
vhlsdnenmlunsiueyyadaszanamussznaduiuiuiu leynfikiunisduuu 3 it Sdneameulu
mMsfueyyadasEifigaintu 79 ug GA/g FW sinidnlusandnidu 66.09% Tuvaizfiyadiriiunsteunu 4, 6
uaz 8 unit fidneamsailunisiueyyadassindu 247, 227 uay 231 ug GA/g FW anmidsu Bsdldnlsiunnsng
NNYAAIUANNINERRA (Al 20)

3. msdwsedlSinaasuszneuiiuadanaiundieds Folin-Ciocalteu reagent

MNMTIATIERUSINAENsUsEneUTueaRTuLe nuidnlvdeadn (976 pg GA/g FW) Sansuszneu
WuaﬁﬂﬁwmqmdﬂﬁﬂiwLLmam (905 pg GA/g FW) &adadu 1.08 wir Tudnlowden wudnisdiuu 1 was 3
Wi fnaifiUSunaansusznouiiuedaronun Tnsdiansindu 1071 waz 1024 pg GA/g FW augnsu Fsgenindin
TvuanAnidu 9.73 uay 4.92% auddy Tuvugiyafiiunsfnu 2 ui fuuuenas Tnefiawintu 913 pg
GA/g FW Bsshnrindinlauanfndu 6.45% luvasiimstaiiarmliimuasussnovfuedamunidiut Tasgadi
FuMstaun 8 wit fsinagsiigawindu 1282 ug GA/g FW Faganindnlunandnidu 31.35% sesasunduyai
HAUNISTNUIY 4 waz 6 undl TnefiuSunanintu 1139 was 1074 ug GA/g FW %aqaﬂdwﬁﬂiﬁuuamﬁmﬂu 16.70 uaz
10.04% muasu (it 3a) daudnluuuaanudd quﬁmumﬁéfumu 1, 2 4ag 3 w9 dUsuuansuseneuilusia
Famuainiu 918, 835 uaw 849 g GA/g FW snudhiy defiailiuansnannynaiuaunaadd lusneiinisdding
VliUSinuansuseneuTluedavauaLfiaay Imamﬁmumiﬁwm 4, 6 way 8 W1 AUSueuwiniu 1301, 1283
waz 1361 pg GA/g FW ?jqqqn’jwﬁﬂiﬁuuamﬁmﬂu 43.76, 41.77 uaz 50.39% auadu eendlsfinny wafiiiunisds
W 4-8 Wit fUsinmansuszneuiluedeiaunliunnseiumeada (rmdl 3b)

aiUsena

dnennsulunisiueyyadassvosinluuazuansiuiuegiuaeiug Tnonmaaestinuidnlumdend
#neamsanlunisiueyyadaszlngds ABTS radical scavenging activity gsndndinluuuns luvaugi3s DPPH
radical scavenging activity nduliraiinssiudnuiy seilanuunniiswemanisnnassitnseldanae iz
ofnINATIUANAsTesiava I uoyyadas ilegluinluuiansaneiug Tnseyya ABTS annsnavais
Iiluhuazansavanedunsd Feenansoldiesgimdnsnmlunsiueyyadassvesansingg laidaziduasd
azangtvdoansiozansludln lunedins DPPH dndouldlunslinszsigndlumsiuoyyadassvosansdiy
oyyadastaNsssuYA snruasnguualsituessidesnniinisgandunadlurisndudiodtu (enn Juszaud,
U391 ygyge, Junun qmaz%’mﬁ, LALUNASTNY DnRAUNeY, 2549) YoNaNG HansaaDsuanslLiuINdE ML
Tumsdueyyadaseiiinlfainds ABTS iau1nnd135 DPPH Feenaifina1ndidnnseulfeiveseysa DPPH 95N
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uptiasheraumuuudy 3 2 wagnylulaslugeslassairsmaniiveseyya DPPH vilwansiuoyyadaseisians
wssfivwn g urssdaliaansadiluviisenls wieiaufiserdindianuduese Cann Tyseaud, U3
Y, Iunu ‘qmaz%’mﬁ, WaLUNASNY dnRauNDY, 2549) YoNANE NMINeaBshNUIUSINuENTUsEneUTiuedn
fovmeluinlundeafiganiludnluuues Sadulvldhasfiuedeiiganihidusiafifiqrilunisiueyyadassie
Fsaenndestuinsnmsulunsiuoyyadassiiinneildainds ABTS aziiuldindnenmslunsdueyya
daszuazUSunuansusenauiiuedaveinluniinnuuansisiunuaisiuguiediunantsnaasdhululngenn
waznNaNwiUa (Javanmardi, Stushnoff, Locke, and Vivanco, 2003; fin1gyau Sunsuves, 91usd avieyns, uag
noULNYSA wasla, 2551)

nslinuseulaenisisdlnaiudneninsinlunisdueyyadaszvesinloy ddlvinaunnssiuiuegiv

Y

ee

)]

v

svoznaniits Insludnlusdonazinluuunsdildriumstdounu 4 und azdidnsamsulunsiueyyadaszifinty
aviian siinafsduresdnsnmsalumsiueyyedassmevdinmsiiuoafnaniviinumsiueyyadass
vwiafifindy fsaonedestunanismaneadoinuamssznauiiuedatioun taenstoun 4-8 unit Suaifia
UnuansUsznoufiuedanamuaidudnlumdeuazdnluauns anfinsiinafindiuuansussnouituode
sromueludnlvady fulvgruihaufeuiiAslunszuiunsidmarinliiansussneufiuodafiunsnuazazauegly
wiwadvanoanuiuasUszneviluedaiiaesifudasslulelneoaiiuinntu uazdienaiuasuszneufiuede
viaidnvdlunisiueyyadassgeiie Ssaenndesfunisvaassves Anfun W uazvdinigat dunfuines
(2562) Fnuilupedudindlnfiunisduny 3-18 unit fdnsnmsalunsfueyyadassifiniuaenndasiui
USinauansuse nouiluedasvuaiiiuiy wiuieafu Dewanto, Wu, and Liu (2002) finuindnlwavnudiniunis
flsuu 25 nit Fdneamalumsiusyyadassifiutuaonndesiuiviinamstssneufiuedarmuniiasatsog)
Tl Tneaiiniuge wWuliieatu Choi, Lee, Chun, Lee, and Lee (2006) Ainuinfiadninginiunnsieuny 30
it fifnenmsalunsiueyyedasuiutusonadostuiusumnsaniian leduin wesdn way wisguasn &9
faufuansusznavilueBnensheiiiuiu

nslianueulaedsnissunduiinaandnenmsinlunisiueuyadaszvesinlan lnenissudnlaudu
nanuudsilidnenwsalunsiuoyyadaszandias Ineyadisuuu 3 wil seddnenwsalunisduoyya
daszeinfian Miduduioradunsmznstuilieadiudatuihdoulaenss shlfarsseneufiuedananeenain
wadinazaweglutduldie dwaliuTinuaUssneufiuodnluideioanas asnadestunanimeasdluin 20
viln AnuiinsduduisiinliiinsgadearsuszneuilusdanarAnonmsanlunisfueyyadasegeiian
(Jimenez-Monreal, Garcia-Diz, Martinez-Tome, Mariscal, and Murcia, 2009) Tunnsnssfusny nsiasadlls
fudatuilaenss winrudouiiwadldsuasdiduatuinliassenoufiuedeiiinizoguinundasaduan
ooniudaszuararavoglulelvwon warduilinineaddeudouunniu Joilfamsoadnasing Ty
wadeanuléunndu (Palermo, Pellegrini, and Fogliano, 2014) agndlsfinu lunisvaassndsinuindnluuden
waginluuasiiiunsiuldlédviinuansuszneufluedaananiioussaunisdnuniiiiumn dduienasd
nsAnvImwdauazuinvesaisusenouiiusdauazuuiuasiueyyadassyiadu Ailanuduiusiy
#nenmsnlunisiueyyadaszvesinlunivdsuudaailoldfuanuouiiniduseld furunismaasduna
flomosfikiunisdiuuny 2-6 it wuinddnenmlunsdueyyadassaduasnadostuiiviianuiualsfiuuas
"Laiﬂwut,wmwu IwumvmmJsuwmmiﬂsvﬂaUWuaaﬂmwmammm (Azizah, Wee, Azizah, and Azizah, 2009)
wuliearunsmaaedly Cassia auricalata L. Jaduinlud@enisiunsfuuasiu 5 uifl woddinenmsnily
nsfueyyadasrasiuaenadesiuiiufinuasusznauiiuedauasatlussdiommniugedu luvae Ui
LLﬂIiﬁuaa(ﬁaﬂﬁ’ﬁm (Gunathilake, Ranaweera, and Rupasinghe, 2018)
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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,
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) Bangkasu, Phetchaburi Province and 3) Khaosamchan,

Kanchanaburi Province, the results showed that physical appearance in term of shape,
skincolor and size of the chili were different depend on each area. The name of their chilies

were also different depend on each appearances, such as Karen Kaokuang, Karen-Hom and
Karen-Kao. The chemical composition analysis, capsaicinoid content and spices were found

that the Karen chili from Ban Bang Kasu has the highest spiciness equal to 1,183,679 SHU,
followed from Ban Phurakam, Tako Lang, Khaosamchan and Ban Bangkama, respectively.

The amount of capsaicinoid is reduced more than 80% when cultivated on the flat area. The

red color intensity of chili analyzing by amount the capsanthin were indicate that, the chilies
from Phurakam had strongly red whereas Khaosamchan had a slightly red.

Keywords: Karen Chili; Capsaicinoid; Capsanthin
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NaYRsETENAAN IULazNaAUARBNISEEULD Penicillium digitatum wag
Colletotrichum gloeosporioides mmﬁ!‘liﬂﬁ%
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UNANED

navesasannainlunaznanuddenisdudadesn Penicillium digitatum way Colletotrichum
gloeosporioides anwnalsaiiy lnsnisadaldieniuealiarsadianervludiuveslukaznainiiua iy
NAABUFETS poisoned food technique 1W3ualue M3 potato dextrose agar (PDA) fiszfuaitudy 0 (yn
AIUAL), 1,250, 2,500, 3,750, kag 5,000 ppm WU asatnanlutaznavesAUaTisyRuAIudu 1,250 ppm
fiussavsamlunssudimaniagveaduleden p. digitatum 1éaRe 32.91% waz 49.07% audsiu 91nau
nsvageunnaiyesduledesauvalsadung 7 fu uavasatninlunasnavesiiudissfuaududy
5,000 ppm fiUszansalunistiudimsiasyveaduledos C gloeosporioides e 31.48 % uay 58.20 %
pusu Mnvatlunadeuniseiguenduletes 14 Yu nsliasatnunAuaidusmaisiiannsaduds
\deruazmunalsaiials

AEn Uﬁuv: Colletotrichum gloeosporioides, Penicillium digitatum, AU&, @1sainnenu



Effects of Leaves and Fruits of Piper retrofractun Vahl Extracts
on Inhibition of Penicillium digitatum and Colletotrichum
gloeosporioides, Causing Plant Disease

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

Abstract

Effects of leaves and fruits of Piper retrofractum Vahl extract on inhibition of Penicillium
digitatum and Colletotrichum gloeosporioides, causing plant disease were studied. The crude
extracts were extracted with 95« ethanol and prepared in potato dextrose agar (PDA) by using
poisoned food technique at several concentrations of 0 (Control), 1,250, 2,500, 3,750, and
5,000 ppm. The results showed that the concentrations of crude extracts (leaves and fruits)
treated at 1,250 ppm gave the best inhibition of mgcelium growth of P. digitatum were 32.91%
and 49.07+%, respectively. After seven days of incubation. For C. gloeosporioides, it was shown
that the concentration of crude extracts treated at 5,000 ppm, the inhibition of mycelium
growth from both leaves and fruits were about 3148 « and 5820 «, respectively. After 14
days of incubation. Therefore, the antifungal activity from Piperaceae extract may be a
method to control plant pathogenic fungi.

Keywords: Colletotrichum gloeosporioides, Penicillium digitatum, Piper retrofractum, crude
extract
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unin

Hagtulszmalne uundsndnuazdisonndnnaiivinuazralifiddey awnsondauazdmdanaiilsann
fiwfnuarnaliivarssineenlusmhedwnUsema  Jeanisudnfvdnaznulsandsnisifiuiiies (Postharvest
diseases) Ingiinanideqdund wu uuaitde Weswhag fnsnuieiulsavdinaiuiees lsanins@den
(green mold rot) wazlseuins1diindu (blue mold rot) Wulsafiddyuaznuinnlusyezndinisiuiovedu
(Snowdon, 1990) Weawvnfe Penicillium digitatum \Fos1azidnvhatenadifiuna uazidosundnszatanan
wafifulsadsnnvausglulssdnussquagluain madviasannsaifelagdmsmadifiouadninn 1wu sex
ﬁwﬁuﬁﬁagﬂﬁwma Dudu (e, 2543) mmisuaﬂiwé“amilﬁuLﬁmdaﬂmﬂlﬂummiﬁLﬁmmmimﬁ Tnede
awmaaeulsfindeaaedefornaeduiiduneduiiiisadusnsenandu ieifeTsyuiawiliiuuey
@y oIn15Bnviinfinufie mmiﬁL%aéﬁalﬁaL?iagmv‘fmmlﬁmaiﬂ uddin1savavaisusznoufiueaiinliunatin
Hudthaadeorauiiedinails dusulsandinmsfiuievemaduldun Tsanhsdider lsanhsdiitu
Tseudthana lsaflinanidesn Rhizopus Tsaniiiinainifes) Atternania Tsaniiiiinainides) Fusarium
warlsatnnaln (atfy, 2543) lsaueuunsaluaiinainides Colletotrichum sp. S?fwdgaﬁﬁwuLsﬁ’ﬂﬁwaww%ﬂﬁﬁag’
3 gfiaseiu Ao Colletotrichum gloeosporioides Wiviharewanualvaiiuwan C. capcisi lWvatewsnuaLan
(W%ﬂiuﬂzjuw%ﬂ%ym) way C. piperatum 11vha1ensngng (Winyi) dnvazmsidiiatende %Lﬁmmd’wﬁwﬁﬁu
TngfiRnvemaninaziisesyuidniios LLazﬁmmiﬁwﬁwLﬂugmaﬂaw%aﬁ ReuUNAIZADY 9 YENERENTeT19Y
asavesdafudunaud iy

namuaalseiiinondesmesinuasnalildaaeinualuwangnuasinsldanataugulsamss

Mafiuife wmszasmvaulsandanmsiiuiesinagldnarieiussavsamunnnimsldansiadfunaliieuns
Auiien asndiiildtestulsandanisifiuifieivemwadu 1oud thiabendazole, thiophannatemethyl, benomyl,
guazatine, SOPP (sodium orthophenylphenate), 2-amino-butane, biphenyl &g captan (1991 hazAM Y,
2546) Anwimsaanisiiidevesduseninamsiiuinu Tasirdunsiluguen benomyl wag imazalil 91 500 ppm
wdniliedeuRade Wax 551 wuindeiiuly 12 daminaduigueuazindeuiininisoug fe iinlseiiosdian
famsmueulsaundifomdmniuielegldosidenduiusunmedefuilnamazerninasivandiuay
\Aamshesvendeann wu msld thiabendazole ilamuaulsaiin MiAnanide P, digitatum wuideag
finnsgunuenléady (Holmes and Eckertrn, 1999) s1eumsiasizsinisldonsndndesimuin P, digitatum
A115061UNUEN imazalil, thiabendazole ay o-phenylphenol Wi ’mm?l'Lﬂ‘lﬂmﬁaﬂﬁﬁmiﬂmﬁ’mmmwﬂu
TseiAnAuiiy wuansidifidunavesansidfidusunseseglduaziis Tnsimensldaseilunsniugulsas
WhAiTen uazlsauouunsalua Jeiilitinis@nw1isnislvag fazdanlflunsauaulseiis nunnsAnuide
Tngansarinayulng Lﬁamimu@m‘l’améﬁmsﬁmﬁauﬁmﬁu

fUd §90Imenmansin Pier retrofractum Vahl. eglunsd Piperaceae Dl Aeswiinnils Tugdla Tau
wy Ymeunan ufisluifer adelugnasiluiunin visnindntes senifiusunsenszusnuaneuy eunas
fnaluduns Aualansdrdgnanaisdaniases (Piperine) Useuna 4-6% Piplartine wuldludidunazsin uagil
13 Alkaliod A Alluveaman wenanidailans Sesamim Dihydrostigmasterol uag Sterol visiuneuszineld
Mnmsthivautanndusieled Yssneudsansndnie Alpha-Thujene Terpinolene Zingiberene Wag Para-
Cymene Jusu (3558003, 2550) ?zfqﬁﬂwumﬂ%’a’]iaﬁmmﬂayuvl,wﬂumﬁé’uégu%aﬂ feanuIdevee AMaiad
wazAmy (2549) AnvUszansa e mansarvnswanazasatinanii lumsdudimsasyveaduledos ns
assales nssenvesales muenveadeaiaselsife waznisaueulsaiiy wul asaingns 6 (Mnela : AUE :
n1ung 8ns1aiu 1:1:1 IneUsuins Anududu 1 %) duse ﬁWﬁﬂ’]Wﬂ‘lﬂﬂﬂﬁ’]u’]iﬂﬁmﬁNﬂ’]iL%im“uaﬂLﬁ‘lﬂ.&JL“U?Jﬂ
a”lL‘VimIiﬂW‘U‘VlmmU 5 9ia (Sclerotium rolfsii Marssonina sp. Colletotrichum g(oeos,oor/O/des Pythium sp.
wag Phytophthora sp.) ) 161 100 % Fadtaluaed Piperaceae Mﬁﬂimﬂmwa’m’liamuL‘llaﬁ]aumﬁﬂ,@ GRLGERN
U8V Srichana et al., 2009 WU miaﬂmmwammmmmmLszjasw A fovus wag F. verticillicides 16
LLaUW‘tJmia’mmSLuu’muMamuL‘MEJ‘UEN Amezon Piper species Vlmmiaaumlfuai’] C. cladosporioides Wwag C.
sphareospernum LmﬂumuLLaﬂU‘UaW%WQWUﬁﬁmﬂiy‘VlEJUENL‘UE) Escherichia coli wag Bacillus subtilis 161
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(Reigada et al., 2007; Masuda et al, 1991) Famsldarsainainfinduisnisuiangniunldiiienaunuaisiad
Minlsaiy deiugdiTedaulanf@nwaisadnainlunaznaduddon1sdudures Penicillium digitatum uag
Colletotrichum sloeosporioides awwslsaiiy Liaduwuimidlunisavauieslsafivlusuanseoly

IUILEIAYaINITITY
eRnwUssansnmvesansainanaualunisauauiesinelsa Penicillium digitatum uag
Colletotrichum gloeosporioides avinlsaity TuseAuvieaujifns

52 U8UI5IY
Fumerlumsiiiiunuide
1. %uﬂ’]'im%ﬂm%@ﬁ’]mmiiﬂﬁ‘ﬁ Fosilddmsueniseil fie Penicillium digitatum was Colletotrichum
gloeosporioides LLsJﬂL‘uausamﬂmmmmgummi ANLINYFNENT wnwmaaﬁmgmma Taenidilean
\Hesunemns Potato Dextrose Agar (PDA) wieviuslu stock culture Tvhnisveaadhudusiely
2. MawseNiegansainnluLasnafua
Plunaznarvaiheuareauasisliuis auldimdnad wdnhunuaduiudng ussgadlunivue
uia iefiaueanaged 95 % awiay uisegslusviazaaduie 48 $alu ndndunsewensogsas
afin udnhasatafinsesldluiiuduneumsssmedvinaranelngliiedes rotary evaporatory figuugfi 40 °C
Fnsszmeaunsytansanafidnuastu Wsegnasatnunsemeliuis few3es Vacuum Freeze Dryer wae
Fafminvesansaftnilld Tnglidminad iiuansafafiodlldliaamaii -20 °C iflevhnmeasdudusiely
3. ManaapuUszAninmvesarsatnnluiasnafudsenisdufinsisyreadenannnlendaeis
poisoned food technique Tnerauansafaitaluamns PDA fisssuaududu 1,250, 2,500, 3,750 waw 5000 ppm
themnsiinawansainlushdelueiemdetmnuiule Wuman 15 il memnsinauansafnaduaudonde way
Wisudleuitugamunu Tasyumuay binauansada deRmihvesemmsiinauasarauazyaiUSeuiiouuiseain 1
Fufuiildannisld cok borer wwmduruASnan 1 wuiums @wddesouden P digitatum ey C
gloeosporioides Tifleny 7 uay 14 Fu auadu Measuuimthevnsfiasmsatnaniie ﬁWLﬁ??aUmHﬁqmmﬁﬁaa
(28+1 °C) {Huszozinm 7 uaz 14 Yu amd1du wasvinismaaes 3 41 Tufinuanianaaes Tnsmsiadusiugudnans
Telativouton nnduthaldindunnmieiiduimssudimasiylneliansdutolui

Wosibudn1sduda = [(A-B)/A1x 100

P a al' Y '3 & A a & &
e A AeARfurauduruANENa1NUD LRI MRS YUURIMISIEEUTRTIYAAIUAN
B FeAlafsratdurinuaAuinaI9vetde Aty UL IS AATe T NANaNTATR

adnnldlunsinszideya Mlusunsudisagulumsimseiada

NaAN1538
Wansannantukasnavesiudumaaeunsdugainisasaiulavetos P. digitatum awelsarai
addeaiisgduanududusineg Uniigumgies (28+1°0) uszeziian 7 Ju wafild dall

UszAnsnmeasansannainlududsdenisdugenisasyvesdulewas P. digitatum aunlsane
asanaanluvesnvaiivssansanlunisdudimsiasgueadulewes P. digitatum awnslsaraiinsad
e Tunnseaumnududu Inefiseauanududu 1,250 ppm aunsaduginisasgueadulodiosanlsalaa

Viqﬂ AU 32.91 % 5998947 A9 5,000 ppm AAWYINAU 21.48 % 5098941 AB 2,500 ppm TAYINAy 19.42
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[

% WAYTDIAI AB 3,750 ppm aunTadudin1sasyves iduleweslitesian daAwvindu 10.31 % AfAy

o o

TUFAUNTLAUANULTDIU 95% AN 1 Lasn g 1

7

LANANDE19E]

UszBvsnmuasansafnnuanuidenissusananiyvaaduleden . digitatum suvelsaity
asafnnaavesiUATvszAvsnwlunssudsnaasyendulades P, digitatum amnlsanaiingd

o7 Tuynssfumnududu Tnessduanududuil 1,250 aunsasudimasiguendulodosaimlsaldifian i

AWVINAU 49.07% 5898317 A 2,500 ppm HAWYINAU 35.55 % 58989171 Ao 5,000 ppm JAWINAU 33.34 % uaz

399891 fD 3,750 ppm anunsadudaimsiasguaadulo@osliteeiign Jaifiu 33.13 % IAuwAne90E9d

o o A

DEGRERNG

o

SYAUAINMLTDLU 95% MIR1S19N 1 WaznIndg 1

A1919% 1 LansUszavsnneesansainainauanenisduginisiasyvendulewesi P, disitatum

Diameter %

Treatment Diameter of colony (cm) Average (cm) o
inhibition
Leaves extract
Control 4.3 25 35 3.43 0.00c
1,250 ppm 32 1.6 22 2.33 3290 a
2,500 ppm 3.9 1.8 2.8 2.83 19.42 bc
3,750 ppm 4.1 22 3.0 3.10 10.31 cd
5,000 ppm 3.2 1.6 2.7 2.50 21.48 b
Fruits extract
Control 4.3 25 35 3.43 0.00c
1,250 ppm 1.2 1.0 1.2 1.13 49.07 a
2,500 ppm 1.4 1.4 1.5 1.43 3554 b
3,750 ppm 1.2 1.7 1.6 1.50 33.12 b
5,000 ppm 1.3 1.6 1.3 1.40 3333 Db

*aaaglunsanilnuiIgonwIiaAi Ul INLANAAUNISERR 21AN1TILATIZILUU Duncan’s New Multiple Range Test (DMRT)
ATzAUAMLADLIU 95 %
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Al 1 navesansataanlunasnavesiuaivsyansamlunstiudimseigvenduledes
Penicillium digitatum (a:¥nAIUAY, b:lu 1250 ppm, c:lu 2500 ppm, d:lu 3750 ppm,
e:lu 5000 ppm, f:ma 1250 ppm, g:wa 2500 ppm, h:na 3750 ppm, g 5000 ppm)

thasafinanlunaznavestiuaumadeunstiudinsissaivlnveaios C. sloeosporioides GRIVGIED
wouunsalua fsgduanududusingg Unilgamniives (28+1°0) WWuszeziaan 16 Yu nadld feil
ﬂizﬁw'ﬁmwmaamsaﬁ'ﬂmniuﬁﬂﬁsiamié'vgamﬂa'%mmau%aiﬂ C. gloeosporioides #1Al5AN %

asataanluresivaivsyansamlunssudnisesayiulaventes C goeosporioides mmmiiﬂ
wouunsalua ynseiumLiudu Tnefissduaududu 1,250, 2,500, 3,750 uaz 5,000 ppm annsadudinng
Wiiulnveadesile 1037, 20.00, 21.85 uaz 31.48 % MuARU warwuin Tisziuaududy 5,000 ppm §
ANULANANAUTEAUANMUTNTY 1,250, 2,500, 3,750 LA YARIUAY aEiﬂqﬁﬁaﬁﬂﬁ’zquaaaﬁ'izﬁumwm%ﬁu
95% Fan51971 2 wazn i 2 uadliUszAvsnmatigalumsiudinsaigiulavesdenanvalse

Ussﬁw%mwwaamiaﬁ'ﬂmnNaﬁﬂﬁﬁiamié'ugamm%m%m%aﬁ C. gloeosporioides dmnlsnneg
aatinnuavestivaiivsyansamlunsiiudinsasyivlnventes C gloeosporioides Ei’]L‘MGIIiﬂ
wouunsalua ynszfuANIduty Tnefiszduauidud 1,250, 2,500, 3,750 waz 5,000 ppm annsadudinig
Winiivlnveadesild 43.78, 51.77, 53.60 way 58.20 % AILANU wavnUT VNTEAUANUTNTUTANUANGA
fuegrefitodrfynisadafiseduninudeiu 95 % Fw15eft 2 warnndl 2 usfiaanududu 5,000 ppm 19
UsyAvsamiTigalumssussniasiyiviavesdonavels
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M19197 2 wanamaansannanlulaznafuanen1siasyrentes C. gloeosporioides a@vAlIALOULNTALUE

Diameter %

Treatment Diameter of colony (cm) Average (cm) o
inhibition
Leaves extract
Control 9.00 9.00 9.00 9.00 0.00c
1,250 ppm 8.00 8.20 8.07 8.07 10.37bc
2,500 ppm 6.00 7.90 7.20 7.20 20.00ab
3,750 ppm 6.30 7.50 7.03 7.03 21.85ab
5,000 ppm 4.80 6.60 6.17 6.17 31.48a
Fruits extract
Control 8.00 8.50 8.40 8.30 0.00d
1,250 ppm 4.50 4.70 4.70 4.67 43.73c
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.b
5,000 ppm 3.50 3.40 3.40 3.47 58.1%a

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

it 2 navesansataanlukaskavesiuaTussavenmlunssudmsasyrendileden
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:ia 2500 ppm, h:ia 3750 ppm, h:wa 5000 ppm)

5-77



dsduazanusena

aatnnAvaansadudinsalyeanduledon P, digtatum I wazssdumududuresansalin
201lu uaznaIINAUamNIEaNianiITAIUANlsANALLIETE? ansafinTelukazkafisziuaudud 1,250 ppm
annsadudimassyrenduladen miliomnluivaiisuneussmeifignilusudinmsiasyreaduledosls
WULAEINUNNSITBUDY Ounchokdee et al., (2016) $1891U31 @sainaNAUalusYazay diethyl ether Wag
ethyl acetate ﬁﬂiz?%‘%ﬂ’]ﬂ/ﬂhﬂﬂi%gﬂL‘??aiﬂﬁaiiﬂiuﬁ‘zj Ao C. cladosporioides, C. capsici wag F. oxysporum
WulAeaiu Srichana et al, 2009 wWui1 a1safinINNgAIBleNIUea 95% fiaandudu 10000 ppm @wnsa
PuAITeT 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 Indiiestunamdevesnfaiuviuariine (2548) fifnvmadudmesasatinanuaiudses
91 C. gloeosporioides avRlsALBULNIALLATEIHANZIS NUITisESUAITNYY 500 ppm Fuluanusaduds
nmaasaiulavesduloesls 100 % wuasddylufiuased piperine WuasesiUsznaundn thumaaeugns
nstfudinisaiauendon C. gloeosporioides Bniametmunisnensiinsdnendesuiefunmsthasatinan
fiwisznauseans piperine wuhilgrisnuaas léun wuounseiiin gnihuasdufiuTossans Wusu (Yui, 2534;
1ann, 2537 wawsnRen, 2542)

uaﬂmﬂﬁﬁ‘dﬁéTﬂL‘fJuﬁmﬂﬁLﬁmﬁﬂquma Frsyauazane (2565) Tevhnmsinwravesansatnainly
quwiav‘??a Colletotrichum gloeosporioides @vnlsALBUWNTALUATUIEIIN wuithsumenszveiadaldan
I‘U‘wqmammsaﬁugﬂﬂwsaaﬂﬁumma%ﬁam C. gloeosporioides & 100 Wosidud Taedi 12 Falus ldwunssen
vesaUed uaranmsvedeulssavsamusnitunenssmesonstufaduledeslagd® paper disc technique
WuiﬂmmmL‘ﬁwﬁuﬁ?ﬂqmﬁﬁﬂﬁummzmammmé’ug’u%aiﬁwhﬁu 2,000 ppm  @Fdemseutumanududy
ﬁwqmﬁﬁwﬁummzmammiaé’ug’ﬂé’wuﬂiu TLC-plate Iasthiuvenssmeiinavilidnuusuazosisznaures
wadifosAnmaldeuntas IﬂaL%aéﬁé’ﬂwmgﬂéwﬁmﬁmgﬂ fileraesmniAnnisuanddosreanainsly
wadeanuneuenwas  (plasmolysis) Lﬁ@dﬁ]’mnﬂﬁ'?}uﬂiﬁﬂE]‘UGUENLstjaéL%@i?ﬁﬂ?ﬂMﬁﬂﬁ@ﬁ@ﬂﬁiLﬂ%myLLazﬂ’GlJU’]
voutad fuuidmaliduleton C gloeosporioides Wiailddnn uamdliifiuinansataruaisyansamlu
mamuauL%yaﬁmLm‘[iml,aul,miﬂ‘[ualéfﬁ wazanuansageuUsE A mwensatarualumssudinsissyes
dulewlion C. gloeosporioides Tuewns PDA wuimsiwsrendiledenisnvasdilelrladvesdeniiaiy
UUaNT PDA Tiauasndmainuaiuaiinrinund Taedulodesiioiyuues PDA Sdnvumnduley Sauu
denndaafunsiveves MASSuazAmy (2509) N1 idenavesEsainaInnsuissuwasawtas Colletotrichum
gloeosporioides @ WNLIALOUUNTALLATDINTN WuhansadnannssuLAsAiaaIdidy 10,000 — 15,000
ppm ulsveadelinaiaiugiuuumnnniiessiyoengduine uenmndusmuindesinisaiadilesn
fuuuinn Tneawzusnunsnandalad wasiisssumududu 20,000 ppm dansadudinswenvosaasly
100 %

1eNA1581484

fndtad gute algy Woaysausssu uaggmimd indy. (2549). UszBnSnmueswdndnsividlua Tun1sauna
Tsadyussiialuaniniesujuiinisuaslsasou. aoduidouagiineusy nsinunsaiU

36 alusssy vaa Enawysal wardbusad Smunimina. (2509). navasansafnaNNIiEULANiaIToT
Colletotrichum gloeosporioides 8 hAlsALIULNIALUATUNIA. N1ATYLIANY AULLNEATATUNILEY
UAINFENWATAIENT

atle yyerfesh. (2543). Tsandafiuiedvesiivanu. madvilvaiuy auzneasmani uninerdeided,
Weslny. v 156
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eVl ave1ndau way ingn auAs.(2548). nadussvesasainananUddeidest Colletotrichum
gloeosporioides VAlIALOUUNTATUAYDINANLIN. NIATNTAT UNINGIFBNEATANERS I 251-
257

255UNINT NAUUSEANS. (2550). AUA. FUduan http://www.learners.in.th/blogs/posts/30839 [15 N AINYUY
2550]
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L“l&;a Colletotrichum gloeosporioides a'lmqiiﬂLLauLLwiﬂIua‘uax‘mzﬂ’N. MIAITINYIFEATINEAT 33
(6) (Wirity) : 87-90

A dzendn 93050l dvongn wavansdl Ussannndnsal. (2546). MIaIuANgauIdnalsa

wouunsalugvasuzitswaznavesddsvnundaiuiel. stenulasisifeuszaTa 1 anade
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auA3 waslod wasuia Jeath wagafiva dnwvasfians. (2553). nsmiugulsananinmdilervasduiiiinain
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41: 1(fivew), %1 287-290
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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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L.
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49 Lagerstroemia Sundath Wasnaau Nkl
speciosa (L.) Pers.

50 | MALVACEAE Microcos paniculata | wauwan (o) | 1Uasnainu WA
Linn.

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

55 Morus alba Linn. miou Tu 187

56 | MUSACEAE Musa sapientum L. | néag nuly vhana

57 | MYRTACEAE Syzygium cinereum | WU Wasnaau w1
(Kurz) Chantar. & J.
Parn.

58 Psidium guajava b5 WU RZARN
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59 Syzyeium gratum G Tu ﬁﬁmﬁa
(Wight) S.N.Mitra var.
gratum

60 Eucalyrtus citriodara | gaaudsa Wasnaau thana

Hook.
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wa doyasndrmadesdunudniiutiuda 18 wiafigninlulilunisinulsawmulaenueuty
Usgnaunly ngiwsn (Ocimun tenuiflorum Linn.), F1udn (Senna siamea (Lam.) Irwin & Berneby), #1814
(Coccinia grandiis (L.) Voigt), wewied (Pandanus amaryllifolius Roxb.), e (Viena unguiculata (L.) Walp.
subsp. Unguiculata), ﬁﬂﬁ:d (lpomoea aquatica Forssk.), uzvrutan (Phyllanthus emblica Linn.), NELUoNW4
(Solanum torvum Sw.), 4£1RAUNIUA (Anacardium occidentale Linn.), 8¢5¢ (Momordica charantia Linn.),
ugsiun (Momor dica charantia Linn.), 434 (Moringa oleifera Lamk.), 11UN1995%L9 (Aloe vera (Linn.)
Burm.f.), Lii&1s (Archidendron jiringa Nielsen), @xta1 (Azadirachta indica A. Juss. var. Indica), @x»e (Parkia
speciosa Hassk.), &) (Micromelum minutum (G. Forst.) Wight & Arn.) waziua (Musa acuminata Colla) lag
wudlusuuinitutuiana uzsheiumud du) mqwﬂumaaumLauisnml,aawlazvl,maaqqqm WU 92.98 +
4.65 Wasidus Wieuwiniuasuinsgiu Acarbose 5098911 Ao Tunzimsuazeenaziai (68.01 + 3.40 Wasidud
uay 66.16 + 3.31 Wosidus muiy) uenaindu azien (uuarsenseu) Sxflgilumssuduouleiuoaringlad
\naigean Ae 82.41 + 4.12 Wadldud dagandn Acarbose Fadugnsnulsauimanu (81.89 + 1.64 1esidud) wa
msfnwiitlfandidiuiiniudumadiunlddlunsasssduimanglaadludenldd Tassiunissudans
euveseuledfifedestunsdesuuazasivlanselusiane

o [
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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 and.or 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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unin

15ALUIMIU (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 Jagsuiiusznsvilaniidulsauimuiisdu 387 d1uau
waganingtAnisaivesnaifalsamuviuaziiindudu 552 duaurtilananelud 2030 uenani damuind
Q’Lﬁa%ﬁmmﬂm’szLmiﬂ%'auﬁLﬁmmﬂiﬁmmmmﬂizmm 3.2anuausiel IelidedInussuna 6 ausiaui (IDF,
2012) dwmiuludsznalng snsranuynveslsawinnululszvinsiitony 35 Y3uly lul 2543 winfudos
av 9.6 Yowszr NIV viieAndusiuauiaAy 2.4 ey

nsanszduinaludon uas/viemsinnssiutinaludenliad Wuuumemidunsinweinsves
Tsauwnudlédlanad Tutiagiu fnnsldenusznm Acarbose, Miglitol wag Vogilbose (Dong et al., 2012) lun1s
Fudanmsvinuveseuluiuearhnglafing dewalsseduthmaludenvesfihemuanas useehdlsfnu nui
gfananmanifnatiafesteianmu Wy liAnennstedn uasiiosiae Husu dadunisldfun
futhuvdendnsusidldansssund Sadudnmadenvilsiaulaasidadufifeseganiraundutiagi

wulesiueannozluias (alpha-amylase) uagioulesiueaninglading (alpha-glucosidase) 1Huteulesidaeg
fusnantuaduesildidn vimhidesudazanslulamsaliduthmalimanaiier fafu nisdudsnisvie
voseulesiiaowiia avanunsatisannisgadunglaaingnazuaidonussszaomaiiuturesseduiinalunszua
en deyavnnisnaaedduniesufusinag (in-vitro experiments) nuin asainaindnuazralivateyia iy
uzl¥9817 HIview uazanselued 1av ﬁ@mamﬂ’a‘tumaé’usﬂgamiﬁwmusumLaulﬁzjﬁLLaaWwﬂqiﬂ%ma (alpha-
olucosidase) dswaliyzaanisgadunglaanazannisifintuvesitaiadngnszuaidon (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

seuMsIdedudimaumn wuiaswgnuedl (Phytochemicals) finuluity fauasd@lunsduansd
ouadase (antioxidants) FsfienuduiuslunistisanandsstenisialsaiFeadinieg (131w nesdum
wazAy, 2557) UBNINLY ﬁ%ﬁﬂﬁuﬂmmmﬁﬁﬁﬂ%mmmaquwmﬁﬂizLﬂwmiﬂizﬂaumuéﬂ (Phenolics) Tu
USungs defienuululddniiuthumdrionafinaaudilunisiestuniesilsauimiuld uiegslsfinm
foyaidedniferfuanaudilumsdiulsaumiuvesiafnfiutufiesdumaniedogosaditn nsfnuiidelu
pdiil Sl nguszasdiiiefnuamautilunisansesuimaludosuasquinisdlsaummuiunisdsdanis
vhaumoneulesiuoanorluag (alpha-amylase) uaseulesiuoaninglafioa (alpha-glucosidase) vasiiniiuty
Auslaaluviesiudmingsnugisnd LwaLUumauawumummumimwwﬂwuum’LumamuLwaUﬁwImu“Lumi
Josuuazshwlsaummnusielulueuan

IngUsTaIAvaInIITY

1. Wefununuiedsiniutuesduluniiuiing 9 o qunsia suneidios famingaugiod

2. dleAnwigrdnisiulsaummmukiumsiussmshauveseuleiueaeyluaa (alpha-amylase) uag
wulzduearinglafiag (alpha-glucosidase) Tufhitututesiu
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sziliguigiaY
1. mydsauasiivsunusegainiutiy
dndeyadniiuthuiideuuilnalunituiing 9 m gunsia o.iles 2.q51un 351l Taslduvuasuany
psesryemainiuthudionusiuein uwdsildunvesinfudiu 3nmsldvsslendlufunniuntseney
91913 uarmsduNwaliingsy Unvgndhuresiuiing 9 ngunsia oifles a.gaugiond wiouafusogig
fnftutiuilensivdeuieinemansuasUToudisusesnsiia a vewssalldl (Herbarium) nandnounsuisiu
2. Mawseusegansatadnitutiu
ddhegreiniutiuindnddazenn dedduie Muduiudng wazirldualfasidondisiniesun
19l (blenden) ¥innsafnanseengnisiefaiiazatsn (waten) Tnelddnsrdiuiin 1 nfurofaii
azany 5 Jadans UluwgheirdoaviimiuiEisey 250 seuseuiifigaumgiivieatunan 12 $alus ileasurian
luieaden3aanios (centrifuge) finnanasou 4000 seusiewdt Wuan 10 wift wondlaeeniiuly daw
Adunznewhuniufshazaieinan 5 fadans tildwiewiiiannseuiusn 5 wiiasidndaun st
ndsarniuiilunsesHiunsznIunes whatman#l \Auansafindildgumgiisinndt 4 ssmwadoa dwiuns
Anszilutuneusold
3. nsnedevgvissusueuluiuearherlinad (alpha-amylase) vosansafndnitutiu
wmaaquéﬁu&mu%ﬂuaaW'mulmaa (alpha-amylase) A1835 3,5-dinitrosalicylic acid (DNS) lag
Fauvasanizves Gowr et al. (2007) Tnethansafainiiudhusiuau 300 lulasans Wuasazanslaieumeain
UniWes pH6.9 1 udu 0.1Tuas YSuans 200 lulasans vusauduteulatueaniesluiaa (4.0
unit/ml) $1u9u 250 lulasans Mgamgdl 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 WY 3 Tadans waziluInAn1snanauuas fianueradu 540 wiluans Wisuidleuiuans
1175§1U Acarbose Blfidusnsnulsauvn wazluswMmSosazrIn138US (% inhibition activity) &9
ans
% inhibition activity = (Aptank — Asample)/Abtank X 100
4. miwmaaqu%‘ﬁugqLauI%ﬁLLaaWWﬂqim%ma (alpha-glucosidase) vesansaradnitutu
FauUasu19dIuanisildlae Kim et al. (2005) wag Schafer and Hogger (2007) Ingiransadindn
Huthusuau 300 Tulpsans waufuaisazaneveamintiimes pH 6.9 Wudu 0.1 Tuans Usums 200 lulasans
wazteulesiuoaningladiag (1.0 unit/ml d1uau 250 lulasans drluuiigaumgdl 37 saawaidea iy
1287 10 W Mé’ﬂmﬂﬁu Wua15azaiy p-nitrophenyl-alpha-D- glucopyranOSIde (PNPG) L‘UJJ“U‘u 5 fadluans
Usuas 200 bulasdns dnluvuseaungdl 37 parwaLdoadnataluaan 30 uail Luamuwm LAy
A1383a18 NaxCOs WuTu 0.67 Twais Usuans 590 lulasans waamﬂgmawauaﬂw nEantuioans
dunauseindusuau 3 dadans wazthluinAnisaanduuas imnuenipdiu 405 ululuns wWisufleuiuans
17551U Acarbose Bdlilugninulsauvu wazilusnamSesasaesnstiuds (% inhibition activity)
% inhibition activity = (Aptank — Asample) /Abtank X 100
5. MTIATIZAHAVIIED
nMsnnaeu fethsay 3 91 uaziauenansvaassfildlusuuuuvesaiadsuazaiudoauunasgu
JiAT1ziAIALUTUTINFIBERR Analysis of variance (ANOVA) uagiU3ouifieuiadelnegis Least Significant
Difference (LSD) nadeuauiitiudfaynisadiisesiu P < 0.05
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foyamedafivinfiutuiidissanuluiosiiuny 9 ayunsia suneidies . ganugssniiifauaudaly
nsanszduinaludon

mnmsdsnedeiniutuivilaelufediuny 9 aqunsa Sunales fwinasugiond Tagld
wutABUMMMINIE YTt uienunuelsvesinfuduiivslneluiody  undsildnvesdiniutu
Bnsliusgloniluiunmsuilnauas/viensiduselevinien Ingvinnsaeunungudiegie fe vnatiulugusy
Y 9 duagunza gnelles Jwinanugisill Mvusvuianguitegslagldinaet 10% vesdnuIuUsEns
sanun Idnguinegneiiuauieay 180 au uadldiidmdenngusognauuuagen (accidental or convenience
sampling) lumaifudieya vdsandu vhnsnsnaeuteyavesinfiutudinanitaeduse igninluldlunissnw
Tsawmmudelilunsanssduihmaludenlnemefiutrulufediuny 9 naunsa sunodles fmingsugs
571 Al wwauey afians sgthuiaeil 32 vy 9 duagunzia Suneiiles dmingsugisnd erdnvmeusulusa
FreTEnmsdununldedn laslfuuudunvaliuuAsflassede Weadulszaunsalnsliftsdniutuanldluns
%ﬂwﬂiﬂmeﬂu/amﬁﬂmaiul,ﬁaﬂ Tudsuiiusneg Uszneuse Todnfiuthu diuvesitiithanld 3‘%mﬂsﬁ WIAas
yosfirluviosiuuay qmmawwu Tagandoyafidhsany fvluviostiumi 9 nyunzia o.fleq . qanugionil fimain
finnautilumsamimaluden Fomoiutlufodulilumstns i Swukdy 18 oa
FauanseaziBonlunaed 1

nmswagaugnsnistiudueylesiueariierlaas (anti-alpha amylase assay) waztauladuaaninglad
& (anti-alpha glucosidase assay)

grisn1ssuduevlsduoarherluaanieds 3,5-dinitrosalicylic acid (DNS) wagguisnsudueuluivearh
ngladinanlgds p-nitrophenol colometric n1snaaes 3 Flagld Acarbose Fufusndnulsaumuduans
snsgu Foganinnisdisainiutulwanituiivg 9 fuagunsa Suneifios Smingriensend Suawidy 18
win WmamiwmaamamLﬂuﬂ'ﬁaaammmié’ué"’al,auiszjﬂl,l,aawqaﬂmaaLLazLauiszjaiLLaaWwﬂqiﬂ%maﬁizﬁumm
duduvesansadafivfiszdu 5 Sadniu/dadans fuandumsied 2
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M1579% 1 Toyavasiiginiutnuluviesdiumy 9 duayunsia sunalles Jwmingiugisnindauaudalunisantiimaluden

Yoaniyy douiithunly  uvasiivlufesiu  ggnnadiny nsldussleviniseuas/miadunisuilae

1 NN lu Ugnies/nann wildmaon?  ilunsmannuis 2-5 n3u avaslutudaiy viedluuszneuduoms

2 Awdn nan/gen Ugniey/nann wildnaon?  1ilulszneuems wu lu nendeuviesenseuinnunddvin vietlunsaudiily
UsENBUDIMNT LU UNIE

3 g v Uaniey/mam mianaenl  ainuazsulsEmMusINAUeIT vise 1hluusenaueIms W wnedn unudes viieurludn

4 peveu gl Ugniesy/nann wildmaon?  nlumenonduliduriou dufuiiliien udauinuniy

5 Hilnem il Ugniay/nan wildmaon?  Hnfudssnuliisduuazaniduinuungsautuoims Sufuimin wieusznevensi

6 WY av/lu Uaniay/mam wildnaend  lu sendeu iy vluamniwdotngfisulssu vislissomnsussinunaier

7 wzvdeu Ha Uaniey/mam wiou we.- uA.  Suuseviuan viseldlumsuseneuamsussianing

8 UBTONIV/UTUI Ha Uaniey/man mianaenl  Suusenuan/wageuldusynauamsussinning

9 uwieiumud SRRy Ugniey/nann wildmaon?  Tusou seasou Suustmuanduinumngsmiuimgn unadia wie vy

10 wwsy HA $1uA/mA1n wildmaon?  1hlUUszneuems wu wnadn dn vieluaandimimen

11 uwszdun HA Ugniey/nann wildmaon?  aan/fulsenuan uanuaduanie thilleussrlunnmnuiuaz s

12 uggu Tu/wa/iln Ugniey/mann wildnaend  Suusemuduowns wu delulnuazmdathlugsemmsyssanning
Hngeuiiunusznousmng wu wnadu danaseilnue gy Jusu

13 unmeassd 1 Uanies wildmaeel  JuiiuvnsassdiuanUszann 1 deulfzuntu Suusemu

14 ilea Ha nan foru wagou thluonidensulssmuansiufuiminvdeemsiitsain iy unedy susiu a9
yi3ethlunes fuussnududnd dnundy

15 agion lu/gengou Ugnies/nann Wouwe- A, mnuwiawasiludy Sulsemudniiui wiethluaniulssnuiuemis

16  axme Tu/iln Ugniey/nann foru pnuswazthludy Sudssmuduiifuivioldsulssmuduemns Wy wén

AR Fudsgmuas/meadudnung vienthlUdndinvsesunyi
17 vy lu/gen Ugnies/nann [ Tugou sengou Sulssmuduinuuzdautuoms wu undavan vusduuaziingn -a9
18 ndle danen/ Ul Uanieysaie wilgnaend  aan/SulsEnuansiuiuenns wu 41981 auuiu delve Judu
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M13197 2 Jewarvesnsdudueuleiuearherlusauaziouluiuearngladinavesansaiainiiuiuininaauds
lunsandmaluiiion

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"
14 ey (Wa) Archidendron jiringa Nielsen 62.52 + 3.13° 7731 + 3.87°
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 Lanaindaulana1eiueglitd Ay nsEds (P < 0.05)

Pnmsnedeugnsnssudueuledueanierluaavesansatadniiutiuia 18 wia nudt uzshafunig
(lv) ﬁqwéiumsﬁué’?qLaulézjﬁLLaaW’]aslmaaqaqm WU 92.98 + 4.65 Wosldud sesan Ao nziwa dquslunis
fudaeuladuoarherluea Wiy 68.01 + 3.40 Wesiiud uazazia elgvslunsiudueulesiuearerluiaa
Wiy 66.16 + 331 wWediiud TnglusuuinfiutudinamiiddeyairdnuausiTisansesuimaludon wuh
fhilngnn Squilumssudaoulesiueanosluaasihitan fio 44.30 = 2.22 Wedidud sosann fo uzvmdon way
uzifonns Seflgrslunsiudaouleiueanogluea wihifu 48.94 + 2.45 Wesidus uay 50.20 + 2.51 Wosiiud
mudi wazlenSsuiisugrimsdudueuleiueanezluaavesansatainiudugind iy Acarbose AT
ansunsgIuiiseduaddy 5 flafinfusofiadang %qﬁqwéiuﬂWiﬁugqLaulenﬁLLaaW']avauLaaaaﬁamvhﬁ’u
94.24 + 1.88 1Wosidus wu ﬁ’]iﬁﬂﬂ@’)EJ‘lJ’]‘U@ﬂﬂJulJ’NM&JW’MW (lu) mqmﬂumiww,aulsuuLLaaW”uauluLaaluma
fuan531n 551U Acarbose Tiszuauidesiy 95 Wedidud Iummuwaﬁaﬂmmauwﬁuamﬂwumwuﬂauq figuslu
nsdudaoulaiuearherluaaiinitansiasgiu Tudiuvasgvdnissudaouleiuoaninglafna wudt lusuau
fnflutusi 18 9din asan (uwazsensew) dqvdlunisdudueulesiveaninglafinagean Wiy 82.41 + 4.12
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Wosifust sesaan fie wrgn (n) Tgvslumssuduevleiuearnglafinawinfu 78.45 + 3.92 iwedidud uazine
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
1193514 Acarbose fiszduanuidiudy 5 fadnurefiadang avsatamotvesasian (usazsensew) fqudlunts
fudanisvhauveneuleiueavnglefinaganitarsnnagiu Acarbose daflgislunissudusulesiveaningled
AWy 81.89 + 1.64 Wosifud egdintios (uiliumnsnefunsadiisefunnudesiu 95 Wosidus)

dsluazanusena

msfnwanautlunisanseduinaluieavosiniiutiluresdumy) 9 duagunzia sunaules Jwn
qaugionil mumsaummsmmmmLaulsuuLLaaW”naJLmaaLLa Laulezmuaamﬂaiﬂsma wud1 asafindaeiues
At 18 vila Usznaudie nzine Bndn sds weview dailnens At upvudon undens Tuurisii
W U sy uzsriun uegn umansad 1les aven avee vie waiU3 fuseavsamlunsdufimaiheuaes
ulwsiiouluivoarorluaauazieulesiuoavnglafindld Fannssudusulesiuoaroslunanzsilvinnuanune
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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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fudanaden Tdsumud 1IUABWATgmMed1sdsiu livhansanmwinden wagldsuniseeusuludsan (McGrath et
al, 2002; Sheng et al,, 2011) sghdlsimuilefivazanlaveuinfianuduiugeiensiasydulavesity uazyh
Tifanavesiivsh uenanideiliauannsalunisazans viemagedulangwinfidudmaneldtosas Fudu
YodnindAgyveanailn Phytoremediation (Barocsi et al., 2003; Glick, 2010) fisteaudmslaivsiniugaunsd
ﬁé’wumuiawwﬁﬂmmsadaLa%umim%zytﬁuimmﬁsu waznsnadulaneniinld (Mayak et al., 2004) Femsla
nguuuAfiBefieguinaseunfiviiannsandnanstisdaaiunisiaiaydulavesity viefisenin plant growth-
promoting rhizobacteria (PGPR) ansnsandnansviiesesluudifidntieslunisduadunaivlnvesiivls Fdlunels
W3 (Siderophores) {uasuszneumianfinupfiie s uiuninsiuds PGPR ausondnls Taslewmelsviosanunse
axarewiniuddonsdun didisiunsadeutisveddansuiinumniy wazvilifvgailanylfiedu
(Rajkumar et al., 2010; Padmavathiamma and Li, 2007; Braud et al., 2009) uaﬂmﬂ‘ﬁ PGPR §9@11150NaRAN
sndUlna-3-0EBRAN %ﬂamWiaﬂisﬁumilﬁu‘lmaaﬁﬂé’ (Glick, 2010)

wordlufedndugaunidludaunndeuildsumualaduiimumseiauauRinnmefausoduady

q
o

naasydulnvesiivlasnsnanansuszneuiindrosesluuiic uenanddsidnenwlumsudnasyiond uas
wulmivanewiln fiennsaduladondnlunsdununnuedonanduindey (Sadeghi et al, 2012) Faduis
\Dungueaunignfunumddddunsaiiansnszdumsidaadunsiadyivlavesiin 1wy nsndulaa-3-ox8dn
uazlainelsvles ansyAegiidnlvananainuenilusisdnvansalTdfiegluida Streptomyces wiiafneg (Hamedi
et al,, 2015; Behal, 2000) ﬁﬁﬂy'umiﬁﬂmﬁ?quLﬁiﬂumﬂ%'uaﬂaiuﬂa‘?méf’mwmtmmﬁ&mﬁﬁauﬂ’aduﬁumﬂaﬂm
vosfivsauifuity eduasumsthdauanlonlufuvudeu Tnsvinmsinwauannsaveeniludedndumu
uanwlen 2 anewus Ae Nocardia sp. KSPNT fiansnsaainsnsndulaa-3-uedin (PA) uaw Streptomyces sp. 11-
10SHTh fianunsaasisanslewmelsnes (SPA) ileUszifiutszansamlunsvinusufufuiiv uazsiSouiiey
mmmmsmaﬂLL@ﬂﬁhﬁ?J%%ﬂgﬂaaqmaﬁuﬁ: Tunstisdaasunisasyiule wazduasunuaiuisatunsasay
uendemesiuasiieuluiivgrlufuivudeuwanidion

5-103



I UILEIAYaINITITY

1. iefnwussansnnasseailutodndumusandisnlunsdaasunisiulawas myazauupniliouves
’immmﬁﬁaﬂuﬁﬂgﬂuﬁuﬂwﬁammmLﬁ&m

2. LﬁaL‘U’%&J‘ULﬁsJ'UmmmmsmaﬂLLaﬂaiuﬁasTmﬁmmemﬂLﬁsmaaamaﬁuﬁﬂuﬂ’ﬁdma’%mmi@dmLLazmi
avauuenidenvosiuasgFeuluiivgnlufuiivudounanden

32108U359Y

nMsieadailifuns@nvidmessduiesfoing warlulsadeu anrduindeuuasnineinsaans
uwminendeuding lnevihnsAnsanuannioveseniludedniumuuandouiifauifduadunmaiulnvosie
sfuiuassiideulu Weduaiunsmsthdaueadisluiuviudoudaiununuanniiuiivhmsinuasindiu
willowusdngAfisuneuiden Sminnn

dneusuanfluliedn

wonRlusTedmsuvuuanlen 2 aewug Ae Nocardia sp. K5PNT fia1snsndulna-3-ueddn (PA) uaz
Streptomyces sp. 11-10SHTh fia$1sanslainelsnes (SPA) filFSuananaaivgadnine) augineimans
UATIVIRENYATANERNT

mawSeuiviilinagey

fuildlunsnageu fe Iuasuiieulu wie Cholorophytum comosum L. (Spider plant) 81g 1 ifiou
Ignanamadulsisugd fmdaunsugy Ugnlufwnuasitlivudoulavewiin Tnsfinddnivdnan aauenisen
LAZATIENTINRABVIIAY 10.56 + 2.18 N3U 22.76 + 3.02 Lwufiuns wag 11.52 + 1.43 lwufuns auddu

N1SLATENEITUYIUADLVDILDAR UL BTN UNIULAALT Y

thueaflufodndiumuuandouis 2 arewus uinizdesuuomsiisnde Glucose yeast extract
(GYE) agar uazifnuaniflonluingy (CAINO3),) 2 fiadluans wazUuflgamgil 30 earuwaldea 1dunan 7 fu
nniuFhedulovemenilutedniiesyuuimiemsidsateadusmsidsade GYE broth uasildignil
150 soUsOW Wunan 7 Fu Mnduivhnsiuuunsvesiade lasmadernemammaduomsidsade
GYE broth Tyl U315 100 fiadans uazthluiendl 150 seusewnd Wunan 5 Yu nuuuanududuvesans
wrauaesiead WiUTinadeegluras 10°- 10° CFU sefiadang itethluldluntsmeaousisly

nsnagaun1sirtauanlisuvasinuasegizauluszaulsasounnass

thiuesvidouluinédrevgnlunssaivssspuiudounendon wagndilulsadoumeliuasan
s33u717 lnsutsgnmsvaaesoanidu 3 gn gansvnaedas 3 61 Ao T1) Mueswiideulu T2) MuasvgiFeulu +
IPA waw T3) Trunasuiidoulu + SPA uagvhnmsugnidusseziom 1 ieu Tassadiadidanias 2 s wawihn
nsiiufegeiiy Lasdedsiuniaznszansluyiinssi

NMFIATIZRA0E19WY

WegeiivuinAUEIveruvsesen (Shoot) LAZAYILE1IN (Root) uazuenivesniJuaosdu nou
u'ﬂ,ﬂawammu 80 peAeaLded Wuan 24 $alus Fudmidnutwesfivnasiuuariiunszenswun 2
fadiuns arntuifedieiiv 0.5 nfu mmmaﬂimlumﬂ 10 faddns wazdeuioniadlilasinlananesi
QUi 200 BeALTaLTud 20 W1 nHUNT09I8 Whatman filter paper No.42. a1ntusildinfaanandudu
voaanley Tneweded Flame Atomic Absorption Spectrophotometry (FAAS)

A5IATIZIADE19AU

menTgiauduiuresuandeniualuiu nsthfegsiulueuuisiigamgd 103 ssuwaidea
UAHUATTUNSIVINA 2 Tadns thiaegnsiu 0.5 n§u Wudensaluninuaznsalelnsaasin thludessewndes
Lulasuailataaines antunsedne Whatman filter paper No.42. d@umsiaszdnnuiduduvewandlonluiu
Tugunseuldnie@ann (bioavailable cadmium) ¥inn1safindieg19fusieans Diethylenetriaminepentaacetic

5-104



acid (DTPA) uaziiluignfiannunds 150 seusownit iuiian 2 dalus udanilunsesdiae Whatman filter paper
No.42. (Faust and Christians, 2000) anntiuthlumsinauaadioslusnognamulagld FAAS

NSATUIULAZIATIZINE

teildindnnaiieasnsnsasyiviavesiivuiaznsyans Tnefaandnsdnduinutwes
snseimtnusvesddu (R/S ratio) Tngldaun1sd 1 waznsiuaniledsuiulsyansamnisdidauanden
Yaa3AsEEseuly TnunisAuiumiAl Phytoextraction coefficient (PEC) Ain Auszavianmwesitvlunsasau
Tanzndn AwInaINaunIsi 2 (Lorestani et al, 2011) A1 Bioaccumulation factor (BAF) fie 8ns1duva3n214
dutuveauanifioalufisimunsornuiduduresuandouiifogluiu Auimainaunisil 3 (Khaokaew and
Landrot, 2015) wagAn Translocation factor (TF) fis Ardldlunisusziiumnuaunsovesivlunsindoudnelany
wiansnludedd (Yoon et al, 2006) Tnefuimianaunis 4 st

R/S ratio = Root dry weight of plant (8) e aun1sdi 1
Shoot dry weight of plant (g)
Phytoextraction coefficient = Cadmium concentration in whole plant tissue ... aunsi 2
Cadmium concentration in soil
Bioaccumulation factor = Cadmium concentration in whole plant tissue ......cccocovvienee. aunsi 3
Cadmium bioavailable concentration in soil
Translocation factor = Cadmium concentration in shoots (Cshoot) .. aunnsil 4

Cadmium concentration in roots (Croot)

Nan1339Y
UszAnsnmvasuenilutisdudumuuaadisnlunsdadunafvlavevinuasnsgidouluiivgnlufududeu
uAAlw

pdsanvhmsmaaesgnduiassgidouly lunssasdutudeunanfionduszesinan 1 Wou wams
winAulavesuasugEeulu luudazynnismaasiuanifanised 1

a13190 1 nsdulavesiuasyiiseulundsgnlufuludeuuanfionduian 1 e

) ) Total dry R/S

Treatment Root length (cm)  Shoot height (cm)  fresh weight (g) _ _
biomass (g) ratio
T1 (control) 22+0.87 23+0.87 14.85+0.58 1.39+0.03 0.83
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Cadmium concentration (mg/kg) Cadmium content
Treatment
Root Shoot Total (pg/plant)
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Yo AsuEseulule

dyduazaiusena

MnuansAnwluganisaass T2 vesiuassiiFouluiliin Nocardia sp. KSPNT w3 IPA findnnsndu
Tna-3-wedifin wutiladniinan twidnuis avmendunieson uazaruemIngeian uardedearuannan
Tunsdndeananilonandiusnludidiusen vieen TF geaadnsne silviinuasviideuluiiiu IPA TUsunw
wandleuiiazausesiuganiniyanaassdug wandiifuiueniluflodniianunsandnnsadulna-3-uedin anansadie
duadunsatyivln ussmsasauandleuresiasuiidouluiivgnlufutuiiouuandlonld Ssaonadesty
139803 Prapagdee et al. (2013)39691U31 Micrococcus sp. MU1 flansnsandnnsadulag-3-uadfin PINTEHU
MaTSguessn wavdudu Mulsduaiunsgafuazmaarauuanidouremuny fuiivgnlufududeusaniion
1§ dhuganisnaaes T3 fuiruaswiiSouluiiiiy Streptomyces sp. 11-10SHTh vde SPA fladanslunelses
reliiuasvidouluavanuandlouisludusnuasdiusenlduniigaideofisutugemnassdus safeiien PEC
WagA1 BAF qqﬁqﬂﬁﬂﬁw wansliitudsnuanunsaves Streptomyces sp. 11-10SHTh 7ilutherfinuszansamn
voriuasuFieululunsgaiarazauuaniflon iesananslunelsvesfiueadlusiodvndnuildiudiovinld
LLﬂmmwaﬂuaumﬂﬂwamaaﬂmaaiuiﬂmaﬂﬂuwsu’;mw (bicavailable form) Fasiliuimsugizeuly
mmammmLmﬂLmulmwuumwmmamauq #0AARBITUTIBUVBY Rajkumar et al. (2010) finudnanslene
IsWlofannsadian LLavaumamaﬂsmaﬂamauq Heiinawasnsalunsedeuthevestanginusniiy ua
wﬂwwmmﬂaw wuﬂlmwmu upn1Nl T899 Al et al. (2017) WU Streptomyces pactum Act12
anunsatesduaiumaiulaidlusunmafiunadinmueswenuarsn UTinueaslsilad uazUiinauelsiiuoss
v0ainnAleIUa (Brassica juncea) uagduaiuntsgardlangninvesinnindeaivgnlufuluiioulanswin
I68nde ol mﬂwaﬂﬁﬁﬂmﬁﬁqaqﬂiﬁ’h Nocardia sp. KSPN7 ansnsatigasasunsifiuln uagifiunisageay
wandenluiniasgieuludedniduuinausnileusesfuldfiian ilesniuasuiidunasedunnninans
VPABIBUY @3 Streptomyces sp. 11-10SHTh ﬁmmam*ﬁﬂumiﬁdwﬁqLa%umﬁ@fﬂﬁqLLaxazaumeﬁauﬁy’ﬂudau
MnuardugonvesiuasyiFouluiivgnluiuiivutou wandifuiueriludedviunuendeuisaoss
ftusivsyAvsamlunsdaasunstinuandedlufuiudowerhuaregizeuly
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Ability of Cadmium-resistant Actinomycetes on Cadmium

Removal from Aqueous Solution and Cadmium Solubility
in Contaminated Soil
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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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Fenszurunmanstinmiadumeiandefigninalflunsidalanenindvudeuluuasuesnanfisnns

a

Tnstamgnsldaduniduasivlunseuiunsintalanenin lnenisihgduvidundislunisinioudne n15ese uag

o o

nsanuafivlufu Aunznou uazludildiu edidlsiouy msliaduniduasfivlunistdauanilondeddos
mangUsznis Insameanuduiveeuendesivudiouludwisluulufinadudinnasyronauriduasiiy
wordlutednduuuafiFeunsuuin fdesniseendiaulunismsd®in finswesydudule uasiinisats
aue$ Wunguuuafiefiannsanuldludandouiinarnmats ueadlusisdniinalnflanunsadumulavenind
anududugeruisaruannsoluduasunmsiulnvesiis arwannsalunisadsansmiond visieulesifianuns
Wutadeddglumsiunuanuieisaandsnndey vie meldannzamuduiuveunnilongs (Hamedi uaz
Dehhaghi, 2015) waaRlusis@ndsduasunisiivlinvesiale lnon1sndngesiuuie 1wy eondu lelalatiu Juive-
\adu wazansTitsdnasunisasyiule e lanelsres msazatevleama nise3elulasiau lavawnsaden
wenRludednfiannnsaadisasdinannin weailudednduasunisiulnvesdiv (Plant srowth Promoting (PGP)
actinomycetes) 3sn3ndulna-3-wedfin (Indole-3-acetic acid, IAA) aaﬁuuﬁmﬁﬁmaaﬂuﬂajmaﬂ%u finalndAglu
MSLINTIDNTDUUAR UATNITLASQYVBITINTY uenand Seflmesunsidalanentinlnglduenflufodn Favui
128999 Nocardiopsis sp. MORSY1948 wag Nocardia sp. MORSY2014 @111901140 Tasidley dniia way
dangdluansazavls (El-Gendy wag El-Bondkly, 2016) uag Hamedi wagAmy (2015) 51891UANUEILITOVDS
Promicromonospora sp. UTMC 2243 Tunismianauanidenesnainaisazaialaig 96.5%
fetusmideddaduluinmsdaidonuenilutedndumusanden idnuenldFnfuuinuing weiu
Uinafufitrsaunenialdvessznalng Tnsnaivgadiine) auginermans uminerdeinuasaans

LAYYININITATIVIANITAS19NTABULAA-3-waTRNVBILBAR I BTNA 1 UNIULAALTsuNAnEN A wana1ni &9

v
o

vhnsAnweudiudusiigavesuanifleniiduganisialawewendlugiod (minimum inhibitory concentration)
wagyinnsAnwIUsEaNSAmveweafludsdnatuniunaniiion lun1sandauanidiatsanaingisaralsiay
Usvansnmlunisindeuinenseavarsuandoussnainfuluiou dwmanisinwinsad awnsatiuendludedn
fumuuandleniluvszgndldlunisthdniuesiuiivudouwandlould
IngUsraAvaIn1sideY

1 iiedmdenuendludedndidrumunandlontazanunsaasisnsadulaa-3-uadfn

2 WieAnwuszansanwssenfluodndunusaadoulunmsidauanidoteonainaisazaisuasiud
Vuiddounanilon
s2108U35798
1. Mshndanuandludedniifiaauausadiumusandey

thusaflusfofvitaan 92 leloiamnanniAivgadiing anyineimans uninedonunsmans 7
AnkenanUIng wardvieiaunisnialdvesusemalneg ynzidesuamsidsaids Minimal Medium (MM)

agar Min1siAuLAnfsnlumsnaundy 2 Jaaluais @awdasan Schmidt uagamy, 2007) anuutilduun
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Goadeifiuandeouls
2. MsRadenuanfluiedndunuuaadeufiaunseadinsadulag-3-wadnn
¥msmnziasuenilufodndumuandlondidadenldainds 1 vuemsidsnis Glucose yeast
extract (GYE) agar \uszesiian 7 $u 99niuldl Cork borer wo$ 2 vunmidusngudnanaintu 5 Sadums 1zas
vuRamthomsiifinsasyredaladueailuledn wazhlumzdedusmsiiesde GYE broth 20 fiadansiid
M3\ L-tryptophan liflanudadu 0.5 fadn3udefiadans wazthluundigaumgil 30 sseiwaiea iannanss
58U 150 soustouwnd Wunan 7 $u wezifivdniidsuead dewlunsaatanisasansadulna-3-uedin Ineldis
Colorimetric assay (Gordon Wag Weber, 1951)
3. mansvianaeiyuaznisaienindulaa-3-wedAnvaueafludsdndununaaisuiissoznisasyineg
Yeaduriuassveeiludsdndunusanideusazadinsndulaa-3-wedaidndenldande 2 il
$runuidelurag 10°-10° CFU defladansuamizidsdlue1mis GYE broth mﬂﬂy’uﬁﬁlﬂﬂmﬁqmuqﬁ 30 996"
waLEea 1A1M5159U 150 SeUsewndl uwazvimsiiuiiedsluiud 0, 1, 3,5, 7,9, 11, 13 uay 15 audsu lag
manludumissiinnu$iseu 8,000 seuseunit figaunail 4 ssrwaiea iunan 20 und Pnuhduazneu
wadluouurisiigamgd 80 ssnwaldea Wuna 24 $alus uasiludnimdnisaduis Wensiainnisiady uax
ihanlaluasiainusununsndulaa-3-Ledan
a. manasauanuiutudgavasuandivufisudsnsaigueailuiodndumuuandio
Fmsinedseailudeindumusandleuluomsiieade MM broth Muwamdlenlunsmiinng

Y v ' P

WUTUR99 A 500 1,000 1,500 2,000 2,500 wag 3,000 dadniucedng fakUadann Hamedi kazany (2015)
mﬂﬁ?uﬁﬂﬂﬂuﬁqmmﬁ 30 aerwadua nnusseu 150 seusewid Wunan 72 $lus wasiiuwed ey
suLtazasnIntmnsaduis
5. NMsANEINISAIALAAEIBNDBNAINEITATANBLARLE BV ILBAR IUdBTNA T UNTULAALET B
¥nsinzideseuendlusiodndumuuandionluenmsideatie GYE broth Wunan 3 fu uazvhnisdne
aneuwasiIasarateeamntesTIRIuNSEEe 2 sou warthundluansavaneuanloufiaududy
yosuanlonlenaudl 25, 50, 100, 150 waz 200 daandusodns uwaziluiwen 150 sousownd Wunan 10 $alus
ntunsedieaIuasaratedie Whatman filtter paper No.42 iienluasiatnusinauanieulnsldindes
Flame Atomic Absorption Spectrophotometry (FAAS) waztinfulsyansamnsidauendlodlooousad
(Aloysius wazAMy, 1999)

Uszandnmnisndnuanatiiuy (Removal efficiency) (%) = (Gi = Cf) x 100
ci
To: G Aomnudidusudurewenioy @adnsusedns)
O Aemnududuanvnevesandlen Hadnsusiedng)
6. madnwinsazatsuanfionluduvuiiouvesueailusiodnfumuuandion

wsniseaeusaniu 2 ynnismaass Ae T1: Autudouuandlow uay T2: fuvudouuandlon + a1
wruaesLeniluspindumusendion Tnsvinnisvaseduvasanaafnfiunannieuasiofenssauitma
wazthluiwgn?l 150 seusiowdt Wunan 10 fu iumesiuniinsgimududuvemuandioslugundosldma

a1 Inen1sannniea1s 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
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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

5-115



1.4

1.2
1.0
0.8
0.6

0.4
0.2 l
0.0

1000 1500 2000 2500 3000

Dry weight (g/L)

Cadmium concentration (mg/L)

JUN 3 dmiinieaduiaves S. rapamycinicus luensiaeada MM broth MiAuwAneuasdudusiigeg

5. nMsmdanaadisusananaIsazatenaalisnlag S. rapamycinicus K5PN1
Nan15un S. rapamycinicus K5PN1 undanandisuluaisazansuanidon wuin S, rapamycinicus
K5PN1 flUsganSainnisidawanieulanedaay 41.7 Aseauanududuvassaniien 25 Sadnsunedns way
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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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wandlsneenanauluiouldaoy

JoLausuug
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fiwfia S. rapamycinicus K5PN1 Tvinns@insiiietisduadunisiiivlnvesfivwazdioiiuuszdnsamnisiidn

wendledlufuuuidouvosity
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Identification of size and pattern of Vitelline in the female
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Abstract

This study was examined the vitelline protein levels examination in term of size and pattern in
the female domesticated giant tiger shrimp (Penaeus monodon, broodstock. The samples were

divided into 6 treatments, i.e., shrimps fed with diets without hormone (N=12), eyestalk-ablation
shrimps fed with diets without hormone (N=12), shrimps fed with diets enhanced with 17f-
estradiol hormone at 10, 50, 100 and 500 mg/kg (N=16, 16, 16 and 8), respectively. The

experiment had been performed for a period of 60 days and the samples were collected at day
35 and 60 for determinations of ovary, hepatopancreas and hemolymph. The results showed

that the average GSI of eyestalk- ablation shrimp fed with diets without hormone was
significantly higher than other groups (p<0.05) at day 35. While, there was no statistically
significant difference of the GSI in each experimental groups at day 60. The protein levels in
hemolymph were higher than the one in ovary and hepatopancreas. Moreover, analysis protein
patterns by SDS-PAGE in ovaries, hepatopancreas and hemolymph were found that the protein
bands could be seen with 20-40 bands. Size of vitelline protein were analyzed by Western
Blotting through using anti-vitelline of giant tiger shrimp at the size of 74 kilodalton, it was
found that shrimp fed with hormone-mixed diets of 17p-estradiol hormone at 100 mg / kg of
diet at 35 days showed the highest production of vitellin protein. The most clearly vitellin
protein were found in the ovaries and blood, respectively, but not in the hepatopancreas.

Keywords: Western Blot; 17p-estradiol; vitelline protein; Penaeus monodon
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fanans (Penaeus monodon) Hudnftnfuiiianuddgmaasvgia Wududdseeniiviiaeldls
Usenelnesnnidususunsnluussenda i (nsuUsELe, 2538) siamqmamﬂﬁumu?ﬁyﬁmﬁqqm@i’wﬂﬁsauﬂmméf’m
nsuanfaifannm Jededdyussmavildonisliniaiuuesendiuginardlulsafou (Guiyy #fadan

a

W, 2556) Jagiuinunansnseduni1seluveeianaiminigdsn1sdniiun 1eseinusiuiiunivesklnug el
gosluufisudanisiannils mndafumesnavdmaliuiiugiinunisldluaufesrauysalinauasniondiay
NALTUSANATFDINS uinsAafunfsdemalieesluusinen Tusdwinuiinund gndeiilalsiudauss usitug
vauth ﬁéﬁﬁzy??umﬁaqLszﬁuﬁj‘ﬁli’]mLL‘W&LLawﬂﬁmﬂ (nsUUIEN, 2538) yonansaisnuuimnevils fe nnsld
gasluu 17 win-eansilaeea (17B-estradiol) lunisnszdunisiaunssla Tae 17 lwineansilneea Wugssluu
nauafissessfianansamieniiAnnssuiunslumalauwda (vitellogenesis) fllassadrdlndifuatugasluy
Twsiaawnelsu wag sosluu 17 woavi-lensondinsiaaimelsu Judusesluuiifvadesiunsfaunssuuauiugly
Aanad (suilye isydaandn, 2556) Tagvnluudinsasivasuanuauysalmelufenaidiiusiug) ansavile
Tnensasaasuszdulysiulunadulueieazene wu den fu/duseu warseld Jamsasivaeuiinaiss wu
nslilusfundeuiiniuaademaina sDS-PAGE Tasldaruunnsrswasimiinluanalunisusnlusiu n1sn
Uinalusiulagnssneisnaiisuvaon Saduisligeenn aldingligs uiazlinnudumezszrisoudiauas
wouAvefge Juduiuanuddglunmsimundeyasuuuulusiuifiegsilivesnaid iielunsiinosdamg
TmiAeafuiinensuiugludanad dedufuguiiddapilugarndlafsituininenisuiuglud
nas Fadudeyalunsidlanalnmsauysalinavesienaid wavannsomngndausiiusisnamluanmandals
IngUITaIAvaInIITY

iefnwvuanazguuuuveslusiulamaduluwiiusisnanddlduomnnaseslug 17 win-loan
lnoon
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1. mawdsuamnafiadmiuRsseusiiusinais

9
o

e msiladnsagudmsunewiiudienaiduiualiasiden seur unzunsswun 0.1 luaseu nay
go5luu 17 Win-loansnlaeea ANULNTUAITUIILIY 4 Anududu TawA 10 me/ke, 50 me/kg, 100 mg/kg Wag
500 mg/kg UDIDINNT ﬁﬁd’mmauﬂy’mmLéfhm%‘laqé'mLﬁmiﬁ’ﬁlﬁwj’m@uéﬂmwmm 2 Jadung 817 4 aaluns
ﬁwﬁwéjaﬂaﬂfﬁiqmuqﬁ 90 perwaldoa Wuan 5 wiil mnﬁ?uﬁﬁmmﬂﬂauLLﬁqﬁqquﬁ 60 perwaldoa 1
e 2 dalus FelilRBusddnomsiunsunss vssaldguiulifigamgd 4 ssiwaidea
2. Bandunvaasuazn1siiufaeeng

Feafanadmousifuganguiiiusiuurieuiiusianaid sinerdeymmn Inenniunys o1y 20
Weu seammsnaasnlunia 60 Tu Tulsedouszuuln v Audifewmalulagnimeia ruzmaluladnmmea
WANINEFEYIN INBNVRTUNYS wisnavaaeadu 6 yansveass liun Adddanlasuenmsidnlinaueeslu
vidoynniuau (T1), fafigndnnn 1 Haldsuemnsdielinausesluu (T2), ﬁﬂisié'fmmiﬁ%’ummnﬁmwamaaﬁmu 10
mg/kg (T3), 50 mg/kg (T4), 100 mg/kg (T5) wag 500 mg/kg (T6) WFushegnaluiuil 35 Su uay 60 Ju undwuimn
7 Samuen Yamingeld ez iuiden Sil9 uay #Fu/fuseuiigumgil -80 ssmwaldoa lasluusazdanis
VnaeIRLilLINUge 8 67 way Newusda 1 /1
3. nsadensmansazarelusiuninsgiu

afansmlansazanelusiuunnsgulagldaisazane BSA (bovine serum albumin) fimnuddu 0, 0.002,
0.005, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.125, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5 uax 0.6 faansuseiiadans niald
anazane BSA Tiflanududusiigg Usuims 5 lulasdns aslulululasiwan ifia Dry reagent (Bio-Rad, Bradford 1x
Dry reagent) U395 250 lulasdns Jndnnisganduuasiininuenaau 595 unluiuas thanedsnsganduuass
afansmlusiunnasgiuseminsdadsnsgandutauasanududuresansazatninsg i BSA Tnsssaudy
AdladnsusoNadang
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4. msiaUSunalusiueun

1153l wavsiu/dugauluunluaisazans TBS-PMSF (50mM Tris-HCL, pH7.5 il 0.9% NaCl uaz 1rmM
phenyl- methylsulphony! fluoride (PMSF)) Tneldsnsdruileide 0.5 n$u o TBS-PMSF 1 Jadans mﬂﬁy’uqﬂ
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hlue mntunenendnladafuasatnlusiulumusinalusiulags Bradford (Bradford, 1976)
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Polyacrylamide Gel Electrophoresis (SDS-PAGE)
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NAN133VY
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f\nﬂmiﬁﬁﬁ’;aemLL;Jﬁuﬁ:r’jqqmﬁ’]ﬁauﬁumamamm%’qﬁmﬁﬂ waz¥anme WU Aneasthungd
ﬁhgaqm’lmmﬂ’uaﬁwmmﬁmamﬁ 2 (116.90£19.06 n5u) LLaxﬁa&Jﬁqmiummimaaqﬁ 3 (94.59+19.66 N5u)
AIUAIAU %nﬁhLa?i&nfmﬂ’ﬂﬁ’ﬂuLLﬁﬂ’uﬁ:ﬁqqawﬁwﬁy’ﬂamﬁqmﬂ’ﬁwmamﬁmmLLmﬂﬁmﬁ’ua&mﬁﬁaﬁﬂﬁ@mmaa
(p<0.05) uilsiupnsinsarnyanisnaassdu luvusiinedsnuenluwifusinadyamsveassi 2 fd1gdign
(22.76+1.14 | UALLAT) ﬁmmLmﬂshammqmmimaaaﬁ 3, 4 Wy 6 ag19lvsdAYN9adis (p<0.05) (An3199 1)
dothiegausitugdanardildanmamaaesfuszezinat 35 u uar 60 Yu sdsimidn Saauen uay 4
dwiinvesiald wud Anadetviindiveauiugds aruemvesiusAuasAduisely (%GS) Sednnesd 2

o

M19199 1 ARdeUImMENAILErAIINE1IVDLTUGINAIMNBUNITNIAGDS

q

Aade
YANTNAREY hwiing (n$) A1 (LWURLUAT) U819 (N)
1 105.21+11.65 21.87+1.20™ 12
2 116.90+19.06" 22.76x1.14° 12
3 94.59+19.66° 21.07+1.52° 16
q 105.10+22.25%° 21.44+2.00° 16
5 108.13+14.66°" 21.88+1.02°° 16
6 110.18+16.85" 21.48+1.59° 8

v o =

nuewmg : sanwsiisiulunnamneiedanuuandsegsilleddgymneata (p<0.05)
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;%

M19199 2 ARREUIMnGD AueTd dmindaly way Adtsaly (%GS) vesuiiusinaiem

U Aady
3 Yt (n%) AMNYY (LHURLNAT) GSI (%)
AR 35 T 60 Tu 35 Tu 60 Tu 35 Tu 60 Tu

1 100.81£13.26°  95.00+11.18%  21.35+1.14°  20.63x1.00°  1.08+0.35®  1.15+0.30°
2 108.86+24.10° - 22.08+1.81° - 1.78+0.65° -

3 9153+11.26°  81.06+4.22°  20.48+0.85°  19.40+1.01°  0.97+0.56°  1.10+0.34°
4 108.61£22.93°  95.47+26.34°  21.78+1.28%  20.85+2.18%  1.36£0.53  1.29+0.76
5 111.05+16.72°  99.60+16.83%  21.58+1.28%  21.53x1.34°  1.12£024*  1.37+0.70°

104.58+21.88° - 20.67+1.36° - 1.04+0.16* -

(o)}

o

U : Adnwsianeiuluwns vaneds danuusnssegaiteddgneada (p<0.05)

2. nsadrensmlusiuninsgiu

iflethansazany BSA 1eaneanududu 0, 0.002, 0.005, 0.01, 0.02, 0.4, 0.06, 0.08, 0.1, 0.125, 0.15,
0.2,0.25, 0.3, 0.4, 0.5 wag 0.6 dadnSuselladans naufiuaisazaiy Bradford 1Ui’mmﬂ’ﬁ@mﬂ§mmmm&J’l’m?{u
71 595 wilung afrensmlusAusasgIusEIsARAsMTgANAULALAs ANLITITUTR sEnTAzANBIRTEIU BSA
Tnessnudufiadniudedadans Wnadnmi 1

.. 050
=

< e ®

2 040

go0 o

o S

3 030 W
= . y = 0.7485x + 0.0011

<

§ 020 e Rz = 0.9966

1&

@

[ .

& 0.10 o*

(E_ _..."

€ 0.00

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

A a o a aa

AdNiuesansazanelusfiunnmsgu BSA (Radniu/iadans)

A 1 N5 MLIATgINYeENTAEaelUTAUINATEY

3. nsAnwUIHlUsAUATNIS a9 Bradford (1976)

31nn1sindsunalusfuresansainiily du/dugeu wazidenvesuiugienaifniniuisves Bradford
(1976) Wisuieufunsmansgulusiu BSA (nwdl 1) wut Vsnalusiulusiliveauidsiidoadusses 1an
35 Ju uar 60 Tu denegluyig 2.09-4.05 uay 2.99-5.17 fadnTuseiiadans mud1du Ysunalusiuludu/eu
gouvesuiusianaiidsaiussazion 35 fu uay 60 Yu feoglurae 2.03-4.55 uay 2.58-4.08 findn3usie
findans mud i way Vinadlusiuludesvesusfeiidonduszesinan 35 Yu uay 60 Ju faneglutag 90.70-
176.87.32 uax 131.72-199.88 fiadnsusiefiadans nuaiu (5197l 3)
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M15°9% 3 AladeUTIalUsAuYeLItugienam

q

FTYTIAT Y0 Ysualushiu Ysualushiu Ysuaulusiu
Tunsneaes  n1sNRaeL Tusdla TuRu/Audau Tuden
(mg/ml) (mg/ml) (mg/ml)
1 2.76+1.83 4.55+2.88 76.51+48.73
2 2.52+1.21 2.03+0.48 91.64+40.36
35 U 3 2.09+1.26 2.46+0.99 104.52+52.10
4 3.62+0.67 2.79+1.31 90.70+75.40
5 4.05+3.17 3.40+2.58 176.46+87.32
6 3.79+0.93 2.46+0.71 124.40+63.81
1 2.99+1.19 3.36+1.10 131.72452.65
o 3 4.40+1.03 3.08+3.48 199.88+114.25
603U 4 5.17+2.07 2.58+1.24 140.01+62.29
5 4.76+1.67 4.08+0.82 157.49+56.48

14

a. maFsuiisugiuuuvesiusiusivunvasusiiusfenardidasmaiia Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Mnmaisuifisuanuduresuaulusivlusild du/dugou uasidenvesusitugianarmdsady
svezIan 35 uay 60 Ju nuwaulUsAuUsEINa) 20 B9 40 uay andnegeTidsadusyezian 35 wui Wsiudiny
Tuidon $ald uazdu/dudeuvomnmmaassdisnuiu 5 uauiwiloudu léun 104, 74, 58, 28 uay 23 Alanadu
wauTusAufinuamzludelafisiua 2 wau Teun 157 waz 130 Alamadu waulusauiinuamszlugu/suseu i
$ruau 2 wav e 53 waz 45 Alamadu waswaulusfiufinuanizludeniisnuau 2 uau l6ud 240 uas 34 Ala
Anasy waulusAuvuna 240, 220, 200 way 168 Alaniasy lﬁ,iwﬂuﬁu/ﬁuéauéumnﬂmﬁwmam wazlunnaiee
mawmmuquigjwumﬂﬂiﬁuﬁ 200 Alanrasu fFauandunni 2 uazandegeiasaiuszezna 60 wuin
TUsiufinulussle AU/AUBUKALLEDATDIYNNITNAABITTIUIY 9 waumiloudu 1éun 104, 58, 50, 45, 38, 34,
28, 26 uay 23 Alamadu wovlusiufinuianizlusslaiisiuau 3 wau leun 83, 63 uaz 20 Alanasiu waulusaui
puannzludeniduiu 2 wau tawn 168 way 157 Alannasu waulusAuaung 240, 200, 168 way 83 dlaniasu
Limulugu/dugeuvemnnismnans wnuTusiiuauin 83 Alanadu nuewizludiliuasdonuiitu uag Tunn
ofvarvesyamunulinuioulsiuuun 240, 200 way 53 Alanadiu Fuandlunini 3
5. Msnzinalusiulamaduflematianaiisuuasn

nmsaszisaulusiulunadulusely du/fuseu LLazLﬁammLLﬁﬁUﬁ:ﬁmmﬁwﬁLg&NL“ﬂmzazna’l

a

35 uag 60 Ju é”;&lm%"mdqzi']&ﬂﬂiﬁumﬂLaadLMMLUiULLUUﬁqLLﬁJ nelushulunaduinanisiaunn 74 Alanasu
WU IuLszﬁuﬁ:ﬁqqmﬁwﬁL?ﬁymtﬁuﬁwxmm 35 U wuwaulusAugILIL 13 vuia baun 200, 157, 130, 104, 74,
63, 58, 50, 45, 38, 34, 28 Uay 26 Nlanafu Imaﬁnﬁiﬁ%’ummmauaaﬂuu 100 mg/kg 8301913 WukaulusAy
Timaduvun 74 ﬁiamaﬁu%’mwuﬁqﬂu%’ﬂéﬂLLazLﬁaﬂmuﬁﬂﬁu waldnuludu/suseu s1eaziBeadanind 4 was
A5 4 uay IuLszﬁuﬁ:ﬁqqmﬁwﬁL?ﬁyw,fluizaznm 60 Ju nuwaulusAugIuIu 15 vuin LewAa 240, 200, 168,
157, 130, 104, 74, 63, 58, 50, 45, 38, 34, 26 LAy 23 Nlan1asy Iﬂﬂﬁqﬁlﬁ%’ummimauaaﬁm 50 mg/kg VD4
913 nuuauTusAulamaduruin 74 Alamadudaauiigaludilduazidennudiu udlinuludu/duseu
8z BunRInINg 5 uwazanseil 4
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A B C

kDa M1 2 3 4 56 7 869 maM1 2 3 4 56 78 9 KDa pyg 2 34 56 7 8 ©
250

50 =
.
30
37
B
a2 15— -
15
D E F
KDa M 12 3 45 6 78 9 kDa M1 234 567 8 9 kDa M 1 23 45 678 9
250 250 - y
73 75 - 50
g 50 - 75
3 ]
25 ﬁ—- 37
20— 20—~
15 - 15— 8 25
0
15
™

Al 2 wa SDS-PAGE 28333l flu/duseu wazidenveudiudinaidideaduszeziian 35 fu
A=YANTNAGBITN 1, B=4AnIMaaeil 2, C=Yan15nAAedfl 3, D=YAn1snAaedi 4, E=¥An1snaaedi 5 uag
F=ynn1sneaesil 6 lagil M = TUsiunnsgiu lnedes 1-3 = $4l4, 4-6 = fu/dudeu uag 7-9 = \fen

A B C D

aM1 23456789 ;M1 234567829 waM1234 56789 yp,M123 456789
150 2 8 -

dl U a . A g [ U ! =~ .I U s ill
N9 4 wansesdeusyaulusaulavadulusaly AU/BUDDU LAZLADNVDILNNUTNNINATAN

o~ & I3 Y% a Il a ' =

Magaluszeziian 35 Tu feinTosdinglusiuainaguuusuwuuiaume
A = ¥AN1INARBIN 1, B = YAN15NAGRW 2, C = YANIINARBIN 3 D = YAN15NARBITN 4, E = YAN15NAa8N 5,
F = 9an15nnaesi 6 M = Wshunnsgu es 1-3 = $al4, 4-6 = du/dugeu wag 7-9 = Lden
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A B C D

Ma M 1 23 4 5 6 7809 kbaM 1 234 56 7 89 Kl A1 23 456 7 809 M 1 2 3 4 56 7 8 9
250 — 250 - 250 - ;::

75 50 —
75— 75— — —_— = —
50— 50 S0 50—
AT - 37 - 37— 37—
25 o 35— =

25

20 20—

W0—

20
15— 15— 1

Al 5 nansnsaseusEAUlUsAulmaAuluSlY fu/duseu Lavidenveuiiuginais
fidsaduszerina 60 Ju TiemeideiniesdelUsfunnaaguiiusuLuuAus
A = gansviaaesil 1, B = yansvaassi 3, C = yansviaaesdl 4, D = gansvaaesit 5 M = TUsfuuasgy
P04 1-3 = $al4, 4-6 = fu/dugeu uaz 7-9 = Lien

(%

P a a A P AP A a R °
M19199 4 NaGUaQIﬂﬁG]ulqLWaauWWUIUﬁQbLGU AU/PUDDU ey Laa@m@ﬁLLMWUﬁﬂﬁqa’]@’]

naldgndaen  Aeiignsinen 1 Atz Aaitlés Aaitléts Atz
I#suemsdie Frelasu pwnsdlenay  enslanan e wnsiliawas wNsuineEy
Uni wnsdiaund gasluu 10 gosluu 50 gosluu 100 gosluu 500

mg/kg mg/kg me/kg me/kg
kDa OV HP HL OV HP HL OV HP HL OV HP HL OV HP HL OV HP HL
35 104 ++ - + o+ - S - + o+ = - ++ - + - - +
w1 P - - B+ o+ b -+ B - - B - e e - -
60 104 4+ - + NO NO NO + - - - - + + -+ NO NO NO
W74 - - - NO NO NO - - - 4+ - 4+ + - - NO NO NO

ianewme: OV = $ald HP = du/iugeu HL = 1den NO = lifldheds

dsUuazanusnena
1. navasgasluul7 wi-eanslassasauninga aAnue1 waz Wedidudavlisslivawinuginai

€

o <,

PnmsSsuiieurniadeiming uay ANNENITBLITUSA A Mdssdusseviial 35 Ju wui
Anademiing LLazmm&mmaﬂLLﬁﬁuﬁ:ﬁﬂﬁy’d 6 YansvaaedliinNuwANA1aiuN9Eia uwiAndeUosiusiayil
filvveausifusisnadiludsigninn 1 Hralssuomsdiaund fivesidudduiissldunndnaaniaildiuemsde
wengoslu 10 me/kg Y8905 aesiitiddyn19adR (p<0.05) udliupnssiuyanInaaeduildsuemain
wangeslau duluuiiusfanadideaiuszey van 60 u wuh Anedsthviinduasanuen uaseiedidud
Fai¥dlivosusiiusiots 4 ganimmeaedhifiaruuansdisiu (meefl 2) eradinaunainnisgndadunidssali
gosluuilvihmihfisudsmaiangaduiusunniomiegninaeinlisslafimatauniining esannsdn
firumdadunisitane X-Organ way Sinus Gland Faduuvasmdnoesluuilududinisansly (gonad inhibiting
hormone : GIH) Tngagyiausmiussuuyssamaunan (CNS) iimihfinuaussdvvesseiluuassiia Ae
gosluu GIH wazaasluu GSH (gonad stimulating hormone) fifianuieadastunsiamun$sls nanfewdle GH
gnyhanedwalyt GSH viewldunnninund wasidlensSouiisufuganismaassduiiladsusesluu wuin luiunnsins
neada oradumszeesluu 17 win-eaaslaesasusadnitliinnsyuiunmshivalauds wagniswmunse
Ivluusitusisnandils danalulumadeaiunsinuves suilye isydaandn uazany (2556) Aidnwiomnsidie
wengoslu 17 win-eanslnesasdensiauniilivessiiugianad nuidiedeesiduddvisiladanansi
anAnAIuaT 1 979 LLasﬁqqm@ﬁ’ﬁﬁléf%amm,ﬁmmauaaﬂuu 17 wwin-teanslaesa 1 me/kg HA18an3179YA
AuAuBETTTEARM9EDR (0<0.05) agslsfinnu Tnssasrwweseasluul7 wi-wanslasoaililunideien
liidsnadedsditinlunguainniBoulnensdailrildvesiuginadiaulifssozaning
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2. msanwUsualusiunuiSves Bradford

NMsinsialdsiuainansainlusiuainialy du/dudeu uay envasiiusinaim nuii Hend
U%mmiﬂiaugﬁqm drusdliuazdu/mudeuliUsunalusiuiilnddeetu Sdlinaluiianadetuiunuideves
afan Junn (2558) fnafuduilidesanlufanadidenasdusinardunsdsnulsiulimadunndu/fusou
lUifvazauiidsly aguReidlesu/fugougnnsedudiesesluu felinsaduararaulusiuliunstu (usiuls
wiadw) Mntuardsluidfiofmunsldinumadondednavliusinalsiuludongeanitludsldiuasdu/duseu
esmnidenduiinandunsastusauaneosuidudsne Sosnis (Uay ﬁzﬂLﬂ%ﬂI@W”ﬁ, 2550)
3. msnszinalusiulinadudrsmadanaiisuvasm

Mnmsseaeusziulsiulimadiluiily du/duseu uaziden vousiiusinardfisemadanaisu
UABY WUUNILIA 3u Trans-Blot® Turbo™ Transfer System Ima‘bﬁuau?ﬁyuaﬁﬁﬁhwam'aiﬂiauiamaaumaquq
Qﬁ’]ﬁ’]‘ﬁ%ﬂ’]ﬂ 74 Aamadunwuin Tussly du/duseu LLaxLﬁamﬁuaqLLﬁﬂ’uéﬁnqawﬁﬁﬁLgmL“ﬁuwazna’l 35 U WU
uaulusAu 13 wuin laun 200, 157, 130, 104, 74, 63, 58, 50, 45, 38, 34, 28 way 26 Nlanadu waz 1usild fu/
fugou LLazLﬁammmjﬂ’uﬁ:ﬁqqmﬁﬂﬁL?ﬁy&mﬂuiwsnm 60 Ju nuwaulusAu 15 vune lawn 240, 200, 168, 157,
130, 104, 74, 63, 58, 50, 45, 38, 34, 26 way 23 Alamasiu lnglumegaiiasaduszezna 60 Su fuaulusiu
YA 240 168 uaz 23 Alamasufinuinnnsveassd 35 Ju ualdnulusfiuown 28 Alaniasu nsiinuwau
Wsfiuwenwileanawafinianiienapdefunuddeves Loneyant et al., 2000 Ailansiziiusiulamadulugs
lduazidonvaaiinaiimedsiaiisuvaenudinuiniuislailusiulunadu 5 vuna leun 104, 83, 74, 58 uaz 45
Alamadu wazluwdeniilusiulinadu 4 vuia tewa 200, 104, 83 waz 74 Alantadu nelsasurgmnuduius
meduglunoniinsenidusiumaniia lanaladtueiagnudeseongdnszuadendoazuuun fe 1uia 200 uas 74
Alamas andulndulnsaunn 200 Alanad srgnusziranadulndidlnduun 104 uaz 83 Alanadu
wiothiingwadlulaenss luleleledlusfivuun 104 Alanadu szgnuensenilulndiudlnduinn 58 was 45 Ala
anasu luvaigilusiuawa 74 Alasadu agldsunsiaulandntesviodndliuasunyas

2193 wuh Tsiurune 74 Alamadu lufsidsadussezion 35 Yu aswuuuauansy Tudslign
dmldsuomadiaund uas Tudeildsuemadinnausesluu 10 uas 50 me/kg vasomms unudatuludsiigni
a1 $1aldsuemadiaund waz lufedilisuemsiianansesluu 500 me/kg vase s wazdaLauilanluded
I5ueasiananseslam 100 me/kg vesewns maiidsiilasuomsiianauseslau 100 me/kg vesewns s
wanlUsAuganifedilasuemsifianausesluy 500 mg/kg 1899113 o9 dumsizludeildsuormsidanay
gosluu 100 mg/kg vase1ms denslinsdslusivanifenlugsely dunglannludeanuuaulusiuveuin 74 Ala
madureutietaiau uslinuludesvesdsildsuemadanausosluy 500 me/ke vasemns Tuvariifaiidss
Wuszeznan 60 Ju liwulusiuvunn 74 Alasadu ludsligndamlasuemsidnund uaz ludsilésuemsin
wangesla 10 me/kg ves013 lufeiildFuemadlanausesluy 100 me/ke vaso1msaziiiuuaulysiuatey
uazFaautuludeiildsuemandanausosluu 50 me/ke vasewns wafdslidaauifeildsuomaiionay
godluy 100 mg/ke vesemnsiasaduszoziaan 35 5u anafunsilaswaiwesasluy 17 win-wanslnesa
Alumideildmadonisnanusivlanaauluszovdun

derFeuiiouiunuideues Hiransuchalert et al. (2013) AdnwigUnuunsuanseonvesdulimala-
wivlufdliszogeneg Tufanadlaemsiinseidemeaianadfisuuaem nuuaulusiuil 104 uay 74 Alanadu
Tussldudladnulusfiurunn 74 Alasas lusu/dudeu Fuinmsmaassdiuuliufififienafeatu Hiransuchalert
et al. (2013) finunaulusiudi 74 MlasasuludonuazSaldunnninlugu/fugeu LLazﬁ]mmiﬁqum AnfasA
(2555) laagunalnnisnseduiieiealasiaunanisvinauvesdudugeu Sela uwagn1snald 1391 sesluulungy
walasauaglinsydudu/dusauliaidiamaladdu udrdwudenluiivazaulusiliuasilisiliadedlng
wuienszdulsilian 1inuanugaivesteleles (Oocyte maturation) waziinnsnalivesusids enaiduanveg
Trlanunaulusaulavaduvwn 74 Alamasu Tudu/duseu
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a ao

sty AStydannde. (2556). NTrUIUNTATIlULAIBITNAINN. UNUNYAT, 41(2), 286-28T.
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a Ay o a =
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ANSHANNSATNTUNIINAINUINIAABLIB Actinobacillus succinogenes

9959 nzgddunalans’ YN Aatudiiiy’ Udveyn nssugau

U3v1 ndnssalwyad’ uaz glsdssas quiuns'™

Lnadrinendans aIngmansuazinalulad tvnineduaaaiuasuns mewadeani 2.Unmnil 94000
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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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.
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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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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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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.

a Msuccienic adid oL

W succicnic acid gL 5 2 i residual Total sugar g/L

& CDW 0.D.600

15 15

Succinicacid (g/L)
Succinic acid (g/L)

Cell concentration (OD600)

05

0 30 60 90 120 150 180
30 60 20 120 150 180
Initial total sugar concentration (g/L)

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

dyduazaiusena

MNMIMeaeININaRnIndnIdnanniniinadivdeldmenisinensiideaaniviininihaaaiunsodu
unasAIsueUNAfenITasyRvlnveudsenannsndnddnluanizilioandaunazinisiiuuisg
msusulaeenleddiluimousuaniismandnivanzaudsinginie A. succinogenes aunsandnnsadndinlad
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mmmeumumummmmamwwm 65 g/L winnu 0. 62 + 0.02 g/L ‘vmm 24 Hlususisleviinis@nwaiy
memimumaqmmamwwmwmesmﬂuﬂimgmw YhanasauiemmnEudy 180 o/l mmmiwwawawmwaﬂ
2.16 + 0.12 /L wariiesifudnslivhmanindu 96.9% mwmwamm%qmmawimmuaamwL:uam&mﬂu
nsfnwves Liu et al. (2008) fildundnnsadndinannnimalnewuaiiSesiin A succinogenes CGMCCO1593
TuannymsminuuulZeendaunesldidenisnisusuanimmmimasensadaiinsnuazidenldanududusudy
yenimasuiiiu 65 /L wudranansalinandnnsadn@iingadia 56.0 = 0.9 ¢/L wiiilesnninszuunmsniinaes
sdsladfirnuadiessastidsinsuianiveulaeenlesiind g diusunaildinnnes winlinadilgdusuanse
Fndtnfidesniuasinsnduniduiaduunnindaandunwd 5 nsdanseinsadnddnvesuuafidotuaunsa
UM ILNUUATLYES Cs 1A Co Beanunsananlvaduniawes Cs wazanunsadanszildlnensmi
L@uN19984 Cq ajﬂLﬁumqémié’qLﬂiwﬁﬂiﬂ%’ﬂ%ﬁﬂﬁﬁqmwﬁ 6 WU’hﬁ’]mﬁlﬁﬂ’]iﬂﬂa@ﬁﬂ%ﬁﬂﬂﬁﬂiﬂauﬁié%ﬁ@gu
wnnnsadndaniesaniitsunauiansveulasenleddlduinnedwhlduwueadduvewuaiidelunig
Eune G unnninderhlidvsuna nsnesdfin warnsawan@nfiunnndindu 3.04 + 1.57 wag 2.69 + 0.36 g/L
mudsU AenadduhnasiutoueSudy 180 o/L

nnthanaansafuundssuesudinsensnannsadndiinlnede A succinogenes tafiaan 24 Falua
mmaﬂsf,ﬁwamﬁﬁqﬂwmxﬁLﬁaLﬁummLﬂuiumaqﬁﬂmaimﬁgﬂwmLéuﬁu%uﬁﬁﬂmﬁﬂm%'ﬂ%ﬁﬂLﬁ'uﬁuaehqﬁ
HedAgy

o 6 -
-+
& ~ 5

=l
52
Toa-
S == Formic acid (g/L)
o 23 4
2 E % % # Acetic acid (g/L)
g 2 é = = = Lactic acid (g/L)
v :gl N /// /"/::E ﬁ
v 5 Z = = & Succinic acid (g/L)
SF W W ] ;
L

30 60 90 120 150

Initial total sugar concentration (g/L)

AR 5 NAINNITANEIANUTLTUSUAUVDILIAATINYINUATILANANAUN A1 TaNARNIATNTTNLaLNIADUNTY
wiindu 9 lnedie 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.

Jorausuuy

mnmsfnwluadstdannsaazldinindmaddnanimnmmefiesilulfifuundsen susuiliiuuuaiite
wlevinlundndunansiaeing | Iﬁlﬁ'aqmﬂmﬂﬁ:ﬂmaﬁaﬁﬂ%mmﬁwmanuﬁwmﬁmﬁaagﬁﬂma%qlﬂuﬁéfaams
dmsunsuenedesugamnssumedinm wiimnazimemasemsuannsednddnlaglduuaiiSeluannyls
ganBiaueIIRfostunndassuuINEawasosdiuTnauiansuaulaeanlesiiunnwedviliwuafieaunse
nannsadndinligeian uazenafinisAnutedusudu 9 Wune Wy nmsifieugnse s Anwiumadlulpsiou
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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

E-mail: rachanimuk@.buu.ac.th

UNANED

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
Fududofiian

AEn UaJu: auneddeannuiity, Tnlalgeniiu, Pseudomonas sp., Arthrospira platensis, Synechocystis sp.
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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
E-mail: 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 g/L) provided higher wet
weight than Synechocystis sp. PCC6803 (1.025 g/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 pug. 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

dmsedideannuningu (Cyanobacteria) $mdudddinsmnuuaiiGouaiidnuazunnsiismnuuaiise
mﬂﬁﬁimi’mq Jsamnsaduaszinaslanazlioandiau (nMgaunivil Aaulunug, 2527) warluamsedidoauny
‘131Lﬁuﬁiﬂmi’mqﬁﬁwﬁuaﬁuaumn Fadnanlnladauiivszneusie 3 lnlelgendiu (C-Phycocyanin) wavwoalalla
lewe1diu (allophycocyanin) %ﬂLi‘Juiaﬂi’@ﬁiﬁﬁﬁwLﬁuﬁaﬂmim

awse Spirulina 3o Arthrospira fdnwasiduguindeadieadinu (Spiral) wadvsinsyuenvanewad
Sosdoruduaonss vievaduindeamdoiluas Wififsiu awdwalusifinnesydulalasnisudasad
(binary fission) ity (gaf fswsiiena, 2549) Tosvaziatlunisasydulayszana 20-30 Tu wadavseallsd
mhjﬁﬁaﬁuﬁaLﬂﬁaaLLaxﬂaaIiwmaﬁ Lwiﬁwﬂ’qL%aéﬂizﬂaué’am?jaﬁm%uuaﬂ (outer membrane) wazionaayn
(plasma membrane) Aflduveutuilalnaunu (peptidoglycan) Lmﬁﬂa&iﬁijwL?J'aﬁgaamuazﬁl,?ialwmﬂaaﬁ
(thylakoid membrane) vwthilunsdaaseinas uag LUuLmaqwmqmmmmm a9 laun Lmiﬁwua&m
Uszunas 0.4% ﬁuaﬂumummq naslsiladuszann 1% veamiinuie LLﬁ”lWIﬂﬁuauIUﬁmu 14-16% vl
wika d@auamsne Synechocystis sp. PCC6803 uaminedideannmhduiiwadidnuaznauviedidntosoiass
ogifienq nioogilugq ldiforiy nsananawadasifiudugadidu (gaf fswsfiana, 2509) amsrevinddld
syeglialunsiasgiulauszunm 7-10 Ju @18 Synechocystis sp. PCC6803 dinilsvoigaduunvinlnannans
Ilalegefusenuilausunudes sﬁﬂamiwﬁﬁmmuﬁﬂLﬁuLﬂuﬁﬂﬁ%ﬁm‘?iﬁmma’lmim‘tumiﬂ%’uﬁﬂﬁmmﬂ LU
a519llon (gelatinous sheath) ‘vm‘wuLszjaaLwamumwmulﬁumaaua yifuauiuiuaudounazanudu luwad
wiigaasnilerfiunsngsiamanneiimngaulunisdansgsiuas fifiedvelumsdesuuassansilleananems
91908 1Judu Jeladramsne Arthrospira platensis Waga %318 Synechocystis sp. PCC6803 mm&miuamau
ﬁmmmﬁuqﬂﬁ

Illadauillulnsiaududuusznevredasads axanglddlud Inladauurazslinazogsuiulusiu
p814lnaTmunn nanatluansuszneudsdousenin Inladaulusiu s1earuves Myers wag Kratz (1955) wuinla
Talwgnfduarivsinauiniuiiefiuassife venaniluaniredideunuiniu laleerdududuundazay
Tulpsiou Faagvhmihfilismemsuniwadamieluguiinaueausiglulnsau (@nd aagyia, 2540)
a3 iw‘[,ﬂ"l,ﬁvamuuuuﬂsﬂamuammﬂmaamamnﬁﬁuLLavmasums:u eanauiRvessaningiivilias
ddu (Tuilgy nRdums, 2549) 611—1‘1/\]1?116?1SWHUUﬁEjﬂﬁEijEJ’]SﬂSUSQL‘UBLLUWVILiﬂﬂaiiﬂsduﬂﬂﬂaEJ’]iﬂU’N%UﬂIﬂEJ&Jﬂ’ﬁ

vy
=2

narosfiuanfinuandilunissudininasyresuuaiideiilunasanaass (in vitro) uarludsiidia (in vivo)
(Rojas et al.,, 2014) uaﬂmﬂﬁéﬁﬁ@mamﬁ&ﬂumié’huaaﬂ%msﬁu (antioxidant) AuN15ENLEU (anti-inflammatory)
duitfason (@nti-tumor) waduwaguiSs (anti-cancer)
lunsfnunilgatuiefunsinwnsataasiilalesiturnanefideunuihiu detumeaey
fenmautRnmsdudatonuaiie ensuvimannduduresasatalulelssdulumsdufatonuaiie
Pseudomonas sp. WielSeuiieuuszansamnisiuidenuaiiosyninsansne Arthrospira platensis Wag

@918 Synechocystis sp. PCC6803
38NN

Msieaaviing Synechocystis sp. PCC6803, Arthrospira platensis waznnsafinlnlaleendu

Besansne Arthrospira platensis wag Synechocystis sp. PCC6803 Tua1s Zarrouk Medium e
et 15 ppt J’]’]EJIUMENU{]UMﬂ’]iﬁ]umquJuL’Ja’mﬁ’]‘ﬂi’]ﬂa&ﬂ‘hﬁu genina (log phase) 1¥8ns1d1uve91M13
esamsesewauteamsiefldviitu 20:1 Sehnsiuraddenmstumisdiirnudaseu 4,000 seusiound 4
ssrwaldua 15 wifl lieadvesamssunnlagidnsududaduivazany (freeze-thaw) Fsa1mgns 200 mg
waLANaITazany 0.1 M Na-phosphate buffer (pH 7.0) 10 ml maﬂﬁﬁﬁuuazﬂﬂﬂLLﬂiLﬁamﬁaﬁqmmgﬁ -20
psrwadea Wunan 6 Si?"ﬂmLLazaé“Uﬁumiﬁﬂﬂmqﬁqmmﬁﬁaﬂﬁﬂ 6 ¥l (@mSuavse Synechocystis sp.
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PCC6803 avld Rattler Plating Beads itevinliiwaduandietu waviiiudunouns Sonication WWuran 30 undi
W INATANLAREIMIIELED) Yviavun 3 50U 9N lULE ¢ ssrwaidea Wunan 12 alus andudunen
Wwaadi 13,500 59URBUIT UL 20 W ﬁqquﬁ 15 parwalded antmiansaratediannazneulsay
sendenonluiousamndus 25%/50% (unnsal FsvAausian, 2559) AulnUSunauenluilousamadusag
¥lfanauns 1 (3uns wvestug, 2502) dharsavanedriilduviusidagiBns Freeze drying gauvgdl -31
peraLEea Wunan 24 Falug 1{1ﬂ%gumaumiaﬁmé’aqﬁwmmmmmL%m%usuaﬂ%—lmﬂlsamﬁu (C-PQ), dalalulale
g1y (APC) wazlu-1adsnsu (PE) AUEASYDY Patel et al., (2005) NENNTN 2,3 uay 4 ﬁﬂmmmmmﬁqwé
v053-Ilalgeduainaunisi 5 wazfuanman recovery yield NN 6 (Liao et al, 2011)
G=533(52-51)/(100-0.352) aunsi 1
o S, fie Wesiiuduiveweuludoudamaluasazanslusfiusudu

S, fie Wesidududwewenludoudamaluansazanelusiudisonis

G e Usnanndewesludoudamaiiiivacty mihadunsu)

C-PC (mg/ml) = [A620nm - 0.474 (A652 nm)]/ 5.34 allﬂ’]i‘ﬁl 2
APC (mg/ml) = [A652nm - 0.208 (A620 nm)]/ 5.09 AN 3
PE (mg/ml) = [A562m - 2.41(C-PC) - 0.849(APC))/ 9.62 ﬁiuﬂ’]i‘ﬁl a
Purity ratio = As20/ Azso aumiﬂ' 5

Yield(%) = [(phycocyanin concentrationmemy X collected volumegmy)
/ (initial phycocyanin concentrationmemy X initial volumegmy)l x 100 aumiﬂ' 6
nvndeuananTavessslwlalogdulunsiudatouuaiiBe®ae3s agar well diffusion method
tharsltlalegfunmageunisdududenuailiss Pseudomonas sp. #2833 agar well diffusion
method luammnsideade Luria-Bertani broth (LB) wuuuda Inefmunusinannuiduduvesasadalula-loen
HuanaInsie Arthrospira platensis WJu 150 pg, 200 pg, 250 pg, 300 pg, 350 ug, 400 pg, 450 pg tay 500 g
drudsunaunnududuvesansanalnlalyeniuainainsie Synechocystis sp. PCC6803 1w 150 pg, 200 pg, 250
pg waz 300 pg Amualnilaw lelefiu (wadu) anududu 5 ug Wuseuey United 37 sswnwaidea Wunan
8 Hilus Yavwnleulaiiniulng nanleulaveusnirmisluddawveudntmiuhnamsinanusnvedela
fiAnturesdonaaeummAadsvesduingudnaidag
ywnveslewla = durgudnanswemquuasisulaveade - Wushaudnatsveaviay (nhibition zone; mm)

nndeuamanTavessslwlalendulunisiudatouuaiiGedaes Minimum inhibition concentration
(MIC)

tharsinlaleenfunmageunisdudutowuailis Pseudomonas sp. #3833 Minimum inhibition
concentration (MICluawsiaeade Luria-Bertani broth (LB) wuuwan TngrimuauSinaanududuresasario
Illalwerduainamse Arthrospira platensis W 150 pg, 200 pg, 250 pg, 300 pg, 350 pg, 400 ug, 450 g Lag
500 pg d@uvsunumnududuvesarsanalwlaleerduainamieg Synechocyst/s sp. PCC6803 10U 150 ug uay
200 pg mMuualwilau lolodu (uniau) mmmmu 5 pg Wudmuny Yuidedt 37 ssrmwaldea e 4, 5
uaz 6 alus udhsniarinisgandunasii 600 nm mmam@mﬂauummﬂmummaEJIrﬂ&J
AgAnduLasatouuafise = Agandulamondeuuaiiiouarinleleeniuluomamvaragandunadinlely
prtiuluesIvan
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NaN1SANYI

nsiseyulaUIUNIvesa M Arthrospira platensis wag Synechocystis sp. PCC6803
INAITANRIUNITLASYLAULAVOIAII18 Arthrospira platensis Wag Synechocystis sp. PCC6803 (1u

awmiﬁl,m'%wﬁwﬁmamlﬁu 15 ppt) 9eWUIAINIY Synechocystis sp. PCC 6803 Tdszpzianlunisiasyiaule

auwamﬂa 15 9u ('i‘LJ‘V|1) WFRENUTIE S Arthrospira platensis Suhwiindenainnniafie 8.90 /L (ans1eit 1)

400

350
300 ¥

250

o

1 a
CLGERHGEREEE]

4

200

4

ANVHU WY AE (x 10

150

100

50

ety Arthrospira platensis Synechocystis sp. PCC6803

ANA 1 m‘WﬂﬁWLU%EJ‘ULﬁEJ‘ULLu’ﬂuﬁﬂ”liLﬁ]%iyLﬁuimsuaﬂa”l‘Vﬁ"lEJ Arthrospira platensisikag Synechocystis sp.
PCC6803 (luownsywsennietin AansLadl 15 ppt)
N Svilng @il

M399 1 Wisuiisudminilenamsie A platensis wag Synechocystis sp. PCC6803 (lupmsiimssunioin
AnuLAdl 15 ppt)

Yrpinilenueaanse

FUAVDIANNTY

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

91NAN5197 2 UATA1S199 3 9znuIALTuTuarsaned-lnlalesendu (CPC), Salalnlalseniiu (APC)
wazllad3nsu (PE) ﬁiﬂﬂ%uﬁaﬁ’]ﬁ’liﬁﬁﬂlﬂiﬂi%EJ’]ﬁuiUﬁﬂﬁU%EjWé%uIﬂUmﬂm%ﬂ@uiﬂiauéhﬁlLﬂﬁaLLa%ﬁ]%WU’j’]
ansanali- dnaleenfuiiatnldanamsie Arthrospira platensis fAnududuganinvesaInsie Synechocystis sp.
PCC6803 wava1nA514il 4 %‘Wmwmmmﬁqméﬁuaqmwﬁw8 Arthrospira platensis iA1U1NAI1VDIANNTE
Synechocystis sp. PCC6803
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A5199 2 Wisusuanudnduansanalwlaleenfiuvesamsie A. platensis (lupmnsiwmisunigiinuay 15
ppt)

AaduANUITNTUTesasana lnlalwe1duannns 3 Tunau (mg/ml)

wilnvessendng 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) LanItanuuAnAtee19ildedAyneadia P<0.05

A519% 3 Wssuiisuanutuduansanalnlaleeniiuvesaimsie Synechocystis sp. PCC6803 (luamsinses
meiAuLAL 15 ppt)

AadgANUNtuTesasana lnlalyeduannns 3 Tuneu (mg/ml)

FUAUDITIATAY 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¢

NUBUA: 3, b kAT ¢ (MIULUILBL) Lansdennuunnsseeelitdfynsadia P<0.05

M1919% 4 WiBuisuRUSavtuag Yield (%) vasllaleenduainansie A platensis wagansny
Synechocystis sp. PCC6803 (luammnsiassusmetinnuds 15 ppt)

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

Nan’li‘VIﬂaEJUﬂmauumma‘lﬂi&ﬂ%muumEnﬁ agar well diffusion method

91AR15197 5 ‘W‘U’J’18{’1iﬁﬂﬂlWIﬂl%U’luuﬂﬁﬂﬂﬁ]Wﬂﬂ’lﬂi’lﬁJ Arthrospira platensis Wag@1%51¢
Synechocystis sp. PCC6803 mmmaUENL‘UEJLLUﬂVILiEJ Pseudomonas sp. 19 (uiay m%mmuimmnmmuaa’mu
uamﬂm‘maaam P<0.05) ImEJIWIﬂisvmuwaﬂmmmmw Arthrospira platensis mmmwmumuawama 150
Hg Fadlen |nh|b|t|on zone EJEJ‘VI 5. 43+4 712 mm mulvxliﬂiﬁvmuumaﬂm'mmvmEJ Synechocystis sp. PCC6803
Vlﬂ’nuwmuwua&mama 150 ug Fadlan inhibition zone a&m 6.90 mm (Fregelnlaleeniufiatnainamsie
Synechocystis sp. PCC6803 Tl anedsldannsaviglé)
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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)

A19799 6 WalUIBUTIBUEREIU inhibition zone/8giNLABLUAAY VOUFBLUATIRY Pseudomonas sp.inaaeuiy
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
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Muthulakshmi et al. (2012) #il§vinnsafnansd-lnlalsenfiuanavse Spirulina maxima wuinansadad-lila

5-147



loenfuaunsasiudeuunaiiie Escherichia coli, Streptococcus sp., Pseudomonas sp., Staphylococcus sp.
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sﬂz’fqﬁmﬁ’lﬁﬂuﬁammu@qmﬂ nared-llalenduannsodududouuniield

G

ansanalilalwerduiiatnainaivsie Arthrospira platensis waz@1msne Synechocystis sp. PCC6803
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CMU-RLPC16 fifanssutoulesi pectinase, cellulose, amylase uag lipase Qﬂzjﬂ‘ﬁi 48 Hluauazioulas] protease
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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 will be 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 rarely to purchase. From 26 feces samples collected in December, 2017, 165

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 process 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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waneaiuluaunIsiEUgnuagnsEuIUNISHER FesamAnaznauvesniuiidunasuiownannisuaunay
sziasUsznaumaniiiszmelduassymeldls saudnge arsuszneuseadles alau TWsiu nsnezilu nse
Tty thana ansusznouilludn uazianssuvesevles] (Chinet al, 2015) was (Lee et al,, 2015)
nuitrran wildununitindusas saunividuendneal LflumLLWﬁwammﬂmﬂﬁﬁuzmﬁuwamwalqﬂ Lan
AUEANUNTlFannsTuseveITELAIRIN W wazia HyafmM1eN1INAINEWIN Wownnandaiilaiisiuau
$1in Faduamamdniivhlfaamesnundezunilyadigeis 20 widleifsuiunumsssuamieussuin 300
vmdenta vie Alanduazuilmiiuuin egndlsfmunisudnnunlvzuninimmigunssudng lnensindouasls
grupfuwsranuiilaldemisudn vldvsunlliisasnmlunisaissinaiusssusn@ Jumhawan et al., 2016)
kaz (Hadipernata and Nugraha, 2018)
uenaniieulsiangdunisiednfienuddglumaiauinuamuesniunliffutu Snisaunsnan
syevnanszUIuMINaslunatsuduas Tnen1sadiinse arsusznouwumilulaiing ewlesd pectinase, (Silva et
al,, 2013) cellulase, amylase, protease wag lipase Tusgrinansgvruntsndnouledagdovarsiinan
aslulewasm Tsiu Tutu vananglaa thamangnlng uastmaglasaimuludunganiuuassdaniun o3
HasNAuYDINIWNEE19LN (Ramos et al., 2010) uaz (Lee et al, 2015) Sulunawaneuledanunsafiunde
govansusznoudiszmels W wofiaesian (ethyl acetate) wofialaladafiisn (ethyl isobutyrate) wazez@vamles
(acetaldehyde)(Pereira et al., 2015) lws1@u (pyrazines) z\lJ‘iWqu (furanones) faleAaa (guaiacols) wazlnesa
(thiols) Inedegsiiiulddn Ao ouleilusAeaauisaiuaisinsdu (Proline) uarnsaueaunshin (Aspartic
acid) ﬁLi‘Juaqﬁﬁizﬂawawﬁﬁ%mLuaaﬁm (Maillard reaction) filinauansiwaluniun (Lee et al., 2015)
yaunFditeanihuldlunsudinnu iedesnsuiuusanduuagsaraliiaanduendnual léun
WUAILSY LW Lactobacillus plantarum wag Lactobacillus rhamnosus (Pereira et al., 2016) Wag (Wang et
al., 2018) Lfg 851 LU Rhizopus oligosporus wardan Ly Pichia guilliermondii, Pichia fermentans, Candida
parapsilosis, Yarrowia lipolytica wae Saccharomyces cerevisiae (Evangelista et al., 2014) wag (Lee et al.,
2015) Fegunsavduilasunaziiunauvesnuldlagnsiasuanssadurenauuarnisadnianssemeluwdn
il Fansleusunundszuedidanuduendnvallugusasdasnay sulunaunannsauaviouledlugnld
vowzungeslusiulinarafunsnesiludass Fensneviilumaniiiuesiusenevvesanssvmeluniun Faviiley
\Ansarmdnaznauiiuananseany (Marcone, 2004), (Yusianto et al., 2005) wag (Lee et al., 2016)
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ol pectinase, cellulase, amylase, protease Wag lipase ﬁ]'mqf\]f\nizﬁuwmﬁLﬁuﬁaaé’m}’mvﬂﬁmwwém
srunludmindosouarmiagiuns iWedmdondurideuuaiiselunsnannuninindlrsaauay nauidu
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£ A
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181 48 92l (Duza et al., 2014) wulwsdng 5 wndnisairseulvdaziialsulasous lalail
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dnsuuuaiiunqundnnsauaniin nan15asIeiianssuveseulesl pectinase wuitwuaiielalean
CMU-RLPCO7 waz CMU-RLPC16 toulwl cellulase wuinwuaitsslelaian CMU-RLCCO2 wag CMU-LLCC10
wulwsl amylase wuanuaviisylaleian CMU-LLSCO3 wag CMU-RLSC13 toulwsl protease wuitnwupiiiselol
1@ CMU-LLKCO05, CMU-LLKC08, CMU-LLKC10 way CMU-LLKC11 waztoulail lipase wuinwuaiiisslolaian
CMU-LLTCO8 wag CMU- LLTC11 duduanfanssuvesoulssivandluninning 3
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A9 3 pRanssuveseule A) ol pectinase B) toulesl cellulase C) toulwsl amylase

D) toulayl protease uaz E) toulwl lipase vasuuaiiSengundnnsananintuduansnvotusaziouls

3. msfadenauausaveswuafiielunswaneulviuuenaneuluingn

nmsfadonuuaideinlUlesuuaiiSonannsawaningonisiaseiianssuveseuls lnodenleoly
laniisirAanssuvesoulesigaiian wdnhumeaeuuuesudweaeulnidu uenainoulesindn wuind 11 lo
Twaniiannsandneulmiduusnaineulesiugn wasd 4 leloanftanusananeuladldnsuia 5 wulwifidenis
Toun CMU-RSC29, CMU-RLPC16, CMU-LLKCO8 ey CMU-LLKC11 ﬁdﬁ]’]i’]d‘ﬁl 1

A1399 1 Anuanansalunsdneulsddus uenaneulvdinanvesuuaiiise

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 + + + + +

nuewe: + danuanunsondaeuled, - luflanuaunsondaeules
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4. MIsTYAIERUTvaILUATISY
nMsiAsIERaIRuares 15 lalgianiienis blast Augiudeyaiazni1sundidured 165 rONA w1a319

phylogeny wuniseytenanuaivedlolgiannualanining 4 Jsdadanuuniisenlinelsa Biosafety

Guidelines for Modern Biotechnology taz NIAID Emerging Infectious Diseases/Pathogens wagiAanssuved
L@Ul%ﬁ@ﬂﬁjﬂléfﬁwm 5 lolwan Ao CMU-RSC29, CMU-LLKC11, CMU-LLKC08, CMU-RLPC16 wag CMU-RLCCO2

dusuihluneaaunisgesnsainiwisaly

Brucella canis ATCC 233657 (L37584.1)
Brucella microti CCM 49157 (NR042549.1)
Brucella melitensis ATCC 234567 (AY594215.1)
Brucella ovis ATCC 258407 (L26168.1)
rucella inopinata BO1T (NR 116161.1)
robactrum intermedium CCUG 246947 (AM114411.1)
CMU-LCC14
ICMU-LPCO6
ICMU-LPC16

100 Acetobacter orientalis 21F-27 (AB052706.1)
CMU-RLSC13
Acetobacter cibinongensis 4H-17 (AB052710.1)
cetobacter tropicalis NRIC 03127 (AB032355.1)
Acetobacter indonesiensis NRIC 03137 (AB032356.1)
\cetobacter persici JCM 253307 (AB665070.1)

100

\cetobacter orleanensis JCM 76397 (AB032350.1)

cetobacter malorum LMG 17467 (AJa1osa4.1)
solAcetobacter cerevisiae LMG 16257 (AJ419843.1)

89 (Stenotrophomonas bentonitica BII-R7T (NR 157765.1)

tenotrophomonas rhizophila e-p107 (AJ293463.1)

i DCYO1T (DQ109037.1)

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

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

CMU-LTC19

LPseudomonas hibiscicola ATCC 198677 (AB021405.1)

3 fPseudomonas geniculata ATCC 193747 (AB021404.1)

Stenotrophomonas maltophilia IAM 124237 (AB294553.1)

70 Lstenotrophomonas pavanii ICB 897 (FJ748683.2)

100,

99 —Paenibacillus motobuensis MC10T (AY741810.1)
CMU-RSC29
Paenibacillus anaericanus DSM 15890T (NR 117034.1)
aenibacillus selenii W126T (KF923806.1)
Fontibacillus phaseoli BAPVE7BT (KF583881.1)

F il KCTC 135647 (5Q303568.1)
100l Fontibacillus solani A4STROAT (LN651195.1)

100

CMU-RLPC16

68 | CMU-RLCC02

Lactobacillus plantarum CIP 103151 (NR104573.1)

is DKO 227 (AJ640078.1)

L i plantarum subsp.
Lactobacillus paraplantarum DSM 106677 (AJ306297.1)
MG 242847, 1)

L illus fabifer
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)

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

100| CMU-LKC15

60rBacillus sonorensis NRRL B-23154T (AF302118.1)

5t Bacillus aerius 24K (AJ831843.1)

Bacillus licheniformis DSM 137 (NR 118996.1)
CMU-LLKCO08

Bacillus haynesii NRRL B-41327T (MRBL01000076.1)
Bacillus swezeyi NRRL B-41294T (MRBK01000096.1)
Bacillus nakamurai NRRL B-41091T (KU836854.1)

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)

76 fLysinibacillus macroides LMG 184747 (NR 114920.1)

Enterococcus crotali ETRF1T (KF803651.1)

MG 230857 (; 1)

Lysinibacillus boronitolerans 10a" (AB199591.2) &
inibaci is NCCP-547 (; .1)

CMU-LLKC11 A)

ILysinibacillus fusiformis NBRC 157177 (NR 112569.1)

Lysinibacillus parviboronicapiens BAM-582" (AB300598.1)

Lysinibacillus mangiferihumi M-GX18T (JF731238.1) »D—m<

81| ysinibacillus sphaericus NBRC 150957 (NR 112627.1)

L actobacillus plantarum CIP 1031517 (NR 104573.1)

—_

0.020

Enterococt
Bacillus subtilis DSM10T (AJ276351.1)

ureilyticus CCM4629T (AJ276352.1)
ccae 2215-027 (AY943820.1)

AT 4 MLHUAIMANRENTUS UGN IIUTeY A) wuaTiSenilu uay B) wuafliSunquudnnsauaniin
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5. NN5IAnanssuvaauletdanungan

fodenuuaiisesilulelaan CMU-RSC29 way CMU-RLPC16 umadauniseesniunzan Ingiaianssu

vodeulwliiondn laun pectinase, cellulase, amylase , protease wae lipase WUTAWTOERElARNEATEWING

48-96 LAz UATISENANNIALAARNLELYLEN CMU-RLPC16 TviNadanmaoaiufednuaanIng 5
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mwﬁl 5 Amnanssuvesaulyy A) wulasl pectinase, B) wulasl cellulase, C) voulasl amylase
D) toulesl protease way E) toulwyl lipase Inswuaiiisalolaian CMU-RSC29 (@), CMU-RLPC16 ( 1

dsduazeiusena

CMU-RLCCO02 (A ), CMU-LLKC08 (V)’ CMU-LLKC11 (0 Tunsgaaniuninzan

av A s A o A o & N a A o v o & o o
Qquﬁf\]auu"\lﬂﬂiﬁaﬂﬂLW@@WLaaﬂM’JLSUE]LL‘Uﬂ‘V]Lﬁﬂf\]qﬂqf\]g\niﬁeﬂﬁmWLWE]‘U']&I']SLEULUUM'JLEUE]WlmﬂWLL‘WTlJigWU

AAAMNTIUNALNUNITHAANWHTTZUA TaldoTmndindununiviliianisnsanssudnd uazduguassania

NIANEIMTUNdIR0NNUNTYEUA Jumhawan et al., 2016) way (Hadipernata and Nugraha, 2018) 59184013

winmewuafiiieashsansiuunisnds SniadsneliiAanfusassavAnwanauasiduendnuel W iiundu

A nualuniuwi (Wang et al, 2018) ilinulvlinfivrwlunfonunsvans Yiedaasugsfiavesinundndie

o A o au & v ' N a o N ' a a v a ¢
ﬂ'ﬁﬂﬂLa@ﬂLL‘UﬂV]LiEJTUQ'WU'Jf\]EJu LUUﬂQNLLUﬂWLiEW]'J‘l‘ULLagLL‘UV’]VIL?EJﬂaquNaWﬂiﬂLLaﬂC‘]ﬂiﬂ')ﬂﬂﬁ]ﬂiim‘UaﬁLau%ﬂmm

5-158




dfgdmsunisdgasniiinean iauﬁqﬂ’wumﬁxmumwﬂﬂLﬁasl.%tﬁuuu’mNﬂ'ﬁummLLWwﬁﬂixﬁUQma’mmsﬂu
ounAn MnuuATiFenuniifiianssuveneuluigaiian IWandenuuaiiGeu 2 lelaay Aifdnsamnisdos
asUsznouailulawnse lusu uarlusiuluwdaniunliffian esnnduasifinadenauuagsasianium
(Marcone, 2004), (Yusianto et al., 2005) wag (Lee et al., 2016) Tnenszurunsideniidelusuideiasil
msfAnwifanssueuledfgyneudwanarsainnisudnniunlunuideneuntt saudsianuaulanisgesnium
nzaumuRanILIlgn (cherry bean) wagansnul (green bean) tlelanunsadszgndliasefiuinunsnsls uazvi
Ifunsnatendt annsiaungesiadodmiundnnuiuagnszuaunisanuuaiiSetaesiidadenls ua
p3RABUALANYBINIAATILY wuilinduuarsavAdiininlaensussduandideang (alldiauslussaunds
i) fedudainnudulldgedmumanannuiviinanuuafidoumunisnannundssssely

AnAnssuUszne

nanuIeatuildsunsatuayuiunuangudanududaduanuvainuatensdanm ddneu
AMENITUNITNITYANANY (BDC-PGA-161010) wazlasinsmuntinisonariuideiiegaaimnssy (wis)
(MSD6010034) d11ineuanenssuNIsauasuingrans Ideuasuiningsy (@nal.) v9ouANEI11aTINe
AeAYEANe auginermans uninerdodeduiildidedioanuiuanaioledmiunisdniunie

LONAN58199

Chin, S.T., Eyres, G.T., Marriott, P.J. (2015). Application of integrated comprehensive/multidimensional gas
chromatography with mass spectrometry and olfactometry for aroma analysis in wine and coffee.
Food Chemistry 185, 355-361.

Duza, M.B., Mastan, S.A. (2014). Optimization of Lipase Production from Bacillus thuringiensis (TS11BP),
Achromobacter xylosoxidans 12 (TS2MCN)-Isolated from Soil sediments near oilseed farm. Journal of
Pharmacy and Biological Sciences 9 (2), 66-76.

Evangelista, S.R., da Cruz Pedrozo Miguel, M.G., de Souza Cordeiro, C., Silva, C.F., Marques Pinheiro, A.C.,
Schwan, R.F. (2014). Inoculation of starter cultures in a semi-dry coffee (Coffea arabica) fermentation
process. Food Microbiology 44, 87-95

Hadipernata, M., & Nugraha, S. (2018). Process technology of Luwak coffee through bioreactor utilization.
International Symposium on Food and Agro-biodiversity (ISFA) 2017-IOP Conference Series: Earth
and Environmental Science 102.

Jumhawan, U., Putri, S. P., Yusianto, Bamba, T., & Fukusaki, E. (2016). Quantification of coffee blends for
authentication of Asian palm civet coffee (Kopi Luwak) via metabolomics: A proof of concept.
Journal of Bioscience and Bioengineering 122 (1), 79-84.

Juntachai, W., & Kajiwara, S. (2015). Differential expression of extracellular lipase and protease activities of
mycelial and yeast forms in Malassezia furfur. Mycopathologia 180 (3-4), 143-151.

Lakshmi, B.K.M., Ratna, P.V., Ambika, D. K., Hemalatha, KP.J. (2014). Screening, optimization of production
and partial characterization of alkaline protease from haloalkaliphilic bacillus sp. International
Journal of Research in Engineering and Technology 3 (2), 650-659.

Lee, L.W., Cheong, M.W., Curran, P., Yu, B., Liu, S.Q. (2015). Coffee fermentation and flavor — an intricate
and delicate relationship. Food Chemistry 185, 182-191

5-159



Lee, L.W., Cheong, M.W., Curran, P., Yu, B., Liu, S.Q. (2016). Modulation of coffee aroma via the
fermentation of green coffee beans with Rhizopus oligosporus[ | : I. Green coffee. Food Chemistry
211, 916-924.

Lowry, OH., Rosebrough, NJ., Farr, AL., & Randall, RJ. (1951). Protein measurement with the Folin phenol
reagent. The Journal of Biological Chemistry 193 (1), 265-275.

Marcone, M. F. (2004). Composition and properties of Indonesian palm civet coffee (Kopi Luwak) and
Ethiopian civet coffee. Food Research International 37 (9), 901-912.

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical
Chemistry 31 (3), 426-428.

Patagundi, B.I., Shivasharan, C.T., Kaliwal, B.B. (2014). Isolation and characterization of cellulase producing
bacteria from soil. International Journal of Current Microbiology and Applied Sciences 3 (5), 59-69.

Pereira Melo de, G.V., Neto D.P., Medeiros, A.B.P., Soccol, V.T., Neto, E., Woiciechowski, A.L., Soccol, C.R.
(2016). Potential of lactic acid bacteria to improve the fermentation and quality of coffee during on-
farm processing. International Journal of Food Science and Technology 51 (7), 1689-1695.

Pereira Melo de, G.V., Neto, E., Soccol, V.T., Medeiros, A.B.P., Woiciechowski, A.L., Soccol, C.R. (2015)
Conducting starter culture-controlled fermentations of coffee beans during on-farm wet processing:
Growth, metabolic analyses and sensorial effects. Food Research International 75, 348-356.

Ramos, C.L., Almeida, E.G., Pereira, G.V.M., Cardoso, P.G., Dias, E.S.D., Schwan, R.F. (2010). Determination of
dynamic characteristics of microbiota in a fermented beverage produced by Brazilian Amerindians
using culture-dependent and culture-independent methods. International Journal of Food
Microbiology 140 (2-3), 225-231.

Silva, C.F., Vilela, D.M., Cordeiro, C.S., Duarte, W.F., Dias, D.R., Schwan, R.F. (2013). Evaluation of a potential
starter culture for enhance quality of coffee fermentation. World Journal of Microbiology and
Biotechnology 29 (2), 235-347.

Soares, M.M.C.N., Da Silva, R., Gomes, E. (1999). Screening of bacterial strains for pectinolytic activity:
characterization of the polygala cturonase produced by Bacillus sp. Revista de Microbiologia 30, 299-
303.

Sudharhsan, S., Senthilkumar, S., Ranjith, K. (2007). Physical and nutritional factors affecting the production
of amylase from species of Bacillus isolated from spoiled food waste. African Journal of
Biotechnology 6 (4), 430-435.

Wang, C.,, Sun, J., Lassabliere, B., Yu, B., Zhao, F., Zhao, F., Chen, Y., Liu, S.Q. (2019). Potential of lactic acid
bacteria to modulate coffee volatiles and effect of glucose supplementation: Fermentation of green
coffee beans and impact of coffee roasting. Journal of the Science of Food and Agriculture99 (1),
409-420.

Yusianto, H. R., Sulistiyowati, M. S., Ismayadi C. (2015). Physical, chemical and flavors of some varieties of
arabica coffee. Pelita Perkebunan 21 (3), 200-222.

5-160



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

aVSAUaYYABESE MMuauuATitY wazdunsialulelauvasansenn

= 1 dgl 1
ayulwsdudaaludasuin
agausaid autgla ' s ysyian® Asuu giiu’ 9301 Aady® Je3nul Nasiaw’ 29wssal wWvasau*!
lagIneemansuazmalulad anmivendeiideedunseiiosd Ussmelng

SAngNSWMgLELIY Winendeiideandunseiiiosh ngunn Ussinalng
*Qﬂismwwﬁﬂ Bua: Worrapannee2000@gmail.com

UNANELD

v
o

wuaieana Streptococcus Wunupfiseiieadasiulseaituy wasnulavmlulugosinuyed mideild

L Kil

s A a a a a ] A A A 1 ° = £
?G\ﬂﬂigaQﬂLW@U?%LNuﬂﬁgﬁmﬁﬂ’]Wmaﬂﬁi;]uVLWﬁQuﬁaLLUﬂWLiﬂWﬂaIiﬂiusﬁ@Qﬂqﬂ Iﬂﬁl‘wqﬂqiﬂﬂwquﬁW’]u

4
¥
a

\WeadunidvesansafpmervainayulnsIuamaialdun Jodn Jubusn waztuid deuvaiiFuassvialdun
Streptococcus mutans Wag Streptococcus salivarius Nan15MAdaUal1835 Agar well diffusion Wua1a@15ain
‘W&HU‘Uaﬁadnﬁqwﬁumiﬁﬂm%@LL‘UﬂﬁL?EJ Streptococcus mutans Wae Streptococcus salivarius léfﬁﬁqm 6K
thanihnamageulutusely Usenoudenvisuideqdundd qrsdunmsielulefidu uazavissueyyadasy Tng
wuinseengrsTesiedaseleraesyilniien MIC uay MBC wihiuile 0.049 waz 0.098 fadnsureiadans
pudy wazansataneuiedianunsadufinisasilulefldulitevas 80 innandudu 0.012 fadniusie
finddns dm¥u Streptococcus mutans wariinnududu 1.563 fiadnsurefiaddns dmu Streptococcus
salivarius dauqm%ﬁmawa%aszﬁmaauéw"asﬁ% DPPH scavenging assay 'wmhmmﬁ’wmu%adnﬁqmﬁumi

AueyLadasef Inealen ICs Indifeaiuansuinsgiu BHT (Butylated hydroxyl toluene) nan133duansliiiu

P

Payulnsiudedny Tdnenmnsdiuniauindndasildiudelutesn

AdAey : ansadavevanayulnsdu 3ea17 JuBuen Audr arsinueyyadase MIC MBC luleildu

5-161



Antibacterial, anti-biofilm and antioxidant activities
of Lithospermum erythrorhizon against oral cavity bacteria

Darunrat Sabayjai* Amphon Bun-ek! Soramon Sutin! Orapa Sinlamuth? Rungrat Nintasen!
Worrapannee Powtongsook!
Faculty of Science and Technology, Huachiew Chalermprakiet UniversityUniversity, Samutprakarn, Thailand
2 Faculty of Chinese medicine, Huachiew Chalermprakiet UniversityUniversity, Samutprakarn, Thailand

E-mail; Worrapannee2000@gmail.com

Streptococcus is the typical bacterium found in human oral cavity and associated with
tooth decay disease. The objective of this study was to evaluate the efficiency of Chinese

herbs against oral cavity disease bacteria. Antimicrobial activities of three Chinese herbs zicao
( Lithospermum erythrorhizon), jinyinhua (Lonicera japonica)y and gancao ( Glycyrrhiza
uralensis) were evaluated against two oral cavity bacteria Streptococcus mutans and
Streptococcus salivarius. Results from agar well diffusion revealed that crude extract of zicao
had the highest activity among those three herbs. Hence, antimicrobial, antibiofilm and
antioxidant activities were further examined with zicao. As a result, antimicrobial activity of
zicao against Streptococcus mutans and Streptococcus salvarius was exhibited by the MIC and
MBC of 0.049 and 0.098 mg/ml, respectively. Zicao also provided 80% inhibition of biofilm at
0.012 mg/ml for Streptococcus mutans and 1.563 mg/ ml for Streptococcus salivarius.

Antioxidant activity test using DPPH radical scavenging assay showed that zicao had a good
antioxidant activity with an 1Cso value close to the standard BHT (Butylated hydroxyl toluene).

Results obtained from this research could be applied for oral cavity disease prevention using
Chinese herb zicao.

Keywords: crude Chinese herbs extracted, zicao, jinyingua, gancao, antioxidant, MIC, MBC,
biofilm
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Unidn

wuadiSeana Streptococcus WuuuafiBeiieadesiulsafiuguazulsmlulusesuinuywd Tasiamnne
987384 Streptococcus mutans Lflm%aLLUﬂﬁL%'&JﬁLi‘;Jummeé’ﬂmaﬂiﬂﬁusﬂuwwé AnanTAddylunselsn
Aoauanunsalunisadsluleflduiifiaiu Beniias1unda (dental plaque) uaﬂmﬂi“:LLUﬂﬁL%'aﬁLauvL%ﬁﬂqiﬂ
Fansrudinesisa (glucosyltransferases) Iﬂiﬁuﬁﬁuﬁmqmu (glucan-binding proteins) wanuviin TUsFu
LOURLY & (protein antigen C) Alwas wax Tsiuiisuiunaaanau (collagen-binding protein) Fadladawmani
fidmsudeliAnasundn wazdniliAnlsaiiuy uonaniuvediGedddssuumeiumudadumsioaisues
WUALSE (quorum-sensing) LﬁamauauamammLﬂ%ﬂﬂiuéaané’auimamugmrml,l,amaaﬂsuaa@uﬁﬁmm
Aendestunisasalulefidu (Matsumoto-Nakano, 2018) dawf??a Streptococcus salivarius Lﬂuwﬁﬂm‘%@ﬁwu
Wuvllausn 9 Tudesun LLaSﬁﬁiﬁ“anqwéﬁzdLWiLLSﬂLﬁﬂ wazdipaguuuniisiely (Hakalehto, Vilpponen-
Salmela, Kinnunen, Wright, 2011) wieedlsfmande Streptococcus salivarius ﬁ?u%’ma*gi‘[unejm%amaiamaﬁu;3
fiflgfidutuunndos viefiitamedadonunsineliinmsindelunssuaden saainmsfndeluseninms
yiluld (Tunkel and Sepkowitz, 2002) é’aﬁ?umﬁﬁuégqmsw%aﬂaqL%@ﬁqaaqmﬁwﬁimiaqmﬂmmim’]aaﬁ’umi
Anluy waztedosfumsfndovinguusdlugiifigfiduiush

Wesnannsunmdunuulianuddalunistestunisiielse wazussinieinis Snsldmueduild
ayulwﬁmﬁami%’ﬂmﬁluw‘, waztadugiduniuvesinanielagendenisuivaunalusisnie 19udednn
(Lithospermum erythrorhizon) ﬁiwmuﬁmwéﬁmamﬂaﬁaiz (Yingming , Ying, Hengshan , and Min, 2004) finu
N139nL@u (Chung et al., 2005) AulUALTe (Li, Xu, Zhu and Wang, 2012) FuTo51 (Sasaki, Abe, Yoshizaki,
2002) uay fudolda (Gao et al, 2011) Fuduswdenanaetiis (Lonicera japonica) TunansunnguHuIu
Ihdwredusarneninlfiduenuwulusaniiosnulsananesia Wy Guldtnfses Andemaiumels Tsa
nszwingdaaniednau tsaladedniau waglsarunnu (Ko, Wei and Chiou, 2006) LLasﬁqméé’ma%aSass (30U
$nil auiela waveaey, 2562) Aulan (Glycyrrhiza slabra) ﬁiwﬁmqwééﬁm;ﬁa Pseudomonas aeruginosa
Tnwans glycyrrhizic acid finaseidoviuiwad wazn1sfudenisadnslulefidu (Chakotiya, Tanwar, Narula and
Sharma, 2016)

asiugdunsdvateviingnihunldlunsdeun1siinAsIunGs WU AaBLENTAY A15ARLIIRIHIUTEY
vanlungu quaternary ammonium compounds WieansiiiseauAdenuiiiussansnmininasi wu lang
aun1AUILU (metal nanoparticles) (Besinis, De Peralta, Handy, 2014) maeigndfuduaisiafivinsgiulunis
UftRnieiunnssy udnslindndasiitaaefiendfuesadeidoniuszesinaiueishlfiAsasuuuity au
wazwiten WinnssusamRTiUasuly dansuinuie Dudu seiuddldmnesunisldidulssdsiaddes (Renuka
and Muralidharan, 2017) fstuansanwiiianuvasedowy aagulwaﬁﬁqw%‘é’wuL%aLLmﬁL%'EJ @gunisinbule
ldy uazovsiueyyadastiadumadeniid uazdanumnzaniiasthaindnuiilewmundundnsusidliludes
Unflesfunsiinlsalurosunnitelinawmeniensidaeneitunannssuumamaed
IngUszaeAvaIn1ITY

ﬁﬂmﬂizﬁm%mwmmaﬁaﬁmmﬂayulwﬁﬁﬁqmiamﬁuégnﬂWiLﬁJ%EQ wazmsinlulefidureateuuniise

Tugestn suaguidueyyadasy mafildannsfnyifiedunuamdunsldayulnsiulunstostfuuasinw
lsalugesUnaely

EERVVRRERT
1. Maaspaasanaayulnsdu

thdnmutagluvesayulwsiuledn Judusan uaziulan ﬁe'??amﬂﬁ”mmaaagulwﬁu%fml,l,mﬁﬁmﬂé’%
ezl aziBen 1ands 300 n3u uisedniazasieniuea 95 Wedldud lnglisnadnauulnsIudeien
uon 95 wWosidus 1:6 deisliflgungiivies 3 Yu udnsemeuieinumun mntunsesanBendaenszaunses
Whatman No.1 ¥1161 3 a3 ihlUssimeihazaeeneLriesseveasuuumiL (rotary evaporator) ¢l
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afanenu (crude extract) vinldwsanigLAIesauLRudanuds (freeze dryer) Faan59la A wIMSDEAY YDA
wwiinasaiaenu (% yield) wuldluvndnuaziiusnwliigamall 20 esmiwadea

2. miﬁnmqwémiﬁwﬁaLLUﬂﬁL'%EHJaamsaﬁ’ﬂaqu‘lwﬁué'aaﬁg Agar well diffusion

Anwgrdnisdiudegdunisvesarsadnayulngdu Jod17 Fubue wartuidn #1633 Agar well
diffusion m1135994 Balouiri, Sadiki and Koraichi (2016) IG]EJLG]%EJ@JL%IEWI@E{E]U Streptococcus mutans ATCC
25175 uaig Streptococcus salivarius ATCC 7073 TvdA1n13gandunaseglugie 0.15£0.005 (Uszuas 10°
cells/ml) shluindelsivtiRtemsmede Brain Heart Infusion Agar (BHA) selsifiantheimausts iz fuliidu
waueE cork borer LUas 2 (1FuruAUdna1s 6 fadlns) venansainiaddfiazaresiedivinazats DMSO
(dimethyl sulfoxide) A3sLdudy 100 dadnTuseiiadans Usuins 50 lulasins adlulunqunaasu vinnisnaaes
3 61 TngldeUATaug ampicillin esdudu 1 lalasndurefiadang Wugpmuaurauin warld DMSO (dimethyl
sulfoxide) iunaruaukaay soruasaaeudiduiefuluaunun tlutufigumad 35:2 esaeaidea lu
candle jar Juiaan 18-24 Halus Funauaziuiinnanisvaaesdagldinesifiosaauiles (vernier caliper) Jarun
Tonilavdeuiiansuss (inhibition zone) Mfatuita 3 f1u wdrthnfunmaads

3. managaunamanududuigafiaunsadudininasyveadauuaiiGe (minimal inhibitory
concentration: MIC) LLazm'lsJLﬂﬂ%’ﬂ@%’l@ﬂﬁﬁ’lmimj’lL?}IEJLLUﬂﬁL%FJ (minimum bactericidal concentration:
MBC) vasasafindadnn

MnuanIIAgeUgNIuTeLUATSEn U sataneuied 1 linadudewuailide Streptococcus
mutans wa Streptococcus salivarius tafian fuiudddmsatavenudednanlilunismaassdusely nageum
Aaadiuduiigaianunsadudinisiaiyvendonuafids (minimal inhibitory concentration: MIC) wazA21s
tusgaiansnsasiideuuaii3s (minimum bactericidal concentration: MBC) vasansariniodn daudasm
3% Balouiri, Sadiki and Koraichi (2016) TneTiUndo1Imnzde Brain Heart Infusion Broth (BHI broth) Ysuas
50 lulpsding adlululasiman wuu 96 vau vinnsileasansainudiaududy 50-0.195 fadnsuseliadans U
Waddenaaauaradututszana 10° CFU/ml Vs 50 lulasang g inismeaes 3 91 Taglden
UfFuz ampicillin Anududu 1 lilasniudediadans ilugamuaunauin ualfifonasoudumnmuauaaay
LLé”;ﬁﬂUﬂuﬁqmwQﬁ 35+2 pernwaidea Tu candle jar Wunan 18-20 Falus ndntiutiluTadl oD 625 uily
wns Inewades microplate reader 81uAkazAUILKG ANAuTuTidgafiannsndudatoldde a MIC 9ndu
et MBC Tngldguumsidennuqunasouynanuidiudusn streak asuuammamnzide BHI agar thluvufigamnd
35:2 paraLdea Tu candle jar Wulnan 18-24 Halus anvaeunansvaaed lnsanudiduiishandiansasi
Fouuadisuld fe lLiflalatveadeusingtu Sufiniuan MBC

4. MIveseugVsvasEnsaRnsaanaranisatsluladu (biofilm) veadeuuniiBe #2838 crystal violet
staining for biofilm assay

nadeugMsvesansatiniodnisenisadislulefidu (biofilm) #e33 crystal violet staining for biofilm
assay faulawnuizues Lin, Keeler and Kraigsley (2018) Ineinsionms SBHI (Brain heart infusion #ifin1sifiu
sucrose) astulalasinan wuy 96 vau Usues 50 lulasing @eanansainauiianududy 6.5-0.006 dadiniuse
finddns defidosnisnagou 10° CFU/ml adly 50 lulasdns vhnsvaaea 3 91 tiluuniigamgd 35:2 aamm
LsuaLSTJEJa Ty candle jar Wunan 4 lus dniudramaddaeni reverse osmosis (RO) Usumns 200 lulnsans
3 vm welalasiman iedwuaiiFedlifinsinzinoen dilueuliusiafiguvgil 60 aamwawaa 45 w1l
ntudin 0.1 wWeddud crystal violet Usuas 150 Tulasans #ials 20 undi mqaaﬂmam RO 3 Ads mmi‘uua
sonvnluleflduieansazans evuea 70 wWesius nsmevdin 5 Wesidud uazih 25 Wosidus) weuun 9 i
gumpivieafiunan 20 Wil deansazans 100 lalasans adululasiavilvel wdnhluindnsgandunasiin
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1A 570 wiluwng feledenniesguufAselalasinan (microplate reader) ¥in1svaaes 3 91 Adiinld
Yhanfunailedduinsdudinisasrslulefidy (% inhibition) ansaunns
("A570" ¥93YnAIUAN-"A570" UBgANAaY) )/("A570" YBIgAAIUAL) x 100
ihwanisneassluiangiamsanalaglglusinsy GraphPad Prism #1878 Newman Keuls Multiple
Comparison test IngA1 p-value < 0.05 LaAsiANLANFNNDElTEdAEN9EDA

5. ManadeunusvasisaindagarantsaislulefiduvasuuaiiGeneldndosqansand

naaougvivesasatniedadenisaddluleiduresgdunid nmelindesgansae faulasnuitues
Lin, Keeler and Kraigsley, (2018) vhn1sasslulefidulululasinanuuu 96 wauuuuiuwuy (96 well microplate)
dunfunan 24 Falus wdnesunavhnsiagadietn RO Uung 200 lalasans 3 ade wenlalasvan wuu
96 vgu ilethuuafiFeilaifinsimeinesn wlveuliuisiigamgl 60 ssmuwaidoa 45 it udsantu i 0.1
Wosidus crystal violet 30 lulasans 79l3 5 wnit arntudamadde RO Usums 200 lalasans 1 ads thily
oulVuiaigungfi 60 ssmeaidoa niuiundesglulofidusondesanssmifitidaets 100 wh Suiinnn
luloduitetuniouifisunaresarsainayulnsudodrionrumunduredulefidy shnsmaaes 3 41 7
ANULLTY 6.25-0.006 TadnTusieladans

6. Anwgvaniafiuayyadess (antioxidant activity) 104a13din38812 #2838n13 DPPH radical
scavenging assay

Yransatndednuimaaeulasldis DPPH radical scavenging assay m1u35ae4 Lu, Yuan, Zeng and
Chen (2011) wi38uansazaleffifitas (DPPH reagent) Tnads DPPH 0.0079 ¢ azangluioniuea 100 mlL ¥ins
VAdaUANSANA finnududu 1, 0.5, 0.1, 0.05 wag 0.025 faansusefiadans urazaudLTuUsENaUlUN e viaen
91489 1 1a0A YABAAIUAN 3 YABA NABADINBIVRIAITANA 1 1ADA WATNABANAABUATTANR 3 ©aDA LAY
asavans DPPH asluluansnadeuusazanududuiinioul’ werlhdfusasdeiiclSludifadunan 30 wiil
ﬁﬂﬂi’ﬂﬂ"lmiﬁ_]mﬂﬁuumﬁmmmmﬁu 517 wilwuns Msmaaewhnen 3 A dield lunsmeanade (mean) wax
A TeauuNAsEIU (standard deviation) fansafmsignsueyyadasyagyil Ainsvesoyyadass (DPPH) 913
asaunaneldudiniesoounseluild L‘hﬂ'1mﬁ@maﬁuumﬁlﬁlﬂﬁwmmmmmLﬁu%’uﬁé’ug’qmiawaaaiz (%
inhibition) 1 50 Wesldus TaeUSeuliisuiuasiueyyadasyannsgiu BHT (Butylated hydroxyl toluene) uag
AR (ICso)

gnsAIAM % inhibition = {(C-(S-BS))/C} x 100

W C o Mnsgandunasuesansniuny

S fiB ANIRANAULAIYBIENTANA Uag BS AB ANTAANGULAIE19BIvedaTaria

A1 ICso AoAnuidiuduvesansatnianunsodudoyyadassld 50 % dansaraiien (s tesnitans

WM BHT wanedidannuanunsaiuanseyyadase DPPH Lafndnansunsgu BHT

NAN15398
4.1 nan1safinasanayulnsiy

mﬂﬂﬁﬁ'laagulwﬁu%iadﬁ’;dauﬁmLLaﬂuaﬁméfa&Jf?}";ﬁ’]azmmamuaa 95 Wasidus Tudnsidiu 1:6
ﬁ]1ﬂﬁ?uﬁwmiaﬁ’ﬂlﬂimaéfqﬁﬁaxawaaﬂéhaLﬂ%‘laﬁzmsmmuumuaﬂé’m3ar°fwmu (crude extract) udaunlyu
Fluteenioeuuiadonuds mnuhasataneruands iemuadosarveniminasatinneu (% yield)
Anduteravvasiminwaduiifiatnaseniuea 95 Wesdudls 1.883
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4.2 Naﬂ’]’iﬂﬂ‘l:}’]i]ﬂﬁﬂ’]’iﬂ’ml,‘ljaLLUF‘WIL’i&l‘uaﬁﬁ’]iﬁﬂﬂ‘lﬂ&l’mﬂ"lﬂﬁuu‘l‘ﬂ’iﬂuﬂ’aﬁl’aﬁ Agar well diffusion

q‘mﬁmW}TuL"naﬁlau‘wiEJﬁtJanmiaﬂﬂwmumnﬁmﬂmw 3 e waﬂ(ﬂu%mamuaa azaene DMSO 1ol
AULTNTY 100 Hadnsudaliadans LLaﬂ“UL“UEWlG]ﬁE]‘U 2 vila laun Streptococcus mutans Wae Streptococcus
salivarius ¥N151Aa9Y 3 51?’1 Namiwmaammméﬁmiwﬁ 1

< o

M19199 1 WaN1SVAARUVSAUTRLUATI BR85S Agar well diffusion vesansaiaveuaInayulnsiy

Tudhuenmuea
dnsananeuInayulngIu Anedeloula @adwns) + Andoauuainsgiu®
Streptococcus mutans Streptococcus salivarius

Jodm 31.13 + 0.70 20.84 + 0.51
Juduen 16.8 + 0.30 16.14 + 0.53

D 10.16 + 0.45 10.6 +0.72
YAAITUANNAUIN 12.17 + 0.06 11.37 + 0.25
YAAIUALKNAAY - -

RUNBLNR “hnsnaaes 3 67

YAAIUALNAUIN 1eds e1UFTaue ampicillin Armdudy 1 lulasniudetadtng
YAAIUALNAAY YN8ds DMSO
- vianede linlaudues

4.3 wamsAnwmanududuiitgavesansafniediafianansadudininatyveadeuuaiie (Minimum
Inhibitory Concentration: MIC) uagaranduduiianiigafismnsasindauuaiiGe (Minimum Bactericidal
Concentration: MBC)

InuanIsNAaey agar well diffusion nuransataneuvesieaniignilunisiude Streptococcus
mutans uag Streptococcus salivarius W¥afigadviumageumaaududuigadansadudinsaiyues
i #6735 Modified broth microdilution WilemAn MIC uaz MBC KamsnagaunyiIe MIC uay MBC Tedei
2 yiladenviniu TnedAviniu 0.049 wag 0.098 Tadniuseliading aua1siu

4.4 wanIMaERUVSVBsENsaRadaaarenstudsnnsadrelulefldu (biofilm) veudenunaiile dae33
crystal violet staining for biofilm assay

wamimaaquﬁaaﬂﬁaiwiuiawauwm1 ansannsoam annsadudnsadslulofiduvende Streptococcus
mutans §Aninde Streptococcus salivarius meluian 4 97l Imammlfu:usuwuaamiaﬂmammmmmsrusm
msasnslulefidulauinninesas 50 (minimum biofilm inhibitory concentration : MBICso) maL‘ZIE]'VN 2 FUndlAN
18N 0.006 Hadnsuredaddns d1um1 MBCg HAYINAU 0.012 uaz 1.563 daansusediadans muaisu lag
muannselunsiudimsaislulefidusiede Streptococcus mutan vesansataaesafin gy 0.006-6.25
findnSusiefiadans lifinuunnenseeefifddymeada (0<0.05) (Andi 1)

4.5 wavasansaindediafansaslulefduvasuuaiize meldndasgansymi

wan1snaaesnuInionuituduresasataifiutulsinunisaislulefduazanas nmdielindes
Qamiﬂﬁuamiﬁl,ﬁudu%a Streptococcus mutans Suilaaruaiuisalunisadrdlulefiduldininde
Streptococcus salivarius ataiulédn ansafndednilguslumssunaialulefduvendorsaosialdfiangly
@t 24 2l (Al 2 uaznnd 3)
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120

100

80

60

% inhibition

40

20

0.006 0.012 0.024 0.049 0.098 0.195 0.391 0.781 1.563 3.125

[

Audutuansatnienn @adnsusefiadans)

| Streptococcus mutans |l Streptococcus salivarius

Al 1 wWesiduinisdudnsadnsiulefduveade Streptococcus mutans wag Streptococcus salivarious fe
A15ainR9a17 NANULTUTU 0.06 - 6.25 Hadnsusialiadans 21nNTIWFIENYs a, b Ves Streptococcus salivarious
SNYINLANANAULEATIAIANLANANA DT A AR 9adR (p<0.05)

(@) (A)

awi 2 amldndesganssadwuulduasindsvens 100 wih vesnisduganisadidlulefduventa Streptococcus
mutans #oa15an0a1INANUTNTY 0.006 Wag 6.25 dadnsudeliadans (11 v wae A MuaRY) WisuWey

9 Mo a o A
ﬂ‘Usqﬂﬂ'J‘Uﬂ‘ll ‘Vl‘lllllﬂ’ﬁuﬂllaqiaﬂﬂﬂaaqj (oW n)

(n) () (@)
ani 3 awldindesganssmivuulduasiideeny 100 wh vesnisfuganisadslulefiduveute Streptococcus

salivarus sieansannied AUty 0.006 war 6.25 fadnTusedadans (A v uar ) Wisuiiguiuyn
mupuilidinsfvansaindedn (A n)
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4.6 wami'aLﬂsﬂmqwﬁmuauuaaasu 1a&35 DPPH radical scavenging assay
NNaNIINAABaTisIBa LA ICso LLammmmmeumaqmiaﬂmwuq‘wﬁ‘[.umﬁmuauuaaasmwﬂw

Anuduturesoyya DPPH anasiesar 50 ileiUSsulfisuansadaiednnfuansuinsgiu BHT wuindlan ICs, Lsl
wanANueg 1l Tud1AgNI9Ein (p<0.05) WARIRINITIN 2

ﬂqiﬂﬂﬂ 2 WARSIAIANULTLTUT %Uéhﬁﬂiauua@ﬁiu 11317 ﬂﬁ|C5oﬂ@ﬂﬁ?iﬁﬂﬂﬁﬂ?UﬁMUlWiﬂ@ﬂ??LUiHULWHUﬂU
AIUINIZU BHT

19 % inhibition ICs0 + SD
(Hadnsusaliaans) (Hadnsusadiaans)
J08m 0.025-0.05 0.046 + 0.001
BHT 0.025-0.05 0.034 + 0.0005
dsduazanusena

?iaa'nLﬂuagﬂmﬁgﬂLﬁmmﬂﬁgmﬂ%‘uﬁﬂ&muﬁ%’aﬁquémqLﬂﬁﬁmmaWamﬁm’mﬁqmmﬁmmuﬁia
hurnan immunodeficiency virus (HIV) type 1 lngansiiafaléainaiusindie shikonin Lﬂuaﬁiﬁﬁqwéﬁﬂuﬂw3
Snuau fumsiAniesen wazdnevlvusameiatu Chen et al,, 2003) Tudguvesnu waglu dalanusieay
namsiTeinuihasatniedndoiomusadivesiunaglufignineiuanseyyadasy Funuailily wagdu
nsaslulefduvesuuaiiSelutesin dewSeufieuqrssuie Streptococcus mutans wa Streptococcus
salivarius vesansafiniedniumsatianungilatadedviazansieniuoa wuinasatndedneongrisude
Teaosiinldfinilnedian MIC was MBC wiiufie 0.049 uax 0.098 fadniudedindans luvasiiansatnniungd
fin MIC uaz MBC siaidia Streptococcus mutans Winfiu 12.5 way 25 Hadniusoladans LaziTe Streptococcus
salivarius WiNAU 25 uag 50 daansunediadans auaidu (Mirpour, Siahmazgi and Kiasaraie, 2015) Tusinuas
Lﬁmﬁ’mﬁam%wLﬁemﬁ’umiaﬁ’mivwgﬁaﬁ’mﬁwﬁaﬁﬂazmEJLamuaaﬁﬂ'w MIC uaz MBC sowdle Streptococcus
mutans WU 1.56 way 3.17 auaisau (Teanpaisan, Kawsud, Pahumunto and Puripattanavong, 2017) @1
MIC wag MBC fishniesansainiodnuansiaquisudeludesnfaesialdfniansadaayulnsineds 2
¥ila uenangrisNIsEIUTends arsafndesnduaninisdudnisassluleidulsmlasenadunaainnisiians
afindedlugudainisaraoules ulesinglaansiudiesisa (slucotransferase) fnaliiAinnsatianguay
Tovaudesuneinldiosas nioasatnealusuddusiudualninduenailse (slucan-binding proteins) vy
Foundusunguaulddeslulefiduisldannsanadlinuiulyd sudsansatneradinadelusiuuoufiau 4
(protein antigen C) fifiawwad way lUsfufiduiuneaanau (collagen-binding protein) Favdulusiufitd vl
\Anasundaiiaiiu uaznolviAnlsaituy

uennisedrnduayulnsiuilifuludroarsiueyyadaszainssund lnsarsdiueyyadase
(antioxidant) (Juansivihmihfitestunisiianszuiunisesndindu awnsavhuiisentueyyadasslaonss ngl
Sidnnseunneyyadasziileiineyyadasylvmnly uasvgauiisengnislilvidudusels asfueyyadasydsd
Auddyfiazsrefiunissniavveanieniiduanugsinlfifalsailuy d51891uidenvitarsada
J0917 Usznouseaisuseneu 7 3in ﬁﬁqw%“tuﬂﬁéhua%aﬁaizﬁa deoxyshikonin , b,b-dimethylacrylshikonin,
isobutylshikonin, shikonin, 5,8-dihydroxy- 2-(1- methoxy- 4- methyl- 3- pentenyl) - 1,4- naphthalenedione, b-
sitosterol LayladmeasvoInsaAuNda dn 2 ¥ia (Han, Xinchu Weng, and  Bi, 2008) fnsanuuIanssniay
(Chung et al., 2005)

nnramATehlimmuhaunsaldasaiaiednlunsmugumainanundaifemainwueiiFelu
Fosunifiedesiulsauensniau Tseiluy uaznisifnnduuinls ifmﬁqﬁaqmiamL%amﬁmgumﬂuﬁﬁﬁgﬁﬁuﬁ'u@i"’l
ﬁﬁmm@qﬂammmm‘%ﬂuﬁmmﬂ Faaansoiunlinaunuasiadl iuaaoiendAutadumsiedildiuunuly
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iherthutindaduamsaiinasgulunsufifmetunnssuundeddsditedesursusensiliansaniiasld
sorfleaduuszan é’nﬁ?uaﬁaﬁ’mmﬂaagulwﬁqL“ﬁlumnL§aﬂﬁﬁiumaﬁwmﬁwmLﬂuwamﬁm%ﬁﬂéﬁumiﬁmﬁ'umi
Aansinideludasin nsiinlsailuy Fadundnfaiidaulasasounniinisldaseiideldeswadiouas
fasmdansdinnsosansiueyyadaszsssumafianansaunliduednde

darauauuy

asafasetensiusavesayulnsiudeaniidnenwlumsihluldiduansiueyyadass dunuaiise way
Frumaiinlulefldy asiuasdnwisasddnyiioongns waz luimundundaduriainayulng wu edilu
thethuln ietlestulsaiiuy uasdostunsinideludesinfioragnansld

LONA1981999
nsaunt aungla S1ws yaylen msuu giiu esn1 ady Je¥ dasiau 1swssdl wveanu. (2562). quisn1seu
wuAfie dunainlulefidy uazduoyyadaszvesmsatniuduseitolurosiin. mavsyau
Ams seiuTR eemaniuasmelulaBsewisanitu afe 7 (u. 983-990). NIANN: LRI TIE0.
Balouiri, M., Sadiki, M., Koraichi, S. (2016). Methods for in vitro evaluating antimicrobial activity : A review.
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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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?nLfluISﬂﬁwﬁwﬁwﬁﬁmmﬁﬂWUié’LLWﬁ'wmauwnﬁqmiuiaﬂ (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
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finnuaulalunisiayulnsunldlunsinuiuiniy nisite (Zingiber zerumbet Smith) wazw134 (Alpinia
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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 Ao 1°-
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
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Wos 1 yhnsszmeleniueasenelAlssssiegayINAfigumall 45 +2 ssmwallea uaisataneud
gaunnil 20 ssrnwald druansainminseioiuiwselivansatianseiie (gaudnual, 2553)
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AsaaszUnnuaEsUsznauiusdnuazwaliuesn

d1sUsznauiuedn

AA319999875 Folin-Ciocalteu method tagldnsaunadn (Gallic acid) Wuansuinsgiu W arsadnmi
nsyilonazd1ds 200 lulasdns WWuansazaiy Folin-Ciocalteu‘s reagent Usuns 800 lulasans A1n19139974 10
Wi waziintindy 4 Sadans 1o inansazanelafounsueiun (Na:COs) anudududosas 7.5 Usuns 2
fi0dans 1o 2 widsnindu 3 faddns weh Wivllufiiedlgamafives 2 $2lus Sadimsganduuasd 750 uilu
LIRS ¥N15VRA04 3 971 U blank Mihnduunuansatauasldnsaunadn Arnudada 5, 10, 20, 50 way 100
lulasniusefiaddng Wuasazareumsgiu Inevhnmeaes Wudeatuasain newdsuanaisatndedady
A13ALANENINTIIUNTALNGAN @519NTIHNINTFIU (Singleton et al, 1999)

nanlauaun

ansafmminseitenardnas 100 lulasans Wuthndu 1.25 fadans Wuansazansladion Tulasy (NaNO,)
Wudusesas 5 Usuns 75 lulasing Un 6 uniliduansavagegiilounaslsn (AICL) Wuduiaway 10 Usuns
150 lulasdns vutian 5 wiiliiuaisarane leneulansonlan(NaOH) Wwudu 1 luarsusunns 500 lulasans
dm3u blank Minduunuansatauasld catechin fimnandudi 5, 10, 20, 50 way 100 lulasniudeiadans (Hu
asnsgIu TaAmsganduuasil 510 ulumns a31ensminasgiu Uia et al, 1999)
ABNSLAIPNRE

MAASIULALGLEITIINT197 1 InesnuUasgnsain (U, 2549) tneld citric acid Tun1susuramudu
nsafsveaLANddlieglut 6.8-7.4

A15197 1 N15LSEULIRNENTANANTE oAz UNA

% w/w
druisznou v~ v ~ .~
gnIndIuAY gns 1 ans 2 gnT 3 LRALANAINITND  LIALANEIVIAY
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
N32910 - 2.00 1.50 1.00 3.00 -
9189 - 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

NUBN0): qmmuauﬁﬁumaﬁu
gns 1 Mduasnn@nnasananseiie, 9181 2, 1 % w/w
gns 2 MmFulRasnnd@nnasananseiie, 9189 1.5, 1.5 % w/w
gns 3 MTulRadnudnansanansyiie, 1189 1, 2 % w/w
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msnadauUsransnandudvesasaianseitauazinderanisiudadenadagaeds Acar well diffusion
method

FowuaiiSeildlunsmaaddud Staphylococcus aureus TISTR 2326 Wag Staphylococcus epidermidis
TISTR 2138 9 naa1vuldeinemansuazimaluladuisUssinalneuag Propionibacterium acnes DMST 14916
MNATUINBIEIANTAITUITE NTENTNAITI5UEY ¥ITe S, aureus WABslua111s Muller Hinton broth @24
S. epidermidis W& P. aches LgﬁJﬂummi Tryptic soy broth Imwﬁa S. aureus Wae S. epidermidis ilugndi
240 sousteunTl gungfl 37 ssriwaidea unan 24 dalus daude P, acnes dsdluannyliomeiiguugi 37
osrniwadea (unen 72 $alus Ufuarmureadeniiiu 10° CFU/ml Wsuifleuifu Mc Farland No.0.5 infe
Weasuuenmauds wnllsusisih cork borer lnzuuaMINmqEay 7 fadiuns wdthwauiiudai 6 gnsan
A157197 1 waglaududfidvrenuviesnaialdun taufudrenufiusiivrsluviesnainifioujiaue
Clindamycin iWuduiavay 1 uazviaawduayulnsauulngnnisin fauaudauin) taaslulurau vauaz 0.08
n3u Tnevhmsvaaes 3 91 Unilgnumgdl 37 ssmiwaldea Lian 24 $alus uag 72 alu Tuannyldornmadmsuide
P. acnes &unauiainisdusauuailie (inhibition zone)
nseneinstudouderfuriduazasiuldlumauduiavesssatanseiouazanae

thiaududesansatanssitonazandsgasiindian uvhmvaseunsvudoudogdunis 1iun s1uau
wuafliSe Bad wavsy MaSalaeldennie §1833 15O 21149:2006 wa 1SO 16212:2008 Staphylococcus aureus
#1878 1SO 22718:2006 Pseudomonas aeruginosa A1875 1SO 22717:2006 Candida albicans #1838 1SO
18416:2007 wag Clostridium spp. §e38 USP 39:2016 inausiivuanial Usenienssnsnansisasgy o9 fvun
dnunizvouaIosdionsivhundn i vieve TusivResryiune w@u 127 aeufivay 51 9 asiuil 23 ey
2553 msnaaeumsuudeuasiuld laun lalnsedluu §1e395 ASEAN Harmonized Method, 2005 Lnausifnvun
P13 UsENAnTENseansIsagy 1309 Amuaingiivihalfidudunaslunisudnieiesdions (@dufl 2) astudl 16
NUAMUS 2552 Usan feds ASEAN Harmonized Method, 2005 nsaws#iludn meis Clarke’s Analysis of Drugs
and Poisons au@esasn (swsatlelay, wneusilau, luausilay, lnswoudlulay, AaswUsIwea) sNusin1nue
muUsEMANSENTIIEEISAEY 3os Amuaimgitialfifudiunaslunsudnisesdions asiudl 26 flunau 2551
Taoguéinermansnsumndd 1 1Jodvsl nasfdnermansnisunme
nsnegaulsEansnmnIsineaududlainarsananseiiouazynasluenanadag

AnldenetanadasvIengae1ysening 15-35 ¥ 91w 30 au 9nn1sdunitval loud Usedinsud
\n3ead1e19 813n1w1A wagnsuialng neunaaeulvioraatiasnageunisszmeifesnou Tnonaaududad
Fosuauislidunat 5 uiit ilennaeugennsuiviesnanatastouldndnsusiviuuionii fvualvioraading
mwdafausiaaududinnnszfieuasindeiuag 2 afs lunandwezudulsedmniu 1 dani anduld
pranatastuiinnsAsundasiiatunuuuuesufitmualiuasfnmunalasnsdesuiSeuiisunsmees
&7 wazlionaadasiuuvasuaiuanuiienealandnduiaududlansadanseiiouasifslaswuvaouniuae
il 4 dw fio Feyaviluvesimeunuuasuny Teyaiferiunginssunisliudndusisnuas deyafertu
waAnssumslinandusiaaududy uardeyaifvafunsmaaeunansusiaaududininansaianseiouazinag
nsAATIzvidaya

vhnsnwiesesideyansadia Inemenade uazdrudoauu Ingldwenuas IMB SPSS Statistics 20

NAN133VY

nnsiarsanamitnsefisnwazandsuiunuansuseneufiuedniazn1ilauess wuItasanamuin
nigNonazUdslivTuaansussnouiluedn indu 42.22 way 15.06 mg gallic acid/100g sample waz UTuia
Warlauews (flavonoid) L¥fU 33.89 ua 66.94 me catechin/100g sample AUATU Fi915197 2 Llafnw
UsgAnsnmnstiudauaiiZeiineliAndneaaauiuda nuinaaududie1uidaug Clindamycin (auidudy
Clindamycin $e8az 1) awnsadudenisiasyeende S. aureus, S. epidermidis waz P. acnes 1#dfgn nod
ﬂ'wLa?{mﬁum@uéﬂawﬂﬁé’ué‘?@whﬁ’u 13.8, 13.00 uaz 13.23 fiaduns lnowawsuddayulnsnianisanli
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UsyAvEnInsesas uasiaauiudianasatanssftouarndsannsasusates 3 sialdfninaausiudgesia
nsltasulnsifiosinfier unnisogsidodfy (0<0.05) Javaududrinnansatnnsziiouazindsgnsil 1 wui
U%u'1mmiaﬁmmuﬁaﬁwaé’ug’nmmﬁmmaq P. acnes L%@fi@lﬁﬁ@ﬁﬂ@&quléfaﬂ’hamﬁ 2 uag 3 fifin1siinans
afanseilouSnaosndn wianunsadudutes. aureus uae S. epidermidis 19 LLa.uLaaLmemammummluu
ﬂ’13Lmumiaﬂﬂauﬂwﬂua’lu’ﬁﬂEJ‘UENL‘U@‘VN 3 yiald Faansnedt 3 uazniwd 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 NslUanNuglRaLANEINESENANIETIolueaalas 30 Au WWual 1§Un

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
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wuaiiSefinelmandals nelu 2-3 Yu wazvdmmelanisly 3 - 5 5u Tnsundrasmelutud 4 Huswou 12 au
AnduSesay 40 vesenaaiing Lwiﬁ%uagjﬁ’uamwﬁmﬁwmmmaﬁﬂsLwiazﬂu Faen3197l 6
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293579819 Nag et al. (2013) asanaleniusaveLninsziiodusunaasusznouiluedn waliussswindu 33.64
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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
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peRUsznaumuaiiiddy fo warlouesd Tnswaududadgnisunissneay wardufinnasaiivlnvede
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L0 &

drunanndnAosiig Clindamycin Lﬁumﬂﬁ%awﬁﬁqmﬁmLﬁjaLLUﬂﬁﬁanEju Anaerobic bacteria, streptococci
uaz staphylococci Taudsradudeluslada (Protozoa) v1ewiln Wueniitneannisdniauvesdilsd viaulae
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annsasadindindwelivthem aunsesdewuaiiSelatelestudild Tedldluaduuianth soumuitannse
vhaela suuUszam Weymadumela mnazauuupiliAndunasladnauld dmsunsasiludniduamnsi
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wilail gnimumfuansdosnauluiaiesdions (Wans uasamy 2551) AAUTENANTENTNANSISUEY (309 Amtus
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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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dusine vasily Baduirvlianvagiuutas wazlunszimizvesdnivisein usundenudaduess Ao unaeid

)

ﬁﬂmammvﬁwﬁugq W walsidlsanu dhie wazwa liiandusiv Iﬂ&lﬁﬁﬁﬁ%’%’ﬂiuﬁwﬂ’uﬁu’lﬂﬂdﬂ 2,500 ¥1in
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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
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‘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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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
aloifolium Lindl., 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 aloifolium Lindl. (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. aureus and 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 aloifolium
Lindl. 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
aloifolium Lindl., Antimicrobial activity
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deyey1ne (rotary evaporator) sgldansatmannenndglsina 3 ain Fuian3esaznananvesansainserninute
vesnannalgld (% yield) mﬂﬁ?uﬁwmiaﬁwEJ'1Uﬁlﬁlwmaauﬂssaw%mwmsﬁuéTyamiLf«]%z:y@uimfuaaa;éum‘%éaialﬂ
mawsuenududuresasauandesdunidilenmmadeussavsnmnsedimaaiyilaveniunde

wisansatanervaneenndlsliifianududusudu 500 fadnsudefiaddns Inald 10% DMSO tJu
fvhavans 9ntuwhnsieaansatavetuanasiias 2 Wi (two fold serial dilution) auldaun 5 Amududiu fe
500, 250, 125, 62.5 wag 31.25 daansufaiaaans a1uainu mﬂﬁy’uLgENL%aqaum%'é S. aureus, B. cereus, E. coli uway
E. aerogenes 1813 streak plate Uummmgml,%a Nutrient agar (NA) LLa’J’JﬁﬂUﬂuV]‘Qﬁu%Qﬁ 37 paraldea 1Uu
e 24 il udrcnelelafideqdunidasuuemsiasaie Nutrient broth (NB) Uuflgaumgl 37 esawaidea Ingld
Fusnzdenuuigmunugamnd Wua 18-22 $1lus Wideqaun3saldluindimaganiuuasiianueraduuss
600 WiluumsameLp3es Spectrophotometer WilarganduwasUsean 0.80-1.00 (WoBuguuszanas 10° CFU/mD)

N6y

nsnaaeuUsEansamlumMsugainisasayiulaneqaunidaneds Agar well diffusion

a

Uneduniduilaingg Nldrmaniuiaeglugag 0.80-1.00 1115 swab asuue1T Mueller-Hinton

3

o aa

agar Inglaliiudanuiuniseidonad selimdsuisanianiinomsuaily cork borer MHIUASANTOUAIIILDIANT
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Mueller-Hinton agar 1121 7 via (Fardusinugudnanswomanlauszana 0.6 lwuing) 1Elulastiunmonasaring
wisubiluusazanududuadlunauenms Ysuamauay 30 lulasdns lngldansararvenansilendu (Tetracycline)
anududy 12.5 fadniusedaddnsidusiniunudeuin (Positive control) wagld 10% DMSO Hudianiunudsay
(Negative control) ¥n13maaessiuau 5 91 uaztaisadefigungil 37 esawaidea Wunm 24 42lus Yavunn
duhaudnandlavesuiaiiimsduds (nhibition zone) uasirfeyavemumduinguinawasindudinis
\W3iulnveaiteqdunis (inhibition zone) uAnadsuasAdeauunsgIL (S.D) mmfuv‘hms’itmwﬁﬁﬁagaww

adAluy One-way ANOVA 1agvagauaduianaenyAnmels Duncan isedutiudfgy 0.05
Nan1339Y

Han1sw3eNasatinnaennaeldl

Mnnaneisuasaiavevinaenndeld 3 wia Thun 1Bos iBeanuarunszilnlauasneisnedou uas
funamnfosavuomandnvesansafaneminutwenenndqels (Geyield) lenadaandunisned 1 Tngansara
fogaiiliSesasuandn (% yield) uinfigadio 1osnnatunszlnia Sesay 31.45 spsasuliun 1Bosd uas
NELINEIoU HA5pBasandn (% yield) Windu Sovay 23.89 Laz17.87 muainu

A1519% 1 Uwminasane Sevasnanan (%yield) LazdnwueNIINenInIesEsananeuIInnennalelyl

Wntn (AS1)

Sevay

yiavaanannaglsl o NANAR aﬂwmzmgg%&;mwmm
MBI ansana (%yield)
WA
LD89AN 38.2316 9.1324 23.89 YBUNAIVUN TN FF UL
Wwasnnarunszuin 1521992  47.8600 31.45 Yosudsdinioseuiinia
nYLSNYIOU 37.7482 6.7451 17.87 YA nlndLiapIEy

UszBvBnmnstudanaaigifivinvaaterduniduasansataneruainaanndasls
MnnsAnyUszAvBamussansataneiuainaenndeliites Besmmarunszilidauanzisnedousonis

gugﬂmiw%iylﬁuima%"ﬁa S. aureus, B. cereus, E. coli Wag E. aerogenes e3d Agar well diffusion @ansaguna

ns¥adusiugudnanswenila (clear zone) wis fuhuiuliadiuns Idnuns1ed 2-4 feil
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A3 2 HATRIENIANRINABNBBIAMBNISEUEINSIRS aAUlnveLTRREUNSE

GRGHIE R TER: ushugudnansdlawie @aduns)
#5809
. m w . oa an S. aureus B. cereus E. coli E. aerogenes
(Haansunailiaaansg)
Tetracycline
(1.25 fadnusie . , , .
L 30.00°+0.71 28.60°+0.82 24.50°+0.93 24.50°+1.12
1afans)
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

UGN - VUAVBINGUIINAY 6.00 Hadiuns

IU 95%

915199 3 HavesansaiaveuanBeInVaun STl UademMIdudsnisiasyAulaveateyaursd

- A9nwINwIdIngunkanasAuluanus vuneds dauuanasiueg1elidedAgnieads 7

R HRIETER: ushugudnansdlawie @aduns)
#158na
. a w . oa an S. aureus B. cereus E. coli E. aerogenes
(Haansunailiaaansg)
Tetracycline
(1.25 fia@insuse R . . .
. 36.27°+0.83 20.20°+1.97 25.70°+1.40 23.67°+0.47
1afans)
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 7.409+0.55 6.00°+0.00 6.00°+0.00
31.25 7.10°+0.22 6.20°+0.45 6.00°+0.00 6.00°+0.00

VUGG : - VWIANGUYINTU 6.00 Tadiuns

- f9nYINEISINguanaiuluanus wineds Sanuuanaiaiueeng

I 95%
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A3 4 HATBIENTANPMENUIINNELINE TEUABNITEUEINSATYRUINVD TR YAUNTE

AdaduYas ushugudnanadlaweds [@adwns)

#5809

(Sadnsudeiadtas) S. aureus B. cereus E. coli E. aerogenes
UAANIUNDUARNERNT

Tetracycline

(1.25 fiadnSusiofiadans)  26.00°+0.00 26.00°+0.70 25.00°+0.00 20.60°+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 © - JUANGUYIAY 6.00 Haduns
- Hdnusnmdangy Auandraiuluanud wuneis danuuansaiuegrsiifeddymeaiansefuany
Fosiu 95%
nan1sARRINUi a1sataanaenidesrianinsadudinisasyiulaventenuaiiiewnsuuin 2 wia fle S.
aureus uaz B. cereus I8 Tnofienududiusinfian 31.25 fadnfusefadansannsadudinisasyeatds S. aureus ¢

druanudutuingaianunsadudainisiasyreiio 8. cereus tafe 250 Tadinureliadans (115199 2) AUTNTY

o o =]

AN INANITEUEINITRT YV UTEAUNIIIALANAIIINAIATUANLTIAY (10% DMSO) eeraditdedAnynieadia

a

FEAUATUTRIU 95% udansainanesiliaunsaduginisasyivinvesgaunidunsuauld

ﬁm%’uwamimaa‘uﬂixﬁw%mwmmmmﬁ’mmumnLﬁyaqqv«mumzu’hL%LLazﬂxLSﬂzﬁ'ausiamié’Uégqmi
\Siulavesqiunisuandumsnad 3 uag a wuh - arsadari 2 slnaunsndudinsaigiulnvestonuaiiy
wnsuuandilémaaou 2 vila fe S. aureus waz B. cereus legnsiluszansan Tnslvinaidusitugudnansla
(inhibition zone) Aikansfen1sdudaninaiyiiulaveatowuaiFers 2 vialdddgn Aaududu 500 fadnsusie
128805 wWarANULINTY 250, 125, 62.50 way 31.25 Jadnsuneiadans LLﬁGNV’iﬁgUEJzﬂmiLQ%@L@UIM%@QL%@LLUﬂﬁL%U
ARANLIAINTEAUAMNTBS uaTUsEANS A WlilisuwinAy positive control agdlsfmuansatmuniueaniaes
naunssdlauaznssnedouansasussninatyiulaveadeuuafieunsuauilivaaouldifie 1 «in fo £
coli At 500 fadnsusefadanswiniu uasliannsadudmsasyivinvends £ aerogenes 14

dsduazaiusena

ansatmanneniaesrdtaunsadudinsasyivlavende S, aureus waz B. cereus liaonndaaiuauide
489 Sandrasagaran et al. (2014) fildnnaeuuszdn3ninvesarsadnaindiunneg vesfivvidn Dendrobium
crumenatum (venzuesvieltowy) Fulufivanaieatuidesd lumstandudatogauns 8 wiin #e3s Disc
diffusion 11 a1safalMILEATes D. crumenatum TUssAvBamlumsiudimaiyuende S. aureus #undian
pglsfiny lunsveaesil miaﬁmwmaamﬂmaﬂL?ﬁ”aaﬁﬂaimmmﬁuéu’aﬂmﬁzy‘uau%ua E. coli was E. aerogenes
FudunuafiSeunsuauld mailidesnidouuaiiFounsuvinuazuuaiSounsuauilasasuazesdusznouniani
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vesufuradfiunnsneiy Fennransnadeunuiasatinuueanaennaaeline 3 vl ﬁﬂuﬂiﬂgvgﬁﬂﬂiLﬁ]%igﬁJaﬂ
WouuaiSsunsuuanldodreiluszansan szadugadvesuuaiiisunsuuinidurounuiilalnauay
(peptidoglycan) 1Jussddsznavdiuuangn druuuafissunsuavindueadiiusynousiedureslasiu 2 4u fe
Lipopolysaccharide (outer membrane) wag lipid bilayer (cytoplasmic membrane) FaiuSsenanaslddnanseen
qrisyesssumaTinuluasataaneenidesldannsavaetulutuduniusadvesuuaiiSounsuauld Salidliua
adlamsdudadewundise

miaﬁ’mLumuaaﬁmLgaqqwawmu{hL?J@LLaxnzLiﬂxi'au annsafudinmsiaigiivlnventouuaiidownsa
auitldnaaeuldiiies 1 9din fio £ coli uwilianunsadudimsiniaiivinveside £ aerogenes I8 Tililosnuuaiiise
ansindudonuafiounsuau fasadonadugwinemomineadduuonaaitiudulutu uaziimandoudls
Freunaniaaan &1 E coli waz E. aerogenes ﬁLW\Iamaamﬁuaaﬂuﬁam wadtduguauuin (peritrichous flagella)
Usauaniaaani slduvecduielse (immunogen) o wouAaY H (antigen H) Fudussduszneauiidrdglunisie
Tsaveaouuniitie (Veterinary Microbiology, 2539 $1lu usdnwaluazU3en, 2541) denadesiunuiseves Jhans
and Khasim (2018) filévinsAnwquiiuiteuuaiievesansafaneuainuarunseidla Sadundasliana
Fertudomuarunszidnda lngldumueadufvhazarslunsatnaisdidey warl33 Agar well diffusion iile
naaeue £ coli uavieuupiiSounsuuinuazunsuausilndusn 7 ¥ila nuianansedudinsiatyueade E coli
16 wazanunsadudinmsialaveateuvafiSounsuuinldiniuuafiSouwnsuay Swmanismageuiuaninaninguide
84 Shubha and Srinivas (2016) ifnwquisiuTenuaiisevesasatnuniueasnadnduy tiua lu Wienvewa
warsInveInzisnysou warldis Disc diffusion wuinanunsadudinisiadyvenids £ coli waz S. aureus ¢ uaid
Uszansammsdudade £ coli 18findn drusuidoves Radhika et al. (2013) lidnwin1sdudanisiasyves
Hoqduniduesansataainneisnedeu Inevhnismaaesiuileqdunisis 10 viia 16w £ coli, Proteus vulgaris,
Xanthomonas sp., Pseudomonas mirabilis, P. aeruginosa, Klebsiella oxytoca, S. aureus, S. epidermidis, S. mitis,
S. anginosus wuEsatAneIUIINABNTLS Y SaUTIMsaRadesThazatese 2 ¥iln fe LonwuLATIIILeA
aunsadudamaaiapiviaveateqduidi 10 4ia Tagldan Inhibition zone ogfi 7-18 faduns

Fetfuanuasuided %qawnénlﬁ’jwmiaaﬂqwémﬂmﬁaﬁ’mLumuaamaugmQwawﬂimﬂuﬂmmg
nuisnzsou  lianunsavhanelassadaveagaduuaiidouwnsuau lnsnnzdiuveswnaniaaaild Sslaevluasesn
qumsssantAazdvdauazUiinaiuanistu Juedfuriavesnenld druvessiulsl (Mohammed et al., 2016;
Seema et al,, 2019) Wievdnvasivhavanefivildlunszuiunisanmens (extraction) (Paulomi et al, 2013; Seema
et al., 2019) Fsiin s ilnanstudlunafiondu Wy asafnuniuoaLazesdlnuana1uves capsule cover
Y0ansLsnysouiUssnAdwAe Wnansdudaie £ coli P. aeruginosa Way S. aureus "Lﬁmﬂﬁ'qm 1aeld3s disc
diffusion Tuanslan1ssudavinfu 16 fiadlums (Shubha and Srinivas, 2016) wienaideansarinlaefiasimnes (di-
ethyl ether extract) ’Mﬂeﬁ‘uLLaziﬂﬂﬂuaﬂﬂﬁwlﬁmaﬁuﬁ Acampe praemorsa kaznalulduiuni (Vanda tessellate)
Uszimeduile Tinansdudade £ coli, salmonella typhi, Shigella dysenteriae wag S. aureus 19 100% #28735013
w1A1 Minimum Inhibitory Concentration (MIC) wazlwarnanududuidudauiols 3.5- 25.0 fadnsuseiadans
(Behera et al., 2013)
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Mnuanisnaesiefuaglléin arsatnainaenndeliifesd esquarunssilanaznzisnesou
annsadudinsaigiivinvendeqdunisunsuuinldindunsuay dudenuafiFounsuuande s aureus waz
B. cereus \Juannguaslsafinidodidelmaaiymmisguaim iwu lsafndefiivininde S. aureus uwaslsaemis
JuRwiiAnanide B. cereus (Anna et al, 2019; Fabio et al, 2019) uazilnasoiasugianazdsnudusgiaunn i
mATelunsiiadudeyaitugruiididy Weldifuiuimslunisufuss wazAndusinuilsaanivayulnsia
Uszdnsnmlaselulusuian

JaLauauuy

Andanvlinuesnaig oAl Minimum Inhibitory Concentration (MIC) k&g Minimum Bactericidal Concentration
(MBC) vasdegaunidnelsasely

BNEN5D19D9

usdnal grssadide, wasUin gssafide. (2501). Shvasuaslnsiasazdenveuuniisy 9a5a3mehly (Ruriads
7l @), ngamme: dinfiuivignasnsaluinede.

o AvddanTau. (2549). ndaeleiuddoslne Furiaadl 1). ngamwn: aogsialsefiant TSR LB TURY
%1 S,

oudui Ineves.(2508). ndaeldidovlne (ndafed 9). nyumwa : anadgangnuaians
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unAnge

Fnaurnduisisisuaneuarawaiveiavidulanifomnamnsasadulaldognsngs vay
mhenuldeumeeuiazidafiveindundsliiitlafivsraunadiia Wevesinaurlufuminensnuidiy
yinigadululnaiou woareSauarinusadenanunaei fadu dnaurnieddnenmlumandndulslieuld
Tudsewalnenuildidouiitunlfimngideduisuduldfouiitidunndssmadunsedaliannse
Usumalidnfvaninpivssmavesusanalngld fadu nsfnnifadiingussasdifenumuiugldifouiug
viosduansulauslugunefiauniay s1nevimans snedauduazsunodouina dainanyIudatiunda
FuundeBmedagnine iufedsiuieinneinuaniinsiland-indvesiu udnildifourieaiu 6 vin
wmegeudnennlunisuandendnandnauyinlaen1sIuALN1TAaeILUY Completely Randomized Design
$1uau 3 91 nnsAnwmulddeuiun 2 19d 4 ana 9 vlin DuldFeudiliinedierulussnalneadou 2
wilnf® Metaphire peguana sp. 1 way Metaphire peguana sp. 2 é’ﬂLﬂaﬁwufﬁ”lmu%ﬁm‘uaﬂﬁﬁauumﬁqmﬁa
gunemwiay wuldisieu 3 ana 6 ¥ila Iavlaunainuaigves Shannon-Weiner (H') Wiy 1.45 uazavil
AMITie (E7) Wity 0.81 nanisnageudnenmnisuasdendnyaldidewaindnaueinduaat 90 Junuii
Metaphire peguana sp. 1 (d1aus) Tuszavsnmlumswdndeviindnaurnlsnniigauaslsuimadeldifousn
e

AdRey ANUvaInTaIen1agIn ey Jeldiieu dnauya
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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 Sonthiy 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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unin

fnauLa (Eichhomia crassipes (Mart. Soims)) tuiwiryianisfiadedymnluwnduiiilan
(Abbasi, 1998, Tchnolobanoglous et al., 1999) Tnesinaurnldfavnamaduesinluunasilidegduwsidh
$1Aa8Y METFUIBT UazNzad Anunuwiuvesinaurluguassanenisudanszualiiln nsvauszniu
MsvUds naBnUNNTUTEA (Patil et al, 2012) fnnumiduiiwfiidaldonn liiaznsevinlagiSnmisnmeniw
\nil §733uaxBu 9 (Abbasi and Ramasamy, 2001) sty 3eldiaunersniiasidnaurunldselevdlui
#1499 LU udenszany ensdad efiiaes muurussuesazaninwlea widslinuiiafiaaiiaauum
HnauYle (Deka et al., 2013) ﬁmﬂiz‘ﬁ'qﬁL1/|ﬂiuiaﬁmiNSmﬂwﬁﬂmn;galé’tﬁawﬁmﬂ%&iaaamwas%um%‘é R
Gajalakshmi and Abbasi (2008) wuinldifouanansaasudunidinquisdilsfedfisuiifivarunsasilule
Uselomildunntu venaniludeviingaldidoudsfiouleiuarsosluuisiaiildannisdosaasansdunislu
Sldvodldidiou fudu mslideninyaldfeurndusslovidefivannnimsliendnessuni Patil et al (2012)
merwhinavrdufiviigedululasau wearedauasInuradeuanunani Suanumngaufiagldnand
Jendinyaldifould

TutssnAlngldddaulalumadoddiouieldminverdunisudldfouiitoniundoaiondaiovii

s 1

waldidsunianisandenldareiugarsussima wu lnines (Eisenia foetida) sW5Auluninasiaes (Fudrirus
eugeniae) 15ao3Y (Lambricus rubellus) 3eildiimnilddouanmassmmdunmzideaieldusslomnids
wuhldifiauaniussnalianunsausudilidnivanmalivseinavessemelneld (e11lg, 2555) uagludszine
Ineflléifoudissaeiugifnaifauminzausonisdesanrezdunisaoiniug (Perionyx sp.) winldiinig
drsnmeiusléifowroaiuiimnyailunsdosanevesdurislvinntufandumadenliuinunsnsgaulauas

Junsiiuyarvesldifouiuaneiudiesiulnedndae

IUIZaIAVDINTITY
1. efnwanuvainatensdinmesddideuiulumsulaug Yminanys
2. efnwdnenmveddsewiduluiminanyslunsdesaarednaurluleldsou
I ada o
s2108u353

o °

1. vnsarsnalddeulunisulauy 4 81ine laua sneimuilaeg 81LneTeUINe BILNBNINAINLAY
HUNDAEUT USLIUesTUneueLdeananendn’

2. YAVQUIUIN 50x50x25 gnuraleuAiuasiiolfuiogialdifiourniuag 3 90 uTIUTIEBENS
145oulanAs passive method uagldflounziuuasfivldiieustsasiden inldideuuldlunsuzussg
avonntiiednsldiou mnduhldifeuldaduasazarsueanesed 70 Wesdududnilusuunldifeulngizves
Gates (1972) Sim and Eastons (1972) waztonansau 9 fiAedes

3. thaudilsinnmsyadegsldifouluinsgiquantiong 4 vesiuluresufianislaun gumgiiau
ANLTUFY AN pH (1 : 10, pH meter) Tulasiaunsmunlufu Tng3s Kjeldahl method (Bremner, 1996) Woaasa
fiafnlé 1ne% Bray Il and Murphy Riley method (Bray and Kurtz, 1945) Tnusaideudiadals saenisatngie 1
N NHsOaC pH 7 Wd23LAS1% A28 atomic absorption spectophotometer (AAS) (lsaac and Kerber. 1971)
duvsyinguardunidasuenlufulagid Walkley and Black (Walkley and Black, 1943)

4. fdenldiiouiiiusiusiuanls 6 wugludnudnenmlunisgesaaiednauyinainuiauiy 15 Ju

Wwan 90 Tu nedildifounisAn Eudrilus eugeniae \uiugiuSouiiou 2eunun1svaastiuy Completely
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Randomized Design 31uau 3 41 Suiinszuziianildlunisgesaate vsualeiindnliuazusednsamlunistey
aaneUendnudiieszideyalagldlusunsudniagy IBM SPSS Statistic 2-

NANTIY

PnmsAnemuldifou 2 294 4 ana 9 wila WuldFouilifinenilulsemalneandeu 1 ana 2 via
1A Metaphire peguana sp. 1 uay Metaphire peguana sp. 2 laggnneinuriavedldifousnniignfodne
Wi (1 294 4 ana 7 vile) Sdvdanuainuate (H') wiiu 0.28 wagdvianuwindes (7)) Wi 0.16 way
gunetuuInany 1 1 2 ana 6 3ila Tavdanuvainvaiewiniu 1.45 avllanuwindie wihiu 0.81 dwdune
viananusiisvesldifioutioniian (2 2 3 ana 4 viie) ffularumainvanswiiiu 1.20 wazfuiinuwinion
winifu 0.86 (AN51s71)

dmiudnungmailand-eilvesduiinuldideunuifinnuuenieiulunueamuistiuagsuiueie
vosldifiou Tnssunedouinadsdianuvuuiunazduviavedldifeunnniignionmgiissning 31.62-34.26
psAgaLdea AUy 34.79-71.37 Wedidus anudunsa-anasening 6.24-7.16 Yanalulasiou 2.04-6.87
Wesidud vealeafiafald 2.21-3.33 Wodidud Inunadeudiadald 0.46-0.55 wWediius 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 1Wesliud Weavesafiadnled 2.51-5.85 1Wesidud Inunaideuiiadnle 0.24-0.64
Woedldud Bunioing 1.89-2.50 Wedldust BunTueniuey 1.88-2.85 wWesldust (3197l 2)

dothldfouitusriesduumaasudnenmlunistesaaeinnurrmuinldifeusasviaiiusyavsnmly
nsudndensingaldfounwnnsineiu (p<0.05) Inaldifiou Metaphire peguana sp. 1 (f1aw8) aunsandndendn
yaldideuldunniign (55.72) ndunazivszansawlumsdesaaeinaunldunndign (12.38 wWesidud) widsd
USnauiidnnd Eudrirus eugeniae Suduldideuiusnmediingnld 89.55 n3u wagiuszavsnmlunisdosaais
19.90 Wosidud dniléifou M. peguana sp. 1 (iwans) wandeldifeulfiiosiign (32.05 nfu) wagiluszansam
Tumsudnievsinliiosiign (7.12 Wosidud) (1397l 3)

dsduazaiusena

nsfnwanurainraten@aninvedtdinoulurisulauy Jminanysnuldifiou 2 1A 4 ana 9 wila
Imwﬁmﬁwumaﬁqmza&ﬂmﬁ Megascolecidae @vaanadasfiu Somniyam and Suwanwaree (2009) 1518411
Mlddeuiinusnnlufiuiinisinunsaiulugdnoglundgu Pheretimoid wag Edward and Lofty (1972) léesud
Tadeuimusnnlusaunivierdedanilvigjoglund Megascolecidae uaziduldifeulunga Pheretimoid

5-215



M1999 1 wanavlin AnuvILLY Alianuvainranewazauaiialevesldidoufuluginesing q Jwminanys

W/l GRIVHY IUAN aaus Fournna
Megascoecide
Amynthus alexandri 36 25 - 29
Metaphire bahli 33 - 32 5
Metaphire houlleti - - - 12
Metaphire peguana 153 - 37 53
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 - -
AUMUILUY 481 202 561 3411
U (s) 6 4 5 6
sytiaunainvany (H) 1.45 12 1.08 0.28
Frytianuminiiey (£) 0.81 0.86 0.67 0.16
M51efl 2 uanadnuaiznsiland-iivesiuiinuldideulusneing q vosminanys
anwazneiand-1al Wan Ay AN aaus Fyu1na
Qmimﬁau 23.43-32.93 29.33-34.67 27.40-32.76 31.63-34.26
mm%’ﬂuau 33.53-55.10 29.84-44.30 34.43-44.48 34.79-71.37
Audunsa-ang 7.23-7.49 6.80-7.47 6.33-7.57 6.24-7.16
ulpsiausiavun 1.93-4.56 1.58-3.04 1.02-2.53 2.04-6.87
WoawoYaitadale 2.32-4.23 2.51-5.85 2.24-4.45 2.21-3.33
Tnunadeuitadale 0.41-0.62 0.24-0.64 0.24-0.50 0.46-0.55
duvseing 0.66-3.84 1.89-2.54 1.47-4.56 1.63-3.62
BunIdansuau 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
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A15°9% 3 wansUsinalendnlinnldideuiugviodusasUssavsnmlunisndsadendnyaldifiouaininauy

wilaldinou USinauteitndels Usgdnsnm
afat 1 pdfi2  edadi 3 ﬂ%mmﬂia‘ﬁwm Ezﬂﬂimﬁm
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
Metaphire peguana sp.1 (f1aud) 2131 23.50ab  10.91b 55.72b 12.38b
Metaphire peguana sp.1 (VM%a4) 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
UYLAG) ns vaneialudauLANA1iUNIEaR

* YUNBANATUNER AT AUANUTETU 95 Wasidus

dofinsaneiinvedldifounasdnunsmaiand-ndivoshuluusasfuiinuindanuuanssiu 89 Makin
et al. (2014) enuidnuvamMaaivostuiinadesuurinveddideuldun anudunsa-an pududuves
slnusadon Woanodauashurdu uanainil Nunes et al.(2006) uag Tao et al. (2013) TBsuhdnuaems
fneineiishatursdvdavedldifouiinneiu uazdmuilusasfiufiddamumudureddideuiiunndstude
Tasdunedouimaiinnuvuuuvesldiieusnniian luvugiisnaevivalsiinumunuduvedddifoutiosiian
Tngdnedeuinassiiannutuvesfiuunniian (34.79-71.37 wWesidus) wazdnnevimardanudulufudies
29.34-44.30 Wasius 31 Valle et al. (1997) Tvauiriladefifnadenumuiniuvesldifoudonutu 3
Edward and Bohlen (2004) 'i’lmufjflqmmﬁﬁuLLazmm%ﬂuauﬁmméﬁmamzmumimmwaa?ﬁu nsmela
nsduiusuarfnwanuaunavesitluiiinieg venaninuirlusinedeuiniaiviunadunisaisveuuas
Tulasiauludulusziviigs luvasisinevimasifisuousiauasaumnuiuveddifeusazivinailulnsiou
wazdunsdarsvaluseiudnd walldrdnsdruseninemsuouselulasiau (/N ratio) Arndritudisu 9 &«
Goswami and Mandal (2015) $18:97u3161 O/N ratio flanasdwwaliszrnsvedldifouanas

muantaansalunsudadeninyaldifeuanndnauyimudn Eudrirus eugeniae ansnsandndeviinga
Tadoulsunnfigauaziuszansamlunsuandeninyaldifoulsunniign luvueildifeuiugviosiunuin m
peguana anunsandneninyaldifoudusuiusesamn Fedonndaaiu Gajalaskshmi et al. (2001) Tel4l& o
a4 wilalawn Eudrirus eugeniae, Perionyx excavates, Lumbricus maurtitti Wag Dendrobaena willsi lun15¢e8

Aa8RNAUYIINUIT £ eugeniae Uag P. excavates iusgansamlunistesaaiednauyilagendn L. mautitti

wag D. willsi uaggldsn (2557) senuiildifewinsinvziiussansamluniswdadendnliwnneieiu
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Effects of mycelium Jejong mushrooms growth on varions modified
culture medium
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email : watchareec@hotmail.com

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,
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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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Tsaflugludinugutedullymadgmetusasisugn Weqadwlasiawe Streptococcus mutans (5.
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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. This
study, therefore, aimed to examine the effects of co-culturing Candida dubliniensis
(C. dubliniensis)or Candida parapsilosis (C. parapsilosis) with S. mutans on acid production and
biofilm formation, which are important cariogenic factors. S. mutans was co-cultured with
C. dubliniensis or C. parapsilosis in media supplemented with sucrose for 36 hours. Acid

production was analyzed by pH measurement and biofilm formation was determined by crystal
violet staining. 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. 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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ﬁgaummmmﬂﬁﬁiaﬂmﬁua (Anil & Anand, 2017) Inaifasenaniiauannsolunisasnange wazadslulofids
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anad uavenmanasausnisEiuAadunsasiiausoararenssnaniundevity (Citical pH = 5.5)
wenniigsdsnaliideiinisadslulefiduiunnty mﬂﬁgﬂmamaaﬂmwgﬂﬁﬂLﬁua&_jmas[,uiuiaﬂéu lAnns
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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-
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fu S mutans Tundveseuanansalunisainensa swdsmsaiislulefidy Fadutaduddnlunsielminiiuy
ﬁqﬁy’umiﬁﬂmﬁﬁﬂﬁi’mqﬂizaqﬁlﬁamaauwammL%a C. dubliniensis wag C. parapsilosis ADN1THAANTA LAZNIT
adslulefduiterneidossaudu 5. mutans

[

nQUszaIAURINITIY
Wofnwwaved Candida dubliniensis way Candida parapsilosis WolW1zlaeasmAy Streptococcus

mutans semsasnansa uwaznsaslulefidudadudedoddylunsnelsailuy
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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)

‘1:1”]L%@ﬁﬂ%’Uﬁﬂﬂﬁ’]uﬂULLé”Jlﬂﬁum%EN‘?]IF]’J’]EJL%’J 12,000 g ﬁqm‘mqﬁ 25 °C \Juran 15 wift Wiefdnems
deadoiiueen udnimaduemsdsntoviame BHI fifithmaglesatesay 5 ileliAnmsasndlulefidu ¥
mawzidsduleftduwuudenelunguuenduly 24 well-plate uagyinsuamdersasssinadurquieiudie

wnzidesluleflduuuuidenay wavihnisumduoa 36 9alus igaumnll 37°C il 5% CO,
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3. msinanudunsavadlulady

nasvhnsmnzdealulefdunsu 36 $2lus vnsiaaanudunsavesluleNduwuuidawien wasionay
Tneina1n supernatant sagtasosinAtAudunsnang (LAQUAtwin, HORIBA, Singapore) ynn1snmaaesilen 3 A5
aghadudaseaiiu

4. myiawalulefaulagldnisdondnsada lilowan

wdmsedeslulofiduasu 36 Halue imsarslulefiduly 24 well-plate #e Phosphate Buffered
Saline (PBS, pH 7.4) 91ntuRY 0.1% (w/v) Crystal violet (CV) aslunsiazvgy fdlAdunan 15 mﬁﬁqmmﬁﬁaq
wdntuimsdnadae sterile distill water ulifdduiuvgafineany Wiy 33% acetic acid \earnad
Houdnlulofidy wdthluiadnisganduuasiianmenaiu 520 nm. lagldomnsidsadesiaman BHI Aftiina
glasaforay 5 Alinandoifunduaiugu inismasesiien 3 adogaludaserotu thanmsganduuasitlén

AIURINGNT Al

951811098 luleNauveUTaLReI=0Dss0nm Yadlulefauvea S. mutans + ODsxonm V84bUlaTdUv0e Candida

ODsz0nm VUL WANYBY S. mutans + ODsonm VBkUlWANYBY Candida

gn51dnvesnaluleduvewTonay = ODsz0nm VB9 UTBNALVD T DHE

ODsz20nm V0bULOTANWRS S. mutans + ODszonm V0tUleNANVRY Candida

5. MTIATwRTaya

foyaramungnieseilagldlusinas 1BM SPSS statistics 23.0 Insaruniunsnvesiulofiduuazualulo
flaugmilunaaeuniswanuadagld Shapiro-Wilk test dwiuAanudunsavesiulefidy nuirdeyaiinisuan
wasuuuliund Idergiveudisummudunsnvedulefidussrinadodeatudonauusasalneldadi Mann-
Whitney U test dwiunialulefidy wuirdeyaiinnsuanuasiuuind 3adeseiiliouiisudnsndiuvesialule
WémwiwL%aL@'}Imﬁm%amamwiawﬂmﬁaaa T-test uazle?s Bonferroni @ msu  multiple comparison

correction lngnsaasgvignimuaseauliedAnlin 0.05
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Anadsrnudunsasediuleflduventoien s mutans, C. dubliniensis wax C. parapsilosis i
4.49+0.20, 5.83+0.82 uay 5.78+0.64 HIUAIAU duriadsanudunsasveslulefduuuuionauszning
S. mutans waz C. dubliniensis fianiiu 4.2+0.02 slndfiuAes S. mutans waz C. parapsilosis Tiflenvinfy
0.18+0.08 wamsATwimUmAmmTunsassedlulefidunuudonauadesnauiiauanssnAA L

NIAANNYRNT Candida Weeesillud 1Ay veata (P<0.05) ualiianasainie S. mutans Wedeeg i@y

9@D@ (AN 1)

7
6 Critical pH of enamel
o R N il s S PR S S
g 5 A
[
€ q A N
2’ N
3 -
€
c 2
s
1 -
) N
Sty Sm
6, Q-
rOZ‘/) % (‘/fOn é///-)/e ) erS// CQ' * C'o
[ S/, 57,
% s s
UC,.OS

oeslited A NIeadA (P<0.05)

nan19ATzRualulafdunuindnsrdiuvesuialulefduluui@onaunsitoneives S. mutans AU
C. dubliniensis Way S. mutans AU C. parapsilosis A1 1.80+0.28 wag 1.70+0.13 A1UAIGU FIUAININATI
dnsrduveunalulefauveuteineregisfidediney (P = 0.03 way P = 0.02 Aa1div) (1wl 2)

2.5
. — * =1
k. 2 — *
g
v n
é e 1.5 -
P ss/ss
£
5 £ 1 - M ds/ss
B o
2
-
S
L 05 -
0

S. mutans & C. dubliniensis  S. mutans & C. parapsilosis
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AN 2 PNLERIARABTRERTIdLYesalule AL UUITBIABITINAY @neaw) Lazensdiuvesia
Tulefdunuu@onan (Fmidy) senasiuvesnalulefaunuuideineisiuiu 1ag ss = WeolAen (single species)
way ds = Wwera (dual species) 1ATDIMNBABNTU (¥) LARITIANNLANAINNUBENTTAAYVETH (P<0.05)

dyduazaiusena
nsAnuifiaguszasilunaiionyinavesnisegsruiuszuing Non-albicans Candida species ffu

Streptococcus mutans fionsaiiansa uagnisaalulefldaudadudadedrdnlunisielsaiiuy ainnismeass
Rmuanui Wedsadelradslulofidunuudemsndunan 36 Falus 5. mutans Waraudunsassiisnin
manudunsasdingavesiaindeuity (aitical pH of enamel = 5.5) Faduaumnisuduesnsgaidoussinoon
RRRICERI mﬂﬂéaaﬁqﬁﬁ%ﬁﬂﬂﬁmiLﬁmﬂusﬂuﬁqm Tuwvaimanudunsamessulefiduuuuioisaves
C. dubliniensis uwaz C. parapsilosis fidnganinAmanudunsasdingareaRaaiouily widetdeonitaeciing
uNAessIniu S, mutans wdanuiiliaianudunsasweslulefiduuuulonausininges . mutans e
Lwim’lmmﬂ&hqﬁlﬂﬁﬁaﬁﬁ@mﬂﬂﬁﬁ

dmiunamsiaualulefidunuit snsdiuveunalulefidunuuidenausonasiuveunaluloflduuuy
Feien ﬁﬁhmﬂmﬁﬂ"vumL%@Lﬁaaaﬁiﬂqﬁﬁaﬁﬁﬁmwwqaﬁa mﬂwaﬁy’qamﬁua@ﬂﬁﬁudWmia&uiﬁ'wﬁ’umaqLfga
S. mutans U Non-albicans Candida species ansiinildmwanonisnannsa uaznsadslulefidy Feinanu
Hunsaasiishas uazanalulefduiiiviu annsodmalidarudssoninanituglfundsduluangiifima
glasa Saufeuldifunsifudsenue e

wamﬂmiﬁﬂmﬁwudﬂmaagﬁ'wﬁummﬁa C. dubliniensis Way C. parapsilosis iU S. mutans Tnalu
Snuwazfisrtufunisfnwnsegsmfurende C albicans Au S mutans Sswuindaanadunsanisiias
wazfiusinamesiulefidufiuduilewssufivuiuideinen (Barbosa et al, 2016; Sampaio et al., 2019) $1U37Y
\Reatunalnvesnisegsmiuweade C albicans fu S mutans wuinAeadesiuieules slucosyltransferase
(GTFs) fla¥1997n S. mutans lUSufu Mannan Sadulassadrsvuntasaddunenvende C albicans dewali
C. albicans fmauant@idu glucan producer v‘iﬂﬁ’ﬁﬂ’ﬁa%’miﬂaﬂéuLﬁ'uﬁmﬁaL%uaﬁy’aaawﬁma&uimuﬁu (Falsetta
et al,, 2014; Hwang et al., 2017) LLG}'LﬁENﬁ]’mIﬂNa%’N Mannan Uui39849 C. dubliniensis waz C. parapsilosis
1995) Fatfunsegsamiuveads S mutans fu Non-albicans Candida species fiaaeaiini 199180l

WANF9INNNTBES AR C. albicans Bedwosinmsfnusely

daiauauug

waildanmsineiluaded aunsabluldfedudeyatuguielilunsinuenudiniuslussdunaln
sgwhaile S mutans waw Non-albicans Candida species lumsifiuaruidssonisifialsaiiug Fsazilgeny
dilanalnniaifalsaiinty uaznisiauBnistestu uazmsinulsaitugiidssansnmBsiusioly
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The Preliminary Study of Speices Diversity and Plant
Community of the Deciduous Forest after Logging Concession
in Ban-Thung-Hang Community Forest, Lampang Province
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*Corresponding author. E-mail: cmeesukko@hotmail.com

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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A19199 1 wansgiianugldguduinululigusuiouyedns suayeis Sunewavy Swmindaiung

A a s
YNYIANANT

4

Yalny e

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

HoN Tectona grandis Linn.f. VERBENACEAE
PTULUNLADA 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
Al Haldina cordifolia (Roxb.) Ridsdale RUBIACEAE

X Shorea obtusa Wall. ex Blume DIPTEROCAPACEAE
WAIVUNL Shorea sp. DIPTEROCAPACEAE
anulnd Diospyros montana Roxb. EBENACEAE

ns Ficus annulata BL. MORACEAE
Uiz(’j Pterocarpus macrocarpus Kurz. LEGUMINOSAE
Uizﬁj‘mi Terminalia nigrovenulosa Pierre ex Laness COMBRETACEAE
Jagu Sterculia sp. MORACEAE

?Jy Dalbergia cultrata Grah.ex Berth. LEGUMINOSAE
‘LJ"JLRQ]JW Terminalia triptera Stapf. COMBRETACEAE
wWihe Shorea sp. DIPTEROCAPACEAE
Wednueou Lagerstroemia sp. LYTHRACEAE
Andn Albizia lebbeck (L.) Benth. FABACEAE
uznant Spondias bipinnata (L. f.) Kurz. ANACARDIACEAE
uzidu Adenanthera pavonina L. MIMOSACEAE
UZLNED Diospyros mollis Griff. EBENACEAE
UgVu Tamarindus indica L. LEGUMINOSAE
NrALLS Afzelia xylocarpa (Kurz) Craib. LEGUMINOSAE
L1 Aegle marmelos (L.) Correa RUTACEAE
Uzl Antidesma ghaesembilla Gaertn. EUPHORBIACEAE
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ULHURAY Chukrasia tabularis A. Juss. MELIACEAE

fduian Fagraea fragrans Roxb. GENTIANACEAE
UUE Terminalia bellirica (Gaertn.) Roxb. COMBRETACEAE
gaUn Morinda coreia Ham. RUBIACEAE
A7 Terminalia alata Heyne ex Roth. COMBRETACEAE
YN N Cassia fistula Linn. FABACEAE

i Gluta usitata (Wall.) Ding Hou ANACARDIACEAE
ply Garuga pinnata Roxb. BURSERACEAE
dudeu Bauhinia malabarica roxb. LEGUMINOSAE
dnnos Ectona grandis Linn. LABIATAE

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

nn1slasdsaanssald nudmssalifuresdiauiiifuginusssuasiaianuuiuy
Winfu 163.75 #usiols Taewudn fin (Lannea coromandelica (Houtt.) Merr.) fianamunuiiugeand 33.50 fiu
sols uasnssnilifuosdinufifluylnegusudaeusuuusiiy 117.25 fusdels Tasdl &nnea (Ectona
grandiis Linn.) fienumunutiugegad 27.75 siusiols eiidesnngusuiinisugnimaunudndenlnsusiosg
soifios Tnesnidondgnlddnves mmifuinduldfufuiifsmansvgiavseneufudusinnssaldd
Lﬁmytﬁuima%it,l,é’ﬂuﬁaqﬁu anunsaiudauwznaililaig wazndlifanumunIuReanINAULAILEAS
Tugaeggouldd Ima‘*qmmﬁﬂﬁfﬁ'ﬂm3@1&(5\'911/15@"1%%1451\1@&]1\13151La:ua lsifivvindusenuaziasayduleld
8N ﬁqwué’ﬂ‘wmﬁﬁ’m’;ué’u@iaﬁgqﬂ’jwﬁm‘wiimﬁluslué’muﬂﬂﬁ?y\lwdhwmu TnewdlowFouifisunsfinyives
afgTand adaming wazanz (2556) FsdrrauinuthAuudenendinisdunuililuiufiaondiduuas
Anousiunuasniin Saminnsinaendsiinisugnnaununiuteulvduunudiliinuim 35 Y wuii anu
mnuiuvedlddusuiiaviiiu 186.08 susials wazilldnseyju ( Anthocephalus chinensis) finunuuuuga
e

dlefansandnuituiivindanssalldl (Basal Area) ‘W'U’.J"]E?ﬁﬂuﬂ’]ﬁ‘ﬁuﬂﬂ@&J“qmﬁuﬁﬁi’l‘ﬁuﬁﬂﬁ’]ﬁﬂL‘V]"lﬁ"u
11.242 msamnssiols Ssdigenindsmnfiftufnusssumnafifiauintu 9.872 meawnssdels (M3t 2)
Taewua Tuﬁqﬂuﬂwﬁﬁu&hmuﬁiiuﬁmﬁﬁmﬁmwﬁmlﬁwiumué’mdauﬁuﬁwﬁwGTmﬂﬂqﬂ 5 d@rduusn lawd fin
(Lannea coromandelica (Houtt.) Merr.) a1Ld1g (Millettia kangensis Craib.) ka3 (Tectona grandis Linn.f.)
W3 (Shorea obtusa Wall. ex Blume.) wazUszq (Pterocarpus macrocarpus Kurz.) lngiiadndiusosay
Winfu 15, 10, 10, 9 Wag 8 MNANFU (AN 2) 671*'&ﬂfcjuw*iimlﬁwiuﬁﬁﬂdw%faaazhjl,mﬂ@hqﬁuumﬁﬂ Tz
Fsautnitunlnoyusuivdaiuslfidunudadiuiiuiinigauiniign 5 Srduusn 18w dnnes (Ectona
grandis Linn.) fin (Lannea coromandelica (Houtt.) Merr.) AL (Millettia kangensis Craib.) \A9 (Shorea
obtusa Wall. ex Blume.) wagnzuunidan (Terminalia corticosa Pierre ex Laness.) lnsiladndiuiovay
Wity 22, 15, 14, 8 uag 7 iy (il 3) Fangunssaliiduiidndniosasuandnatusnntu Tasangls]
dnnes saudangunssaldivu 5 drduusn ﬁﬁmdau%@aazqdﬁuaﬂw%wu TneilaiouiiisunisAinwives
aigTani adanind uazame (2556) FsdmavinudnAuuddudmiann aendsinsugnnaununiutouly
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i 3 uansdndiudesavvesiuimihdanssaliludsaudnnuylae vy

o

dlofiarsandrdailaaudidey (V) vedliudunuindsauvafiinisilusniusssuataded
Aud1Ayveanssalddudugean 5 a1duwsn bawn fin (Lannea coromandelica (Houtt.) Merr.) Usgg)
(Pterocarpus macrocarpus Kurz.) 14 (Shorea obtusa Wall. ex Blume.) Adny (Millettia kangensis Craib.)
wag (Dalbergia cultrata Grah.ex Berth.) Ingilf11911u 45.88, 40.41, 24.71, 18.65 way 17.02 AMNa1AU
(397 3) luvaziidsauinifnsiuylnsgueudadiienuddguemssaldifufugean 5 diduusn Téud
Lown &nnea (Ectona grandis Linn.) fin (Lannea coromandelica (Houtt.) Merr.) Usgq (Pterocarpus
macrocarpus Kurz.) \@4 (Shorea obtusa Wall. ex Blume.) waaglunidan (Terminalia corticosa Pierre ex
Laness.) lagilanviniu 65.57, 30.29, 18.95, 18.62 uay 16.77 AUaU (15197 4) Tneandatanudidgy (V)
vodldfduludsnutrddrduandesuandnetuldthadeifisuiudfueiafufiau iesanviaiufiduas
Asunaniziuusudundn Lm'ﬁiﬁmimmé’wﬁzgﬁy’u%ﬁmﬁwﬁgq Frunudiu pnudfinuluudasdisng uag
gunfuTmthsinlsidu ﬁqﬁ?ul,ﬁaé’muﬂ’lﬁmq&J’]’Juwu%u Advfinnuddyeraudsuudadlusg

M99 3 uansilanssuivwazauinudAyvemssaliiiugega 15 dduunsn ves
dapuUnuiInuessu IR U gsu TNy

AU
%81‘148 YUANTTUNY AUILUU RD RF Rdo VI
(Ausials)
ﬁﬂ Lannea coromandelica (Houtt.) Merr. 33.50 2046 519 20.23 45.88
inj Pterocarpus macrocarpus Kurz. 20.25 1237 519 2285 4041
N Shorea obtusa Wall. ex Blume 19.50 1191 390 890 24.71
AN 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
HoN Tectona grandis Linn.f. 10.25 6.26 390 211 12.27
UzeuUn Chukrasia tabularis A.Juss. 7.75 473 260 1.78 9.11
ugAlLg Afzelia xylocarpa (Kurz) Craib. 1.00 0.61 130 635 826
éju Haldlina cordifolia (Roxb.) Ridsdale 4.00 244 390 182 816
Wednuweu  Lagerstroemia sp. 1.00 061 260 420 7.41
R Strychnos nux-blanda A.W. Hill 3.00 1.83 390 0.60 6.33
Lﬁu Canarium sabulatum Guillaumin. 0.25 0.15 519 0.60 5.95
M Garuga pinnata Roxb. 1.00 061 390 071 522
uznant Spondlias bipinnata (L. f.) Kurz. 1.25 076 259 103 439
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M990 4 uansilanssuiivuazaduiaudAyvemssaliiugee 15 ddunsn vesdsny
Uiuyleeyusy ludguyuinuyeans

[ MEY
Holny YUANTIUNY wuwmuy 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
Uizﬁj Pterocarpus macrocarpus Kurz. 6.50 554 465 876 1895
N Shorea obtusa Wall. ex Blume 10.00 853 233 7.76 1862
PrUWUNAen  Terminalia corticosa Pierre ex Laness. 7.00 597 465 6.15 1677
ALY Millettia kangensis Craib. 10.25 874 233 412 1519
LA Tectona grandis Linn.f. 4.75 405 465 179 1049
Wednueou Lagerstroemia sp. 3.50 299 349 2.68 9.16
FuLen Diospyros ehretioides Wall. ex G.Don 3.50 299 465 076 840
M Garuga pinnata Roxb. 1.75 1.49 465 159 7.73
Azlin Schleichera oleosa (Lour.) Oken 3.75 320 349 094  7.63
yuAUY Chukrasia tabularis A. Juss. 2.50 213 349 147 7.09
uznant Spondlias pinnata (L. f.) Kurz 2.25 192 349 057 597
U;Lf\’]’ﬂ Terminalia triptera Stapf. 1.50 128 349 087 564
Uagu Sterculia sp. 1.00 085 349 0.88 5.22

idlefinnsanAduianunandauazardaiinnuaiianevessianssaliinuin dauddidusanig
sssuAdadiaumanviareuttsgddaedauiiu 3.021 uasdigeaniludsauiniitunlneguudden
Wie 2,376 uenniAiawaianevewdanssaldiiiauaenndasiuluiirmaionty Tnsludemudi i
fmusssumRsiandiiemnuasiaovessiawssailiivini 0.698 ganirludsnutitiuyinegsudsdanios
0.548 (3797 5) TneAssdanuaianeveswianssaliidandnlng 1 mnwiilamnedenis@nusnadu
n1snsyanefvesdanssasne wileuq fu Sllenanuifiunssaiiveiaciieg Indidsstunindadumindy
TnadlaiFouiunuisenes INNTING LNYTNINN WazAE (2556) Foimsfnwmanunainaisvesiivngsa
nUguBuneu Jwinnwdugnuii Srdvlanuvainvanewitiu 3.21 wazadiauatianewiiy 1.02

A15199 5 AsviianuainsiawazAnvianvaialavasianssaldlunaunantu

nevaansduumwilyl usnadhgusudiuyeins sunesudvin Sminaun

Al dapatii RGN
Wugmusssumd fifinsiuyflagguyu

Shannon- Wiener Index 3.021 2.376

Evenness Index 0.698 0.548
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AauauURUulWLYeY Lactobacillus plantarum 3C2-10 nAnETAALIFIRITINW
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UNANED

Waenduduingiuwdeiiannnszuiunmsuanthaald midiheuasdinmgn aunsodfiuyaldlagin
wAnduansanusafaiadanin Biosurfactant: BSF) fiflnaasd@idulyis muATedfsfnwmaresnisudn BSF an
Wasndulaenismingaufunsiiiunddie Lactobacillus plantarum 3C2-10 Wuszeziian 90 Yu nani3ide
WU leszernainisvsiniiudy @1 Emulsification index (EI), Emulsification activity (EA) ez Emulsification
stability (ES) ﬁﬁ%ﬁuqaﬂﬁu LLazﬁmmﬂﬁqmﬁiwmmmwﬁﬂ 60 Su Wusesay 75.87, 82.57 way 81.74 MuasuU
devaadeumnuaansolunmsiialnanudt Snvarvedufiintufivundnuasaeilamiieusin BSF menisén
wavasazane SDS NMskasrenuaiiseluuiaziiegns nuifimsasyuaviinsiuiuindy (fuil 1) 8 2 Log
(CFU/m luszaziaan 7 84 30 Yu wazandsuiuauiessering 60 Tu Welnneviosdusznouduaiiluianade
wadla FTIR WUl d@ilnnduees @15 BSF 910 L. plantarum 3C2-10 fianwagaangfuaiunasuasansantsimang
Frniinanann Lactobacillus maﬂ’uﬁfﬁu WANUAILIUY C=0 stretching of carbonyl group wANAAINAUNATY
YBIANTANLIIFRIMNIAUazENsarany SDS usnaninaenszaIa1nsusih 90 Yuves BSF a0 L. plantarum
3C2-10 wuihfinvesanadutinavadu 1700-1500 cm™ ﬁLLmIﬁfaJLﬁuqqs?j’{uﬁiwxnmmwﬂﬂ 14-60 Tunazanas
fiszaziaainisndn 90 Yu nuan1TIeuanain L plantarum 3C2-10 @uns0nARA1SANRSIFIRITININAN
\Waonduiifinauan TR dulnule

q

Adfdny: ansanussisimetinim, amauURdulny, Lactobacillus plantarum 3C2-10
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Foam ability of biosurfactant producing Lactobacillus plantarum
3C2-10 from orange peels
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Abstract

Orange peels is waste from orange juice production which available and cheap. It could be used
to produce biosurfactant (BSF) with foam ability. Thus, the objective of this research was study
of the effect of biosurfactant production from orange peels combine with adding Lactobacillus
plantarum 3C2-10 fermented for 90 days. The results showed that when fermentation period
Increased, Emulsification index (EI), Emulsification activity (EA) and Emulsification stabilit
(ES) is also increased and a maximum value at day 60" of fermentation period were 75.87%,
82.57% and 81.74%, respectively. Foam ability testing exhibited that the characteristics of the
foam were small and stable comparable to commercial surfactant and SDS solution. The growth
of bacteria in each sample showed that the growth and numbers of bacteria were both increased
(Day 1) up to 2 log (CFU/ml) in day 7" to 30™. After this period until day 60", the numbers of
bacteria were decreased. FTIR analysis was determined for biochemical compositions. The
results revealed that spectrum of BSF from L. plantarum 3C2-10 similar to spectrum of BSF
from other Lactobacillus spp., while C=0 stretching of carbonyl group different from
commercial surfactant and SDS solution. Moreover, all fermentation period of BSF from L.
plantarum 3C2-10 (90 days) showed the spectrum of 1700-1500 cm™ tend to increase at day
14" to 60™ and decreasing of spectrum at the end of fermentation period. The result of this
reseiarch indicated that L. plantarum 3C2-10 could use for biosurfactant production of orange
peels.
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o

Tawn dunuat danudasnds dauduiivdi auisedesaasladne ludinansenusedawinday 1Ay
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winzraaivanmsldmungan W Taamall e pH anuduldmugan warasadaaszilanninghui

ndualalugdle (Martins and Martins, 2018) wanainfgaaunsalslunisirvauaiwnvudouludainasulag
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p1fvauandiLasnalnvesdiuvsenidlunseuiunamdn wu msmdnasuaiivlaentdsead nsanaznauniely
wadlnensasansiuaualanifeadasnetu (Brierley, 1990; nqug1 ysydy, 930y a13ums uar ASnIsa ansums,

2009) uazn3iiaseddont Wy 3nnwldensudnasanussiamadaninandninalaserfeamaudfinsduans

o 14 a

Trnupssnudtatulundndugauwais (Knoth, et al,, 2019)
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wWaendudutagmasiisfidrfyannszviuniswdniinald msdddendunndmuasanusefialana
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Fnmlaenmmiingiegduvsdfudunadonvilamiauls anmsfnenudi dnsihJaqudefisangaainnssy
719 9 ldunnasveansuaudmsunssuiunsndnlaeqdunss wu nnday (Rakeshkumar et al,, 2013) uaz

wiwUan (Aguiar et al, 2014) 1Judu 9dunidndenldlunszuiunmsndniondnaisanusafisdamis@anan lawn

a

wupiilieuaziiosmainatvaeiug laguuanisenisenunislidlunssuiunmdniieninansanuwsafammie
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W WU Bacillus subtilis, Corynebacterium, Pseudomonas fluorescens, Rhodococcus (N1 Yeyve, 336
AN3UNS WAy AINTTA @13UNS, 2009; Souza et al., 2014; Decesaro et al., 2013), Corynebacterium aquaticum
(Pinto et al,, 2009; Aguiar et al.,, 2014; Martins and Martins, 2018) wa ¢ Lactobacillus jensenii P6A k&g
Lactobacillus gasseri P65 (Morais et al, 2017) fauvafiFelungurdnnsauanindunguuuaiizefiiauiamila
Tumsuanansanusaiaimedanin durideitalinguszadi ngiumdediomamanuasidun wWiondy
wumssuduansanussisldataninsmenszuaunisuinlasuuaiiiielunquuannsauanfnaneiiug Lactobacillus
plantarum 3C2-10 ¥ms@nwesdlseney uaznnautRvesansanussisindinminIouls
IngUszaeAvaInITIdY

1. WieRne B mawienansanusafisindiniwanidendulnenssuiunsvinge Lactobacillus plantarum
3C2-10

2. WleAnnevinsduseneulasAautRvesaTanL IR TN minToulel

[ YY) a N

3. WeiinyarvifuingAumdeiamnansinens

szleulsive

1. NSHAYUVBRUATILSENHANFITANLITINIRIYININ
WIBuNaLTauuaiilse Lactobacillus plantarum 3C2-10 Adanenlaainniniudizuds (Nawong,

Oonsivilai, Boonkerd and Truelstrup Hansen, 2016) 8¢ 1 Ju ATy unemTval MRS ﬁ’qquﬁ 37 °C Uil

a A

WAEe 10,000 UM Aaaunadl 4 °C w1 15 Udl Waiunenwadane1iIswial 100 1addns wavanawas 1

9 Y

adade 0.85%Nacl (wav) feuhluldluduneussly
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2. IngRvuaznsaseudngau
Ydenduiimdefiaainnsauih inanunalnensiudes Trdsuaussana 1-5 Wufiwas dielkiede
navinuazmsdesansvesgdunis vhmsudnluriauivn 5 ans Tagldsamaudondutu 1:500 (W)
mﬂﬁgudﬂ&%aﬁm’fu 10% ﬁuﬁqmmﬁ 35°C afﬂmumiLU?iEJuLLUaﬁLfJuiwsL’gm 60 U Immaaammuﬁixwwm
AN 0, 1, 3, 5, 7, 14, 21, 30, 60 waz 90 U LaryiIN1sasIddaumIAInainIsnedsaty (Emulsification index

), A1ANITUNISIARBN AU (Emulsification activity), A1A11uAIIv0985Tatu (Emulsification stability) wag

AMUENTOLUNSAAINNUDIENTAALTIAIEITINN (Formability activity)

" v o o
Waendu wsin 19U wsin 30 U

JUN 1 wansszuunsvdnilfendusienisifiuna e Lactobacillus plantarum 3C2-10

3. NINAFBUAMANURVIIETAAUTIRIRITININ
3.1. asvdauAnTiinisiindsiadu (Emulsification index; El)
UUn Biosurfactant (BSF) 1 adans adlunassamaass 9ntanfiy viufieasly 1 Sadans naslidriu
#e vortex mixer fisgduarmEigega wiu 2 wifl wdaeialy 10 w17 AuaamA emulsification activity Index

AnLUasINI5N15U8 Cooper and Goldenberg (1987) uag Khyati and Hareshkumar (1994)

Angees emulsion iy

El = x 100

quaﬁwmmaamiaxma

1a

3.2. M5IREUANANTIUNTSIANDIAYY (Emulsification activity; EA)
YiUn BSF 1 fadans aslurasnnnase anntuiy Wisiufiinadiy 1 Jadans naulmdinusie vortex
mixer A5z AUAINLEIGIEN U 2 W wddadiald 10 wadt vinasTaAInasaandunas daeiades

spectrophotometer 1A211819AAU 540 Ulutuns Juiinuanisveasy (AnLUasaInisuss Khyati and
Hareshkumar ; 1994)

3.3. A3IVABUAIANUATIVDIBNATU (Emulsification stability (ES))
YU BSF 1 fiaddns aslunaannnass 3nduiy dnduiinasly 1 faddns naulidiiusig vortex
. ~ o & VI = v d' ::4' d'
mixer N5EAUAINIIGIEA UL 2 U1 TAAIN1IRANGLLAY AIBLATEY spectrophotometer iAHENIARY 540

WIlues 10 10 W19 AUATU 60 WY 1NTL UAAAIUINM Logalitism vasA1 Nsganduuadsialial tluads
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N5 IANLTUYBIAT decay constant (A1 kd) tiethAuaanduAl Emulsification stability Tuiinnanisvnaass

(AnuUasaInisued Khyati and Hareshkumar; 1994)

4. nsAneAMUEINIsalunsiialuvesdsanuLseResliaiann (Foamability activity)

nagauANAILITaluNISIARNEY (Foamability activity) AnuUasan Kim and Lee (2004) wag Khyati

v
a o

and Hareshkumar (1994) 11 BSF 1 fiaddans astunasnnnasd wiuttuiieadty 1 1a38ns 30nUuriIn15siy
21 AludRI1 500 Tadansnau1?l NSaUAUTULIAN 20 W1H denaUSunaunesiinduy JuiinUsuinsieg1eiia

Wowazliinnes Ingld 10% SDS WudiuSeuiioy Auiue1 Foamability rate 19angns fail

Foamability rate (ml/min) = 100 — ﬂ%mmajiﬁaaﬂwﬁwtﬁm\lm
naiilaly (wl)

5. amiaAinnudunse
5.1. pH-meter
Yl &, @ 1Y A o <, ! ° ' !
avinAAMudunsalunig merIesinaudunsa- A1 (pH meter) ¥in1581uA7 Lay
RIS
5.2.  Titration
ynsimnse (Titration) Wensiadaanudunsavisnus (Titratable acidity) ¥idaegne 2 Jadans
Tynsneie 1 N NaOH 1%phenolphthalein 1w indicator Inwsnaufsaned dunnaisazivasududvunlnglyl

a9 U

aneld duSunaasazate NaOH fltiiaAuiaivnuSunansabudiagnesa b

Usnms NaOH #lé X 0.1 N X (meq.wt.acid)

ATuIAN Titratable Acidity (%) = x 100

U3 5813729819799UA
1 fiadnFu auya vewimiln acetic acid (CH;COOH) = 0.060

6. MTIVIAAIUAIIUNIL

1A2981901 593 INAIAINEWIUNIZVBIETATAN8MY hydrometer LazyinnseruaItufinuanis

NeaN

7. A5AAANUSIIMRAUNTE

[
N ¢ &

7.1. n523tURAUVIEVavaA (Total plate count)

Wdegnlauinisesvmusagdunidviavun lneldinaila drop plateuwanms Plate count
agar (PCA) ¥nsnaaes 5 91 Uuit 37°C Wusseziian 24 Falus antuasiadusiuiulaladl wastufinua (FDA
Bacterial Analytical Manual; BAM Edition 8, Revision A/1998)

7.2. asratugdunidlunduuanfnuuaiiise (Lactic bacteria)
iegenliuinsnsImsaaunsdviavun tngldinaila drop plate uu 811115 de Man
Rogosa Sharpe (MRS) ¥i1nsnaans 5 91 Uudl 37°C Wussegian 24 $alus antunsiadusiwaulalall wagiuiin

Wa (FDA Bacterial Analytical Manual, BAM Edition 8, Revision A/1998)
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a ¢ I3 = = ®2 a o [ a .
8. GIS'JQ'JLﬂ’i’]z%aﬂﬂﬂizﬂaU‘U'}LﬂﬁJINLﬁQﬁ‘U@Qﬁ’]iﬁﬂLLi\?ﬂ\?N’J‘U'Jﬂ’]Wﬂ'JEILVIﬂUﬂ Fourier-transform
infrared spectroscopy (FTIR)

thhegasanuseisinganm Juimisefirnuida 10,000 seusowit Wuan 5 wiit 9nduidanlan
UI390990 WievhuieiedSvuiauuudiBonuda (freeze dehydration) nsramuSunaesdusyneumnuaiives
nyilanduludiegs Ingldimatia FT-IR spectrometer (Bruker Tensor 27 Infrared Spectrometer) 14 PLATINUM
Diamond ATR Lﬂugﬂﬂiaflt.ﬁm 5ot 64 scans, Spectral resolution 4 cm’ d9@vAdY 4000-400 cm Safaeha
ay 5 ‘gﬁ (Bruker Tensor 27 Infrared Spectrometer) ¥in1satas1zslaglalusiunsy OPUS 7.5 (Bruker Optics Ltd,

Ettlingen, Germany)

NAN1FIVBUBTAAUTIENE
1. MmagauAMaNUAvraETanLIIRNEITININ

asanusaiadinmanansanuldlneiluluiivuasgaunid Tnsdnsnasanussdsindinmiinuazey
lungy wewiian (@mphiphilic molecule) %ﬂﬁﬂgﬂﬁ'mﬂ%'l,ﬂuﬁ’mmaﬂuﬁwaww'%amﬁmﬁmeﬁﬁwmmaxmm losan
arslunguiluansauandilunisvedns (Akbar et al, 2018) agrslsfinunisagnanansanusaiafiaanwlvile
AunmuaziivBnafiintuiefismeronnudenis suludesdinisudsluaneivanean wasdesanlunia
nsinuasiingiimdeldanmanensgniinduauuinnlagbiiausslond daflunsfnunifsiniinw ns
wAnansanussfsiatanw Ingldiudenduiindedisninmsauinanyhmsfnuauaudivesninduamsanusefisia
PRAUNITATIVNIAINITANDLATU 150 Emulsion Index (El) Inandnansanlsafsii@aninann L. plantarum 3C2-10
1AETIABINITHANATAARTIRERITINNVUIN 5 FRT

91NKaN13nTIIRaLTRveIn1 s duasanusefesiadanm (Biosurfactant; BSF) nananniudendy 1Ju
sepr 60 Ju femanTndeuNnAndTatures BSF wud dessernanmaviiniiadu @ B, EA uag ES e
Lﬁmgd%ﬂ LLazﬁﬁ’m’mﬁqmﬁszamm 60 Yu A 75.87, 82.57 way 81.74 mudsu saduaiilndifestu a1 El, EA

]
o v a A o

ez ES 989 10%SDS ageiivudAndenseaumnutedusagas 95 (P>0.05)

o

A197199 1 LanaAInsiialny (Foamability rate), meatinisiinddatu (Emulsification Index), AMAaNISUNISIAA
dilatiu (Emulsification activity) wag AIAMNAITITEDLATY (Emulsification stability) 989 BSF annUdendu
SreELIaINTUNN 60 Ju lUSeuisuiuans Bio-surfactant Commercial kag @154@3l 10% Sodium Dodecyl Sulfate

(SDS)

ANSNAEBY dnsanuseReRlInUiandy

AnENUANS
10 % 10%

Wuasanuss 1|23 adu | 59u | 690 | 79u |14 du| 21 du| 30 9u |60 u
Commercial| SDS

=S a
128 [2e]

Foamability 100.00 99.66 97.321 97.64° 97.71¢f 97.90bd 97.94b<d 98 073P<d 98 123b<d 98 433b¢ 98 733 98.822 98.90°

rate (mlY/min)

f f d

e g e e c c b ab a
El 100.00 96.31 64.45 63.60 62.13 6472 64.69 6596 69.49 6857 7441 75.03 7587
EA 100.00 85.71 75.08° 64.00¢ 63.819 72,23 74535 76.03> 71.61°¢ 74.48° 79.00% 79.57%0 go 572
ES 100.00 85.71 17.59' 21.47" 36.877 39.16°7 51.16% 60.59°¢ 63.415<¢ 65,755 72,213 7506°0 81.742

nabcd... wansnsissuliisumsiia El vsadfuieuiisuiusgnineiufivihnsnageunsin ( p < 0.05)
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2. wamsAneANuaImIsalunIsiialluve sEsanRIRaR TN
PMANANITATIIAMUENITAlUNSIAALNLYOIANTAALSIAIRITInNAN L. plantarum 3C2-10 agly

TagRuiudendu wudn Wedinisfiueinia 500 Taddnssewndl wuindnvauzveduilfetudvunadniasasilas

W7iguLin Bio-surfactant Commercial tag Sodium Dodecyl Sulfate ﬁﬁgﬂﬁ 2

b

10000 | 63.60 64.72 64.69 65.96 68.57 74,41 75.03 7587
. ----""Id
60

10% 10%

Ul
commercial SDS

sUN 2 wananisiin Foamability asanussfsia@aniwain L. plantarum 3C2-10 annasndu

v

3. avafeaunsiUdsundasaianuiunsa-asuasuSunagaunsd

MnMsBamuRanITUAsuLUamaaiiuas 1aunididesiutes BSF arnwdendulasld L. plantarum
302-10 Tulavunn 5 dns HanisinaaUIanaueearmuing (°Brix) nuin %Brix anadluiufl 9 wazisunsiinasn
szognaMsusing 60 Yu (U7l 3) Tsaeandesiudn pH fislUSunuanasededmauly 3 Suusn (U7 3) Fean1e
arundunsageiinuludenduty iesnannsanalsiiifisaior egrdlsinuiissdu pH 3.2 aniludsiivae
fndennduqauvasinsamenuaiizelundundnnsananin uenainimimdunsfifintudiunilenadnaunan
wanAnveuueTi3lungunannsauandniiinnsusinvielinglaa Fsaziiiulfannnsanaswesen *Brix uazsaves
miw%zgsuaqL%@Qauﬁﬂuu@iasﬁaaéw WUIIN1IeSuazius wILIINRL (Sudl 1) 89 2 Log (CFU/mU) u

SegrlIa 7 69 30 TW uarandnuiuauilosseziia 60 Tu (FUN 4)

450 - - 430 onyi
e=fl= "Brix
4.00 - - 4.00
350 - L 350 =~ pH
300 - = = = L 3.00
250 - L 250
X T
& 200 - L 200 G
150 - L 1.50
1.00 - L 1.00
0.50 - L 050
0.00 : : : : : : : 0.00

19 39 590 79w 149u 219U 309U 609U

218N15LIN

JUN 3 madsunasenududuvesvesuisnazasluin (Brix) uagArnnnadunsa-ing ludegnesyuunisngdn

BSF 1Junan 60 Yu
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)
"§ g ——PCA
d‘(gu_
g E 6 | - MRS
2 2
dg (@)
oy 4
c -
I~
S 2 -
que
)
0 T T T T T T T 1

194 39 549y 7AW 1494 219w 309U 609U
218NN

;s‘tJ‘ﬁ 4 134335y VBYRYAUNIEUNDMIST plate count agar (PCA) (a) waz De Man Rogosa and Sharpe (MRS) (b)

Tusegasyuuniswsin BSF Wuran 60 Tu vulidiowaseyi 37 °C wiu 24 4alus

4. ATIAATIIRIAUTENAUFANTULANAVIIETAAUTIRIRITINNABMATIA Fourier-transform
infrared spectroscopy (FTIR)

Mnnnsisuiisuadnadiesans BSF Aldanmandingetngiuaiama g nut awnaduues ans BSF
Fintindnewdendusanfundide L. plantarum 3C2-10 Fisuvinaunau 1718, 1590, 1449, 1378, 1369, 1227,
1107, 1023 uag 924 cm™ Fadudunmisesainninaisanussisiadinmiindnlnenunadide (Moldes et al
2013) warildnwuzadeivaunaduvosarsiiaiiluianavesasanussieindanmiindne1n  Lactobacillus
Jensenii P6A wag Lactobacillus gasseri P65 (Morais et al, 2017) athalsfnuiiowSeudiouiu asanusediein
N14N13AUa% sodium dodecyl sulfate Wusinlug C=0 stretching of carbonyl group LANAI9AIA ALUNATUVDS
@15 BSF f16@n97n L. plantarum 3C2-10 §aguil 5

uaziilofnnunsivdsundasesasduaiiiuianaves BSF 910 L. plantarum 3C2-10 naeaszezia
nsustn 90 Fu nudfievesanaditasaedu 1700-1500 cm Suwaldufingedufiszoznaniviin 14-60 Ty

wazanasfiszelIaIn1snin 90 Ju AagUN 6
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Z-0 sugar stretching

dred Wuogies Jo SunTlans g=3

@
@
a
£
E
5]

]

SOONLIR LEO0EC

bregge—— = = = = = = = e e = = o= o= = = — - = == -
bztge—— = = = = = = — I — — o = -

T T T T T
ol ] 50 wo 0 0
SYUf AIUBQIOS]Y

o

500
dl

AAINNITNUNIAYAUNNINTNYATTUARN €] NTTYSLIAINTINUN

a

2000 1300
5-268

(%

Wavenumber cm-1

2500

3000
1%

AU AUANTAALLTININININNITAN

FTIR Spectrum @315 BSF il

3500
=

al
FYUNYU

a
1Y

5U# 51U

21



2978.47

——2935.83
1589.08
1516.97
1449.68
~1406.85

- —1369.28

3256.27
1227.89
1075.18

014.86
929.06
888.86
859.81
824.77

Co<)
BRUKER
(>

——1718.40

Orange 1.0

1.0

Orange 3.0

Orange 5.0

0.7 0.8 0.9
| | |

Absorbance Units
0.6
L

[

)
\in\ﬁ/_/
IN

Orange 30.0

0.3
1

Orange 60.0

0.2
1

0.1
|

Orange 90.0

o - I I I I I L L
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

JUN 6 uana FTIR Spectrum wesans BSF ilaainnsudinidendu fisseziiainisvdn 0-90 fu

G

INNANITNAABINITRANATTANKIIRIAITININ (Biosucfactant) 910 L. plantarum 3C2-10 fingingae
Waendumdeiiannisaui wui wWdenduanunsaunvhnskanansanussisinfanmled Tunisminsauiu
nadundide L. plantarum 3C2-10 Imsi’mmﬂﬂ'wmiLﬁﬂ@ﬁaﬁuﬁuaﬁﬂdmﬁwﬂu (Emulsion index) g4fis 80 % i
svegiaNavin 60 Tu nmsnTdeuaualiAnIdannuaznaeiidesdunuin wWienduiundsanivou 9
LNENORDNITLATYUAZNITHANENS BSF Ue4 L. plantarum 3C2-10 5m7|”’ﬂLﬂﬁaﬂ?”mLﬂui’mqﬁuﬁmﬂé’dwLLasﬁiwm

gn dwabisuyuluniswdadias Sulunadsenisvenessiunisudnluszivanamnssunell

JoLdupLu

msAnwiluszAvanaiilvgdindudn Wwelilndldusiunisandunislusedvgpaivnssuasannian

AnRNSsUUTENA

MmATeilaTumMsaduayunuIn ea le & lulewa din annduideuadulasnsou (@sAnsumaw)

WATUMINGIRYTIVAINYTUT
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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 CO:is 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 wnpublished 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 mg/mL MOLE was sterilized by filtrating with 0.2 um-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, lys2o0 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 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 effect of MOLE on protecting cell wall under ethanol stress condition was investigated by
monitoring cell wall tolerance to Zymolyase (whose major activities are B-1,3 glucanase and p-1,3-

glucan laminaripentao-hydrolase). The cells were washed with TE buffer (10 mM Tris-HCl and 1 mM
EDTA, pH 7.5) and adjusted to ODego 0f 0.5 in TE buffer containing 100 pg/mL (1.5 Uy Zymolyase
20T (Zymo Research). Changing of the ODsgo Was monitored at 15-min intervals for 120 min
(Charoenbhakdi, Dokpikul, Burphan, Techo, & Auesukaree, 2016).
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3.4. Spot susceptibility assay

The yeast wild-type cells grown to log phase in YPD media was inoculated into YPD media,
YPD containing 3« and 7% (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.

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 of 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-incubationwith MOLE did not 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
conditions (Figure 2), suggesting that gallic acid and quercetin are not the bioactive compounds

responsible for protection against ethanol stress. Therefore, further investigation is required to
understand the mechanism of MOLE on reducing ethanol toxicity.
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5.Figures

100 -O- YPD
—/— MOLE
= 80
> —@— Ethanol
g 60 —a&— Ethanol + MOLE
o
3 40
(@)
O 20 +
0 } } } } } } } i
0 15 30 45 60 75 90 105 120
Time (min)

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 ODgoo of 0.5 in TE buffer
containing 100 pg/mL (1.5 U) Zymolyase 20T. Sensitivity to Zymolyase was monitored by measuring
the ODeoo at 15-min intervals for 120 min and expressed as a percentage of ODso relative to the 0
min point. The mean + SD values are from three independent experiments.
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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,
05, 1, 5 mgmL 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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