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

©

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

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

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

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

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

1. Computer Science and Information Technology

. Mathematics and Statistics
. Physics and Energy

. Chemistry and Forensic Science

. Environmental Science and Technology

2

3

il

5. Biology, Biotechnology, and Microbiology

6

7. Food Science and Technology, and Home Economics
8

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

o

diinanuaugnIINNINITEANAnK

Office of the Higher Education Commission

A11NUAMENTTUNTITEUAIYA
National Research council of Thailand

Faculty of Science

University of Hradec Kralove (Czech Republic)

—

Okayama University (Japan)

OKAYAMA

UNIVERSITY

Ho Chi Minh City Open University

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

WIME§e v el ﬁ ( \

Chiang Mai Rajabhat University

Facutty of Sclence and Technciogy
‘Ching Mai Rasbhat Universiy

U INGIRETIVI)UATATTITUIY
Nakhon Si Thammarat Rajabhat University

W IngdesvAna1Ue
Lampang Rajabhat University

UM AINYITYTIVAUMETAY
Rajabhat Mahasarakham University

U INENFEVANaNaUAT
Sakonnakhon Rajabhat University

WIS TvAgasuns
Surindra Rajabhat University

WNIMERE YA AyaaIRsI
Pibulsongkram Rajabhat University
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WRANNTIN wasHauayu

Conference Co-hosts and Supporters

UININYIRUTIVH VNGRS
Thepsatri Rajabhat University

IR TV UATIYEN
Nakhonratchasima Rajabhat University

NAKHON RATCHASIMA RAJABHAT UNIVERSITY

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

Sithiphorn Associates Co.,Ltd. associates

US9n 1w leeud I1in

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

CONSULTANT ¢ NY LIMITED

United Analyst and Engineering Consultant Co., Ltd.

USE¥ wasa 31179 MERCK

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

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

For the Better
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Conference Committee

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

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

UMINEENALLLAENTLIBUNANTEUATIATD

King Mongkut’s University of Technology North Bangkok

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

Chiang Mai Rajabhat University
IR T BAUATINFEN

Nakhon Ratchasima Rajabhat University

N IMeNdu A UATUTY

Nakhon Pathom Rajabhat University

U INede v auEum

Suan Sunandha Rajabhat University

anfumalulagnszaeuindninaummsaiansy e
King Mongkut's Institute of Technology Ladkrabang
wnIeayNvAyaaIasm

Pibulsongkram Rajabhat University
UAIMIAE BN Te sl

Chiang Mai Rajabhat University
WAINNRETVAYNARS

Thepsatri Rajabhat University
WINNFETVAUATIIVENN

Nakhon Ratchasima Rajabhat University

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

Pibulsongkram Rajabhat University

IR BTt

Chiang Mai Rajabhat University
WNINeFEsTIUAERNS

Thammasat University

UINNRYTIVAWERT

Thepsatri Rajabhat University
wninendemalulagnszaounasuys

King Mongkut’s University of Technology Thonburi
WIS UAY UM

Suan Sunandha Rajabhat University
WISV UM

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

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

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

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

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

Asst. Prof. Dr. Thanakorn Pluangklang
feemansnansd asadan seuatan

Asst. Prof. Dr. Wanida Wonsawat

919158 A% WaBENIIY logniin

Dr. Ploysai Ohama
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10

11

12

13

14

15

399A1EART1A3Y A5 U3 Fuifinad

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

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

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

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

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

Dr.Pakkakul Sangsuriya

HYI8AanT138 Asiieuie Pius

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

Dr.Triwit Rattanarojpong

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

Dr.Wattana Panphut

Dr. Mohammad Bagher Javadi Nobandegani

Dr. Ha Thanh Dong
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Royal Police Cadet Academy
Tsseuwneiondsna

Royal Police Cadet Academy

W IneaevigiyadnsIy
Pibulsongkram Rajabhat University
W Ivendenviggiin

Phuket Rajabhat University
WNIMERE VATl

Chiang Mai Rajabhat University
WIMEIRETIVA NS

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

Suan Sunandha Rajabhat University
WISV e ueium

Suan Sunandha Rajabhat University

UINEFNATAERS

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

Surindra Rajabhat University
WInendesvigaiuns

Surindra Rajabhat University
UAINIAE Yo sl

Chiang Mai Rajabhat University
AudiugimnIsuLazmalulaginmuviani

National Center for Genetic Engineering and Biotechnology

WINNFETVAUATIIVENN
Nakhon Ratchasima Rajabhat University
WM aEmAlLLAENTEARUNATUYT

King Mongkut’s University of Technology Thonburi

UNINYIFBURAS

Mahidol University

UM INYT VAT

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGTETIUL AU

Suan Sunandha Rajabhat University
UMINYTETIVL AU

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

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

Dr. Thanida Chuacharoen
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1

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

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

Ampika Nanbancha

Editorial Board

1

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

Prof. Dr.-Ing. Mitra Djamal

Assoc. Prof. Dr. Nguyen Hieu Trung
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Chulalongkorn University
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Chulalongkorn University
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Pibulsongkram Rajabhat University
WIMEIRETIVA NS

Thepsatri Rajabhat University

U INYFY TV e Ueium

Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Mahidol University
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Kasetsart University
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Pibulsongkram Rajabhat University
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King Mongkut's Institute of Technology Ladkrabang
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Suan Sunandha Rajabhat University

PHIANTUNINGS
Chulalongkorn University
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Mahasarakham University
wnIvendenadgiin
Phuket Rajabhat University
UMINeIREURRA

Mahidol University
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Mahidol University

UMINGT VAT
Suan Sunandha Rajabhat University
Kyungpook National University, Korea

Institut Teknologi Bandung, Indonesia

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

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

Dr. Vinh Truong Hoang

Dr. Wong Tze Jin

Dr. Stephen Raymond Morley

Editorial Managers

1

10

11

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

Dr. Wattana Panphut
NA.A3.YAUEY @MTaNa

Asst. Prof. Dr. Tatsanawalai Utarasakul

NA.AT. AN FOUAT

Asst. Prof. Dr.Pijittra Jomsri
9.0 219Ad99N

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

Dr. Thanida Chuacharoen
3. Auadd uauAinus

Dr. Sansanee Sansiribhan
ATYAYTA HANTUTIY

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

3838 aune

Dr.Suriyan Sompong

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

Vietnam National University, Vietnam

Kyungpook National University, Korea

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

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

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

Zurich Swiss Federal Institute of Technology (ETH), Switzerland

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

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

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

Viosuanysni U 2 nguaIeeansnIivILaEInEImansaun W
Wiosuanusn & fu 2 nguavafinaedfinetmans

NOIYHUINTY 18 Hu 2 nauaineenansauandounasinelulad

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

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

viosuanyini U fu 2 nguaineeansnivILayInemansaun
Vioeuanysnt & fu 2 nguaadinmaniuazadn

WOIYWUINY 18 fu 2 nguaineenansaunndounasinelulad

Viosywuany U 2 nguanTiner meluladtniw uazqadainen

VONTsULeaRIN U 3 nguavInenmansuazimalulagnisemsuazansuAans

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

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

©

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

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

Krungthon Ballroom, 3™ floor

@) SsSeisi

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

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

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

Presenting poster presentation certificates at the presentation area

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

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

Krungthon Ballroom, 3™ floor

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

Sports and Health Science

Chemistry and Forensic Science

Environmental Science & Technology

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

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

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

Presenting oral presentation certificates at the presentation rooms

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

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

Chairperson Co-Chairperson

Dr.Vinh Truong Hoang 919158 As.AnfnM dnesiuns

Vice-Dean, Faculty of Information Technology Wnihandyingimansussandanyinemaniuasinalulad

Ho Chi Minh City Open University

K
U
[

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

Paper Code/ International/

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

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

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

- 16 -

International/

National

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

National

National
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

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

555CI12019_CS_36

$55CI2019 O 221

$55C12019 CS 21
$55C12019 O 130

$55CI2019 CS 39
$55CI12019 O 250

555CI12019 CS 23
555CI12019 O 150

$55C12019 CS 20
$55C12019 O 123

$55C12019 CS 19
$55C12019 O 122

$55CI2019 CS 5

$55CI2019 P_42

$55CI2019 CS 7

$55CI2019 P_d5

Name

=] =]
U3n1550 SNWENBNTFEU

Preedawon Kadmateekarun

MeYau Wnzdns

Kanchana Kanthachak

dn3siy) 1aulsas

Jakapat Janethaisong

Uszu Wuoen

ufing lveuen
Bopit Chainok

e LCRTREI TRV

Voottichai Nakpeata

s wAee

Pattanan Nakyos

Fuyg Insanwal
Chatchuda Potiluck

glsassal Snwnnaed

Uraiwun Ruxpakawong

Institute

Suan Sunandha Rajabhat

University

WIS TvY
Wedl

Rajamangala University
of Technology

Suvarnabhumi

Refreshment Break

WNINYIRYTIVAYNYTYS

N IMeNdu A UATUTY

Rajamangala University
of Technology
Suvarnabhumi

Rajamangala University
of Technology

Suvarnabhumi
Mahidol University

UM INENFE1VA])
AyasaAsl

Topic

ATHAULDNNALATUTEUUIAN1TTALUN
BRLuLiA
nsdaasuniseusnuiUyeviesdiudums
X . . - " .
wingiasensangldmaluladnisreuiimes

mMsdanisanulasasuvesiiduiea

nRALISEUUNISIANTS RISy yNeaulall
AN ImManswasinalulag wnIne de sy
Agunsys

sruunTvinanmenaninasenmninly
Ualdearsu?

nstlassngangitnUssendldu

M luslapeaun v dumsuuasevielsany

FEUUANTAUVAAIUANNITUTELIANANSANY
ASMANEINGIFENNTIANNT

UNINYIRENTARA

nsafluunAgeUAAYEUALTOLA LAZATIY
Aneu LnudnlulR
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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

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

-19-



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
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No.

10

11.

12.

13.

14.

15.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

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 4u 1

Conference Schedule: M%UANI

Poster presentation for participation

Topic

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

Theme

Computer Science and

Information Technology

Computer Science and
Information Technology
Computer Science and

Information Technology

Computer Science and

Information Technology

Mathematics and Statistics

Poster presentation for evaluation committee (UaUBNANULAZN1IATIVAALLULIAENTTUNTINTIALA)

Poster presentation awards ceremony (WSNaUT At ausranUITINITUTELANIUAMDS)

Name

#3559 1a3ny5mul

Sirithorn Jalearnrat

AUAUA JUNSAYYING
Somjin Junatarajessadkorn
an1SPU INRIUING

Sakauwrat Jongpattanakorn

alging Tawn
Natthawut Soha

USendnil urmaassal

Preyarat Naksuwan
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a

q

Institute

UNINGEE
wansAng

UM INEGY
A uATUTY

UAINYIRBLNYATAERS

PanTalvIne1de

WNIMYIFBYTN



No.

10.

11.

12.

13.

14.

15.

16.

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

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

$S5CI2019 PH 13

$55CI2019 P 66

$S5CI2019 PH_14
$55CI2019 P 94

$55CI2019 PH_15

$55CI2019 P 110

$55CI2019 PH_16
$S5CI2019 P 111

SSSCI2019 PH 19
5SSCI2019 P 131

Topic

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

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

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

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

WYY DINAINLAAE D TIIN9ASINYAT

Theme

Mathematics and Statistics

Mathematics and Statistics

Mathematics and Statistics

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Name

Chainarong Pianpailoon

alngdld A
Nattinee Khongnual
AnfAnNs wawny
Kittipat Pondach
FNAY A9

Singhadej Tangjuank

Kittisak Sriwongsa

Kittisak Sriwongsa

Kittisak Sriwongsa

Yuttana Sriudom

suind Sygadiu

Thanawat RangSungnoen

eyl Feas

Panupat Chaiworn

WIEANA Inayns
Pongsuk Jittabut
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Institute

Sakon Nakhon Rajabhat
University
N INESYTUAY
UATAIDITUTIY
W INESYTVAY
UATAIDITUTIY

WNINGIRENUAY R Ane
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DEVELOPMENT OF INNOVATIVE MEDIA FOR
COMMUNICATION SANGHA IN PHRA NAKHON, BANGKOK,
THAILAND

! Ven. Way Sokhom™
Faculty of Social Sciences and Humanities Mahidol University, in Nakhonpathom Bangkok, Thailand

E-mail;waysokhom@gmail.com

Abstract

This research used mixed methods such as qualitative method and quantitative method.
Obijective of the study were to: 1) to study the states and problems of innovative media development
for communication, case study Sangha in Phranakhon, Bangkok, Thailand. 2) To develop the
approaches for increasing efficiency development of innovative media for communication, case
study Sangha in Phranakhon, Bangkok, Thailand. The same group of this study was Sangha in Phra
Nakhon district such as abbot of 14 temples and general 130 monks (all of the monks) who are
belong to temples for questionnaire interview and total of 140 monks. The research has found out
of two methodologies such as: Qualitative Methodology, research has been conducted to use
interviewing Semi-Structure and research has been designed data that from Quantitative
Methodology to create questionnaire for interview. There are 7 issues having to these: Population,
Research developing, Research design, Examining quality of research instrument which is used in
the research, Data collection, Data analysis and Statistics for data analysis and scope of content to
study theories and research relation for development of innovative media for communication
Sangha in Phra Nakhon district. In six concepts such as: System, Strategies, Resources, Budget,
Efficiency and Information of Management. The research instrument was Questionnaire and Semi-
Structure. Statistics of the study were frequency, percentage, mean, and S.D. and Graph plot.

The research outcome showed the sample group of respondent monks in Phra Nakhon
district, Bangkok, Thailand and 130 monks appeared that the first factor, System of the
Administrative monk need to focus on organization to competition, so that, it should improve
process of innovative media development for communication and buy new equipment related to
innovative media for communication. The secondly factor, about the Strategies of the administrative
monks should improve process strategy gain advantage to the temple because head monk of
organization has used a new strategy plan for develop of temple. The thirdly factor, about Resource
of the administrative monks has been created by the network innovation effectively, such as human-
ware, hardware, software, and supported people, so that Abbot need a good quality of resource.
The fourthly factor, about Budget of the administrative monks could have budget for manage and
saving money to support the project of temple in the future. The fifthly factor, about Efficiency of
the administrative monks could implement, enforcement of technologies, products, and services, it
still need knowledge, joint venture, training staff, team work and good efficiency. And the lastly
factor, about Information & Management of the administrative monks could have suitability of
advertising of information for using two of communication that by sending information one face to
face and message one temple to another temple get information rapidly. The another objectiveness
found that 10 Abbots in Phra Nakhon district for communication innovation development about
how to inform internet using carefully which may conflict to monk discipline, efficiency temple
net-work for all member in temple and people around the temples service by rapidly and
convenience, group line creating for uploading message and saving of work, maintain the
equipment to repair for saving budget; otherwise, the Sangha of organization should develop how to
use telephone, mobile, internet, email and line, electronic, VDO conference, package program data



base, Facebook, YouTube, computer and notebook that no have the conflict to monk discipline
also.

Keywords: DEVELOPMENT; INNOVATIVE; MEDIA; COMMUNICATION; SANGHA

INTRODUCTION

1.1Background and significance of the study

South East Asia that got potential of Buddhist more than 2561 and have result in life, so
religion and culture can service life that it was very important for belief and reaction for do good in
the religion. The power of Buddhist is very important for power of government, administration,
management and Sangha of Thailand. Primitive world that was leader manage for old modern that
have only leader and vice assistant of leader when they fight with enemy, but in theses world will
be development and improvement more faster followed by globalization after study of public
administration and it has process of administration such as: policy, authority, morality, society,
planning, organizing, staffing, directing, coordinating, reporting and budgeting. All of processes
above leader should follow all steps for administration.

In present, everything in the world is changing such as: administration, management,
technology, knowledge base economy and digital economy. Including, Sangha of Buddhist monk
live in society and meet globalization that Sangha has problem related the development of
innovative media for communication. Therefore, researcher has interested in studying development
of innovative media for communication of Sangha administration and offer benefit to study
administration of Sangha development.

The most important that found the four problems of Sangha in Thailand such as: Firstly,
structure of centralization authority and less efficiency. Secondly, closely relationship with power
of government. Thirdly, live far a way of society and estranged of social that was not pick up and
finally, lack of monitoring and improving of discipline. (Phra Phisarn Wattanakun (Titapunyo),
2558 B.E.), pp. 246-247.

Beside to this case, Phra Dhamakhoschan (P.A. Payutto Phra Yun Dhamaketo) said that the
sangha organization administration should be getting done through other people by five principles,
one of those is directing that mean how to use communication for planning operation and the monk
administration should have human relation and leadership. (Phra Dhamakhosachan, P.A. Payultto,
1999 C.E, p.18)



RESEARCH OBJECTIVE

2.1 Objective of the study

1.2.1 To study the states and problems of innovative media development for
communication. Case study Sangha in Phranakhon, Bangkok, Thailand.

1.2.2 To develop the approaches for increasing efficiency development of innovative

media for communication. Case study Sangha in Phranakhon, Bangkok, Thailand.

2.2 Terms of definition

Development of Innovation Media for Communication means about improvement
the of method and instrument using for communicating between Sangha organization and
temples under juristic of Phra Nakhon district that could have been effectiveness in two-
ways of communication.

Sangha administration means management of Sangha in Phra Nakhon, Bangkok,
Thailand in 14 temples of 140 monks including of all kind of management both state and
private sectors whiles the word Administration and Management are used to replace each
other but mostly, Administration is used for state organization and non-profit organization

meanwhile, Management is used for private business in the most.

2.3 Expected outcome

All of relative data by development of innovative media for communication Case Study in
Phranakhon, Bangkok, Thailand and researcher use in society and effect in to policy of high class
top monk of academic.

1.6.1 To get understanding of data in old communication and new innovation of
Sangha and be an approach to solve of Sangha and public organization.

1.6.2 To give this data and suggest to top head of monk (Phra Mahatherasamakhom)
for correct and understanding to develop head monk of Phra Nakhon district in Bangkok,
Thailand.

1.6.3 To give this data to government update new policy and give to general public
for citizen understanding and development of innovative media for communication Sangha

administration.



2.4 Conceptual of Study
Study Valuables

Personal Factors

-Age

- Education

- Level of Dhamma & Pali
- Year of monkhood

- Position of monk
-Position Work Experience

Concepts of innovative media for administration
1. System: (Swan and Scarborough (2005)), (Teece, 2012)
2. Strategies: (Belasen, 2008), (Pfeffermann, 2011), (Lindgren and
Bandhold, 2009; Ringland, 2006), (Pfeffermann et al, 2008), (Fog et
al, 2005), (Krishna, 2010; Rempel and Esch, 2009)

3. Resources: (Sheetal Doshi Agarwal, 2015)

4. Budget: (Ezassi, 2018)

5. Efficiency: (Mast / Huck / Zerfass, 2005)

6. Information of Management: (Henry W. Chesbrough, 2006),

(Rogers, E. M. 2003) and (Helfat, C., et al., 2007).

Suggestion Development Approaches

Figure 1-1 Conceptual of Study



RESEARCH METHODOLOGY

This research is about Development of Innovative Media for Communication Case Study:
Sangha in Phranakhon, Bangkok, Thailand by mixed methodology. The researcher has found out of
two methodologies such as: Qualitative Methodology, researcher has been conducted to use
interviewing Semi-Structure and researcher has been designed data that from Quantitative

Methodology to create questionnaire for interview. There are 7 issues having to these:

3.1 Population
3.1.1 Population for Qualitative Methodology

To study development of innovative media for communication of Sangha in
Phranakhon district have 14 temples such as 1. Wat Phra Chetuphon Vimolmangklararm
Rajwaramahaviharn, 2. Wat Mahadhat Yuwarachrangsarit, 3. Wat Suthat Thepwararam, 4. Wat
Chanasongkram, 5. Wat Sam Phraya, 6. Wat Sangveswit sayaram, 7. Wat Thepthidaram
Worawihan, 8. Wat Ratchburana Ratchaworawihan, 9. Wat Intharawihan Phraramlung, 10. Wat
Rachanatdararm, 11. Wat Wat Mahan Pharam Worawihan, 12. Wat Parinayok Worawihan, 13. Wat
Eeam Waranut and 14. Wat Mai Armataros. Therefore, interview such as head monk of Phra
Nakhorn district 1 monks, Secretary of Phra Nakhorn district 1 monks, Head monk of communes 2
monks and secretary monk of communes 2 that total are 6 monks and general of monk in
Phranakhon. In Phranakhon district have 14 temples that researcher selected for qualitative data to
interview all of temples in Phranakhon area. Hence, researcher will conduct interview with semi-

structure questionnaires.
3.1.2 Population for Quantitative Methodology

Abbot of 14 temples around Phra Nakhon district and general 140 monks (all of the monks)
who are belongs to temples for questionnaire interview and the progress of questionnaire had lost

10 questionnaires that monks didn’t respond to researcher.

3.2. Research Developing

1. Research instrument is used in collecting data in order to use in this research was
interviewing semi-structure which researcher created by study from documents, theories and
reviewing related literatures then bring those information to be semi-structure interviewing in six
concepts.

2. The questionnaire which is used in this research including of 3 parts as follow:



Part 1, the first was a questionnaire about personal factors of respondents. (Check list)
classified as age, education, level of Dhamma & Pali, year of monkhood, position monk and

position work experience.

Part 2, Question about objective of development of innovative media for communication the
following criteria such as: System, Strategies, Resources, Budget, Efficiency and Information of

Management, which applied from Likert’s 5 rating scales model and weighted the level as follows;

Level 1 means the states or problems had been the least.
Level 2 means the states or problems had been the less.
Level 3 means the state or problems had been moderate.
Level 4 means the state or problems had been much.

Level 5 means the state or problems had been the most.

Part 3 opened ended of how to develop the approaches for increasing efficiency of Sangha.

3.3 Research Design
Instrument making in this research, the researcher has operated instrument making to use in
this research about ADDIE Model such as 1.Analysis 2.Design 3.Development 4.Implementation

and 5.Evaluation as follow:
3.3.1 Analysis concept and theory

Analysis document about questionnaire (semi-structured interview by one on one/face to
face) and book, literature, theory and related for research conceptual study to six guidelines such as
System, Strategies, Resources, Budget, Efficiency and Information of Management for selecting the

items making.

3.3.2 Design

Selected concept and theory are design a semi-structure interview, to design questionnaires
and to generate questions for respondents. Thus, researcher has to design all of questions based on
conceptual framework between quantitative questions and qualitative semi-structure questionnaires.

3.3.3 Development

The researcher has been proved semi-structure interview and guestionnaires by using
Indexed of Items of objective congress. Indexes of Item of Objective Congruence (IOC) to develop
semi- structured interview and questionnaires for research tool validity value above 0.67 and proved

reliability of questions researcher has been used Cronbach’s Alpha value was 0.954.



3.3.4 Implementation
Quialitative interview 6 monks such as head monk of Phra Nakhorn district 1 monks,
Secretary of Phra Nakhon district 1 monks, Head monk of communes 2 monks and secretary

monk of communes 2 that total are 6 monks.

Quantitative questionnaires abbot of 14 temples around Phra Nakhon district and 134
general monks who belong to the temples for questionnaire interview Sangha in Phranakhon district
and Phranakhon district have 14 temples such as 1. Wat Phra Chetuphon Vimolmangklararm
Rajwaramahaviharn, 2. Wat Mahadhat Yuwarachrangsarit, 3. Wat Suthat Thepwararam, 4. Wat
Chanasongkram, 5. Wat Sam Phraya, 6. Wat Sangveswit sayaram, 7. Wat Thepthidaram
Worawihan, 8. Wat Ratchburana Ratchaworawihan, 9. Wat Intharawihan Phraramlung, 10. Wat
Rachanatdararm, 11. Wat Wat Mahan Pharam Worawihan, 12. Wat Parinayok Worawihan, 13. Wat
Eeam Waranut and 14. Wat Mai Armataros and in 134 general monks who belong to temples.

3.3.5 Evaluation

Qualitative evaluation technique, research has been evaluated data to categories on six
guidelines by using triangulation technique quantitative evaluation techniques, researcher used
computer analysis package program and researcher evaluated arithmetic mean x according to the
scores as follow;

1.00 to 1.49 inform to state or problem is the least level
1.50 to 2.49 informs to state or problem is the less level.
2.50 to 3.49 inform to state or problem is moderate level.
3.50 to 4.49 inform to state or problem is much level.

4.50 to 5.00 inform to state or problem is the most level.
3.4 Data analysis

3.4.1 Researcher has been merged data between quantitative data and qualitative data to

present approaches for increasing efficiency development innovative media for communication.



RESEARCH RESULTS

Outcome of data analysis of the topic “Development of Innovative Media for
Communication Sangha in Phra Nakhon, Bangkok, Thailand”, researcher has spent one month for
collecting questionnaires and semi-structure interview from monks at Phra Nakhon district, in
Bangkok, Thailand some 130 monks for questionnaires and some 10 monks for semi-structure
interview that total all 140 monks which has started since of this process duration of study on April

1%, 2019 — May 1%, 2019 after that researcher has taken the datas to analyses.
4.1 Quantitative Data is all data as table of Statistics and Histogram:

Data processing, researcher has used computer program, SPSS statistic that used in
data analysis. Statistic that used is called Descriptive Data. Researcher submitted the analysis in 3
parts such as:

Part 1 the first was a questionnaire about personal factors of respondents of monks
that is studies about frequency and percentage, mean, standard deviation.

Part 2 question about objective of development of innovative media for
communication the following criteria such as: System, Strategies, Resources, Budget, Efficiency
and Information of Management, which applied from Likert’s 5 rating scales model and weighted
the level that is studied about percentage, mean, standard deviation and descriptive data of
questions.

Part 3 Part opened end of how to develop the approaches for increasing efficiency of
Sangh in Phra Nakhon district, Bangkok, Thailand.

Part 1 personal factors of respondents of monks

The respondents of data analysis had conducted in 130 respondents



Table 4-1 number of respondents in age

N Valid

Missing

130

Table 4-2 frequency and percentage of respondents in age factor

Cumulative
Frequency | Percent | Valid Percent Percent
1.00 (20 - 30 years) 33 25.4 25.4 25.4
2.00 (31 -40 years) 42 32.3 32.3 57.7
\Valid 3.00 (41- 50 years) 33 25.4 25.4 83.1
4.00 (51- 60 years) 17 13.1 13.1 96.2
5.00 (Over 60 years) 5 3.8 3.8 100.0
Total 130 100.0 100.0
Frequency of age
m1.00 (20 - 30 years)
m2.00 (31-40 years)
3.00 (41- 50 years)
m4.00 (51-60 years)
m5.00 (Over 60 years)

Figure 4 - 2 Frequency of age

In this research has analyzed in age factor that presented respondents age between 20 — 30 years
have 33 respondents and 25.4 percentage, respondents age between 31 — 40 years have 42
respondents and 32.3 percentage, respondents age between 41 — 50 years have 33 respondents and

25.4 percentage, respondents age between 51 — 60 years have 17 respondents and 13.1 percentage

and respondents age between over 60 years have 5 respondents and 3.8 percentage.




Part 2 objective of development of innovative media for communication
Question Al is the hierarchical monk mechanisms of control could support innovation media for
communication.

Table 4-3 descriptive data of question Al

N Minimum | Maximum | Mean Std. Deviation
Al 130 1.00 5.00| 3.0308 .98782
\alid N
listwise) 130

For the first question presented respondent is 130 persons, answered minimum of attitude is 1 level
that means least attitude system and maximum of attitude of system is 5 levels, mean is 3.03 and
standard deviation is 0.99 that is the hierarchical monk mechanisms of control could support
innovation media for communication is moderate in attitude of system.

Question A2 is the organization of the Buddhist monastery temples is flexible and open to use of
innovative media development for communication.

Table 4-4 descriptive data of question A2

N Minimum | Maximum | Mean Std. Deviation
A2 130 1.00 5.00| 3.0615 .86941
Valid N 130
|(listwise)

For the second question presented respondent is 130 persons, answered minimum of attitude is 1
level that means least attitude system and maximum of attitude of system is 5 levels, mean is 3.06
and standard deviation is 0.87 that is the organization of the Buddhist monastery temple is flexible
and open to use of innovative media development for communication is moderate in attitude of
system.

Question A3 is the organization of Buddhist temples use input method media mix wireless,
satellites, Cable and as an innovative media development for communication.

Table 4-5 descriptive data of question A3

N Minimum | Maximum | Mean Std. Deviation
A3 130 1.00 5.00( 3.0846 .88951
\/ali
alidN 130
|(listwise)

For the third question presented respondents are 130 persons, answered minimum of attitude is 1
level that means least attitude system and maximum of attitude of system is 5 levels, mean is 3.08
and standard deviation is 0.89 that is the organization of Buddhist temples use input method media
mix wireless, satellites, Cable and as an innovative media development for communication is

moderate in attitude of system.



Question A4 is the organization of Buddhist temple has process for innovation media development
for communication.

Table 4-6 descriptive data of question A4

N Minimum | Maximum | Mean Std. Deviation
Ad 130 1.00 5.00( 2.8692 .91828
\alid N
|(listwise) 130

For the four question presented respondents are 130 persons, answered minimum of attitude is 1
level that means least attitude system and maximum of attitude of system is 5 levels, mean is 2.87
and standard deviation is 0.92 that is the organization of Buddhist temple has process for
innovation media development for communication is little in attitude of system.

Question A5 is the organization of Buddhist temple need to create new outcome system innovative
media development for communication from other organizations.

Table 4-7 descriptive data of question A5

N Minimum | Maximum | Mean Std. Deviation
A5 130 1.00 5.00| 2.8692 .91828
\Valid N
L. 1
|(listwise) 30

For the four question presented respondents are 130 persons, answered minimum of attitude is 1
level that means least attitude system and maximum of attitude of system is 5 levels, mean is 2.87
and standard deviation is 0.92 that is the organization of Buddhist temple need to create new
outcome system innovative media development for communication from other organizations is little

in attitude of system.
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Figure 4-3 Comparison of details in system innovative media development for communication
The data are presented system innovative media development for communication found 3 factors
should develop to success as follows: the hierarchical monk mechanisms of control could support
innovation media for communication (Al: average is 3.03), the organization of the Buddhist
monastery temple is flexible and open to use of innovative media development for communication
(A2: average is 3.06) and the organization of Buddhist temples use input method media mix
wireless, satellites, Cable and as an innovative media development for communication (A3: average
is 3.08) however, to improve the system innovative media development for communication should
improve to success as follows: the organization of Buddhist temple has process for innovation
media development for communication (A4: average is 2.87) and the organization of Buddhist
temple need to create new outcome system innovative media development for communication from
other organizations (A5: average is 2.87).
Part 3, opened ended of how to develop the approaches for increasing efficiency of Sangha in
Phra Nakhon district, Bangkok, Thailand such as:

About the system suggestion; the Sangha organization of Phra Nakhon district should have
technological course in major of Dhamma learning in Pali step 1 to Pali step 9, and also has modern

innovation learning course in education of Sangha system.

About the strategy suggestion; Sangha organization of Phra Nakhon district should develop
communication media and create the innovation media for monks, study the state of problem in
each location for study discovering, analyzing, researching, evaluating, advising and teaching all of

monk to perceive Sangha strategy of development innovative media communication.

About resource suggestion; the Sangha organization of Phra Nakhon district should have people-

ware, learning resources, modern innovation service, specific communication service organization ,



Personnel, enhancement and knowledge, object material, university or institute of communication
and internship training course for Sangha resource of development innovative media

communication.

About budget suggestion; the Sangha organization of Phra Nakhon district should have the

budgeting for net-working internet and Wi-Fi.

About efficiency suggestion; the Sangha organization of Phra Nakhon district should have been
efficiency budgeting, controlled-laws protecting error happening, and got readiness and focusing on

practical more than theoretical performance.

About information & management suggestion; the Sangha organization of Phra Nakhon district

should have personnel training course in modern equipment.

4.2 Qualitative results of Development of Innovative Media for Communication Sangha in
Phra Nakhon, Bangkok, Thailand from semi-structures of 10 monks such as:

The recommendation of 10 Abbots in Phra Nakhon district for communication innovation
development about how to inform internet using carefully which may conflict to monk discipline,
efficiency temple net-work for all member in temple and people around the temples service by
rapidly and convenience, group line creating for uploading message and saving of work, maintain
the equipment to repair for saving budget; otherwise, the Sangha of organization should develop
how to use telephone, mobile, internet, email and line, electronic, VDO conference, package
program data base, Facebook, YouTube, computer and notebook that no have the conflict to monk

discipline also.

4.3 Improvement factors for Development of Innovative Media for Communication Sangha in
Phra Nakhon, Bangkok, Thailand

The administrative monks should improve administration as follow:

1. To focus on process for innovative media development for communication (A4).

2. To focus on outcome system innovative media development for communication
from other organization (A5).

3. To focus on strategies management of the organization Buddhist temple has
innovative media development for communication decision making process of
the stakeholders (B1).

4. To focus on there is a clear of strategies innovative media development for

communication of the organization Buddhist temple (B2).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

To focus on strategies to gain advantage other organization (B3).

To focus on strategies of the organization Buddhist temple related companies of
innovative media development for communication (B4).

To focus on there is human-ware of volunteer for support system innovative
media development for communication (C1).

To focus on there is hardware for using innovative media development for
communication (C2).

To focus on there is software management for innovative media development for
communication (C3).

To focus on the community support in innovation media development for
communication (C5).

To focus on the budgeting for innovative media development for communication
is enough for hardware (D1).

To focus on the budgeting for innovative media development for communication
is enough for software (D2).

To focus on the budget supported the strategy of innovative development for
communication (D3).

To focus on there is budgeting of provident fund for innovative media
development for communication (D4).

To focus there is knowledge joint venture of innovative media development for
communication (E1).

To focus on there is training staff for innovative media development for with
team work in the organization of Buddhist temple (E2).

To focus on checking and balancing the data through the innovative media
development for communication with team work in the organization of Buddhist
temple (E3).

To focus on the relationship between head organization temple of Sangha in
using innovative media for communication (E4).

To focus on the environment of general monks can select innovative media
development for communication (F1).

To focus on the information of context applies for Buddhist of organization (F2).
To focus on the information technology is updated by information of technology

innovative media development for communication (F3).



4.4 Improvement framework
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Figure 4-4 Improvement frameworks
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Abstract

Pon-Yang-Kham Fattened Cattle, Thai-French beef cattle, is a high-quality beef that has been popular
with both Thai and foreigners. Also, it is the top economic animal of Sakon Nakhon Province.
Therefore, this research was done to provide another public relations channel for Pon-Yang-Kham
Fattened Cattle Sakon Nakhon Province to make it more well-known through mobile phones, which
is a very popular communication device. The purposes of the research were to develop an application
for Pon-Yang-Kham Fattened Cattle in Sakon Nakhon Province on Android operating system, to
assess the efficiency of the application, and to assess user satisfaction towards the application. The
research started by gathering information about Pon-Yang-Kham Fattened Cattle then analyzed and
designed the application, which consisted of web application and mobile application. After that, the
application was implemented and tested. It was then assessed the efficiency by experts. Lastly, its user
satisfaction was assessed by a sample group using an assessment form.

The developed application had six main menus, including Pon-Yang-Kham history, breeds, fattening
methods, types of beef, livestock farmer groups, and recommend restaurants. The efficiency
assessment result by five experts was at a high level, with an average score of 4.26. The satisfaction
assessment result by 100 users was at a high level, with an average score of 4.15. In summary, the
developed application had acceptable efficiency and could be used as a tool for publicizing Pon-Yang-
Kham Fattened Cattle information. Suggestions for further development, the application should have
a channel for contacting experts, and for sharing knowledge or notifying about news and promotions.

Keywords: Pon-Yang-Kham Fattened Cattle; Application; Android Operating System;

1. Introduction

Ko Khun Pon Yang Kham or Pon-Yang-Kham Fattened Cattle is derived from crossbred Thai-
French beef cattle. The cattle have emerged from artificial insemination between 3 breeds, including
Charolais originated in France, which is the main breed, Simmental originated in Switzerland, and
Limusin originated in France (Pon Yang Kham Livestock Cooperatives, 2015). When the crossbred
cattle are about 2 years old, they will undergo the -cattle fattening process by deworming,
vaccination, and castration before putting in the stables. Pon Yang Kham Livestock Cooperatives use
a technique that lets the cattle listen to music to make them eat a lot of food and believe that the beef
will be tender. The cattle are fed mainly with natural foods, which divided into a coarse meal that is
grass or straw and supplemented with exceptional food made of grains. This makes the beef have a
sweeter aroma and more flavor. The stables are well looked after: clean the floor, collect manure,
shower and brush the cattle, make them eat more food. This method helps shorten the period of cattle
fattening from about 1 year to 8-9 months. When the fattening process is finished, the cattle are
dissected in standard slaughterhouses. The meat is incubated for 7 days before grading the marbling,
then cut into pieces and defined the name according to the French 17 parts using the standards of
France (Pon Yang Kham Livestock Cooperatives, 2016). Pon-Yang-Kham Fattened Cattle the top
economic animal of Sakon Nakhon province but still lacking variety and up-to-date public relations
channels. The use of mobile technology for product promotion in marketing is prevalent. Because
currently, mobile phones are widespread communication devices for communication and accessing
information. The operating system using on most mobile phones is Android because it is a prevalent
open-source operating system from Google Inc. Due to a large number of devices using Android, the
devices come at many different prices and can work on devices with different screen sizes and



resolutions. These allow consumers to choose as needed. As for programmers, developing a program
for Android is not difficult, because there are development information and the Android SDK
software development kit) provided for developers to learn. When developers want to publish or
distribute the developed programs, they can distribute the applications through the Android Market.
But if talking about the structure of the development language, the Android SDK uses the structure
of Java Language in programming. Because the program developed must be working under Dalvik
Virtual Machine, just like Java programs that run under Java Virtual Machine (Virtual Machine is
comparable to the environment in which the program is running). In addition, there are a large number
of open-source Android software, so interested developers can easily study the original software.
Furthermore, the popularity of Android has increased dramatically (Canalys, 2018). A mobile
application, most commonly referred to as an app, is a type of application software designed to run
on a mobile device, such as a smartphone or tablet computer. Mobile applications frequently serve to
provide users with similar services to those accessed on PCs. Apps are generally small, individual
software units with limited function (Black|Line IT, 2019). For example, there are apps for agriculture
(Ministry of Agriculture and Cooperatives, 2018), transportation (Office of Transport and Traffic
Policy and Planning, 2016), health (Thai Health Promotion Foundation, 2015), and Tourism (Unardi
F., KusumaD., & Zhang A, 2019). As mentioned above, the Pon-Yang-Kham Fattened Cattle in Sakon
Nakhon Province on Android operating system were developed.

2. Objectives

1. To develop an application for Pon-Yang-Kham Fattened Cattle in Sakon Nakhon Province on
Android operating system.

2.To assess the efficiency of the application for Pon-Yang-Kham Fattened Cattle in Sakon Nakhon
Province on Android operating system.

3.To assess user satisfaction towards the application for Pon-Yang-Kham Fattened Cattle in Sakon
Nakhon Province on Android operating system.

3. Methodology
The research methodology used in the application development is as the following.
3.1 Research framework
Based on the current information of Pon Yang Kham in Sakon Nakhon Province, the researcher

had the idea to develop a tool to help provide information and publicize for tourists or those interested
in Pon Yang Kham Fattened Cattle. Figure 1 shows the conceptual framework of this research.

Knowledge of Pon-Yang-Kham Fattened Cattle

User

Figure 1. Conceptual framework of the research



From Figure 1, details are described here.

Problems: The channels for publicizing Pon Yang Kham Fattened Cattle in Sakon Nakhon are
limited.

Knowledge of Pon-Yang-Kham Fattened Cattle: Information about Pon Yang Kham Fattened
Cattle in Sakon Nakhon Province that the application has collected.

Understanding: People who study this application have a better understanding of Pon Yang
Kham Fattened Cattle in Sakon Nakhon province.

User: The user of the application means general users or those who are interested in information
about Pon Yang Kham Fattened Cattle in Sakon Nakhon province.
3.2. Studying and information gathering

For this step, the researcher studied and gathered various information as listed.

1. Study and collection of information about Pon Yang Kham Fattened Cattle by asking experts
and reading documents in Pon Yang Kham Livestock Cooperatives.

2. Study application development on Android using Java language, study the PHP language used
to write a web application with MySQL, study the extraction of data from a web application to display
on the application in the form of JSON.

3. Study the information about creating the efficiency assessment form and the user satisfaction
assessment form.

3.3 System analysis and design

After studying and collecting relevant information about Pon Yang Kham Fattened Cattle, the
information is used to analyze and design the system using the use case diagram and sequence
diagram, as shown.

3.3.1 Use case diagram

Phon Yang Kham Fattened Cattle Application

manage cattle information

<<extends>>

View Ko Khun
restaurant
recommendation

D
D

User Admin

Figure 2. Use case diagram
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3.3.2. Sequence Diagram

Pon Yang Kham

Admin Web application Application

manage data change information

————— display the changed data----

User

choose the wanted information

Figure 3. Sequence diagram

3.4 System Development and testing
The application development is divided into 2 parts: The Android application on the smartphone
and web applications for data management.

The Android application is developed with Android SDK, JDK (Java Development Kit) SE
8ul21, and Java for use on smartphones running Android 6.0 or higher.

The web application is developed with PHP language for website coding, MySQL and JSON
data extraction format for extracting data from the web application to display on the mobile
application.

For system testing, the developers initially tested the functionality of the application using white-
box testing. Then, the application's efficiency was evaluated by experts. And the satisfaction from the
sample groups is collected after experimenting with the application.

3.5. Research instruments

The research instruments consisted of:

1 The developed Pon Yang Kham Fattened Cattle in Sakon Nakhon province application on
Android.

2. The application efficiency assessment form for experts
3. The user satisfaction assessment form for the application users
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3.6. Assessment of efficiency and satisfaction towards the application

Once the developed application testing was finished. The application was brought to 5 consisted
of 1 mobile technology expert, 1 graphic expert, 1 system expert, and 2 Pon Yang Kham Fatten Cattle
experts; who evaluate its effectiveness. After that, the satisfaction was assessed the sample group of
100 users. The application efficiency and user satisfaction were at a high level and can actually be

used.

4. Results and discussions

The details of the results of the Pon Yang Kham Fattened Cattle in Sakon Nakhon province on

Android application development operating system are following:

41 Information management page for administrators

The information management page is a web application screen for managing Pon Yang Kham

Fatten Cattle data. In which the administrators can add, delete, or edit the data as in Figure 4.

25 wihwan

LRI

wihmiin |/ s iRTaguinunras

B anardammdaya tniiTagulwamad

=il TR Treoed

faavnsal : awnsninsdoatadag nnlnam Tuned 41fa Sada - annsnis Trugeds isadanas : Pon-Yang-Khram Cooperative aavizdiou : Tudt
3 fnunou 2523 an s : dalwieed wid 10 dwaiuean dusadas Twieanauns Tasdmd : 042-704-677-9 Turans: 042-981-084 Muuae
Fanuszasd awnsnit Twugady dindun sedssantrsennumdionTagmidile vesmuddaatum oo wivdded nnlea dlodwewesiude

HaNGR 301 Afululagen ugifon anifunirad Turd: 1 i 4 Ledunasad - sl aats atl

aatng il vasas anud wazfu - Suadfaaa ad uatlsasndeidn w fnaudu gunsal a4 - andou winuiguassaands
{Food Handling Bureau) ailnsnl Wanduwtn pdaafiud 1) - fguanastu adesal aafuudmn piaadud 2) - sdnumia wadnem ndadun
T lariug i 50 % ansfiawasanasalt - imsaudonla - Smbeomsdad @womiy Wandn - asatunndosiamusslaniiug

4 . o a a
JudaTagusesdniin - vinviinednivesaniin - Sanvindnduardiwnila

Figure 4. The application screen for information management by administrators

4.2 The first screen of the application

The first screen of the application on a smartphone has a start button, as in Figure 5.

guddousuiing..

layulwusoda

Figure 5. The first screen of the application
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4 3. The main menu screen of the application

The main menu screen consists of 6 main menus, namely Pon Yang Kham Fattened Cattle history,
Pon Yang Kham Fattened Cattle breeds, Pon Yang Kham Fattening method, Pon Yang Kham
Fattened Cattle beef, Pon Yang Kham Fattened Cattle livestock farmer groups, and recommend Pon
Yang Kham Fattened Cattle Restaurants; the sample menus are shown in Figure 6.

T

v st lagulnuenod )
i e e e e e

v anovinglaguluuenad )

Figure 6. Example of an application's main menu screen

4.4 The information display screens

There are 2 types of screens the information display screen which are

441 Information display screen 1 level

For the 1 level information display screen, when the user selects a menu to view data, the
application will display the details of that data only the first level, as shown in Figure 7.

Us:3alnoulwugnva
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Figure 7. Example of a 1-level information display

442 Information display screen 2 levels

For the 2 level information display screen, when the user selects to view information, the
application will show the details of all 2 levels of data. Such as, when selecting the Pon Yang Kham
Fattened Cattle Breed menu, at level 1 the application will show names of all breeds for users to
choose. But when choosing a breed of Pon Yang Kham Fatten Cattle, it will show details of that breed

in level 2, as in Figure 8.
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Figure 8. Example of a 2-level information display

45 Location screen of Pon Yang Kham Fatten Cattle restaurants

The screen showing the location of Pon Yang Kham Fattened Cattle Sakon Nakhon Province
restaurants is shown as an example in Figure 9.
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Figure 9. Example of location screen

4 6. Efficiency assessment results and satisfaction assessment results

The details of the application efficiency results by 5 experts are in the following table.

Table 1. Result of application efficiency assessment by experts

Topics average SD.
The application functionality
1. Application can add, delete, and edit information correctly. 4380 045
2.The application is easy to use. 420 045
3.The application is reliable. 420 045
Average per topic 440 051
The application meets the requirement
1. The application offers useful information. 420 045
2.The application offers information that meets the needs of users. 420 045
3. The application classifies data clearly and appropriately. 427 046
Average per topic 427 0.46
The application processing
1. The Correctness of data inputted into the application. 440 055
2. Accuracy of results obtained from application processing. 440 055
3. Speed of processing of application. 400 071
Average per topic 427 0.59
The form and image of the application
1. Appropriateness of the font size in the application 420 045
2. Appropriateness of font styles and colors in the application 400 400
3. Appropriateness of images in the application 420 045
4. Appropriateness of menu button placement in the application 420 045
Average per topic 415 0.37
Overall average 426 048
x0.05)

Note = Standard error

From Table 1, a summary of the assessment result by experts ranks topics by the average score
from max to min. The application functionality has an average of 4.40. The application meets the
requirement, and the application processing both have an average of 4.27. While the form and
image of the application has an average of 4.15. The overall average score is 4.26, with a standard
error of 0.05, indicating that the experts: opinions do not differ much that the application’s
efficiency is high.

For user satisfaction evaluation result by the sample group of 100 people is at a high level with
the overall average of 4.15. The respondents were 46 males and 54 females. In conclusion, the
developed Pon Yang Kham Fattened Cattle application has acceptable efficiency, can be used as a
tool to publicize the information of Pon Yang Kham Fattened Cattle Sakon Nakhon Province to
become more known.

5. Conclusions and suggestions

In summary, the developed Pon Yang Kham Fattened Cattle application consists of 6 main menus:
Pon Yang Kham Fattened Cattle history, Pon Yang Kham Fattened Cattle breeds, Pon Yang Kham
Fattening method, Pon Yang Kham Fattened Cattle beef, Pon Yang Kham Fattened Cattle livestock
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farmer groups, and recommend Pon Yang Kham Fattened Cattle Restaurants. The assessment result
by 5 experts is at a high level with an overall average score of 4.26. And the user satisfaction towards
the application by the sample group of 100 people is at a high level with the overall average of 4.15.
It can be concluded that the efficiency of the developed application is accepted. The application can
be used as a tool to promote Pon Yang Kham Fattened Cattle Sakon Nakhon Province's information.
The results are consistent with the research by Nakphon A., & Kamolrat K. (2017) and Thongsiri T,
& Kamolrat K. (2017) on publicizing the products of Sakon Nakhon Province. The suggestions for
further development are additional channels should be added for contacting experts, and knowledge
sharing or notification for news and various promotions. Currently, the app can be run on Android
only, therefore it should be further developed for other mobile platforms.
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Abstract

This research aimed to conserve energy of split type air conditioners in mechanical engineering
department building of Rajamangala University of Technology Lanna Tak. There are eight air
conditioners with the capacities of 25,345.6 BTU/hr for each air conditioner. From the past operation,
the air conditioners were missed of maintenance for the both of evaporator and condenser units. So,
their cooling efficiencies were lower than standard range. In this research, the air conditioners were
maintenance and then, were compared for their energy efficiency ratios (EER) with the values before
maintenance. The result from comparison was found that after maintenance the average EER of them
were increased from 6.7 to 10.6 BTU/hr/\W. The EER was increased about 3.9 BTU/hr/W or 58 2« of
the EER before maintenance. The air conditioner maintenance could reduce electricity energy
consumption about 10,044.8 kWh/yr accounted for 32,517.1 baht/yr. From this result, it indicated that
usually cleaning and maintenance air conditioners made them have lower electricity energy
consumption than the ones not usually cleaning and maintenance. Moreover, usually cleaning and
maintenance made them operate with full efficiency.

Keywords: Energy Conservation, Split Air Condition, Energy Efficiency Ratio, Maintenance;

1. Introduction

Thailand is in the tropical zone near the equator. So it has warm and humid climate most of the
year. The average temperature of the country is between 19 to 38°C. The hottest period is in the middle
of April when air conditioners play an important part of energy consumption. Its ratio is about 60« of
all energy consumption. To conserve energy consumption of the air conditioners without reducing
users> comfort while the cost is saved, it is necessary to know about operating manners of each type
of air conditioners as well as how to choose the appropriate size and type of air conditioner for the
room. Including the right way for installation, using and maintenance of air conditioners should be
known, too. From these reasons, many researchers have tried to find out the way to increase their
efficiencies and reduce their energy consumptions. For the example, ChenWei-HanMo etal.
investigated the effect of an energy saving device (ESD) on the performance of a split-type air
conditioner (SAC). The ESD was fabricated using a moisture-transferring and quick-drying textile
(MTQDT), a condensate pipeline, and a distributor. The MTQDT was coated on the shell surface of
the compressor to absorb the condensate expelled by a condensate pipeline and distributor to enable
evaporative cooling of the compressor. The SAC was tested under various outdoor air conditions (29,
32, and 37°C; 55% relative humidity) and under a fixed indoor air condition 26°C; 50« relative
humidity), and the performance of the SAC before and after ESD installation was compared. Results
demonstrated that the MTQDT effectively improved compressor cooling and the efficiency of the
SAC. Compared with the SAC without an ESD under the optimal condition, the shell temperature of
the compressor, high-side pressure, and power consumption of the proposed SAC were 15.1°C, 2.7%,
and 9.2« lower, respectively. Moreover, the dehumidification capacity and energy efficiency ratio of
the proposed SAC were 254+ and 7.3% higher, respectively. S. Theerakulpisut and S. Priprem dealt
with an experiment to improve the energy efficiency of small split-type air conditioners by cooling
the condenser air using water condensate resulting from dehumidification of air in the evaporator. The
condensate was sprayed into the condenser air stream of an experimental air conditioning unit via a
nozzle and small water pump driven by the condenser fan shaft. Energy consumption of the air
conditioner was compared between two cases, namely running the air conditioner with and without
condenser air cooling. It was found in this study that cooling the condenser air could reduce the power
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consumption by about 4. It was also discovered that reducing the temperature of the condenser air
by 1° C would reduce the energy consumption of the unit by 2.1%. Adel A. Eidanaetal presented an
experimental study to enhance the performance of a small air condition (A/C)system by mean of direct
evaporative cooling method. A setup of cooling system is designed to simulate extremely hot weather
that the dry bulb temperature (DBT) reaches the vicinity of 55 -C which represents the highest possible
weather temperature that was recorded during summer. The proposed design utilizing an evaporative
cooling cycle which the air flows over wet pads before it goes through the condenser. Four different
parameters are considered to be studied, namely coefficient of performance (COP), energy saving,
cooling capacity and the compressor auto-shut down in very high weather temperature. The results
showed significant enhancement to the entire A/C system performance which the refrigeration
capacity is increased in the range of 5%« to 7.5« and there is 0.12A to 0.16A electrical current reduction
for each temperature degree reduction. Moreover, and the compressor continued working even with a
voltage drop of 16% (185 V instead of 220 V) which can help overcoming a serious problem that
middle east countries (such Iraq) suffer during summer.

The energy conservation promotion Act, A.D. 2007, came into force since November 24, 2007.
Factories and business buildings were set as target group where energy conservation must be planned
and systematically operated. The state would arrange for technical and technological support of
energy conservation including to its financial support. There are about 8,552 controlled buildings in
Thailand. The buildings in Rajamangala University of Technology Lanna Tak (RMUTL Tak) have
quite high energy consumptions. Especially, the high electric energy cost about 800,000 - 900,000
baht per year. Hence, the mechanical engineering department building was selected as study case to
survey and analyze its electric energy consumption in order to find out the way for energy
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conservation. Then the analytical result from this study case could be used as guidance for energy
conservation of the other buildings in RMUTL Tak.

2. Objective

To improve the efficiency of split type air conditioners in mechanical engineering department
building of RMUTL Tak.
3. Methodologies

31 Theories

1. A Split type air conditioner consists of two units; namely outdoor unit or condensing unit
and the indoor unit or fan coil unit for controlling temperature and humidity of the air passing through
it. The main equipment diagram of the air conditioning system is shown in figure 1.

-+
Liguid Line {

Condenser

. . . Compressor
Expansion Device

Suction Line

Evaporator

Figure 1. Vapor - compression refrigeration system

The principles of the vapor -compression refrigeration system is evaporation and condensation
in different pressure conditions as follows:

11 The compressor compresses refrigerant vapor to high pressure and high temperature
condition.

12 The condenser acts to reject heat from the high pressure refrigerant causing
condensation of the refrigerant.

13 The expansion valve or capillary tube acts to reduce the pressure of the refrigerant so
that it can be evaporated at low temperature.

14 The evaporator serves to absorb heat from the air conditioning area for refrigerant
evaporation. Then, the refrigerant vapor is transported to the compressor and compressed to the high
pressure again.

2. Efficiency or performance of refrigeration of the split type air conditioners is generally
estimated in 3 types as follows:

2.1 The coefficient of performance (COP) is the ratio between the cooling capacity (Watt) and
the power (Watt) used for cooling air in the air conditioning system. The COP is calculated as shown
in equation (1)

COP = (Q/W) = (m°(Ahout)/m°(Ahin)) h)
Where
Q is the cooling capacity of the air conditioning system (W)
W is the power rating of the air conditioner (W).
mo is the refrigerant flow rate kgs).
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Ahoyt is the enthalpy difference between the evaporator outlet and inlet (kJ/kg).
Ahin is the enthalpy difference between the compressor outlet and inlet (kJ/kg).

2.2 Energy efficiency ratio (EER) is the ratio between the cooling capacity (Btuhr) and the
power (Watt) used for cooling air in the air conditioning system. The EER is presented in the unit of
BTU/hr\W as shown in equation (2

EER- QW @
Where
Q is the cooling capacity of the air conditioning system (Btu/hr).
W is the power rating of the air conditioner (W).

2.3 Electrical power per ton refrigeration (CHP) is the ratio between the power used for the air
conditioner for cooling (kW) and the cooling capacity (Ton of refrigeration; TR)as shown in equation
A3)

CHP -kW/TON )

Where
CHP s the electrical power per ton of refrigeration KW/ TR).
kW s the electrical power rating at full load (kW)
TON is the total cooling capacity at full load (TR).
TON can calculated from equation (4).

TON(TR)=5.707x10° xCMMx(hr-hs) @)

Where
CMM is the volumetric flow rate of cool air circulating through the air conditioner m®min.
hr is the enthalpy of return air (kJ/kg dry ain.
hs s the enthalpy of supply air (kJ/kg dry ain).

From the definitions of the three values above, it can be seen that the definition of EER, COP and
CHP are reciprocal. The lowest value of CHP, the highest value of EER and COP indicated the highest
performance of the air conditioner. Their mathematical relationships are shown in figure (5)and 6):

CHP =12EER ®)
COP =EER3412 (©6)

Note: When the motor and heat exchanger efficiencies of 100%.

3. Psychometric chart as shown in Figure 2 consists of

3.1 Dry bulb temperature (DB) as shown on the horizontal axis of the chart can be measured
by a thermometer.

30



3.2 Wet bulb temperature (WB) is the saturated air temperature displayed on the diagonal
of the chart. The wet bulb temperature can be measured by a thermometer covered in water-soaked
cloth.

3.3 Dew point temperature (DP) is the temperature which the ambient air must be cooled to
reach 100+ relative humidity assuming there is no further evaporation into the air; it is the point where
condensation (dew) and clouds would form. It can be read by dragging the horizontal line from the
state to the 100+ relative humidity curve on the left of the chart.

34 Relative humidity «RH) is the ratio of the fraction of water vapor in the air to the
fraction of saturated moist air at the same temperature and pressure.

3.5 Humidity Ratio (HR) is a unit for measuring the mass of water vapor per 1 unit mass of
dry air.

3.6 Enthalpy (h) is the total amount of heat energy of the moist air and therefore includes
the amount of heat of the dry air and the water vapor in the air.

DRY BULB
SENSIBLE HEAT FACTOR

1 ALIGNMENT
CIRCLE

1N ] | |
DEWPOIN' MOISTURE CONTENT

GRAMS OF MOISTURE PER KILOGRAM OF DRY AIR

DRY BULB TEMPERATUE

Figure 2. Psychometric chart.

4. Ministry of energy's notification on identification of minimum coefficient of performance,
cooling efficiency and electrical energy per ton of refrigeration of air conditioning system in the
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building A.D.2009 designated air conditioning performance for small-sized air-conditioners as shown
in Table 1.
Table 1. Identification of minimum coefficient of performance and cooling efficiency for small-
sized air-conditioners.

Size of air conditioners COP (Watt/Watt) EER (Btu/hr\Watt)
(Watt
Less than 12,000 22.3 11

5. Measuring tools and equipment
51 Hot wire type anemometer (Brand: TES-1340 TES) as shown in figure 3

Figure 3. Hot wire type anemometer.

52 Thermometer and hygrometer (Brand: AZ 7755)as shown in figure 4.

Figure 4. Thermometer and hygrometer.

53 Power meter (Brand: Lutron DW-6093SD) as shown in figure 5.

Figure 5. Power meter.
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6. Measurement procedure
6.1 Measured and recorded some variables pefore cleaning and maintenance the air

conditioners which consists of

1. Measured for the width and the length of the return air inlet with a measuring tape
to calculate the cross-sectional area.

2. Measured the temperature (°C)and relative humidity «RH) of the return air using a
thermometer and hygrometer.

3. Measured the temperature (°C)and relative humidity «RH) of the supply air using a
thermometer and hygrometer.

4 : _ I . \ r 9 4 ..Ilr i 7--- — B,
Figure 6. M ative humidity of return and supply air.

easuring of temperature and rel

4. Measured the air velocities of the return air using an anemometer and should
measure at least 3 points to calculate the average air velocity. In this regard, the reason for choosing
the return side rather than the supply side were:

- The return side had a larger cross-sectional area, resulting in laminar flow and the
measured velocity was more stable than the supply side.

- The return air had a certain direction which was perpendicular to the cross-
sectional area in contrast to the supply air direction which depended on the air flow blade adjustment.

Figure 7. Air velocities measurement.

5. Measured the total electric power of the air conditioner using power meter.

-
Figure 8. Electric power measurement and recording.

6. Determined the working time percentage of the compressor by counting the working
and non-working time of compressor.
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7.Cleaned the air conditioner parts, consisting of air filter panel, drain tray, front grille,
middle cover and air flow blades.

Figure 10. Air filter cleaning.

6.2 Measured and recorded the variables after cleaning and maintenance the air
conditioners by following the same steps as in heading 6.1 (1 - 6).

4 Result

After measuring and recording the data from 8 split type air conditioners (each size of 25,3456
Btu s hr) in mechanical engineering department building, their performances were determined and
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compared between before and after maintenance. The results of some air conditioners were shown as
examples in Table 2 and Table 3.

Table 2 Examples of comparison of data recording and performance analysis between before and
after maintenance.

Air conditioner
units No.1 No.2 No.3

Before |After Before [After Before |After
Rating from nameplate
Cooling capacity Btuhr  [25,345.6 [25,345.6 |25,345.6 |25,345.6 |25,345.6 [25,345.6
Electrical power rating kW 7.381 7.381 7.381 7.381 7.381 7.381
EER - 11.04 1104 1104 11.04 11.04 1104
Duration years 6 6 6 6 6 6
Supply air conditions
Temperature °C 147 129 144 131 151 137
Relative humidity % 87.94 8353 89.33 87.767 |86.16 79.55
Enthalpy kJ/Kkg 37.95 3248 3756 31.38 3849 3353
Return air conditions
Temperature °C 28.1 24.6 291 245 28.7 251
Relative humidity % 36.89 4475 3291 4531 359 483
Enthalpy kJ/Kg 5054 46.6 50.32 46.7 51.33 49.68
Volumetric air flow CMM [2162 2543 19.05 19.92 1822 19.92
Outdoor air temperature °C 333 333 333 333 333 333
Electrical power | KW 2.745 2.648 2.635 2.156 2403 2.056
consumption
Cooling capacity Btuhr. 118,641 24,591 |16,647 [20,900 [16,021 [22,032
CHP - 177 129 173 118 180 112
EER - 6.79 9.29 6.92 1017 6.66 10.72

Note: Table shows the result examples of 3 air conditioners (from all 8 air conditioners)

From Table 1, air conditioner maintenance resulted in decreasing of electrical power consumption.
The air conditioner maintenance could reduce dust accumulation and blockage in the evaporator
section. Then the air could ventilate trough the evaporator easily and could exchange heat efficiently.
So the power consumption in air conditioner decreased. As shown in Table 1 before maintenance,
electrical power consumption of air conditioner No.1, 2 and 3 were 2.745, 2635 and 2.403 kW when

35




after maintenance they were 2.648, 2.156 and 2.056 kW, respectively. Decreasing of electrical power
consumption resulted in higher efficiency of air conditioner (EER).

Table 3 Examples of economic analysis comparison between before and after maintenance.

Air conditioner
Units No.1 No.2 No.3
Before | After | Before | After | Before | After

Cooling capacity Btuhr [18,641 (24,591 |16,647 20,900 [16,021 [22,032
Electrical power | KW 2.745 2.248 2.605 2.156 2618 2081
consumption
kKW/TR - 177 129 173 118 1.80 112
Working hours hryr 12,920 2,920 2,920 2,920 2,920 2,920
Electrical energy | kWhyr 80154 |6564.16 |7606.6 |629552 |764456 |607652
consumption
Electricity charge per kWh |gkWh |29 2.9 2.9 29 29 2.9
Electricity charge per year |®/yr 23,2447 119,036.1 |22,059.1 |18,257.0 |22,169.2 |17,6219
Electrical energy saved kWhyyr |1,451.24 1,311.08 1,568.04
Electricity charge saved per |®/yr 4,208.60 3,802.13 454732
year

Note: Table shows the results of 3 air conditioners (from all 8 air conditioners)

The results from cleaning and maintenance of the 8 split type air conditioners in mechanical
engineering department building were as follows:
Electrical energy saved -10,044.8 kWhyr

Electricity charge saved per year =32,517.1B/yr
Ton of oil equivalent saved -10,044.8 x (85.21/109)
-0.000856 ktoe/yr

The air conditioner maintenance in mechanical engineering department building could decrease
the electrical energy consumption for 10,044.8 kwWh/yr and save electricity charge for 32,517.1 baht/yr
or equal to ton of oil equivalent of 0.000856 toe/yr.

5. Conclusion

From the results of cleaning and maintenance 8 split type air conditioners (Each size of 25,345.6
Btu/hr) in mechanical engineering department building to compare their efficiencies between before
and after maintenance, it was found that before maintenance, the average energy efficiency ratio was
6.7 Btu/W and after maintenance, it was 10.6 Btu/W. It was increased about 3.9 Btu/W or 58.2«%. The
electrical energy consumption could be saved 10,044.8 kWhyr accounted in electricity charge of
32,517.1 wyr. Moreover, this energy consumption can converted into ton of oil equivalent about
0.000856 ktoesyr. These results indicated that usually cleaning and maintenance air conditioners made
them have lower electricity energy consumption than the ones not usually cleaning and maintenance
and resulted in the high efficiency of air conditioners system.
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Abstract

Plastic medical tray is commonly used for medical device packaging such as implant or surgical
instruments. The tray can be underwent gamma ray exposure to sterilize the medical devices inside.
The tray keeps medical devices free from micro- living organisms and protects them from
contaminated external environments. The plastic sheet is usually used for producing the tray which
turns into final tray shape using thermoforming. During tray design process, factors such as dimension
of medical devices, ergonomics, and strength, have to be taken into consideration. Computer Aided
Design/ Three-dimensional Printing (CAD,3DP) technologies is applied for validation the tray
geometry whereas finite element methods is applied for strength analysis. Three-dimensional (3D)
models of the tray, which is referenced from dimension of medical device, are 3D printed to tested
ergonomics for operating room (OR) nurses handling. After that, 3D models are evaluated the strength
to ensure the safety during delivery. From the analysis, geometry of tray is apﬁropriate for handling
with sufficient strength. Bottom corner of tray is critical point since it presents high stress magnitude.
The load of 54.6 kg-f deforms the tray less than 0.5-mm confirms the high stack storage.

Keywords: Plastic Medical Tray; Medical Device; Packaging Design; Packaging Analysis

1. Introduction

Medical devices, especially a long-term implanted in body, requires sterile condition before serving
to the surgery. Package for protecting medical device away from contamination is considered as a
compulsory requirements supplement to implant design process. Desired characteristics of medical
device packaging includes sterilization compatibility, ease of forming, heat resistance during sealing,
strength, and economic-scale (Bix, 2009).

Generally, various sterilization methods are used to deactivate micro-living organisms which are
autoclaves, stream, ethylene oxide gas, and gamma-ray radiation. For short duration use invasive
medical device or non-invasive medical device, the first four sterilization methods are used. However,
the long term invasive implant or instrument in contact to blood such as surgical glove, orthopaedic
implant, and prosthesis, gamma-ray radiation is usually selected as a sterilization method. The gamma
ray method present the advantages in a high Sterility Assurance Level (SAL)and is simple to control.
Compared to the other aforementioned techniques, they presents complications in penetration in
narrow cavity, and long period of time for the process.

Gamma ray method uses Cobalt-60 ¢°Co)or Cecium-137 **’Ce)to generate the radiation. A-dose of
25 kGy is considered as a reference for sterilization (Silindir et al., 2009). In order to design the implant
package which is good when undergoes the gamma ray sterilization, rigid plastic type is usually
selected to make a package.

Shape of package should depends on the shape of implant. The optimal gap between package and
implant is required. The large gap may introduce the movement (momentum of implant which could
lead to damage of package during transportation. The lower gap may be difficult to get the implant
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out of the package. In addition, the shape should be able to handle by operating room (OR) staff during
opening and transferring from unsterilized zone to sterilize zone.

The packages are kept in-stack to minimize the storage space in hospital. Strength of package is
important to withstand the weight above it. Analysis of the strength can define the maximum storage
package in vertical direction. The deformation of package could lead to tear of plastic and eliminate
sterile condition.

In this paper, it presents a case study of packaging design for humerus endoprosthesis for a medical
device company. The endoprosthesis is intended to replace the tumor bone region, composing of four
parts which are head, neck, body, and stem. The body and stem are available in three sizes in order to
make it selectable for various resection bone length. The requirements from the company is to design
the single package which fit to all parts for economic matters.

2. Materials and Methods

The design process was begun with collecting the requirement from the company including
product specification. The product is an endoprosthesis made of cobalt chromium and titanium. It
intends to replace tumor bone region and is used inside the body for a long period. It composes of
four parts which all of them needs to fit in single size packaging. In addition, the endoprosthesis
requires undergoing gamma sterilization.

In order to design the packaging, the 3D CAD models of endoprosthesis was reversely created
using CAD software (VISI, Vero Software, UK). External shape of endoprostheis is considered as
important. The unnecessary detail of 3D model was neglected that not related to packaging design.

The package was designed based on 3D CAD models of endoprosthesis in such a way that (1) it
has a shape which can be hold by single hand, (2) it can be fit all components of endoprosthesis, and
3 it is feasible to manufacture with thermoforming process.

After finishing the design, the test for fitting was first evaluated in CAD Software. The 3D model
of endoprosthesis components was virtually filled one by one to see any obstruction during filling
process.

The models of packaging and endoprosthesis was then three dimensionally printed using fused
deposition modeling (FDM) machine. The printed model were used to evaluate functions and
containing. Adjustment and modification of the packaging model was once again revised, if its
functions is not met the requirements.

When the 3D model was dimensionally and functionally reviewed and revised, the 3D CAD model
of packaging was evaluated the strength using Finite Element (FE)y method (ABAQUS, Dassault
Systémes, USA). In order to generate the FE model for analysis, four node tetrahedral elements type
were created based on topology of 3D CAD mode of packaging. The evaluation was performed under
various compression circumstances. Displacement was simulated on the upper surface of package i.e.
0.5-mm, 1.0-mm, 2.0-mm, and 4.0-mm. Material assigned in the FE analysis was assumed to be linear
elastic, which elastic modulus and possion-s ratio has to be included. The Equivalent Von Mises (EQV)
stress of each case was compared to yield strength of materials.

3. Results and Discussion

Decision for endoprosthesis was designed as medical tray. Its dimension was 150 mm length x 125
mm width x 47 mm height. Size of the tray width was less than size of hand, this allows OR personal
to carry on with single hand. The tray has a taper angle of degree to allow ejection from the mold
during the thermoforming process. All components of endoprosthesis could be fit into the tray as
shown in Figure 1. The edge of tray were offset from the main portion by 8-mm, this is to stick the
sterile barrier film covering on.

The 3D models of tray and prosthesis were printed using FDM machine to test the containing

function. Since the components of endoprosthesis are smaller than tray cavity, the components were
covered with sterile pouch before putting into the tray. This also reduces the movement of the
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components insider the tray as it pouch pushes the cavity walls in all sides to balance position of the
components in place. In addition, the pouch also make it is easy for OR personal to remove the pouch
from the tray in sterile condition using scissor with low risk of touching contaminated area.

Figure 1. Tray and example of component filling test.

The choice for materials made of tray was Polyethylene Terephthalate (PET) family. PET are
suitable for making tray and good for radiation sterilization method (Bix, 2009). Thus, the material of
properties of PET was tested according to ASTM D638-14 ASTM. 2014 for gathering input for FE
analysis. PET filaments was printed to produce the specimen type | of ASTM D638-14. The specimens
were used for tensile testing using Universal Testing Machine (Instron Model No. 9582, USA, at Geo-
Informatics and Space Technology Development Agency (Public Organization). Three specimens
were tested at speed of 5 mm/min. The test was terminated when the specimen broke apart. From the
test, average elastic modulus is 1,850 + 285 MPa, and the average tensile strength is 39.8 £ 3.9 MPa.
For possion-s ratio, it was not possible to get the data from tensile test. During the FE analysis, it was
then assumed to be 0.30.

Figure 2. Test for Mechanical properties of material.
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For the FE test, thickness of PET sheet was 0.7 mm. The results shows that the high EQV stress
portion of tray was at the four bottom corners and the upper edge, as shown in Figure 3. Higher
compression leads to higher stress and required more compression loads At 2 mm and 4 mm
compression, the EQV stress at upper edge is critical level. High compression loads can cause
breakage or tear at upper edge. The stress level at 1-mm compression was still at risk, since the high
stress area is large. The safe use for tray was to allow maximum compression at 0.5 mm, which
corresponds to 536.4 N (54.6 kg). This is sufficient to withstand the stack storage.

Compression 0.5 mm

S, Mises

+3.940e+01
+3.616e+01
+3.293e+01
+2.969e+01
+2.646e+01
+2.322e+01
+1.998e+01

+1.675e+01
+1.351e+01
+1.027e+01
+7.038e+00
+3.802e+00
+5.658e-01

Compression 1.0 mm

S, Mises

+3.940e+01
+3.616e+01
+3.293e+01
+2.969e+01
+2.646e+01
+2.322e+01
+1.998e+01

+1.675e+01
+1.351e+01
+1.027e+01
+7.038e+00
+3.802e+00
+5.658e-01

Compression 2.0 mm

S, Mises

+3.940e+01
+3.616e+01
+3.293e+01
+2.96%+01
+2.646e+01
+2.322e+01
+1.998e+01

+1.675e+01
+1.351e+01
+1.027e+01
+7.038e+00
+3.802e+00
+5.658e-01

Compression 40 mm

S, Mises

+3.940e+01
+3.616e+01
+3.293e+01
+2.96%+01
+2.646e+01
+2.322e+01
+1.998e+01

+1.67 5e+01
+1.351e+01
+1.027e+01
+7.038e+00
+3.802e+00
+5.658e-01

Figure 3. FE compression test result.
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As a result, the 3D model of medical packaging tray was used for production. Figure 4 shows the
finished shape of PET tray used for endoprosthesis.

There is still less work published which presents the whole design process specifically for medical
device package. Other works related to medical device package focused on cost analysis (Reymondon,
2006), packaging analysis using imaging (Hindelang et al, 2015, and packaging materials
(Wasikiewicz et al, 2008). Therefore, this current work is considered to be an explained in detail paper
which describing method in medical packaging design, from design input consideration to final
production.

=31 o
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Figure 4. Tray.

Scope of this work focuses on design process and its rationale in design which do not include the
test of packaging i.e. bioburden, sterility test, and aging acceleration. These tests are required to
determine the gamma dose used for sterilization prosthesis, amount of microorganism exhibited on
the prosthesis, and shelf life. This should be done by the manufacturer to conform 1SO13485:2016
standard.

4. Conclusions

This study presents the case study of packaging design for endoprosthesis. The characteristic
required for design input includes: (1) the package can undergo sterilization with gamma radiation, (2
the package can be hold by single hand, (3) the package is fitted for dimension of endoprosthesis
components, and &) the package has sufficient strength. The output for the design has dimension of
150 x 125 x 47 mm. The materials made of package was PET. The package presents the sufficient
strength by withstanding 54.6 kg compression load.
5. Conflict of Interest
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Abstract

Currently, conducting polymers such as Polypyrrole (PPy), have been extensively interested
due to their interesting features of conductivity, low-cost fabrication, and stability under ambient
conditions and at high temperature. Herein, polypyrrole was polymerized on the surface of cellulose
fibers (CFs) by using a sequence of fiber impregnation in FeCls solutions and re-dispersion in a pyrrole
solution via in situ chemical polymerization of monomer-pyrrole. The structure, morphology, and
thermal properties were investigated. The results revealed the uniformly of PPy on the surface of CFs.
Moreover, conductivity of 184x10* S-cm"! was obtained from a composites sheet of CFs:PPy with
the PPy of 0.20 ml. Also, the decreasing of dielectric and impedance in CFs:PPy composites sheet can
be observed as the increasing of CFs:PPy ratio. Chemical polymerization has been very successful in
the production of composite materials of conductivity polymers with CFs.

Keywords: Cellulose; Polypyrrole; Conductive composite materials; In-situ Synthesized ;

1. Introduction

Typically, the electronic devices were made of silicon, conductive glass or hard plastic, which
is an importance part for high performance device, but such materials still have limitations in terms
of brittleness, cost of materials and complex production processes. Moreover, some plastic, especially
micro-plastic, is not environmental-friendly. Consequently, non-reused materials can lead to an
environmental problem. To overcome this issue, bio-based materials have been developed under the
concept of «green» and sustainable development, which can naturally decompose and pollution
reduction. Therefore, the renewable natural materials are the important topic in the 21 century.
(Mohanty, Misra, & Drzal, 2002)

The development of alternative bio-based materials which has similar properties such as
electrical, thermal, flexibility and mechanical properties, is crucial .Nowadays, the cellulose has been
widely studied and developed due to its renewability, availability, non- toxicity, low- cost,
biodegradability, thermal and chemical stability (Wang, Lu, & Zhang, 2016). One of the interesting
developments of cellulose is conductive paper, which is very important for electronic device
application such as TFT, OLED, organic photovoltaic device, stored battery, and sensor (Fu et al.,
2016y, (Ummartyotin & Manuspiya, 2015b), (Ummartyotin & Manuspiya, 2015a). Recently, the
conductive paper was successfully fabricated with a sheet resistance of 25 kQ (Zhong et al., 2013).

To develop the conductive paper, conductive polymers are interesting material due to its
unique properties that allow it to be used in a variety of electrical application. Typically, chemical
polymerization has been successful in the production of composite materials of conductive polymers
with the matrix .Recently, the conductive nanocrystal cellulose:polypyrrole composite hydrogel were
in situ synthesized. By doping with sodium p-toluenesulfonate (TsONa), the hydrogel showed a high
electrical conductivity of 8.8x10° Sicm (Y. Li, Zhang, Ni, & Xiao, 2018). Moreover, the effect of
polypyrrole and ionic liquid (ILy nanocoatings on the electrical properties of cellulose film has been
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investigated. The conductivity of such nanocomposite film was 1.2x10* and 4.3x10° S;cm on the
surface and along the thickness direction, respectively (Mahadeva & Kim, 2011). Combination of bio-
based materials such as cellulose with conductive polymer has been extensively developed as a multi-
function electronic device (Du, Zhang, Liu, & Deng, 2017) .Recently, many researchers have
extensively attended to develop such composite material. The organic or inorganic composite
materials were a material that can be obtained from the combination of various materials to get new
properties.To prepare the conductive composites of bacterial cellulose (BC)and polypyrrole, Muller
and co-worker prepared through in situ oxidative chemical polymerization of pyrrole by using FeCls
as oxidant agent (Muller, Rambo, Recouvreux, Porto, & Barra, 2011). Makara and co-worker prepared
nanopapers from cellulose nanofibers (CNF)and polypyrrole with high mechanical performance and
with the electrical conductivity of 5.2x102 S;cm (Lay, Méndez, Delgado-Aguilar, Bun, & Vilaseca,
2016). Pyrrole and cellulose are therefore an interesting material that shows the connection between
cellulose fibers and conductive polymers. There were flexibility and capacitance properties that make
it more useful in using technology.

In this work, the cellulose fiber obtained from the remaining pulp is mixed with polypyrrole
(PPy) via in situ polymerization using ferric chloride as oxidant agent. An amount of PPy is varied,
then the morphology, mechanical, and electrical properties are investigated.

2. Objectives
1. Preparation of composited material of cellulose and polypyrrole via in situ polymerization.

2. Study the morphology, mechanical, and electrical conductivity properties of cellulose composite
materials.

3. Methodology (Materials and Methods)

3.1 Materials
A wastepaper pulp was provided from SCG packaging public company limited, Thailand, and
was stored in a desiccator in order to prevent the moisture adsorbent .Pyrrole was supplied by Sigma
Aldrich and used as received for the chemical synthesis of polypyrrole The rest of materials, FeCls
and HCI, were also supplied by Sigma Aldrich and used without further purification.

3.2. Methods
3.2.1 Cellulose suspension
The piece of paper pulp with an area of ca. 10x10 cm?, was ripped to be a thin sheet. Then the
pulp was mixed with deionized water D1 of 500 ml for overnight under magnetic stirrer The obtained
suspension was concentrated and subsequently washed with distilled water by repeated centrifuged
cycles at 500 rpm .As a result, suspension of cellulose fiber (CFs)was obtained and stored at 4 °C prior
use.

3.2.2 Preparation of Cellulose fibers (CFs)and CFs:PPy paper
CFs suspension of 45 mly 0.4 g dry weight (was dispersed in 30 ml of HCI and stirred by for 5

minutes. After that, the CFs suspension was filtered for 24 hr through a paper filter with 0.1 um pore
size and washed subsequently with DI water . The wet sheet was then dried between two membranes
under an applied pressure of 0.141 psi.

For the preparation of CFs:PPy paper, the various volume of pyrrole solution (0.05, 0.10, 0.15,
0.20 ml)was dissolved in 30 ml of 0.5M HCI and, then, mixed with the CFs dispersion and stirred for
5 minutes A defiant amount of FeCls was dissolved in 30 ml aqueous of 0.5M HCI solution and added
to the CFs:pyrrole dispersion to initiate oxidative polymerization . The oxidant (FeCls)to pyrrole was
fixed at 6 »w/w ratio . The final mixture was stirred at room temperature for 30 minutes . At the end,
the mixture was filtered using paper filter and washed subsequently 30 ml of 0.5M HCI and DI water
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to remove any small gas bubbles and to allow a better organization of CFs:PPy structures without
undesired side effects, such as crystal structure damage (Ali et al,, 2014).

3.2.3. Characterizations

3231 Fourier Transform Infrared Spectroscopy (FTIR)

FTIR absorption spectra (PerkinElmer, spectrum 100 of cellulose and CFs/PPy composites
were recorded in the range of 4000 cm ! to 650 cm" ! using Attenuated Reflection Infrared
Spectroscopy (ATR) mode.

3.2.32 X-Ray Diffractometer XRD)

X-ray diffraction patterns of CFs, CFs:PPy composites were carried out by Bruker, D8
ADVANCE using Co radiation at 40 kV voltage . The XRD patterns were recorded in a diffraction
angle (26) range from 5° to 50°.

3.2.3.3 Thermogravimetric Analysisc TGA)
The TGA characteristics of the CFs:PPy composite were investigated by TGA (MET -TLER

TOLEDO, TGA/DSC3+1600). Each sample was heated at a heating rate of 10 ‘C/min under nitrogen

atmosphere from room temperature to 700 C.

3.2.34 Field Emission Scanning Electron Microscope (FE-SEM)
The morphological properties of the CFs and CFs:PPy composite were analyzed using FE-
SEM (Hitachi, S-4800)at an acceleration voltage of 5 kV. The fiber diameter was measured and
counted at 1000x magnification. Prior to the investigation, the samples were stored in desiccators to
reduced humidity .Each sample was placed on carbon tape and sputtered with gold particles before
being analyzed.

3.2.35. Mechanical properties
The sample was cuter into the rectangle shape with the width of 20 mm and length of 30 mm.

The thickness of samplewasca0.07-0.09mm. Thetestingspeedwas5mm,min. Thetensiletestswere
conducted using as Instron Universal material testing machine (Instron55R4502, S/NH 3342,
equippedwithalO0Nloadcell.

3.2.3.6. Conductivity
The conductivity properties of CFs:PPy substrate was characterized by Four Point Probe

System (Jandel RM3000) using the cylindrical four-point probe head Jandel Engineering Limited).

3237 Dielectric and Impedance

Impedance were measured usingan impedance probe (1260 Impedance Gain-Phaze Analyzer
12600012_Gmacd,CB Solartron) at room temperature and at various frequencies ranging from 10
Hz to 10 MHz.
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4 Results and discussion

4.1 FTIR analysis

The FTIR spectra of CFs and CFs:PPy composites are shown in Fig. 1. The spectrum of the
prepared CFs show the peaks at 3335.69 cm* which is the characteristic for stretching vibration of the
hydroxyl group (O-H group) in polysaccharides (Rosa et al., 2010). The peak located at 1633 cm'*
correspond to stretching vibrations of C-C bonds (Poletto, Pistor, Zeni, & Zattera, 2011). The
absorption bands at 1377.85, 1250.26, 1161.10, 1052.43, and 897.03 cm'* belong to stretching and
bending vibrations of -CH>, -CH, -OH and C-O bonds in cellulose, repectively (Fackler et al., 2011;
Xu, Yu, Tesso, Dowell, & Wang, 2013). From FTIR spectra of CFs:PPy composites at different PPy
concentration, it was observed that the peak 3277 cm® was shifted from 3335.69 cm'%, this may be
due to chemical bonding between N-H in the polypyrrole ring and the -OH of cellulose (Mller et al.,
2011). The fundamental vibrations of pyrrole ring observed at 1541.08 cm*and 1458 cm™, which, can
be assigned to the C-C and C-C ring stretching modes, respectively (Chougule et al., 2012; Hansora,
Shimpi, & Mishra, 2015). The peak around 1046 cm can be assigned to N-H in - plane deformation
(Ho, Jun, & Kim, 2013), while the peak at 781 cm?is due to C-N out-of-plane deformation in PPy
(Chougule et al., 2012). The absorption peak at about 1125-1159 cm* and 883.68 cm'! may be relate
to linkage between polypyrrole and cellulose chain in 1161.10 cm™ and 867.03 cm™.

42 Crystallography structures

The crystallography structures of CFs and CFs:PPy composites were characterized using XRD
measurements as shown in figure 2 The X-ray pattern clearly exhibits the broaden peaks at 26 of 16°
and 22° for both CFs and CFs:PPy composite. The clearly peaks can be assigned to the crystalline
structure of cellulose (Ford, Mendon, Thames, & Rawlins, 2010). Also, the broaden characteristic of
various CFs:PPy composites were exhibited in the region of 15°-25° which is the amorphous phase of
polypyrrole (Luo et al,, 2010).

4 3. Thermogravimetric analysis

The degradation temperatures of CFs and CFs:PPy papers were studied by thermogravimetric
analysis as shown in figure 3. As seen in the figure, CFs and CFs:PPy showed main weight loss in
three stages. For CFs, it demonstrates that the thermal stability of the prepared CFs in much higher
than that of composites in the temperature lower than 250 o. As composite is hygroscopic, nearly 8+
weight loss is occurred at 100 o. The second stage of weight loss started at 250 o and continued up to
500 o with rapidly 80% of weight loss. The last stages of temperature at >500 o almost 100 of weight
loss can be observed for all conditions. For CFs:PPy composites, the first stage range between room
temperature and 250 o showed about a 13« of weight loss. The second stage of weight loss started at
2500 and continued up to 500 o during which there was nearly an 80+ of gradually weight loss. The
last states of temperature up to 500o during which there was a 100% of weight loss. From the above
analysis, it clearly shows that the thermal stability of CFs was greatly affected by incorporating PPy.
The incorporated PPy lowered the starting thermal degradation of CFs.

4.4 FE-SEM analysis
The morphology of CFs, CFs:PPy composites was studied using Field Emission Scanning
Electron Microscope as shown in figure 4. The figure 4 @ shown that the CFs surface is rather straight
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and smooth without the formation of cross-link between fiber. It is important to note that CFs appears
to be a uniform fibrous network. For CFs:PPy composites as shown in figure 4 (b-e), the formation of
PPy on the CFs in the form of clusters and cross-link between fiber network can be observed
(EINahrawy, Haroun, Hamadneh, & Al-Dujaili, 2017), which involving the formation of H-bonds
between the cellulose and the polypyrrole chain. These interactions were a result of both

intermolecular and intramolecular forces, causing the composites sheet to be less cellulose fiber
density.

45 Mechanical properties

The tensile strength, Young s modulus, and elongation at break of neat CFs and CFs:PPy
composite were presented in table 1 .Not surprisingly, tensile strength and young's modulus were
decreased as the increasing of PPy additive. This effect may be caused by the inter-percolation of PPy
between CFs network. However, the elongation at break of composite is not dramatically reduced,
when increasing the amount of additive. After the polymerization process of pyrrole, PPy network
may be grouped to be clusters which can be observed from the SEM image. Therefore, PPy network
was poorly dispersed into cellulose fibers matrix by present preparation.

4.6. Conductivity properties

The electrical conductivities of CFs: PPy composites with different amount of PPy were
measured using a four - point probe technique. Table 2 shows the sheet resistance, resistivity, and
electrical conductivities of CFs:PPy composites. The experimental setup and parameters calculation
is described in literature (J. Li, Wang, & Ba, 2012). The CFs has basically no conductivity, while the
resistance and resistivity of CFs: PPy composites decrease as the increasing of PPy additive.
Consequently, the electrical conductivities of CFs:PPy composites are increased up to 1.84x102 Scm
at 0.20 ml PPy. Compare to the conductivity of typically semiconductor (10" - 10° S/cm), the
conductivity of CFs:PPy is in a range of promising application of electronic device.

4.7 Dielectric properties

Fig. 5. shows dielectric properties of CFs and CFs:PPy composite materials. Typically, the
dielectric properties of polymer composites can be affected by the polymer type or dopant type. The
variation of dielectric constant (permittivity, o) and loss tangent as a function of frequency for the
prepared samples with different composition of PPy are presented. The dielectric constants were very
high at low frequency and were slightly decreased when the frequency increased. Note that the
dielectric constant of CFs is more rapidly decreased when compare to that of CFs:PPy composites.
The reducing of dielectric constants can be expressed by the relaxation behavior. With high region of
frequency, the charge has insufficient time of re-orientation under applied external field and it was
therefore presented as a lower of dielectric properties. In additional, the loss tangent of CFs and
CFs:PPy composite is not significantly difference. All conditions exhibit the slightly increasing of
loss tangent at high frequency.

4.8 Impedance properties

Fig. 6. shows the complex impedance spectra with the variation of the imaginary part of the
complex impedance (Z) versus its real part (Z). The frequency range was from 10 Hz to 10 MHz and
the applied AC signal was 0.5 V. The impedance spectra are characterized as semicircle, which is
most probably result of the facilitated transport of the doping anions in the bulk of the composites.
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The transport of the doping anions can be enhance by increased amount of PPy (Nakata & Kise, 1993;
Porjazoska Kujundjiski, Chamovska, & Grchev, 2014). Noted that the best fit of experimental data to
model was obtained using a constant phase element (CPE) rather than an ideal capacitor. The
equivalent circuit model is shown in Fig 6. Noted that the best fit of experimental data to model was
obtained using a constant phase element (CPE) rather than an ideal capacitor. The capacitance of

3.168% 10'*! F can be obtained from the composites at 0.20 ml PPy. The equivalent circuit model is
shown in Fig 6.

5.Conclusions

A cellulose paper was demonstrated with the aid of in-situ synthesized conductive cellulose
(CFsy:polypyrrole (PPy) network. Chemical polymerization has been very successful in the production
of composite materials of conductivity polymers with CFs. Increasing polypyrrole content in the
composite affected the features of cellulose. The morphology of CFs exhibited a very straight and
smooth surface. When PPy was composited with CFs, the PPy clusters were formed on the CFs.
Increasing of the PPy amount causes the reduction of mechanical properties due to interpercolation
of PPy in cellulose. Also, the decreasing of dielectric and impedance in CFs:PPy composites sheet can
be observed as the increasing of CFs:PPy ratio. Moreover, conductivity of 184x10* S,cm was obtained
from a composites sheet of CFs:PPy(0.20).

6. Tables

Table.1. Mechanical properties of CFs and CFs:PPy composites.

Composite Tensile strength (MPa) Young's modulus (MPa) Elongation at break (%)
CFs 2.038 £ 0.761 248.940 + 85926 1.404 £+ 0440
CFs/PPy0.05 0.798 + 0520 109.652 + 73871 1.180 + 0.234
CFs/PPy0.10 0.554 + 0.341 109.858 + 68.977 0.698 + 0.119
CFs/PPy0.15 0213 + 0.285 39.715 + 53154 0.868 + 0.331
CFs/PPy0.20 0.026 + 0.020 2.962 + 3546 1.524 4+ 0.389

Table 2. Conductivity of the CFs and CFs:PPy composites.

Sample Resistaglce Resistivitsy Condgctivilt‘y
@ x10 «Qm) x10 &-cmhx10

CFs

CFs:PPy0.05) 10.74£0.742 67.4+4.66 149+40.106

CFs:PPy0.10) 119+40.0944 75140.593 133+1.05

CFs:PPy(0.15) 0.73540.0792 4624+0.498 219+2.44

CFs:PPy0.20) 0.0938+0.0241 058940.151 1844-58.9
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Figure 1. FTIR spectra of CFs and CFs:PPy composites.
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Figure 2. XRD patterns of CFs and CFs:PPy composites.
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Figure 4. FE-SEM of composite materials with different pyrrole preparation condition)a (CFs
b (CFs:PPy0.05 )¢ (CFs:PPy0.10)d (CFs:PPy0.15 )e (CFs:PPy0.20.
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Abstract

High performance lithium ion batteries are in demand for use in consumer electronics as well as in
hybrid and electric vehicles. Silicon is a promising candidate anode material due to its high theoretical

specific capacity of 4,200 mAh g and low discharge potential. However, a high irreversible capacity

loss due to a solid electrolyte interphase formation on the surface of Si anodes during the 1% cycle
limits its practical applications. Prelithiation is considered an attractive method that can be used to

compensate for the active lithium losses during the 1% cycle. Prelithiated Si based nanoparticles are
considered more practical than their micron-sized counterparts due to their better electrochemical and
mechanical properties. However, one of the primary difficulties that these NPs usually exhibit is

surface oxidation to Li2O when the material comes into contact with moisture and oxygen during
electrode fabrication, leading to poor electrochemical stability. In this work the surface stability of

prelithiated Si-based nanoparticles was modified via a polymeric nano-coating method. The results
demonstrate that coating with 1-fluorooctane is an effective strategy to mitigate irreversible capacity
loss and provide electrochemical stability for high performance next generation lithium ion batteries.

Keywords: Lithium ion batteries; Silicon; Prelithiation

Introduction

Lithium ion batteries (LIBs) are playing an essential role in the development of electric vehicles
(EVs) and grid energy storage technologies owing to their high energy density, low self-discharge,
and long cycle life (Kennedy, Patterson, & Camilleri, 2000; Tarascon & Armand, 2001). Silicon (Si)
represents an attractive candidate anode material to replace commercial graphite as a way of
improving the energy density of LIBs. This is due to its high theoretical specific capacity of 4,200
mAh g (through the formation of a Lis4Si alloy). This is ten times higher than that of commercial
graphite anodes with a relatively low electrochemical potential (370 mV) (Kasavajjula, Wang, &
Appleby, 2007; Yin, Wan, & Guo, 2012). However, practical applications that achieve a satisfactory
high capacity and stable cycling performance have not been realized since a large volume change
(>400%), (Hui Wu & Cui, 2012 causes mechanical stress within the electrode leading to its rapid
structural failure and poor electrical contact with the active material (Beaulieu, Eberman, Turner,
Krause, & Dahn, 2001; Domi, Usui, Iwanari, & Sakaguchi, 2017).

Therefore, novel nanostructural designs of silicon-based electrode materials have been utilized to
mitigate the volume expansion of the silicon structure and improve its cycling performance (N. Liu,
Li, Pasta, & Cui, 2014; N. Liu et al,, 2014; Son et al., 2015; Hui Wu & Cui, 2012). This can be
facilitated by effective diffusion of active lithium and electrons (Y. Wang, Li, He, Hosono, & Zhou,
2010). However, a drawback to this approach is that the high surface area of these nanostructured
materials significantly increases solid electrolyte interphase (SEI) formation during the first cycle
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(Aurbach, 1994). SEI formation on silicon anodes during the first cycle causes highly irreversible
capacity losses of 50-80% and can result in low Coulombic efficiency (CE) (DiLeo et al,, 2013; Hu et
al, 2013; H- Wu et al,, 2013; X Wu, Wang, Chen, & Huang, 2003) depending on the structure of the
silicon and the composition of the anode composite. The irreversible loss of active lithium anode
material during the first cycle can be mitigated by prelithiation, which has been previously achieved.
Experimentally, the commercial prelithiation reagent used is stabilized lithium metal powder (SLMP).
It can be drop-cast onto on an electrode material serving as an anode, such as graphite, SiO, Si or
CNT-based electrodes (Forney, Ganter, Staub, Ridgley, & Landi, 2013; Z Wang et al, 2014).
However, SLMP is hard to synthesize and is inhomogeneously distributed within the electrodes.
Another approach is to use mechanical stirring of the Si anode material with Li metal at high
temperatures to form LixSi NPs(¢Yom, Seong, Cho, & Yoon, 2018; J. Zhao et al,, 2014; Jie Zhao et al,
2018). The resulting material suffers from surface oxidation that forms a Li>O passivation layer when
in contact with moisture and oxygen converting LixSi to LixSi—Li.O NPs with a rather low potential
and high capacity. These LixSi NP anode materials with fine structures typically show improved
electrochemical performance and worsened stability on exposure to air with high relative humidity
(RH) J. Zhao et al,, 2015). Therefore, surface coating may be an appropriate alternative to improve
stability and yield higher capacities. For example, LixSi NPs mixed with polystyrene-butadiene-
styrene) (SBS) polymer and graphene can be used as an anode (J. Zhao et al,, 2017). Also, LixSi NPs can
be protected by an artificial solid electrolyte interphase (Y. Liu et al,, 2017; Jie Zhao et al., 2017; J.
Zhao et al,, 2015). These coatings are effective to some extent and it is still necessary use them in a
dry room.

This work proposes a polymeric-coating on the surface of prelithiated Si-based NPs (LixSi NPs).
They are made using a prelithiation method to fabricate electrode materials that compensate for first-
cycle capacity losses and reduce the unwanted reactions encountered by LixSi NPs exposed to air or
other reactive environments. These materials are prepared using a thermal prelithiation forming a
polymer shell around the NPs in a reaction of LixSi NPs with 1-fluorooctane, thereby producing a
continuous and dense coating over the LixSi NPs. The 1-fluorooctane was selected because of its
excellent chemical behavior in nonpolar solvents such as cyclohexane. It is highly reactive with LixSi
NPs J.Zhao et al,, 2014). The LiF and other lithium compounds with long hydrophobic carbon chains
effectively protect the reactivity of LixSi NPs when exposed to an ambient environment though the
formation of a dense outer coating J. Zhao et al., 2015). It is of great importance to develop relatively
stable coated-LixSi NPs, which can be easily handled during the process of battery assembly.

Experimental
Materials preparation

40 and 80 pL aliquots of 1-fluorooctane (CH3(CHz7F, Sigma Aldrich) were each mixed in 20 ml of
anhydrous cyclohexane and then stirred at 60 °C for 2 h. Next, LixSi NPs (200 mg) were synthesized
via a modified hydride destabilization method (Vajo, Mertens, Ahn, Bowman, & Fultz, 2004). These
LixSi NPs were dispersed in anhydrous cyclohexane (Sigma Aldrich) with vigorous stirring for 1 h to
obtain a suspension with 5 mg ml~ of LixSi NPs. The 40 pL 1-fluorooctane solution and the LixSi NP
suspension were homogeneously mixed at room temperature inside a glovebox under an Ar
atmosphere for 1 h with vigorous stirring. After mixing, the coated-LixSi NPs were washed with
cyclohexane and centrifuged to remove unreacted 1-fluorooctane and then dried under a vacuum.
This process was repeated using the 80 pL 1-fluorooctane mixture. The samples made up with 40 and
80 pL aliquots of 1-fluorooctane are referred to as the coated-40 and coated-80 samples, respectively.

Structural and Morphological characterization

X-ray diffraction XRD) PANalytical, Empyrean)was performed to examine the crystal structure of
the experimental samples using Cu-Ka. radiation with a step size of 0.01° and over a 20 range of 10°-
80°. Transmission electron microscopy (FEI, TECNAI G2 20) was used to investigate the
microstructural properties of the LixSi-coated NP materials.
Electrochemical testing

Swagelok type cells were assembled in an Ar-filled glove box to evaluate the electrochemical
properties of these materials. The LixSi or coated-LixSi NP materials were mixed with carbon black
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(Super P, Alfa Aesar and polyvinylidene fluoride (PVDF-Kynar 2801, Arkema) (65:20:15 by weight)
ina 1,3 dioxolane (DOL, Sigma Aldrich)solvent, which was then mechanically stirred to form a slurry.
The resulting slurry was coated on copper foil using a doctor blade and then dried under a vacuum at
80 °C overnight. The Swagelok type cells consisted of discs of the prepared anode and a Li metal foil
(Alfa Aesar), used as counter and reference electrodes, respectively. A 1.0M LiPFs solution in a 1:1
w/w ratio of ethylene carbonate (EC)and dimethyl carbonate (DMC), 1 vol« of vinylene carbonate and
2 volv of fluoroethylene carbonate was used as an electrolyte with a Celgard 2400 (MT]) separator.
Galvanostatic charge/discharge tests were done between 0.01-1.2 V ata C,20 rate (1C =4.2 A g-1)using
a multi-channel tester BST8 MA, MTI).
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Results and discussion

The LixSi NPs were synthesized via a modified hydride destabilization method using
commercial Si, which exhibits surface oxidation that forms a Li>O passivation layer when in
contact with moisture and oxygen during the synthesis of LixSi NPs. This leads to poor
electrochemical stability. Therefore, modifying the surface of LixSi NPs was done via a
polymeric nano-coating with the reduction of 1-fluorooctane in cyclohexane, as depicted in
Figure 1a, to prevent further oxidation. The morphology of the LixSi NPs with a size range of
10 to 20 nm and of the coated-40 and coated-80 samples are respectively shown in Figure 1b-d.
Generally, the surfaces of LixSi NPs consisted of lithium fluoride (LiF) and other lithium
compounds such as lithium alkyl carbonates with long hydrophobic carbon chains. This is
similar to the reaction mechanism employing butyllithium (Wilke, 2003; J. Zhao et al., 2015).
LixSi NPs transfer a single electron to a C—F bond in 1-fluorooctane forming a C radical and
F~, and a second electron transfer converts the C radical into a carbanion (reaction 1).
Additionally, O, and CO> in the glovebox may react with alkyl lithium to form a complex
mixture of lithium compounds (reaction 2).

(a)

LiSi NPs
in cyclohexane

@
1-fluoroocrtanc ® .
®

in cyclohexane

- - LiySi .
F:CH27CHs—> LiF + Li«CHz7CHs @

] 0,/COy .
Li-CH2)7CH3s —— Li-OC0)0-CH27CHjs @

Figure 1. (a) Schematic diagram of the coated LixSi NPs passivation layer formed by chemical
reactions via 1-fluorooctane. (b-d) TEM images of the LixSi NPs, coated-40 and coated-80
samples, respectively.
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The XRD patterns of all the uncoated and coated samples are shown in Figure 2. The coated
and uncoated samples at 0 h of exposure to ambient air exhibited quite similar XRD patterns,
showing diffraction peaks of the Li2>Sis (PDF No. 01-073-2049), Li12Si7 (PDF No.00-040-0942),
Li,O (PDF No. 01-073-0593), and LiOH phases (space group P4/nmm with PDF No. 01-076-
0911, and P4/mmm with PDF No. 00-001-1021) as given in Figure 2a. The Li2.Sis and Li1Si7
phases are formed as a result of the pre-lithiation process, while the Li,O and LiOH phases are
formed due to reactions with O and water vapor in the ambient environment. The coated and
uncoated samples at 6 h of exposure to ambient air with 20+2% RH showed different amounts
of Li2O and LiOH phases compared to those with 0 h of exposure. After exposure to ambient
air for 6 h, the XRD pattern of the uncoated sample showed significantly higher peak intensities
of the Li»O and LiOH phases. However, the XRD patterns of the coated samples showed similar
peak intensities of these phases. The coated-80 sample showed slightly lower amounts of Li>O
and LiOH phases than that of the coated-40 sample due to a thicker surface coating. This
indicates that our method using polymeric coating can effectively protect pre-lithiated LixSi
NPs and prevent further surface oxidation for at least 6 h. This polymeric coating method is
effective because both LiF and lithium alkyl carbonate with long hydrophobic carbon chains
can serve to form an effective passivation layer on the surfaces of LixSi NPs, retarding reactions
of metallic lithium with O and water vapor in an ambient environment (Stubblefield & Bach,
1972; Jie Zhao et al,, 2017).
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Figure 2. XRD patterns of the uncoated, coated-40 and coated-80 samples after @ 0 h and (b) 6
h of exposure to ambient air with 20+2% RH.

A study of the electrochemical properties of the initial LixSi NPs and coated- LixSi NP
materials (coated-40 and coated-80 sample) at 20+2% RH after 0 h, 6 h, and 24 h exposure to
ambient air was carried out using Swagelok-type cells. All samples were fabricated using Li
metal as counter electrodes. The electrolyte solution consisted of 1.0 M LiPFs in a 1.1 ww ratio
of ethylene carbonate (EC) and dimethyl carbonate (DMC), 1 vol of vinylene carbonate and
2 voly of fluoroethylene carbonate with a Celgard 2400 disc as a separator. All the specific
capacities and current densities are reported based on the weight of active material in the
anodes. The electrochemical behaviour of the initial LixSi NPs and coated-LixSi NP anodes was
evaluated using galvanostatic charge/discharge measurements during their first cycle (Figure
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3a-c). The samples after 0 h of exposure showed first charge capacities of about 1,395, 1,371
and 1,091 mAh g ! for the uncoated, coated-40 and coated-80 samples, respectlvely After
exposure to an ambient environment with 20+2% RH for 6 h, the uncoated sample showed
negligible capacity, wh|Ie the coated-40 sample retained 839 mAh g and the coated-80 sample
retained 1025 mAh g*. This indicates that the coated-40 sample showed a capacity decay of
39% while the coated-80 sample lost less than 6+ of its capacity. After 24 h of exposure to the
ambient environment, the coated-40 sample exhibited a capacity of 405 mAh g?, which is a
capacity decay of 70% of its initial capacity. The coated-80 sample still delivered a stored
capacity of 677 mAh g, which is a capacity decay of 38« of its initial capacity. This indicates
that even though the coated-80 sample was protected from further surface oxidation for about
6 h, the coating thickness needs to be optimized to prevent reactions of metallic lithium with
O and water vapor in an ambient environment for longer exposure times. This topic will be
our focus in future experiments. Figure 3d summarizes the results of effect of air exposure.

Figure 3e shows the cycling performance of the electrodes prepared from the coated-40 and
coated-80 samples after 6 h of exposure to ambient air. It is noteworthy that the cycling stability
of the 6 h air exposed coated-40 sample was quite similar to that of the coated-80 sample.
However, the absolute discharge capacity after 6 h at 20+2% RH of the coated-80 sample was
higher than that of the coated 40 sample. The discharge capacities after 10 cycles were
~860 mAh gtand ~630 mAh g* for the coated-80 and coated-40 samples, respectively. This
shows that the discharge capacity of the coated samples was a function of the concentration of
the 1-fluorooctane used in forming the coating. A thicker coating is more effective in preventing
reactions with O. and moisture resulting in superior electrochemical performance.
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Figure 3. VVoltage profiles during first charging cycle of (a) uncoated (b) coated-40 (c) coated-80
samples under ambient conditions for various durations (20£2+ RH). (d) the change in capacity
of the coated anodes as a function of exposure time, (e) the cycling stability of the electrodes

prepared from the 6 h air exposed coated-40 and coated-80 samplesata C/20 rate 1C =42 A g
1
).

Conclusions

61



We successfully developed a polymeric coating method for pre-lithiated LixSi NPs, with a
size range of 10-20 nm, using a chemical reaction involving 1-fluorooctane. LiF and lithium
alkyl carbonate compounds with long hydrophobic carbon chains can serve as an effective
passivation layer on the surfaces of LixSi NPs. This polymeric coating layer can retard reactions
of metallic lithium with O> and water vapor inhibited negative reactions under ambient
conditions, improved electrochemical performance, and improved the ease of electrode
fabrication. The coated-40 and coated-80 samples showed similar capacity decays in an ambient
environment at 20+2% RH after 6 h, but the coated-80 sample had higher capacities after 10
cycles. This indicates that polymer coating methods are potentially useful in industrial battery
fabrication. Thus, application of polymeric coatings on the surfaces of lithium containing anode
materials is a promising approach that may facilitate prelithiation methods for high
performance next-generation lithium ion batteries.
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Abstract

A luminescence hybrid material, bis@-hydroxyquinoline)cobaltdl) (Co@8hq).), was incorporated into
the mesoporous silica. To study the preparation of mesoporous silica from rice husk and the
development of fluorescence efficiency. The mesoporous silica was prepared by swelling-shrinking
mechanism which used the sodium silicate from rice husk as the precursor. The hybrid materials were
prepared by solid-state reaction at room temperature with two different ways; the first one was the
hybrid material processes via the in situ formation of cobaltdhchloride hexahydrate (CoCl>[16H.0)
as well as 8hq into the mesoporous silica (MCM) mixed ground (MCM_Co@8hq).) and the another one
was step by step ground of the mesoporous silica, cobaltdlchloride hexahydrate and 8hq
(MCMCaodl)_8hq. The hybrid materials were characterized by SEM, FT-IR, AAS, as well as PL. The
FT-IR spectra showed the 8hq characteristic at 820, 786, 784, and 747 cm that all of the FT-IR spectra
shifted to higher frequencies of free 8hq 815, 778, and 739 cm™), confirming the coordination
between cobaltdly cation and 8-hydroxyquinoline. The excellent photoluminescence of
MCM_Co@8haq)2 revealed at 492 nm and MCMCo(ll)_8hq demonstrated blue-shifted peak at 474 nm
in this comparison, indicating that the formation of different nanostructures and,or packing of bis (8-
hydroxyquinoline)cobaltd 1) were formed into the mesoporous silica.

Keywords: Hybrid material; Mesoporous silica; Bis@-hydroxyquinolinejcobaltdl); Rice husk

1. Introduction

In recent years, the luminescence of metal complexes has attracted significant attention due to the
coordination chemistry of inorganic and organic components, electron-transfer substitution of metal

or ligand provides an effective means can serve as an efficient approach for the development of
electroluminescent materials (Singh et al., 2018, pp.215-228; Li & Li, 2009, pp.128-1321. As a common

ligand in metal complexes are widely used aromatic rings such as 8-hydroxyquinoline, pyridine, and
benzoic acid that have conjugate double-bonds as well as stronger absorption than metal ions in the
ultraviolet (UV) region (Li & Li, 2009, pp.128-132; Swiderski et al., 2018, pp. 97-109; He et al., 2018,
pp. 15-21). Among these ligands, 8-hydroxyquinoline 8hq) has attracted much attention because of a
variety of one-dimensional (1D)nanostructures of the metal-8-hydroxyquinoline complexes have been

obtained such as nanorods, nanowire, and nanoribbon that nanostructures of the complexes are also
tunable electronic and optical properties [Li et al., 2012, pp.293-302; Tsuboi et al., 2012, pp.524-528;

Behzad et al,, 2014, pp.219-228; Pimchanet al., 2014, pp. 310-316.
The metal complexes illustrate potential applications in organic light-emitting devices (OLED)and
efficient light-conversion molecular devices. However, their practical application in many fields
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limited by the low light and thermal stability and poor mechanical strength of metal complexes (He
et al, 2018, pp.15-21; Pimchan et al, 2014, pp. 310-3161. A wide variety of metal chelates were
prepared base-on the nanospace of mesoporous silica, boron nitrite porous, and inter layer as an
appropriate host solid that an effective way to solve and protect the metal complexes (He et al., 2018,
pp.15-21; Pimchanet al, 2014, pp. 310-316; Sabio et al,, 2016, pp. 1-51. These hybrid materials also
have been reported to have many possible applications as photocatalyst and so on [Patriarcaet al.,
2019, pp. 133-141; Maucecet al., 2018, pp. 32-41..

As an emerging host, mesoporous silica has attracted much research because of the possibility of
tailoring the pore structure, framework composition, and morphologies over a wide range [Luiet al,

2015, pp. 280-282; Sohmiyaet al,, 2015, pp. 1-17; Kazuyuki et al., 2011, pp. 24-26). The porous surface
of mesoporous silica could be modified by a swelling-shrinking mechanism with proper organic
functional groups and provide accessibility for anchoring other substances. This technique offers the
advantages of high control of the hybrid chemical composition at low temperature and large-area
processing (Sohmiyaet al., 2015, pp. 1-17; Kazuyuki et al., 2011, pp. 24-26). Accordingly, host-guest

complexes have been synthesized from mesoporous silica for such purposes as sensors, adsorption,
and optical applications (Zhaoet al., 2017, pp.803-811; Kudoet al, 2017, pp. 189-194; Li et al., 2017,

pp. 459-4651. Moreover, the immobilization of luminary on rigid support is a very important way to
prepare new solid luminescent materials (Li et al., 2017, pp.459-465; Zhang et al., 2018, pp.220-225.
Recently, the preparation of metal complexes base-on mesoporous silica to improve their
performances have attracted increased attention. For example, the aluminum quinolate complex was
attached covalently to this functionalized SBA-15 by using coordinating ability of bifunctional
precursor (Si-SQ) on the surface of mesoporous material and the observed blue-shift in the emission
spectra of the prepared Al@8hq) functionalized material is attributed to the improved molecular
interactions of grafted Al@8hg): complexes on the surface and electron withdrawing effect of
sulfonamide group that covalently linked to the 8hq in grafted precursor (Si-SQ) (Badiei et al. 2011,
pp. 63-691. The adsorption of tris2,2( -bipyridinerutheniumdl) (Rudpy)s1*) onto aluminum containing

mesoporous silicas was conducted and the photoluminescence of the products was examined as a
function of the loaded [Rucpy)si> amounts. The result suggests that the pore size and the interactions

between [Rudpy)s1> and the pore surface affects the efficiency; the larger pore size and the weaker
interactions between and the pore surface results in the higher self-quenching efficiency (Sohmiya
and Ogawa, 2011, pp. 363-3701. Thus, the luminescence properties and stabilities of mesoporous silica-
based hybrids can be meticulously designed and tuned.

Solid-state reaction is a facile and feasible method for preparing nanomaterial and has achieved
some success in fabricating complex materials (Rahman, 2016, pp. 1-13;. It showed that the promising

luminescent properties can be obtained by linking the metal complexes to the mesoporous materials
(Maetal,, 2019, pp. 7905-7914; Vibulyaseak et al., 2019, pp. 162-172). Therefore, the synthesis of metal

complexes in mesoporous silica via solid-state may be predominant features such as high color
quality, wide-viewing angle, wide operating temperature range, and fast response.

In this paper, we reported the preparation of the cobaltd1)complex of 8-hydroxyquinoline 8hq)into
mesoporous silica with different methods. The mesoporous silica was prepared from rice husk which
was calcined in air. The cobaltdl) complexes in mesoporous silica were prepared by solid-state
between mesoporous silica and Codl:8hg. The different methods may enhance the
photoluminescence efficiency of Co@8hq). complex by reducing the concentration quenching and self-
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absorption. The role of preparation processes may affect the molecular structure and,or packing, as
well as optical properties of Co@8hq)2 complex into the porous space.

2.Objectives

To synthesize the mesoporous silica from rice husk and preparation of the hybrid materials of
cobaltdl) complex into mesoporous silica to improve the luminescence efficiency for optical

applications.
3. Methodology (Materials and Methods)

3.1 Materials

Rice husk (RH) used in this research were obtained from the rice milling process in Thailand.
Cetyltrimethylammonium (CTA) bromide (C19H42NBr, CTAB) was supplied from Sigma-Aldrich Co.,
Ltd. Cobaltdchloride hexahydrate (CoCl216H20) was obtained from Carlo Erba Reagenti SpA. 8-
Hydroxyquinoline (CoH7NO, 8hq)was supplied from Junsei Chemical Co., Ltd., and the reagents were
analytical grade and were used without further purification.

3.2 Synthesis

3.2.1 Synthesis mesoporous silica MCM,

In the beginning, the sodium silicate preparation was synthesized by silicon dioxide (SiO2) from
RH. The raw RH was boiled in 1 M HCI solution for 4 h, washed with distilled water, and then dried
at 100 -C for 24 h. The dried RH was calcined in a muffle furnace, which was preheated to 900 -C,
for 8 h (Bakar et al.,, 2016, pp. 189-195;. Then, 100 mL of 2 M NaOH and 5 g of SiO, were stirring at
80-100 -C for 3 h. After the reaction period and cooling to room temperature the sodium silicate
solution (NaSizO7) formed was filtered and stored in a sealed polypropylene flask at room
temperature (Pimprom et al,, 2015, pp. 156-166). Finally, the mesoporous silica was synthesized by the
amount 0.8448 g of cetyltrimethylammonium bromide (C19H4NBr, CTAB), 70.8 mL of deionized
water, 800 mL of 99+ methanol, and 29.2 mL of 28+ aqueous ammonia were mixed and the mixture
was stirred for 3 h at 20 °C. The 1.48 mL NaxSi3sO7 was added to the solution and then the suspension
was aged at 4 °C for another 24 h. The solid particles were collected by evaporation. The product was
calcined in air at 660 °C for 10 h to form a porous silica shell. [Kazuyuki et al., 2011, pp. 24-261.

3.2.2 Preparation of hybrid material

The ligand cobalt complex-mesoporous silica hybrids were obtained by solid-state reaction at room
temperature (Pimchan et al,, 2014, pp. 310-3161. The amount of Codl) cation determined by atomic
absorption spectrometry (AAS) was 221.33 mg/L. The hybrids were obtained by two different
processes as follows; the first method 0.1 g of mesoporous silica (MCM), 0.0305 g of CoCl>[16H20,
and 0.0648 g of 8hq at the molar ratio of 1.2 for Codl) to 8hq ligand were mixed ground in a agate
mortar at room temperature for 10-15 min (MCM_Co8hq)») and the another method was ground step
by step, 0.1 g of mesoporous silica with 0.0305 g of CoCl.[16H20 were mixed ground in a agate
mortar at room temperature for 10-15 min then add 0.0648 g of 8hq (the molar ratio 1.2 for Co(ll):8hq
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ligand) mixed ground in a agate mortar at room temperature for 10-15 min respectively
(MCMCodl_8hq.

3.3 Characterization

Material characterizations: A HITACHI TM3000 scanning electron microscope (SEM) was used
for the identification of morphology and size of nanoparticles. Fourier-transform infrared
spectroscopy (FTIR)was measured on a Spectrum One spectrometer over the spectral region of 600-
4000 cm? by Bruker TENSOR27 confirmed the structural properties. The metal components were
confirmed by atomic absorption spectrometry (AAS)was taken on PinAAcle 900F Atomic Absorption
Spectrometer. The optical properties were studied by the photoluminescence spectroscopy (PL) was

carried out using Spectrofluorometer FluoroMax 4 at the condition of a working voltage of 400 V
and a slit width of 0.5 nm by the excitation of Xenon lamp at 320 nm.

4. Results and discussion

4.1 Mesoporous silica

The mesoporous silica was confirming the phase purity and identification through the SEM (Fig.1)
and FT-IR (Fig.2). From the image (Fig.1) illustrated that the prominent morphology of particles is a
mostly short rod-like cylinder and homogeneous aggregation of the particles is also observed. The

diameters of particles approximately 1 um and length up approximately 4 um which is typically the
morphology for mesoporous materials (Puratane &« Amnuaypanich, 2018, pp.496-505; Barczak, 2018,

pp. 291-300; Cong, V. T.et al,, 2018, pp.881-8921and Figure 1b and 1c showed the morphology after
loading cobalt(l) complex into mesoporous silica from different route.

ok 20pn

Figure 1. The SEM images of MCM @ MCM_Co@8hqy. (byand MCMCo(l)_8hq )

The FT-IR spectrums demonstrate organic functional incorporation in silica framework (Fig.2) that
the broad absorption band around 1024 cm? corresponding absorption with a shoulder of Si-O-Si
asymmetric stretching [Ogata, 2014, pp. 705-7125, 966 cm™ shown stretching vibrations Si-OH
rYangetal.,, 2009, pp.178-184; Yang et al,, 2007, pp.1-10; La-Salviaet al,, 2017, pp. 1461-1469; Ogata,
2014, pp. 705-712). In addition, the absorption bands at 710 and 876 cm* also corresponding OnSiHx
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deformation [Ogata, 2014, pp. 705-712;, may due to a little CTAB still in mesoporous silica, which
shows all the absorption band substantiate formation of mesoporous silica. The absorption band 2975
and 1428 cm™ which are assigned to C-H vibrations of -CHz and -CH,- carbon chain, which is due to
alkylammonium vibrations of the surfactant (Jiang et al., 2014, pp. 2454-2462; Jabariyan & Zanjanchi,
2012, pp. 1087-1093:. This shows that still the template molecules have been unremoved out of the
MCM.
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Figure 2. The FT-IR spectra of MCM @),
8hq (b), MCM_Co@Bhq)2 ©)and MCMCodl)_8hq @)

4.2 Bis@-hydroxyquinoline)cobaltdl) into mesoporous silica

The preparation of the hybrid material of the cobaltdl) complex into mesoporous silica from the
rice husk was confirmed by FT-IR and PL spectroscopies. The vibrations of CH> stretching as well as
C-H vibration modes due to the characteristics of 8-hydroxyquinoline in Co@8hq)2 of the products are
summarized in Figure 2. The absorption bands due to the C-H out of plane bending modes of the neat
8-hydroxyquinoline were observed at 815, 778, and 739 cm?, that all of the FT-IR spectra of the
hybrids were shifted to higher frequencies were 820, 784 and 747 cm* for MCM_Co8hq). as well as
the frequencies of MCMCo(l) 8hq at 820, 786 and 747 cm?, confirming the coordination between
cobalt (1) cation and 8-hydroxyquinoline [Pimchan et al., 2014, pp. 310-3161. The stretching vibrations
of metal oxide for tetrahedrally coordinated Codll) ions of both products were observed at 645 and
647 cm? respectively, indicating the formation of Co-O bonding in hybrid material (Li & Li, 2009,
pp. 128-132; Saurav et al., 2015, pp.21471-21479;, supporting the interaction between hydroxyl group
and cobaltd1) cation. A broad infrared absorption band in the region from 3000 to 3400 cm " identified
the water of hydration in the samples [Li & Li, 2009, pp. 128-132;, which was consistent with the
photoluminescence spectra.

Table 1. Color and Photoluminescence band of hybrid materials

Substances color Aem
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(nmy

Co@Bhq). Dark green 468
MCM_Co@8hq). Orange green 492
MCMCodl)_8hq Light green 474

Photoluminescence was a very important characteristic for the hybrid materials. All summaries
were shown in Table 1. The luminescence spectrum of Co@8hqg). complexshowed the emission band
due to a w to = charge transfer from the electron-rich phenoxide ring to the electron-deficient pyridyl
ring of the ligand at 468 nm (Li & Li, 2009, pp. 128-132;. When the product from a mixed ground
method, the luminescence maxima was observed at 492 nm for MCM_Co8hq)., as well as the color
appearance was a dark green-orange (Fig.4b). In another route, the intense emission band of
MCMCodl)_8hq hybrids revealed at 474 nm and the feature observe as light-green (Fig.4c). The PL
spectra was red-shifted in comparison with its precursor of the luminescence maxima observed for
MCM_Co@hq)2 492 nm), and MCMCo(ll)_8hq 474 nm)reflected the change in HOMO/LUMO level
and,or bandgap energy of the interaction complexes contributes to the broad blue PL (Pimchan et al.,
2014, pp. 310-3161, implying that the cobalt complex with different nanostructures and packing
formed and sor changes the coordination number of cobaltdl) complexes in the mesoporous silica
spaces. For example, cobaltdh-bis@-hydroxyquinoline) nanosheets demonstrated the red-shift and the
fluorescence quenching when the complex formation between p-nitroaniline molecules [Li & Li,
2009, pp. 128-1321. The emission peak of CAim@SiO.@CdTe nanoparticles (NPs)was red-shifted in

comparison with its precursor SiO>@CdTe NPs, which may be attributed to the increased size of NPs
(Li & Qu, 2007, pp. 3536-35441, while zinc1)-8-hydroxyquinoline complex in channels of mesoporous

silica nanoparticles (MSN) which functionalized with or without mercapto groups, the PL emission
peaks of these samples are red-shifted from 500 nm for MSN-Zn@&hq)to 511 nm for MSN-SH-Zn@8hq),

the optical properties of these samples are dependent on the interior circumstances and the
concentration of mercapto groups in channels of MSNs [Li et al.,, 2012, pp. 293-302;. In addition, the

reported that the emission peak maxima of nanoporous silica-Al@8hqs, nanoporous silica-Al@8hg)2 and
Al@8hqyz are 505, 497, and 510 nm respectively. The greater blue-shift observed in the emission spectra
of nanoporous silica-Al@8hq). can be attributed to changing the coordination sphere of Al ions in
nanoporous silica-Al@8haq)2 in comparison with nanoporous silica-Al@8hq)z (Badiei & Goldooz, 2012,
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pp. 151-159;. From these observations, the formation of cobalt complex into mesoporous silica were
proved.

(a)

474 nm

Intensity/ a.u.

4{I}D 4;{} S{I}U Séﬂ 600
Wavelength{nm}
Figure 3. Photoluminescence spectra of Co@8hq). @,
MCM_Co@8hq2 (kb and MCMCodl)_8hq ()

In comparison of the PL efficiencies between MCM_Co@8hq). and MCMCodl)_8hq in Figure 3
demonstrate excellence luminescence intensity of MCMCodl) _8hg, while MCM_Co@8hqg)y, no
significant change from Co@hq). complex, indicating the sequenced ground direction can efficiency
improved the luminescence intensity of metal complex (Pimchan et al, 2014, pp. 310-316). It was
illustrated that the cobalt complex of 8-hydroxyquinoline was successfully prepared in mesoporous
silica by solid-state reaction at room temperature and the immobilized complexes exhibited excellent
photoluminescence properties. Moreover, the method via step by step ground affected the molecular
structure andor packing of the complexes, which are thought to be correlated with the increased
luminescence efficiencies. From these observations, the present hybrids showed the outstanding

photoluminescence efficiencies as well as the shift of luminescence maxima due to the energy level
changes (Pimchan et al., 2014, pp. 310-3161.

Finally, the present systems are the preparation of mesoporous silica, which conventional method
as well as advantage rice husk. Applications such as the host material, absorbent, and insulator as well

as the cobalt complexes composition controlled by the mesoporous silica host. Suggestions for the
incorporation of the other ligand metal complexes with different metal ions, ligands and.or other host

structures are foreshadowing because of the ease of operation, the enhancement of luminescence
efficiencies and the stability of the incorporated complexes.

5. Conclusions

The mesoporous silica which synthesized by swelling-shrinking mechanism from rice husk was
successfully prepared. The hybrids material of bis@-hydroxyquinolinejcobaltdly complex were
prepared by solid-state reaction between mesoporous silica, cobalt ion, and 8-hydroxyquinoline at
room temperature. The emission maxima was 492 nm for MCM_Co@8hq). hybrid and 474 nm for
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MCMCodl_8hqg hybrid. The photoluminescence efficiency of MCMCol)_8hqg hybrid was higher
than MCM_Co8hq)., indicating that the MCMCo(ll)_8hq hybrid can be an excellent optical properties
material. The difference in the microstructure andor packing of the cobaltdl) complex into
mesoporous silica could be adjusted by changing the loading/packing method. The solid-state reaction
is applicable to prepare various complexes in the porous hosts.

(c)

Figure 4. Colors of Co@hq)2 @, MCM_Co@8hq)2 (byand MCMCodl)_8hq ()
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Abstract

Oxidation of alcohols to aldehydes is one of the most fundamental and important organic reactions
with wide industrial applications. However, alcohol oxidation reactions usually require toxic
oxidizing agents such as NaOCI, HCIO4, and H2O: under harsh conditions. Recently, Cu-catalyzed
aerobic alcohol oxidation has attracted a considerable interest due to its high catalytic efficiency
under mild reaction conditions. To further reduce environmental impacts, we wish to develop
copper catalyst systems that are water soluble and recyclable. In this work, a series of bis@amine-
triazole) ligands featuring n-hexyl and water-soluble polycethylene c?lyCOI) (PEG) substituents with
different chain lengths (PEG200 and mPEG550) were prepared and used as Cu catalyst supports.
Catalytic studies toward aerobic oxidation of benzyl alcohol and its derivatives in HO as well as
CHsCN were carried out using the catalyst system [Cuyligand TEMPO/base (TEMPO = 2,2,6,6-
tetramethylpiperidinyl-1-oxyl). In particular, the effects of triazolyl substituent's chain length on
catalytic oxidation activities were examined.

Keywords: PEG; amine-triazole ligand; alcohol oxidation; copper catalyst; water
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1. Introduction

The selective alcohol oxidation to the corresponding aldehyde is among the most valuable
organic reactions with a wide range of applications in various fields such as agricultural, perfume
and pharmaceutical! Traditional alcohol oxidation methods are usually achieved via the use of a
stoichiometric amount of toxic oxidizing agents, performed under harsh conditions??® To develop
more benign and environmentally friendly oxidation processes, the use of ligand-stabilized copper
catalysts has emerged as a promising alternative because only low catalyst loadings and readily
available O in air were required.* In particular, we are interested in employing 1,4-disubstituted-
1,2,3-triazole compounds as stabilizing ligands due to their ease of synthesis and substituent
modification through Cu-catalyzed azide-alkyne cycloaddition (CUAAC or «click- reaction)>®
Recently, our research group has shown that copperdl) catalysts supported by pyridine-triazole
ligands exhibited high activity toward aerobic alcohol oxidation of benzyl alcohol and its
derivatives.” Along the same line, copperdl) complexes of benzimidazole-triazole ligands showed
high catalytic performances for aerobic of oxidation of activated 1° alcohols including benzyl
alcohol, cinnamyl alcohol, 2-thiophenemethanol and 1-hexanol® In another example, Ding et al.
demonstrated that the pyridine-triazole ligand-functionalized SBA-15 was an efficient stabilizer for
palladium nanoparticles, leading to highly active catalysts for alcohol oxidation.®

Most of the metal-promoted aerobic alcohol oxidation reactions require organic solvents as
reaction medium to achieve high product yields. However, organic solvents are generally
flammable, toxic, and harmful to human and environment. Based on these disadvantages, water
which is non-flammable, benign, and safer to the environment is the ideal solvent for chemical
reactions.® To improve the solubility of catalysts in water, water-soluble linear hydrophilic polymer
such as polycethylene glycol) or PEG has gained considerable attentions as ligands for catalysis due
to its cheap, non-toxic, biocompatible, and facile modifications of PEG end-group. In addition, metal
catalysts supported by PEG-functionalized ligands are easily recovered from catalytic reactions via
separation or precipitation.!*13 Previously, Sun et al. used pyridine-triazole ligand-functionalized by
PEG as a catalyst support for copper-mediated alcohol oxidation in water. It was found that the
copper-PEG catalyst system was highly active with excellent reusability.*

To further develop water-soluble ligands for copper-catalyzed aerobic alcohol oxidation, we
prepared a series of bis@mine-triazole) ligands functionalized with n-hexyl and water-soluble PEG
substituents with different chain lengths: PEG200 average My ~ 200) and mPEG550 @verage Mw ~
550). Catalytic activities of the resulting copper catalysts supported by these bis@mine-triazole)
ligands toward aerobic alcohol oxidation were evaluated and compared. In particular, the effect of
PEG chain lengths on the catalytic efficiency was also determined.

2.Objectives

In this work, n-hexyl- and two water-soluble, PEG-functionalized bis@mine-triazole) ligands:
PEG200 average My ~ 200) and mPEG550 average Mw ~ 550) were synthesized via Cu-catalyzed
azide-alkyne cycloaddition (CUAAC,) or «click~ reaction and used to stabilize copper complexes. The
corresponding copper complexes were characterized and investigated as catalysts for aerobic
alcohol oxidation. Accordingly, the objectives of this research are as follows:

1 To synthesize and characterize n-hexyl-, PEG200- and mPEG550-functionalized bis@mine-
triazole) ligands.

2. To prepare and characterize copper complexes supported by hexyl-, PEG200 and mPEG550-
functionalized bis@mine-triazole) ligands.

3. To evaluate the effect of PEG chain lengths on catalytic activity and reusability of the
corresponding copper complexes catalysts toward aerobic alcohol oxidation under mild conditions.

3. Methodology (Materials and Methods)
3.1 Materials

All chemicals including p-phenylenediamine (Aldrich), Boc anhydride (Boc.O; TCI), propargyl
bromide 80 wtx in toluene) (TCI, NaH (TCl), 1-bromohexane (TCl), tetraethylene glycol (TCI,
polyethylene glycol) methyl ether average My, ~ 550 (TCI), NaN3z (TCI), p-toluenesulfonyl chloride
(TCI), cyanuric chloride (TCIl), NaOH (Carlo Erbo), CuSO4.5H20 (TCl), sodium ascorbate (Aldrich),
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Ethylenediaminetetraacetic acid (EDTA; TCIl), Na.CO3 (TCI), 30% NH4sOH Panreac), CFsCOOH
(TCIh and 33% HCI (RCI Labscan) were of reagent grade and used as received without further
purification. n-C¢Hi3N3s'®, PEG200N3!®, mPEG550Ns!"18, and tristoenzyltriazolylmethylamine
(TBTAY® were prepared according to the literature methods. All organic solvents used were
purchased from RCI Labscan and purified according to standard procedures. Deionized water (R [
182 M(1-cm)was obtained from Nanopure® Analytical Deionization Water.

3.2 Instruments

For physical measurements and instrumentation, Fourier transform nuclear magnetic resonance
(NMR) spectra were acquired using Bruker.s Ascend 400 high-resolution magnetic resonance
spectrometer for *H 400MHz) and C{*H} (100 MHz) nuclei. Chemical shifts were regorted in &
unit (parts per million) using residual solvent peaks as references (CDCls: *H § 7.26 and, *C § 77.16).
Electrospray ionization (ESI) mass spectrometry was carried out using a microTOF in the positive
mode ion. Fourier transform infrared (FT-IR) spectra were recorded in the range of 400-4000 cm'*
using Bruker model Alpha spectrometer (Bruker Optics GmbH, Ettlingen, Germany).

3.3 General procedure

Air-sensitive experiments were carried out under Nz using standard Schlenk techniques.
Propargyl bromide was stored under N2 in a PTFE valve flask at 5 °C and used as received. 1 M HCI
and 10% NHsOH were freshly prepared before use.

3.4 Methods
34.1 Synthesis of di-tert-butyl-1,4-phenylenebisprop-2-yn-1-ylcarbamate)

To a 10 mL THF solution of p-phenylenediamine (0.500 g, 462 mmol) was added Boc.O 2.40
mL, 10.2 mmol) upon which the reaction solution was stirred at room temperature. After 24 h, the
white precipitates (1.40 g) were collected using vacuum filtration, air dried, and added to a 15.0 mL
DMF suspension of NaH 0450 g, 114 mmol) at 0 °C. The reaction mixture was stirred at this
temperature for 15 min, after which propargyl bromide 80 wt in toluene; 1.10 mL, 10.0 mmol) was
added dropwise. Then, the reaction was allowed to warm up to room temperature and stirred for 24
h. Extraction with CH.Cl, 3 x 30 mL) afforded a dark brown solid, which was identified as the
desired product based on *H NMR spectroscopy, in 91% yield (1.63 g, 4.24 mmol) Scheme 1).

\(L/fo 2.2 eq NaH \i/ 0
2.2 eq propargyl bromide f =
/@/ NH, 2.2 gq Boc,0 H (80 Wt% in toluene Z
H.N THF DMF N
2 RT, 24 h HN RT, 24 h z
o)\o o)\o

P-phenylenediamine di-tert-butyl-1-4-phenylene
bis(prop-2-yn-1-ylcarbamate)

Scheme 1. Synthesis of di-tert-butyl-1-4-phenylenebisrop-2-yn-1-ylcarbamate)

3.4.2 Synthesis of n-hexyl-, PEG200- and mPEG550-functionalized bis@amine-triazole) ligands

Di-tert-butyl-1,4-phenylenebisprop-2-yn-1-ylcarbamate) (0.10 g, 0.26 mmol) was dissolved in 3 mL
of CH2Cly, followed by an addition of Na2COz3(0.028 g, 0.26 mmol), RNz (n-CsH13N3, PEG200N3 or
MPEG550N3) (0.57 mmol), trisbenzyltriazolylmethyhamine (TBTA; 0028 g, 0052 mmol,
CuS04:5H20 (0.013 g, 0.052 mmol), and a 3 mL aqueous solution of sodium ascorbate (0.031 g, 0.16
mmol), respectively. The reaction mixture was stirred at room temperature for 24 h, after which
EDTA 0.076 g, 0.26 mmol)in 3 mL of 10% NH4OH was added and the solution was stirred at room

83



temperature for 4 h. The reaction solution was quenched with saturated brine solution, and extracted
with CH.Cl; 3 x 15 mL). The Boc-protected triazole ligands were purified by column
chromatography, resulting in an off-white solid in 94+, 90%, and 83« yields. Boc deprotection was
carried out by adding excess amount of CFsCOOH (0.5 mL)to a 2 mL CHCI; solution of the Boc-
protected ligand. The reaction mixture was stirred for 24 h at room temperature, after which the
solution was quenched with saturated aqueous solution of NaHCO3 and the product was extracted
with CH2Cl> 3 x 10 mL). Solvent evaporation produced the corresponding amine-triazole ligands
L1-L3in 80%, 74%, and 68% overall yields, respectively (Scheme 2).

22¢qR-Ng
0.2 eq CuSO,H,0 R
o 0.6 eq Sodium ascorbate 0 N R
T . 02qTBTA U \ N
7 legNaco, N CF,COOHICH,CI, y \/E o
///\N CH,Cl, 1 H,0 (1:1) R N/Y\N RT,24h R N/@f
RT, 24 h =N NN
oo nN=N o//l\o N=N
/i\ /‘\ R =N-CeHy5 (Mhexyl), L1
(CH2CH;0)3CH,CH,0H (PEG200), L2
di-tert-butyl 1 4-phenylene (CH2CH;0);3,CH,CH,0CH; (mPEGS50), L3

bis(prop-2-yn-1-ylcarbamate)

Scheme 2. Synthesis of n-hexyl-, PEG200- and mPEG550-functionalized bis@amine-triazole) ligands

3.5 General procedure of alcohol oxidation

To a 2 mL CH3CN or aqueous solution of alcohol (1.0 mmol), base (NMI or Na.COs3) (0.014 g,
0.10 mmol), and TEMPO (0.050 mmol) was added a 3 mL of CH3CN or aqueous solution of CuCl/L
0.050 mmol Cu, L = L1-L3). The reaction mixture was allowed to stir in air at various reaction
temperatures for a given time. Then, the reaction mixture was filtered through a silica in short
column with 10 mL EtOAC. The percent conversion was determined by GC-MS mothod using
anisole (0.1 mmol) as as internal standard.

4. Results and discussion

41 Synthesis and characterization of n-hexyl, PEG200- and mPEG550-functionalized bisamine-
triazole) ligands

A reaction between di-tert-butyl-1,4-phenylenebis(prop-2-yn-1-ylcarbamate) and different
organic azide including n-CeH13N3, PEG200N3, and mPEG550N3 in CHCl, in the presence of
CuSO45H20, TBTA, sodium ascorbate and Na>COsz afforded the corresponding Boc-protected
bis(amine-triazole) compounds. Subsequent Boc deprotection produced the bis(amine-triazole)
ligands L1-L3 in 80%, 74%, and 68% yields, respectively.

L1: *H NMR (400 MHz, CDClg) & 7.47 (s, 2H), 6.62 (s, 4H), 4.39 (s, 4H), 4.30 (t, 4H), 1.86 (s,
4H), 1.29 (s, 12H), 0.87 (s, 6H). *C{*H} (100 MHz, CDCls) & 121.54, 115.40, 50.56, 41.33, 31.34,
30.47, 26.34, 22.62, 14.15. ESI-MS (microTOF, m/z) [M + H™]: Calcd. For Co4H3sNs, 439.3293;
found 439.3292. FT-IR (ATR, cm™): 3281, 2955, 2930, 2856, 2362, 1625, 1517, 1458, 1239, 1053,
810, 727, 658, 523, 408.

L2: 'H NMR (400 MHz, CDCls) & 7.68 (s, 2H), 6.59 (s, 4H), 4.42 (t, 4H), 4.35 (s, 4H), 3.81 (t,
4H), 3.67 (t, 4H), 3.60 (d, 4H), 3.53 (m, 16H), 1.23 (s, 3H). 3C{*H} (100 MHz, CDCls) 5 122.34,
114.65, 72.62, 70.66, 70.57, 70.47, 70.37, 61.59, 50.60. ESI-MS (microTOF, m/z) [M + H*]: Calcd.
For CasHasNgOs, 622.3439; found 622.5734. and FT-IR (ATR, cm?): 3397, 2882, 2362, 2344,
1675, 1619, 1521, 1456, 1425, 1350, 1200, 1180, 1123, 1059, 935, 887, 831, 799, 721, 517.

L3: 'H NMR (400 MHz, CDCI3) § 7.68 (s, 2H), 6.62 (s, 4H), 4.50 (t, 4H), 4.36 (s, 4H), 3.83 {(t,
4H), 3.63 (m, 98H), 3.46 (m, 4H), 3.36 (s, 6H). 13C{1H} (100 MHz, CDCI3) 6 122.36, 115.76,
72.96, 72.04, 71.49, 70.67, 59.16, 42.88. ESI-MS (microTOF, m/z) [M + H']: Calcd. For
C62H112N8024, 1359.2473; found 1359.3275. and FT-IR (ATR, cm-1): 3470, 2922, 2868, 2362,
2339, 1657, 1591, 1520, 1462, 1346, 1303, 1248, 1198 1090, 1034, 946, 826, 670, 528.
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42 Catalytic aerobic alcohol oxidation

To compare the catalytic activity toward aerobic alcohol oxidation of the copper stabilized by
hexyl- (L1) and PEG-functionalized bis@mine-trizole) ligands with different PEG chain lengths
[PEG200 (L2) and mPEG550 (L3)], benzyl alcohol was used as a model substrate in the presence of
5 mol% CuCl/Ln, TEMPO (5 molx) and base (NMI or Na,CO3) (10 molw) in CH3CN or water at room
temperature for 24 h with air as an oxidant. The GC-MS techniques were used to identify and
analyze percent conversion of alcohols to the aldehyde products. The results showed that CuCl/L1
possessed the highest catalytic activity up in to 98« conversion in CH3CN at room temperature for 2
h in the presence of NMI base entry 1, Table 1). For water-soluble, PEG-functionalized bis@mine-
triazole) ligands, only 14+ and 35% conversions were observed for the CuCl/L2 and CuCIL3
catalysts when Na,COs was used as a base in water at room temperature after 24 h entries 2 and 4,
Table 1) However, in the presence of NMI base, percent conversions of benzyl alcohol to
benzaldehyde increased to 89« and 43« for CuCl/L2 and CuCl/L3, respectively entries 3 and 5,
Table 1.

Table 1. Catalyst comparison for selective alcohol oxidation?

O
5 mol% CuClI/L  air

OH 10 mol% TEMPO, 10 mol% Base H
Solvent g

RT, Time
Entry L Base Solvent Time % Conversion®
1 L1 NMI CHs:CN 2h 98
2 L2 Na>CO3 H20 24 h 14
3 L2 NMI H>O 24 h 89
4 L3 Na>CO3 H20 24 h 35
5 L3 NMI H>O 24 h 43

2 Reaction condition: benzyl alcohol (1.0 mmol), CuCl 0.050 mmol), L (L1-L3; 0.050 mmol), TEMPO ©.050 mmol),
Base (0.10 mmol), in solvent (5.0 mL) under aerobic conditions at room temperature for given time with anisole (0.10
mmol)as an internal standard.® Based on GC analysis.

4 3 Substrate scope

From the optimized condition, a mixture of CuClI'L1L TEMPO/NMI was further investigated as
the catalyst system for aerobic oxidation of various alcoholic substrates in CH3CN at room
temperature. Catalytic results have shown that benzyl alcohol derivatives such as 4-nitrobenzyl
alcohol, 4-methoxybenzyl alcohol as well as cinnamyl alcohol were converted to the corresponding
aldehydes in high yields at 2 h entries 1-3, Table 2). For aliphatic alcohols such as hexanol and
cyclohexanol, only 15+ and 24+ conversions were obtained, respectively, at room temperature after
3 h entries 4.5, Table 2
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Table 2. Substrate scope for aerobic alcohol oxidation catalyzed by CuCI/L12

Entry Alcohol v Conversion®

OH
1 o 90
O,N

OH
2 o %5
MeO

A
3 O 88

4 N 0H 15¢

5 O 24

@ Reaction condition: Alcohol Substrate (1.0 mmol), CuCl 0.050 mmol), L1 0.050 mmol), TEMPO (0.050 mmol), NMI
(0.10 mmoly in CH3CN (& mL) under aerobic conditions at room temperature for 2 h with 0.010 mmol of anisole as an
internal standard.® Based on GC analysis. ¢ Reaction time =3 h.

5.Conclusions

A series of n-hexyl- (L1) and water-soluble PEG-functionalized bis@mine-triazole) ligands with
different PEG chain length, PEG200 @average Mw ~ 200; L2)and mPEG550 average Mw ~ 550; L3)
have been successfully synthesized and characterized. The catalyst systems CuCl/LL,TEMPO/NMI
promoted excellent conversions of benzyl alcohol to benzaldehyde in CH3CN or L1) and H2O or
L2) at room temperature after 2 h. Catalytic studies toward aerobic oxidation of benzyl alcohol have
also shown that the shorter PEG chain length (PEG200) resulted in the copper catalyst system with
higher activity in water than that of mPEG550 89+ cf. 43% conversions at 2 h). Furthermore, the
catalyst system CuCl/LL TEMPO/NMI exhibited high oxidation activities in CH3CN toward benzyl
alcohol derivatives and cinnamyl alcohol but lower activities for the more challenging 1° alcohols
such as 1-hexanol and cyclohexanol.
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Abstract

Nowadays, the emission of volatile organic compounds (VOC) is giving rise to several health
hazards and damage to the environment. Consequently, the nanomaterial development is considerably
important for VOC adsorption and sensing. In this work, the adsorptions of toluene on silicon carbide
nanosheets doping with transition metal atoms (TM-doped SICNS)were investigated using the density
functional theory method (DFT). The B3LYP/LanL2DZ was employed in all calculations for the
geometric, energetic, and electronic properties. In addition, the doping of TM atom at different sites
will have different effects on the adsorption behavior of the systems. Calculation results reveal that

the adsorption distances and adsorption energies of TM doping on SiCNSs are suitable for toluene
adsorption greater than pristine SICNS. According to the changes of electronic properties of TM-

doped SICNS show highly sensitive to toluene molecule. The results indicate that the introducing of
TM doping on SICNS significantly improve the sensitivity toward toluene molecule. Therefore, the

results of our work may be useful in developing and designing new types of storage and sensor
materials.

Keywords: DFT; Silicon carbide nanosheet; Toluene; Transition metals; VOC

1. Introduction

Volatile organic compounds (VOC)are common air pollutants emitted by the chemical industries
such as production of adhesives, paints, printing materials, building materials, and chemicals for
synthesis 1. For this reason, it is an important issue to develop sensors for detect and manage VOC.
In the recent year, the experimental and theoretical studies about VOC adsorption on different
nanostructures have been reported widely (2,31 Manaschai Kunaseth et al. have investigated the
adsorption of VOC on transition metal deposited graphene which adsorption energy of benzene was
-193 eV calculated by using Perdew-Wang functional (PW91) (41. The para-nitrophenol molecule
adsorption on vacancy and Pt-doped graphene sheets showed that the adsorption capacity of graphene
can be significantly increased [51. Toluene is volatile organic compound that evaporate at room
temperature. Toluene is harmful to human health, and may cause various diseases such as headache,
nausea, coryza, pharyngitis, emphysema, lung cancer, and even death [61. Also study of the
adsorptions of VOCs on activated carbon/metal oxide composites have been performed by Ke Zhou
et al, that calculation shows that the highest adsorption energy of toluene on activated carbon was -
20.87 kJmol calculated by using JW-BK132Z functional (71. Lian Yu et al. have reported the
adsorption of VOC on reduced graphene oxide, and the results suggested that graphene oxide is
excellent adsorption performance for toluene molecule (8. As previously mentioned, Experimental
and theoretical studies on the adsorption of VOC are showed extremely interesting and it is necessary
to understand more.

The silicon carbide nanosheet (SICNS) has recently attracted considerable attention due to it has
the notable properties such as thermal stability, chemical inertness, high thermal conductivity, and
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others (9,101. They also have wide range of applications in different fields such as energy conversion,
enhance materials strength, gas storage and sensing applications [11;. However, pristine SICNS has
been explored as low efficient for adsorption or storage and low sensitive to small molecule [12).
Therefore, many studies are devoted to improving the surface sensibility of silicon carbide
nanostructures by introducing doping metal atoms. Doping of transition metal (TM=Fe, Co, Al, Cu,
and Znyatoms on SICNS can improve the adsorption abilities of TM-doped SiCNS to small molecule
and change electronic properties of TM-doped SiCNS [13;. Ga- and B-doped SiCNSs show better
capability of small molecule adsorption capability than undoped SiCNS [14). The silicon carbide
nanotube (SICNT) doping with group 8B transition metal are appropriate for hydrogen storage and
show better hydrogen adsorption capability than undoped SiCNT (15;.

To the best of our knowledge, there are no reports the adsorption abilities of toluene molecule on
TM-doped SICNS. Therefore, aim of this work, we investigate the geometric, energetic, and electronic
properties of pristine and TM-doped SiCNSs by density functional theory (DFT)and subsequently we
evaluate their ability in adsorption of toluene molecules.

2. Computational details

The structure optimization of SICNS (CagSizgH24) Wwas modeled and used. The edges of the sheet
were saturated by hydrogen atoms to avoid the boundary effects. The doping of TM atom on the center
of SICNS was modeled. The transition metal atoms, i.e., V, Nb, Ta, Cr, Mo, W, Mn, Tc, and Re were
doping on carbon (TMc) or silicon (TMsj) atom at the center of SICNS. Geometrical optimizations of
their systems were taken under the DFT calculation. The calculation was performed under hybrid
density functional B3LYP, Becke's three parameter exchange functional with the Lee-Yang-Parr
correlation functional (B3LYP) (16-18; and the Los Alamos LanL2DZ split-valence basis set (19-21).
All calculations were performed by using GAUSSIAN 09 program (22]. The geometrical parameters
as equilibrium structural and natural bond orbitals (NBO) charges of studied compounds were
specified at T=0 K. The molecular graphics of all related species were generated with the MOLEKEL
4 3 program [23). The electronic density of states (DOSs) of all systems were plotted by the GaussSum
2.2 program [241. Adsorption energy (Eads) Of toluene molecule adsorbed on the pristine and TM-doped
SiCNS were obtained from equations Eads = Etoluene sicNs or TM sicNs - (EsicNs or TM sicNs + Etoluene), Where
Etoluene sicNs or TM sicns are the total energy of the adsorption of toluene molecule on pristine or TM-
doped SiCNS. The Esicns or TM sicns and Eroluene are the total energies of pristine or TM-doped SiCNS
and toluene molecule, respectively. Considering the electronic properties in term of the highest
occupied molecular orbital energies (Enomo), the lowest unoccupied molecular orbital energies
(ELumo), the energy gaps (Egap) referred to the energy difference between HOMO and LUMO orbitals
and changes of energy gaps ([ 1Egap) referred to the gap difference between before and after gas
adsorption were investigated at the same theoretical level.

3. Results and discussion
3.1 Geometrical structures

The B3LYP/LanL2DZ-optimized structures of the pristine and their adsorption with toluene
molecule are displayed in Fig. 1. In addition, the doping sites are showed in Fig.1a The calculated
average Si-C bond lengths and bond angles of pristine SICNS are found to be 1.780 A and 120.0°,
respectively, which are in accordance with the previous reports /9;. The bond lengths, bond angles,
and adsorption distances of toluene adsorbed on pristine, V-, Nb-, Ta-, Cr-, Mo-, W-, Mn., Tc-, and

() (b)

89



Figure 1. The B3LYP/LanL2DZ optimized structures of top views of @ pristine SICNS and (b) toluene
adsorbed on pristine SICNS.

Re-doped SiCNSs are listed in Table 1. In comparison of pristine SICNS with the toluene adsorbed
on pristine SICNS (toluene/SICNS), the bond lengths and bond angles of pristine SICNS system are
slightly changed. Therefore, toluene/SiCNS reflected that toluene molecule occur the weak
interaction.

(2) (h) )
Figure 2. The B3LYP/LanL2DZ optimized structures of toluene adsorbed on TM-SiCNSs,

@ toluene/Vc-, (b toluene/Nbc-, (¢ toluene/Tac-, ) toluene/Crc-, e) toluene/Moc-,
(f toluene/Wc-, (@) toluene/Mnc-, (hy toluene/Tcc-, and (i) toluene/Rec-doped SiCNSs.

The toluene adsorptions on TMc-SiCNS toluene/TMc-SiCNS, are showed in Fig 2., the Si-TM bond
lengths are in the ranges of 2.294.2.563 A, while the Si-TM-Si bond angles are in the ranges of 78.6.
97.3° Obviously, after toluene adsorption, the surface of TMc-SICNS still reveal the protruded
geometrical structures which were similar trends can be found in other works ;/25;. In another hand,
the B3LYP,/LanL2DZ-optimized structures of toluene/TMs;-SICNS are displayed in Fig 3. The C.TM
bond lengths of toluene/ TMsi-SiCNS obtained in this study are in the ranges of 1.825-2.035 A, which
are significantly shorter than C-TM of TMc/SiCNS, while the bond angles of C-TM-C at the doping
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site of toluene/SiICNSs;i-TM are in the range of 107.5 - 121.0° which were wider than that of the Si-
TM.Si bond angles of toluene/TMc-SiCNS.
Figure 3. The B3LYP/LanL2DZ optimized structures of toluene adsorbed on @ tolueneVsi-, b,
tolueneNbsi-, ) toluene/Tasi-, d) tolueneCrsi- ) toluene/Mos;- ) toluene Wsi- @) toluene/Mnsi- h)
toluene/Tcsi-, and () toluene/Resi-doped SiCNSs.

The adsorption distances (AD) between toluene molecule and pristine SICNS or TM-doped SICNS
are listed in Table 1. The AD between toluene molecule and the pristine SICNS is calculated to be
3490 A The AD between the toluene molecule and TM-SiCNSs are found in the range 2.234.2.476
and 2.479:3566 A for TMc-SiCNS and TMsi-SiCNS, respectively. This indicates that interactions
between toluene molecule and TMc-SiCNS are stronger than TMsi-SiCNS.

Table 1. The selected geometrical parameters and adsorption distances (AD) of toluene molecule
adsorbed on pristine and TM-doped SiCNS.

AD A

Species SLTM  Si2TM  SiBTM  SiLTM-  SiLTM-  Si2TM-

or or or Si2 or Si3or Si3 or

Cl1T™M C2-TM C3-TM Cl1TMC2 C1-TMC3 C2-TM-C3

A A A © © ©
toluene/SiCNS 17982 18242 17982 119.32 12128 119.32 3490
toluene/Vc-SICNS 2464 2481 2.465 833 86.1 834 2476
toluene/Nbc-SiCNS 2513 2546 2510 843 85.0 785 2.370
toluene/Tac-SiCNS 2554 2534 2546 824 814 831 2.309
toluene/Crc-SiCNS 2415 2.315 2311 80.9 85.0 964 2234
toluene/Moc-SiCNS 2.398 2563 2.393 80.6 945 79.9 2.336
toluene/Wc-SiCNS 2437 2479 2426 815 88.6 86.4 2292
toluene/Mnc-SiCNS 2294 2.310 2.320 910 879 86.7 2.267
toluene/Tcc-SiICNS 2.355 2427 2.353 852 920 85.2 2473
toluene/Rec-SiCNS 2.368 2427 2.368 855 914 855 2.358
toluene/Vsi-SiCNS 1891 1.983 1884 109.2 1152 1096 2479
toluene/Nbs;i-SICNS 1.986 2.035 1982 1076 108.3 1075 2572
toluene/Tasi-SICNS 1978 2.023 1982 1075 1085 1076 2506
toluene/Crsi-SiCNS 1825 1.883 1825 1194 1210 1194 3291
toluene/Mos;-SICNS 1932 1982 1930 1132 1145 1131 3.566
toluene/Ws;-SiCNS 1933 1.964 1933 1169 1169 1169 3541
toluene/Mns;-SICNS 1938 1972 1938 109.2 1125 1094 2.852
toluene/Tcsi-SICNS 1938 1972 1938 1102 1112 1103 3.389
toluene/Res;-SICNS 1.880 1914 1.880 1203 1193 1203 3424

2Bond lengths and bond angles of toluene adsorbed on pristine SICNS
3.2 Adsorption abilities of pristine and TM-doped SiCNSs onto toluene adsorbed

The adsorption energies (Fads) of toluene adsorbed on the pristine, V-, Nb-, Ta-, Cr-, Mo-, W-,
Mn-, Tc-, and Re-doped SiCNSs are listed in Table 2. The adsorption energy of toluene adsorbed on
pristine SiCNS is -0.416 kcal/mol. This confirms that pristine SICNS is slightly sensitive to toluene
molecule. The adsorption energies of toluene adsorbed on TMC-doped SiCNS are in a range of
- 51.604 and -30.922 kcal/mol. Their Eads are in the following order: toluene/WC-SiCNS (-51.604
kcal/mol) > toluene/CrC-SiCNS (-46.172 kcal/mol) > toluene/MoC-SiCNS (-41.204 kcal/mol) >
toluene/TaC-SiCNS (-40.483 kcal/mol) > toluene/MnC-SiCNS (-38.511 kcal/mol) > toluene/ReC-
SiCNS (- 35.833 kcal/mol) 1 toluene/VC-SiCNS 5-35.583 kcal/mol) [1 toluene/NbC-SiCNS (-
35.469 kcal/mol) > toluene/TcC-SiCNS (-30.922 kcal/mol). The parameters of adsorption energies in
dicate that the TMC-SiCNS are exothermic reactions. Surprisingly, the TM doping on C site si
gnificantly improved adsorption ability of SICNS. The large adsorption energies and short AD re
flected that toluene
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molecule underwent the strong interaction with TMc-doped SiCNS. These adsorption energies were
in according to concordance with the previous studies [3].

The adsorption energies of toluene adsorbed on TMsi-doped SICNS are also exothermic
reactions which are in the range of -34.004 to -0.027. Their Eags order is found as follow: toluene/Mns;-
SICNS (-34.004 kcal/mol) > toluene/Tasi-SICNS (-14.721 kcal/mol) [1 toluene/Nbsi-SICNS (-13.747
kcal/mol) > toluene/Vsi-SiICNS (-5.815 kcal/mol) > toluene/Resi-SiCNS (-1.060 kcal/mol) [] toluene/Crs;-
SICNS (1021 kcalmoly [1 tolueneWsi-SICNS (0.997 kcalmol) > toluene/Mosi-SICNS (-0.027
kcal/mol). The TM doping on Si site also improved adsorption ability of SICNS. Therefore, the Mns;-
SICNS, Tasi-SiCNS, Nbsi-SiCNS and Vsi-SICNS are suitable adsorption energies and short AD that
toluene molecule underwent the strong interaction with TMsi-doped SiCNS. Except for the Res;i-
SICNS, Crsi-SICNS, Wsi-SICNS, Mosi-SICNS, and Tcsi-SiCNS display the small adsorption energies,
and large AD reflected that toluene molecule underwent the weak interaction. Whereas, the toluene
adsorbed on Tcsi-SICNS (7.531 kcal/mol) is the endothermic reaction.

Apparently, the adsorption ability of SICNS onto toluene molecule is improved by TM doping
which is similar with that of adsorption of volatile organic compounds onto Al-doped C2N monolayer
191, and volatile organic compounds adsorption on transition metal deposited graphene (2.
Additionally, TM doping on C site of SICNS displays higher interaction with toluene molecule than
Si site. The results that are similar to previous work in which we found that Ni-doped silicon carbide
nanocage displayed the higher adsorption energies of hydrogen than Si site (261. Its cloud be concluded
here that the TM doping SICNS are much more suitable for toluene adsorption than pristine SICNS.

Table 2 Adsorption energies (Eads), Enomo, ELumo, Egap, [1Egap, and partial charge
transfers (PCT) of toluene molecule adsorbed on pristine and TM-doped SiCNSs,
computed at the BSLYP,LanL2DZ level of theory.

Eaus Enomo ELumo Egap "Egap PCT @®
Species (kcal'mol €V) €V) €V) €V)
toluene/SiCNS 0416 -3919 -3.728 0.190 0.027 0.007
toluene/Vc-SiCNS -35.583 4027 -3.293 0735 -0.408 0341
toluene/Nbc-SiCNS -35.469 3973 3728 0.245 0218 0.162
toluene/ Tac-SiCNS -40.483 -4.055 -3565 0.490 -0.245 0.052
toluene/Crc-SiCNS -46.172 -3.837 -3.646 0.190 0.000 0.448
toluene/Moc-SiCNS -41.204 -3.837 -3.619 0218 -0.082 0437
toluene/Wc-SiCNS -51.604 -3.864 -3.646 0218 0.109 0.303
toluene/Mnc-SiCNS -38511 -4.082 -3.265 0.816 -0.082 0414
toluene/ Tcc-SICNS -30.922 -4.055 -3.456 0599 -0.109 0.283
toluene/Rec-SiICNS -35.833 -3.837 -3.646 0.190 0.000 0.204
toluene/Vs;-SiICNS -5.815 -4.055 -3.374 0.680 0.163 0.204
toluene/Nbs;i-SICNS 13747 3782 -3402 0.381 0.463 0212
toluene/ Tasi-SiCNS 14721 -3.755 -3.402 0.354 0490 0.236
toluene/Crs;-SICNS -1021 3973 -3.755 0218 0.000 -0.092
toluene/Mos;-SiCNS -0.708 -3973 -3.755 0218 0027 0002
toluene/Ws;-SiCNS -0.997 -3973 -3.755 0218 0.000 -0.002
toluene/Mns;-SiCNS -34.004 4163 -3.347 0816 0027 0.155
toluene/Tcsi-SICNS 7531 4163 -3402 0.762 0.163 0.003
toluene/Res;-SiICNS -1.060 -3919 -3538 0381 0.136 0.001

3.3 Electronic properties for the systems

To further investigate the adsorption phenomenon of the toluene molecule on the pristine and
TM-doped SiCNSs is investigated, then we consider the Enomo, ELumo, Egap, and [1Egap OF the stable
configuration of toluene molecule absorbed on pristine and TM-doped SiCNSs. In Table 2, theoretical
calculation reveals that the Egqp Of toluene/SICNS is 0.190 eV. The Egsp of toluene/TMc- and TMs;-
SICNSs are in the range of 0.816 to 0.190 and 0.762 to 0.218 eV, respectively, which are smaller than
the Egap Of pristine SICNS (Egap=2.49 eV). For the pristine SICNS, Vc-SiCNS, Nbc-SiICNS, Tac-SiCNS,
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Moc-SiCNS, Wc-SiCNS, Mnc-SiCNS, Tcc-SICNS, Vsi-SiCNS, Nbsi-SICNS, Tasi-SICNS, Mosi-
SICNS, Mnsi-SICNS, Tcsi-SICNS, and Resi-SICNS systems, the Egsp are changed by toluene
adsorption, meaning the electronic properties of the systems are also exponentially changed. The
reducing of Egap Of TM-doped SiCNS due to toluene adsorption is in excellent agreement with the
previous calculated results of TM-doped SICNS (25). Except for toluene adsorption on Crc-SiCNS,
Rec-SICNS, Crsi-SICNS, and Ws;i-SICNS, the Egap are not change.

Moreover, the HOMO and LUMO orbital distributions of the toluene adsorptions on pristine
and TM-doped SiCNSs are also reported. The results show that, for toluene/SICNS and toluene/ TMs;-

HOMO LUMO

SICNS systems, the HOMO and LUMO orbitals are localized around the sheet (Figs. 4a and 4c.).

Whereas, the HOMO and LUMO orbitals of TMc-SiCNS are localized on the adsorption sites. The

localization of the HOMO and LUMO orbitals of the toluene/ Tac-SiICNS is clearly clustered (Fig. 4b.).

These results indicating the electron conduction through these systems.

Figure 4. Plots of HOMO and LUMO distributions of (@) toluene/SiICNS, (b) toluene/ Tac-SiCNS, and
(© toluene/Tasi-SICNS.

The partial charge transfers (PCT) between toluene molecule and SiCNS were calculated. The
loss and gain of electrons could also be determined by natural bond orbital NBO) charge calculations
before and after toluene adsorptions (Table 3). The PCT was defined as Qtoluenesics - Qtoluene, Where
Qrouenesicns 1S the total charge of toluene adsorbed on pristine and TM-doped SiCNS, and Qtoluene IS
the charge of toluene in free case. We found that the PCTs between toluene molecule and pristine
SICNS is about -0.007 e. The PCTs between toluene molecule and TMc-SiCNS are in the ranges of
0.052 - 0.448 e. While the PCTs between toluene molecule and Mnsi-SICNS, Tasi-SICNS, Nbsi-SICNS
and Vsi-SICNS are in the ranges of 0.236 - 0.155 e corresponding with strong adsorption abilities. The
PCTs indicate that the large charge transfers between toluene molecule and TMc-SiCNS and Mns;-
SICNS, Tasi-SiCNS, Nbsi-SICNS and Vsi-SiCNS are strongly bond due to covalent interaction. The
covalent interaction between toluene molecule and TM-doped SiCNS is strong hybridization between
the C's p orbital or Hs s orbital of toluene and TM d orbital of TM-doped SiCNS. For the PCTs of
toluene/TMsi-SICNS system, the PCTs between toluene molecule and Resi-SICNS, Crsi-SICNS, Ws;-
SICNS, Mosi-SICNS, and Tcsi-SICNS are in the ranges of 0.001 to -0.092 e corresponding with weak
adsorption abilities. Therefore, computations demonstrate that weak adsorption abilities of pristine
SICNS, Resi-SICNS, Crsi-SICNS, Wsi-SICNS, Mosi-SICNS, and Tcsi-SICNS slightly sensitive to
toluene molecule.

The density of states were (DOSs) also calculated and plotted. The DOSs of pristine and TM-
doped SiCNSs before and after toluene adsorption are displayed in Fig.5. The DOSs of pristine SICNS
are slightly changed by toluene adsorption. This confirms that toluene molecule has slightly sensible
effect on the electronic properties of the pristine SICNS (Fig. 5a.). However, the DOSs of TM-doped
SICNS such as Tac-and Tasi-doped SICNSs are significantly changed by toluene adsorption. These
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results are similar with Fe-doped SiCNS, reported by D. Farmanzadeh et al (251. The changes of the
DOSs are expected to bring about obvious changes in the corresponding electronic properties.

In summary, the adsorptions abilities of TM-doped SiCNS to toluene molecule are larger
than that of the pristine SICNS. This supported the notion that the TM doping has an influence on
the electronic properties of the SICNS substantially, which was consistent with the previous results
of Pd-doped SICNS(27;. The results indicated that the changes of electronic properties are
beneficial for sensing applications.

o
o

DOS(States/ev)

;0 5 I 0 -5‘ -10 5 -5 5
Energy (ev) Energy (ev) Energy (ev)
(a) (b) (c)
Figure 5. DOSs of (@) pristine SICNS and toluene/SiCNS, (b) Tac-SiCNS and toluene/Tac-SiCNS, and

(© Tasi-SICNS and toluene/Tasi-SiICNS. Before and after toluene adsorption are black and red lines,
respectively.

4. Conclusions

In order to search for novel nanomaterials for toluene storage and sensing applications, the
transition metals (TM =V, Nb, Ta, Cr, Mo, W, Mn, Tc, and Re)doping on SiCNS are selected. The
geometric, energetic, and electronic properties of toluene adsorption on TM-doped SiCNS are
calculated using the density functional theory method at B3LYP/LanL2DZ level of theory. It is found
toluene molecule displays weak adsorption on the surface of pristine SICNS (Eads=-0.416 kcal/mol),
whereas toluene molecule shows strong adsorption on the surface of TM-doped SiCNSs. The We-
doped SiCNS displays the strongest interaction with toluene molecule (Eadgs =-51.604 kcal/mol). The
Egap and DOSs of the TM-SiCNSs present dramatic changes after adsorption with toluene molecules.
A better understanding of these interactions is achieved by NBO analysis which confirms
considerable charge transfers during the adsorption of toluene molecule onto the TM-doped SIiCNS.
The observations show that TM-doped SiCNSs are highly sensitive toluene molecules. Thus, TM-
doped SiCNSs are suitable to be storage and sensing materials for toluene molecule.
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Abstract

Mangosteen is considered as the queen of fruit in Thailand. In addition, it gives the delicious taste
liked by both Thailand and overseas countries. Moreover, there are essential substances of
xanthones in mangosteen perica(rf that have great bioactivities. Currently, the cosmetic and other
industries employ the use of crude extracts from the mangosteen a lot. However, the crude extract
may contain a small amount of xanthones, in which it affects the quality of the product. Especially,
the alpha-mangostin is the highest substance in xanthone that actives for the anti-oxidant, anti-
inflammatory, and anti-microbial activities. Therefore, it is essential to determine the content of
alpha-mangostin in the product, in order to evaluate the effect and to control the quality. The
conventional method for qualitative analysis of alpha-mangostin in the cosmetic product is
consisting of several processes as extraction and then separation by of high-performance liquid
chromatography (HPLC). This conventional method is very hard work, in which it consumes time,
labors, costs, chemicals, materials, and samples. The objective of this study is to apply the near-
infrared spectroscopic (NIRS) technique to anal?/ze the amount of alpha-mangostin in the cosmetic
product of anti-acne gel. NIRS technique is well-known as the non-destructive method and can be
solved the weaknesses of that conventional method. A total of fifty-seven samples of anti-acne gel
adding the purified xanthone from 0.00-0.05%ww were prepared. NIR spectral data of these anti-ache
gels samples were obtained by two NIR spectrophotometers in the wavelength region of 680-1278
nm and 10000-4000 cm™, respectively. Next, all anti-acne gel samples were chemically extracted
and determined alpha-mangostin content with the conventional method of HPLC. The actual content
of alpha-mangostin found in the samples, were 0.00-36.11 ug/mL. The calibration models were
developed by using partial least squares regression (PLSR) method. Current results demonstrated that
the NIR analysis can be used to determine alpha-mangostin content in anti-acne gels, in which the
best obtained model using the region of 10000-4000 cm* with a principal component of 11, yielded
hl?h value for the coefficient of determination (R? of 0.958 and low values for the standard error of
calibration of 2.131 ug/mL and the standard error of cross-validation of 4.389 ug/mL.

Keywords: Near-Infrared spectroscopy NIRS); xanthone; alpha-mangostin; mangosteen;
cosmetic

Introduction

The fruit queen of Thailand is mangosteen. Mangosteen is popularly grown in the eastern and
southern regions of Thailand, which can produce much mangosteen every year to meet the needs of
the domestic market and for export. It has both potentials as fruit and herb with high nutritional and
health benefits for consumers. There are many health benefits, such as mangosteen fiber helps to
excrete and give high vitamins and minerals, including calcium, phosphorus and iron. The benefits
of mangosteen are not just the flesh of the mangosteen that we use as food only. But also, there are
many medicinal and bioactive properties found in the mangosteen pericarps (Sukatta et al., 2013,
pp.984-987).

Currently, the mangosteen crude extract and purified xanthone are utilized very much in the
cosmetic and health supplement industries. Especially, the purified xanthones have played a
significant role when considering the bioactivity and physical characteristics in comparison to the
crude extract. When it is used in combination with cosmetic formulas of product, the acceptable
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quality of the product has to be assured. Once the product is in place, the xanthones by mean of
alpha-mangostin detection in the product enable manufacturers to control product quality efficiently.
However, the general inspection method at the laboratory level takes a long time with complicated
procedures. It also requires analytical techniques consisting of advanced tools such as High
Performance Liquid Chromatography (HPLC) and many chemicals. These conventional analyses
produce chemical waste. Besides, the product samples that have passed quality inspection are
destroyed.

Near-Infrared (NIR) spectroscopy has proved to be a powerful method for the quantitative
analysis of the constituents in various products. Our previous researches, we reported the study of
the analytical method of bioactive substances in herbs and products using NIR spectroscopic
technique, such as curcuminoids in turmeric rhizomes (Kasemsumran et al., 2010, pp.263-269) and
curcumin in turmeric herbal medicine filled in capsules (Kasemsumran et al., 2014, pp. 113-120).
NIR is an alternative method for rapid and non-destructive analysis by using the absorption band in
the NIR wavelength region rising from those NIR active molecules in the sample. It can increase the
opportunity for 100« quality inspection of the sample.

The aim of the present study was non-destructive determination for alpha-mangostin content in
anti-acne gel by using NIR spectroscopy. In this study, two different of the short wavelength-NIR
region (680-1278 nm) with the grating system and long wavelength-NIR region (10000-4000 cm?,)
with the Fourier-Transform (FT) system were investigated in order to prove the best informative NIR
spectral ranges for alpha-mangostin modeling development and recommend for further application.

Methodology
1.1. Xanthone purification and Anti-acne gel sample

The waste from consumption of mangosteen is the fresh pericarps, in which they were collected
and cleaned prior slicing, drying at 50°C for 48 hours by using a hot air oven (Memmert, Germany),
and grinding into powder passed through the 20 mesh of sieve size by Cyclotec1093 (FOSS,
Hillerod, Denmark). The different lots of mangosteen pericarp powder were prepared from different
waste origins. After that, each dried powder of mangosteen pericarp was extracted and purified. The
xanthone purification was done to prepare the high purity of xanthone (100%) as the active ingredient
for anti-acne gel samples as the following steps. HPLC was used to find the purity of xanthone,
which obtained alpha-mangostin higher than 70%. All process of extraction and purification of
xanthone from mangosteen pericarp powder were reported in our previous study (Sukatta et al,
2013, pp.984-987).

The production of anti-acne gel containing xanthone from mangosteen pericarp using the basic
formula of anti-acne gel reported in our previous research (Sukatta et al., 2008, pp. 163-168), which
passed the stability test of the basic formula with high stability. A total of 57 anti-acne samples were
prepared by mixing the purify xanthone with fixing the concentration level of 0.00, 0.01, 0.02, 0.03,
0.04 and 0.05%w/w, respectively.

1.2. Spectral acquisition

Two NIR spectrophotometers, a grating NIR spectrophotometer model SpectraStar~ 2500 (Unity
Scientific, USA) (Figure 1A) and a FT-NIR spectrophotometer model NIRFlex N-500 Buchi
Labortechnik AG, Switzerland) (Figure 1B) were used with the same sensor type of InGaAs by
reflectance mode for the NIR spectral acquisition of anti-acne gel samples with the different
wavelength region between 680-1285 nm and 10000-4000 cm?, respectively. A sample container
with 0.2 mm of pathlength called «Dutch cup~ was employed in the NIR spectral acquisition of an
anti-acne gel sample for both instruments throughout the experiment. Each sample was scanned
twice by random sampling in the same sample. The average spectrum of each sample was employed
for data analysis.

1.3. Reference analysis
After the anti-acne gel sample was collected NIR spectral data from two NIR instruments. Then,
the same anti-acne gel samples were extracted by ethanol and were detected of alpha-mangostin

content by HPLC model LC-10Avp (Shimadzu, JAPAN) with column Ascentis®C18, 46mm ID x
250mm 5um (Supelco, USA) as a reference method. The alpha-mangostin standard was purchased
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from Sigma-Aldrich (Missouri, USA) and employed without further purification. The purity of alpha-
mangostin standard was determined by the HPLC method to be higher than 98« The HPLC
equipped with LC solution software, quaternary pump, online degasser and auto-injector were used.
The detector used was a UV detector at 254 nm. The HPLC conditions were maintained as follows;
mobile phase; 04« formic acid in water: methanol (10.90), flow rate; 1.0 mbL/min, column
temperature; 35 oC, and injection volume; 10 pL. Statistical characteristics of alpha-mangostin
content in the anti-acne gel samples determined by the HPLC method as reference analysis are
shown in Table 1.

1.4. Data analysis

All spectral preprocessing and partial least squares (PLS) regression were performed using The
Unscrambler 9.8 (CAMO AS, Trondheim, Norway). PLS method is a linear regression technique. It
is a bilinear modeling method using the information of X-data that are obtained absorbance at each
NIR wavelength region, projected to compressed variables so-called principal component (PC). Y-
data are the content of analysts obtained from the reference analyses, which are used in estimating
PC for their relevance (Nes, Isaksson, Fearn, and Davies, 2002). The NIR spectral data were
subjected to the preprocessing methods of multiplicative scatter correction (MSC), second-derivative
2D; 7-point Savitsky-Golay filter) and standard normal variate (SNV) algorithms before developing
PLS models using the data of the calibration samples. The optimum number of PC can be obtained
from the lowest standard error of cross-validation SECV). Validation was performed by using the
same sample set by mean of the full-cross validation method. The statistical results of the PLS
models built using the raw and pretreated spectra were compared.

Spectrstita

Figure 1. The same anti-acne gel sample was carried on to collect the NIR spectra using
a grating NIR spectrophotometer model SpectraStarm 2500 (A)and a FT-NIR spectrophotometer
model NIRFlex N-500 (B).

Table 1. Statistical characteristics of the anti-acne gel sample used to develop
PLS calibration model of alpha-mangostin content for NIR analysis.

Analyst (ug/mL) Samples  Minimum Mean Maximum Standard
deviation

Alpha-mangostin 57 0.000 14,695 36.109 10.391
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Results and discussion
1.1. NIR spectra of anti-acne gel containing xanthone

Figure 2 shows raw NIR spectra in the region of 680-1278 nm (Figure 1A) and 10000-4000 cm*
(Figure 1B) of anti-acne gel samples. A major component of anti-acne gel is water. Therefore, a
strong absorption band near 960 nm (Figure 1A is assigned to the third overtone of OH, and 6900
cm? and 5150 cm (Figure 1B are assigned to the combination of OH symmetric and antisymmetric
stretching modes, and the combination of OH stretching and bending vibrations, respectively
(Maeda et al., 1995, pp.191-201). The chemical structure of xanthone groups consists of aromatic
group and hydrogen bond in the form of CH and OH, which can affect highly response in the NIR
region. It can be seen from Figure 2 that the xanthones yield a relatively weak absorption band near
1250 nm and in the 4800-4200 cm? region. Bands due to the combinations of stretching and
deformation modes of CH and OH groups fall in this region (Workman & Weyer, 2007).
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Figure 2. Raw NIR spectra of all anti-acne gel samples obtained using a grating NIR
spectrophotometer model SpectraStar= 2500 in the wavelength region of 680-1278 nm (A)
and a FT-NIR spectrophotometer model NIRFIex N-500 in the wavenumber region
of 10000-4000 cmi(B).

1.2. Calibration and validation results

PLS regression method was applied to the whole regions for the quantitative determination of
alpha-mangostin in the anti-acne gel samples. Table 2 summarizes the results for the calibration and
validation. We compare the calibration and validation results between the 680-1278 nm (SW-NIR)
and 10000-4000 cm® (LW-NIR) regions obtained by the PLS method. It can be seen from Table 2
that the PLS model built using the second derivative (2D) SW-NIR spectra of 10000-4000 cm
region is the best model with the lowest SECV for cross-validation of 4.389 ug/mL, the high R?
values of 0.958 and the optimum PC number of 11. The most important criteria to select the best
model is the validation result with giving the lowest error by using an optimum PC number (the
number should not too small or too big that cause high error due to effect of the underfitting and
overfitting results, respectively) and the high R? values (William, 2007). The 2D pretreatment
method was reqUIred to enhance the signal for this PLS model development in the LW NIR region
of 10000-4000 cm! , especially the informative absorption band in the 4800-4200 cm region (Figure
3A). This model usmg the 2D spectra yielded better statistical results among those models
developed from the same region. As mentioned above, the peaks attributable to water observed in
the SW-NIR spectral region. The PLS regression models indicate that the SW-NIR spectral region is
the less informative band of xanthone, so the use of SW-NIR regions (680-1278 nm) did not improve
the predictive performance of PLS model for prediction of alpha-mangostin contents in the anti-acne
gel. The presence of the relative significant peaks in the SW-NIR spectral may relate to water more
than xanthone. The scatter plot for the best calibration model for the quantitative determination of
alpha- mangostln in the anti-acne gel samples built using the 2D pretreated LW-NIR spectra of
10000-4000 cm'* are shown in Figure 3B.
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Table 2. PLS calibration results for predicting alpha-mangostin content in anti-acne gel.

Region Spectra PC Calibration Full-Cross Validation
pretreatment R? SEC R? SECV
ug/mL, ug/mL,
680-1278 nm none 14 0.982 1385 0584 6.825
2D 6 0.852 3994 0311 8.782
MSC 7 0.803 4609 0424 8.027
SNV 17 0994 0.826 0.543 7.150
10000-4000 cm'! none 20 0992 0939 0.773 5036
2D+ 11 0958 2131 0.828 4.389
MSC 14 0958 2124 0.759 5196
SNV 14 0.958 2123 0.759 5195

PC - principal component; R - coefficient of determination; SEC - standard error of calibration;
SECV - standard error of cross validation; 2D = second derivative; MSC = multiplicative
scattering correction; SNV =standard normal variate

+The selected NIR calibration model.
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Figure 3. Second derivative (2D, pretreated NIR spectra of all anti-acne gel samples in the LW-
NIR region of 10000-4000 cm™(A) and scatter plot for actual alpha-mangostin content and LW-NIR
predicted alpha-mangostin content in anti-acne gels
for the best calibration model built by using 2D pretreated spectral data (B).

Conclusion

The NIR spectra of anti-acne gels contained xanthone were collected in the region of 680-1278
nm and 10000-4000 cm? using the same reflectance mode and sample container. The PLS
calibration models for the alpha-mangostin content were developed and compared. The results
obtained in the present study have demonstrated that the 10000-4000 cm™? region (LW-NIR range)

and the second derivative pretreatment spectra achieved superior PLS model performance compared
with the models developed using spectral data obtained from the 680-1278 nm region. The results

showed the success of NIR spectroscopy in the quantitative analysis of alpha-mangostin in the anti-
acne gel containing xanthone. This study revealed that NIR is a promising and possible technique
for quality control in the cosmetic industry.
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Abstract

Swine waste odor caused by the degradation of the residue organic phosphorus, phytate, in

animal diet by heterotrophic bacteria is a major community problem of the local swine farms. This
research aimed to isolate, screen and identify the photosynthetic bacteria and lactic acid bacteria
that produced an intracellular or extracellular phytase to hydrolyze phytate. A total of 124 isolates of
photosynthetic bacteria were purified on Glutamate-malate medium under anaerobic-light conditions

and 115 isolates of lactic acid bacteria were isolated on deMan, Rogosa and Sharpe medium. The
phytase producing strains were screened on the same agar media containing phytate as a sole

phosphorus source and detected by flooding the cultures with cobalt chloride and ammonium
molybdate-vanadate solutions. Both bacterial groups could grow on the modified media and had a
clear zone around the cultures or under the cultures, indicating a localization of phytase. AIthouPh
the 63 isolates of photosynthetic bacteria had a clear zone under the cultures, an intracellular
phytase activity was not detectable from the bacterial cells. In contrast, extracellular phytase
activities were detected in the culture broth of 61 lactic acid bacteria isolates. P6C3 and TPS9, lactic
acid bacteria isolates, showed the maximum phytase specific activity as 6.42+0.16 and 6.08+0.28 U
mg-1, respectively. These isolates were selected to study the physiological and biochemical
characteristics. The selected strains were identified by the 16S rDNA sequencing using 27F and
1492R as forward and reward primers, respectively. The phytase producing lactic acid bacteria
isolated from fresh swine manure were identified as 5 different species: Lactobacillus plantarum,
L. agilis, L. farciminis, L. fermentum and Enterococcus faecium.

Keywords: Photosynthetic bacteria; Lactic acid bacteria; Phytase; Swine wastewater; Identification
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1. Introduction

A major problem of the local swine farming is an odor from swine wastewater in the lagoons. The
swine waste odor is caused by the heterotrophic bacterial degradation of the residue organic
phosphorus. GC-MS analysis indicates that swine waste odor was composed of 167 volatile organic
carbon (VOCs) (Schiffman, et al. 2001) including phytate, an inositol ester found in plant foods such
as cereal grains, nuts and legumes. The monogastic animals such as swine lack an endogenous
phytase to hydrolyze phytate. Therefore, this VOC is released to the farming areas and nearby
community, causing severe environmental pollution. Many researchers try to solve this problem by
employing bioremediation to clean up swine wastewater. Hirotani, et al. (1990) used photosynthetic
bacteria, Rhodobacter capsulatus, to purify swine wastewater. They found that this bacterium could
produce anti-viral compound to inactivate coliphage in wastewater over 80« Kim, et al. 2004) used
a photosynthetic bacterium, Rhodopseudomonas palustris, to treat odorous swine wastewater. The
results showed that this bacterium removed odorous organic acids, COD and phosphate. While
phytase enzymes have been extensively studied in other microbes such as lactic acid bacteria, no
previous work reported the presence of these enzymes in photosynthetic bacteria. The purified
phytase can be applied to the animal feeds to improve their nutrition nutritional quality for young
animals whereas the phytase producing bacteria can reduce environmental impact of phytate from
farm animals.

This research aimed to isolate, screen and identify the photosynthetic bacteria and lactic acid
bacteria that produced the phytase enzyme to hydrolyze phytate in vitro.

2.Objectives

2.1 To isolate the photosynthetic bacteria and lactic acid bacteria from natural environments and
swine manure

2.2 To screen the phytase producing bacteria and assay the enzyme
2.3 To identify the species of the selected bacterial strains

3. Methodology (Materials and Methods)

3.1 Isolation of the bacteria

3.1.1 Photosynthetic bacteria

Samples of waters, paddy soils in rice fields and swine wastewaters in Phitsanulok, Sukhothai,
Phetchanum, Phichit and Kamphaeng Phet provinces were collected in the sterile plastic tubes. All
the samples were mixed with 0.85% NaCl solutions by the ten-fold serial dilution method. The 102
10* dilutions were spread on Glutamate-Malate (GM) agar medium. Then, the agar plates were
incubated under anaerobic-light conditions by replacement of the air with nitrogen gas and using
tungsten bulb as the light source. The cultures were grown at 35-38 °C and light intensity of
approximately 3,000 Lux for 3-5 days. After an incubation period, the colonies of photosynthetic
bacteria appeared to be greenish brown, rust and red colors on the GM agar plates. For each color, a
single colony was picked and stabbed into a GM agar deep tube. The agar deep cultures were
covered with sterilized liquid paraffin for anaerobic-light incubation. Pure cultures were stored at 4
°C and subcultured every 3 months.

3.1.2 Lactic acid bacteria

Samples of fresh swine manure in Phitsanulok and Sukhothai provinces were collected in the
sterile plastic tubes and transferred to laboratory within 2 hours. All the samples were serially
diluted to 10° with 0.85% NaCl solutions. The 103-10° dilutions were spread on De Man, Rogosa
and Sharpe (MRS) agar medium plus 1.0% CaCOs. The agar plates were incubated under anaerobic
condition by using Anaero Pack (Mitsubishi, Japan) at 30-32 °C for 48 hours. After incubation, the
grey-white colonies of lactic acid bacteria appeared on the agar plates with clear zone. A single
colony from the different characteristics was transferred into MRS broth and incubated for 24 hours.
Each liquid culture was mixed in equal volume with 80« sterilized glycerol solution for preparation
of the glycerol stock. The glycerol stock was stored at -80 °C until use.
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3.2 Screening of the phytase producing bacteria

3.2.1 Photosynthetic bacteria

Pure cultures were streaked on the modified GM medium that did not have any phosphate
ingredient, had ammonium sulphate as an inorganic nitrogen source and 05% sodium phytate
(Sigma-Aldrich, USA) as a sole phosphorus source. Cultures were incubated at 35-38 °C under
anaerobic-light conditions for 5 days. To screen for an extracellular phytase produced from the
photosynthetic bacteria, 2.0% cobalt chloride solution was flooded on the agar plates for 5 minutes.
During incubation, cultures on the surface medium were removed by scrapping with a cotton bud.
Then, the solution was poured out and replaced by the fresh mixture in equal volume of 6.25%
ammonium molybdate solution and 0.42% ammonium metavanadate solution for 5 minutes. The
occurrence of a clear zone around a colony on an opaque background indicates the presence of
phytate hydrolysis by phytase enzyme (Yanke et al., 1998).

3.2.2 Lactic acid bacteria

Pure cultures were streaked on the modified MRS medium that did not have K;HPO4 and had
sodium phytate as a sole phosphorus source. Cultures were incubated at 30-32 °C under anaerobic
condition for 72 hours. The cultures were flooded with cobalt chloride solution and the mixture of
molybdate-vanadate solution, respectively. A clear zone around a colony indicates the presence of
an extracellular phytase.

3.3 Phytase assay

3.3.1 Intracellular phytase

The bacteria with clear zone on the modified medium were streaked on the same medium
supplemented with 0.25% sodium phytate. Cultures were incubated under an optimum growth
condition for each bacterial group. Crude enzyme was prepared by scrapping the cultures on surface
medium. Bacterial cells were washed and resuspended in 0.1 M acetate buffer pH 6.0. To obtain an
intracellular phytase, cells were disintegrated by ultra-sonication (Sonics & Materials Vibra Cell,
USA) for 3 minutes. Crude enzyme within the disrupted cells was separated by centrifugation at
7,280 xg, 4 °C for 10 minutes (Beckman Avanti 30 Refrigerated Centrifuge, USA). The supernatant
was collected and designated as a crude phytase. An assay procedure was based on the ammonium
molybdate method (Heinonen and Lahti, 1981). The reaction mixture for the phytase assay consisted
of 0.1 M sodium acetate 250 pL and 3.6 mM sodium phytate 100 uL. An enzymatic reaction was
started by adding crude enzyme 50 pL and incubated at 37 °C for 30 minutes. The reaction was
stopped by adding 5% tricholroacetic acid. To determine an enzymatic activity of phytate hydrolysis
to inositol and inorganic phosphate, 10 mL color reagent (1.5% molybdate, 5.5% sulfuric acid and
2.7% ferrous sulfate) was added and mixed well by a vortex mixer. A color of the solution developed
to be blue. An absorbance at 700 nm of the solution was measured using a spectrophotometer.
Amount of the liberated inorganic phosphate from the phytase hydrolysis was compared to the
standard curve of K>PO4 that reacted with the color reagent. One unit (U) of phytase was defined as
amount of the enzyme that hydrolysed phytate and liberated inorganic phosphate 1.0 pmol per
minute at pH 6.0.

3.3.2 Extracellular phytase

The bacterial colonies with clear zone on the modified medium were inoculated in the modified
liquid medium. Cultures were grown under an optimum growth condition for each bacterial group.
Crude enzyme was prepared by centrifugation of the culture broth at 7,280 xg, 4 °C for 10 minutes.
The supernatant was collected and designated as a crude phytase. An assay procedure was based on
the method of Sigma-Aldrich. Preincubation of 44.1 mM sodium phytate 500 uL was performed at
37 °C in a waterbath for 5 minutes. Then, 200 mM glycine buffer pH 2.5, 500 uL was added and
mixed well. The reaction was started by adding crude enzyme 500 pL and incubated at 37 °C for 30
minutes. The reaction was stopped by adding the color reagent 4 mL (5% ammonium molybdate
solution, 5 N sulfuric acid and acetone in the ratio of 1:1:2, respectively). This reaction produced
green color which can be quantified by measuring light absorption at 435 nm. The amount of
liberated inorganic phosphate was estimated by comparing 435 nm light absorption of the sample to
that of KH2PO4 standard curve as described above.

One unit of phytase was defined as the amount of the enzyme that hydrolysed phytate and
liberated inorganic phosphate 1.0 umol per minute at pH 2.5.
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3.4 Identification of the selected bacteria

3.4.1 Biochemical and physiological characteristics

Photosynthetic bacteria were characterized by the following properties: Gram reaction; cell
shape and arrangement; motility; growth under anaerobic-light conditions and maximum absorption
spectra of the extracted pigments @cetone:methanol). For lactic acid bacteria, the following
characteristics were confirmed: Gram reaction; cell shape and arrangement; catalase test; acid
production on MRS supplemented with 1% CaCO3; gas production from glucose fermentation.

34.2 Analysis of 16S rDNA sequence

34.2.1 Amplification of the 16S rDNA gene

The selected strains of the bacteria were cultured on the agar plates. A single colony of each
bacterial strain was picked by a sterile pipette tip and resuspended in 50 pL sterilized distilled
water. Cell suspension was heated in boiling water for 5 minutes. Then, the suspension was
centrifuged at 12,303 xg, 4 °C for 2 minutes. The supernatant 2.0 uL was pipetted into a sterile RCR
tube as a DNA template. The reaction mixture for the polymerase chain reaction was prepared as
following compositions: sterilized distilled water 9.0 pL; 2x PCR buffer KOD Fx Neo 25 pL; 20
mM dNTPs ach) 10 pL; 10 pmol pL?! forward primer 27F) 1.5 pL; 10 pmol puL* reward primer
(1492R) 1.5 pL and 1.0 U pL? DNA polymerase of KOD Fx Neo (Toyobo, Japan) 1.0 pL. The
mixture 48 pL was added to the DNA template. The 16S rDNA genes were amplified by
polymerase chain reaction (PCR). The PCR conditions were as follow: initial denaturation at 94 °C
for 2 min; 30 cycles of denaturation at 98 °C for 10 sec, annealing at 50 °C for 30 sec, extension at
50 °C for 30 sec and final extension at 68 °C for 5 min.

34.2.2 Analysis of PCR products

Amplification of the 16S rDNA gene was checked by an agarose gel electrophoresis. The PCR
products 50 pL were mixed with the Novel juice DNA staining reagent 1.0 puL (GeneDireX,
Taiwan). M23 25 pL or 0.5 pg DNA, consisted of 100 bp + 1.5 Kb DNA ladder was used as DNA
marker (SibEnzyme, Russia). The different DNA fragment lengths were separated on 1.0% agarose
gel with a constant voltage 50 V cm?). The separated DNA bands compared to the DNA marker
were visualized in the agarose gel under UV light.

3.4.2.3 Nucleotide sequencing and analysis

The PCR products which had a positive DNA band approximate 1.5 kb on the agarose gel were
sent for DNA sequencing at the company (BioBasic, Canada). The 16S rDNA gene was sequenced
by using both forward (27F) and reverse (1492R) primer. DNA sequencing results from forward and
reverse primer were aligned using ClustalW program. Those two DNA sequences were connected
into a full 16S rDNA gene sequence. These new sequences were compared to similar sequences in
the database by nucleotide blast (blastn) search (NCBI, U.S. National Library of Medicine). The
highest 16S rDNA sequence identity score implies the most closely related species.

35 Statistical analysis
Experiments were performed in triplicate and the data was shown in the range and mean *
standard deviation with 95« confidence level.

4. Results and discussion
41 Isolation of the bacteria

411 Photosynthetic bacteria

Photosynthetic bacteria in this study are purple nonsulfur bacteria PNSB) due to ability to grow
well under photoheterotrophic conditions. PNSB used glutamate and malate as an organic carbon
source whereas they absorbed light as an energy source (Madigan and Jung, 2009). When these
bacteria grew on the medium under anaerobic-light conditions, a numerous pigmented colonies
shading from brown to red were easily observed by eyes. In this study, PNSB were predominantly
found in swine wastewaters, paddy soils and water in rice fields, respectively. The populations of
PNSB in swine wastewaters were range from 2.5x102 to 7.5x10° CFU mL? @average 2.0+1.6x10%
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whereas the populations in paddy soils were range from 7.0x10% to 3.6x10° CFU g* @verage
2.6+1.1x10%. PNSB were found in the lowest number @verage 2.0+1.7x102 CFU mL%) in the waters
collected from rice paddy fields. These results are in consistent with that of Okubo et al. (2005) that
reported populations of PNSB in treating wastewater ranged from 10* to 10’ CFU mL. One of the
most favourable nutrients for PNSB is the short chain volatile fatty acids which accumulated in high
organic loading wastewaters. In addition, two species of PNSB were isolated from swine waste
lagoon and swine sewage wastewater. Rhodobacter sp. strain PS9 was isolated for odor remediation
by Do, et al. (2003) and Rhodopseudomonas faecalis strain A was isolated and characterized by Wei,
et al (2016). In this study, PNSB 124 isolates were isolated in pure cultures. The culture
characteristics of PNSB on GM medium were shown in Figure 1a.

412 Lactic acid bacteria

Lactic acid bactreria were isolated from fresh swine manure samples in Phitsanulok and
Sukhothai provinces. The bacterial colonies with clear zone were observed and counted on MRS
agar medium with 1.0% CaCOs. The clear zone around the colonies result from the solubilisation of
CaCOg by the acid(s) that produced from lactic acid bacteria. A number of lactic acid bacteria in the
samples of fresh swine manure were range from 1.9x10" to 3.5x10 CFU g* @average 2.74+0.58x107).
This result is similar to the report of Petsuriyawong and Khunajakr (2011) that screened probiotic
lactic acid bacteria in piglet feces. They isolated and enumerated lactic acid bacteria that ranged
from 8.03 to 8.97 log CFU g?. In this study, a number of lactic acid bacteria were lower than that
report approximate 1 log CFU. It might be due to farm management, diet and animal health. One
hundred fifteen isolates of lactic acid bacteria were isolated for further enzyme screening. The
culture characteristics of lactic acid bacteria on MRS plus 1.0% CaCOs medium were shown in
Figure 1b.

Figure 1. Culture characteristics of PNSB on GM agar plate @) and lactic acid bacteria
on MRS plus 1.0% CaCOgz agar plate (b)

4.2 Screening of the phytase producing bacteria

42 1 Photosynthetic bacteria

A total of 124 PNSB isolates were screened for the production of phytase to hydrolyzed phytate.
All the isolates were streaked on the modified GM medium with phytate as a sole phosphorus
source. It was found that yeast extract in the medium affected bacterial growth. PNSB grew faster
when amount of yeast extract was increased. To avoid an effect of yeast extract on the production of
phytase, the modified GM medium was supplemented with 0.01 and 0.05+ yeast extract. PNSB grew
poorly when lower concentration of yeast extract was used. Therefore, yeast extract at the same
original concentration (0.2%) was added into the modified GM medium.

It was interesting to note that most red to brown PNSB isolates were able to grow on the medium
whereas the greenish brown isolates could not grow. It might be possible that those red to brown
isolates were capable of hydrolyzing phytate and used the products as a phosphorus source for their
growth. In this study, we could not find any clear zone around the PNSB cultures when the phytase
was detected by flooding the color reagent. It means that they were not able to produce an
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extracellular phytase. However, when the cultures were scrapped off, the clear zone under the
cultures was seen with an opaque background. This clear zone possibly resulted from intracellular
phytase. A total of 63 PNSB isolates had clear zone under the culture (Figure 2a). To test this
hypothesis, an intracellular phytase from PNSB cells should be assayed. Up to date, there is no
report about phytase enzyme produced from PNSB.

422 Lactic acid bacteria

All of lactic acid bacteria, 115 isolates, were streaked on the modified MRS medium
supplemented with 0.5% phytate as a sole phosphorus source. To detect the bacterial strains that
produced phytase, the molybdate-vanadate solution was used as a specific color reagent. This
method can reduce an interference of clearing zone caused by acid production from lactic acid
bacteria (Yanke, et al 1998). The results showed that 61 isolates of lactic acid bacteria had clear
zone either around culture or under culture (Figure 2b-c). It indicated the presence of extracellular
phytase andor intracellular phytase was produced by lactic acid bacteria.

Many previous studies have reported phytase activity in lactic acid bacteria (Raghavendra, et al.
2009; Didar, et al. 2010; Andrabi, et al. 2016). An example includes the isolation of phytase
producing probitic lactic acid bacteria from piglet feces (Dowarah et al 2018). 16S rRNA sequence
identified this isolated bacteria as Pediococcus acidilactici.

Figure 2. Phytase screening plate of PNSB (@ and lactic acid bacteria (b, ¢

4 3 Phytase assay

All 63 PNSB isolates were streaked on the modified GM plate supplemented with 0.5% phytate as
a sole phosphorus source. Then, the cultures were scrapped and disrupted to extract crude enzymes.
All crude enzymes were assayed by the method of Heinonen and Lahti (1981). The results revealed
that there were no difference between an absorbance of control (blank) and the samples. Absorbance
at 700 nm cannot be measured due to strong background color of the tested samples. Thus, other
alternative assays should be used for testing phytase activity. However, it is possible that some
PNSB (red and brown isolates) may contain an intracellular phytase or cell-bound phytase as
described in the previous report (Lan, et al. 2011).

For lactic acid bacteria, an extracellular phytase produced in the modified MRS broth was
assayed by the colorimetric determination method (Sigma-Aldrich). The activity of phytase to
hydrolyze a substrate, phytate, in the reaction mixture was observed. This assay method can
differentiate an enzyme activity in the sample tubes and a control tube by the color change to be
green (Figure 3). The phytase activities were range from 1.91+052 to 1239+0.34 U mL* whereas the
specific activities were range from 098025 to 6.42+0.16 U mg! The strains with the highest
activity and specific activity were selected to report in the Table 1.
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Figure 3. Assay of phytase activity by the colorimetric determination method.

Table 1. Top five highest phytase activities and specific activities from the selected strains of
lactic acid bacteria

Lactic acid bacteria Growth Activit Specific activity
(OD600) U mL? U mg?
1 P6C3 0.123+0.01 12.39+0.34 6.42+0.16
2. TPS9 0.146+0.01 12.58+0.42 6.08+0.28
3. CwicCl 0.163+0.02 11.28+0.45 567+0.25
4. SW19M9 0.454+0.03 10.2+0.28 531+0.36
5  P23C3 0.369+0.02 1042+051 448+0.18

4 4 ldentification of the selected bacteria

All the isolates of photosynthetic bacteria in this study were identified as PNSB by the
following properties: Gram negative; cell shape: rod to ovoid; cell arrangement: rosette-like cluster in
some species; motile by flagella; able to grow under anaerobic-light conditions; photosynthetic
pigments: bacteriochlorophyll and carotenoids; maximum absorption peak of the extracted pigments
(bacteriochlorophyll): 770 nm.

The characteristics of lactic acid bacteria were confirmed: Gram positive; cell shape: short rod-
long rod and cocci; cell arrangement: irregular; catalase negative; all isolates produce acid from
glucose; a few isolates produced gas from glucose fermentation. Eleven strains of lactic acid
bacteria that had different colony characteristics were identified by 16S rDNA sequencing. The
results showed that there are 5 groups of phytase producing lactic acid bacteria used in this study
(Table 2). Four groups are belonging to the genus Lactobacillus and another group is identified as
the genus Enterococcus.
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Table 2. Identification of the selected strains of lactic acid bacteria by 16S rDNA sequencing

Group Representative strain  Amplicon length Identification as Percent identity
(A number of isolates) (bp)

1 TPF1-4 5 1,472 Lactobacillus plantarum JCM 1149 99.45
2 TPF3-19 (1 1,468 L. farciminis BCRC 14043 99.32
3 TPF5-393) 1,463 L. agilis JCM 1187 99.18
4 TPF8-53 (1) 1,481 L. fermentum CIP 102980 99.66
5 TPF8-59 (1) 1,466 Enterococcus faecium DSM 20477 9959

The species L. plantarum was usually isolated from pig feces. Angelis, et al. (2006) could isolate
35 lactic acid bacteria in the genus Lactobacillus. They were identified by 16S r RNA into 8 species.
Only one species, L. plantarum, is similar to this study. L. plantarum and L. reuteri were selected
based on the abilities to resist bile salt, pH, antimicrobial activity and heat resistance. In addition,
four lactobacilli species namely L. fermentum, L salivarius, L. plantarum and L. reuteri were isolated
from pig feces. They could inhibit growth of two bacterial pathogens, E. coli K88 and Salmonella
typhimurium ¢Yun, et al 2009). Recently, Sirichokchatchawan, et al. (2018) reported that two strains
of L. plantarum, Pediococcus pentosaceus and P. acidilactici had the strongest antibacterial activity
against enteric pathogenic bacteria in pig. These four strains were also isolated from pig feces.

5. Conclusions

A total of 124 PNSB isolates were isolated on GM agar plate under anaerobic-light conditions
whereas 115 isolates of lactic acid bacteria were isolated on MRS agar under anaerobic condition.
Pure cultures of both bacterial groups were screened on the modified media to produce an
intracellular or extracellular phytase by using the vanadate-molybdate method. The 63 isolates of
PNSB and 61 isolates of lactic acid bacteria had phytase activity.

An intracellular phytase from PNSB were not detectable by the method of Heinonen and Lahti
(1981). However the activities of an extracellular phytase from lactic acid bacteria were detected by
the colorimetric determination method (Sigma-Aldrich). The selected strains of lactic acid bacteria
were identified by using 16S rDNA sequencing. Five groups of phytase producing lactic acid
bacteria isolated from fresh swine manure were identified as: L. plantarum, L. agilis, L. farciminis, L.
fermentum and E. faecium.
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Abstract

Nowadays, consumers are increasingly interested in healthy food and have more behavioural
changes in meal eating patterns as snacks. This study aimed to increase the nutritional value of crispy

rice as the healthier snack by using Thai rice which presented important natural ingredients. Five
formulations were developed including Thai colored indica rice (Oryza sativa cv. Riceberry), black
sticky rice (Oryza sativa cv. Leum Phua), white glutinous rice (Oryza sativa cv. RD6), RD6 soaking in

water obtained from Leum Phua sticky rice, and a combination of RD6 and Leum Phua glutinous
rice. Water activity, moisture content, crispness, color, total anthocyanin content, and sensory

evaluation were analysed. The results showed that there was no significant difference in crispness and
moisture content of products. The lowest free water was observed in both Riceberry and soaked RD6
formulations with water activity below 042. Leum Phua and Riceberry recipes had the lowest
brightness. Obviously, crispy rice bar from Leum Phua sticky rice had the highest total anthocyanin
content, followed by Riceberry rice. According to sensory test, there was no significant difference in
odor, flavour and texture, as well as overall liking scores. The color score was high in the RD6 and
soaked RD6 formulations. During the storage for 2 months, the increase of water activity and lipid
peroxidation were observed. Additionally, there was no growth of pathogenic microorganisms. The
crispy rice by soaked RD6 formula was acceptable up to 2 months of storage. Therefore, it can be

concluded that the RD6 sticky rice soaking with water from black glutinous rice is suitable for
commercial production because it can increase the nutritional value for consumers by providing high
total anthocyanin content.

Keywords: Riceberry rice; Oryza sativa cv. Leum Phua; Oryza sativa cv. RD6; Black glutinous rice;
Anthocyanin
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1. Introduction

Many studies have been pointing out to the critical issue of food eating awareness related to
physical illness throughout the past few decades. Eating behavior is an important factor that impacts

on human health. Thus, healthier food choice is recommended for healthy consumers. In the present,

human lifestyle has been completely changed to hurry in living which directly influences trend of food
decision as well as their dietary pattern consumption. Food characteristics, suitable for people who

living in a hurry each day, should be ready-to-eat and easy-to-carry such as sandwiches, bread and
snacks. Importantly, making decision of eating food must include both healthy and safe as the priority.
In present, people are facing a challenge to develop nutritious food product which fit in daily lifestyle.

Therefore, this ongoing issue causes of global food industry focusing on functional ingredients from
natural plants for developing healthier products. Hence, utilization of anthocyanin-based food is

needed to add the value in food products and also enriched nutrition in food with natural source.

Thailand is well known as the land of agriculture, especially rice cultivation in different strains
with high quality. Thai colored indica rice (Oryza sativa cv. Riceberry), black glutinous rice (Oryza

sativa cv. Leum Phua) and white glutinous rice (Oryza sativa cv. RD6) have been cultivated widely in
Thailand. Interestingly, pigmented rice contains phytonutrient which is higher antioxidant activity and
phenolic compounds than non-pigmented rice. Several varieties of pigmented rice, particularly
Riceberry rice and Leum Phua sticky rice have been exhibited as source of anthocyanin. It is water-
soluble, phenolic of plant which contributes to red, purple or blue colors in rice. Anthocyanin-based
food products have been developing for healthier choice. It has becoming popular in food and

beverage research, such as substitution of Riceberry flour in noodle and fortification of anthocyanin
from Riceberry rice in milk chocolate (Sirichokworrakit, Phetkhut, Khommoon, 2015; Ngamdee,

Bunnasart, Sonda, 2019). Moreover, effect of anthocyanin has been reported as a potent nutraceutical
by its antioxidant capacity. Health benefits were reported in previous literature that mainly involved
in anti-oxidative stress and anti-inflammation throughout the body. Furthermore, pharmacological
effect of anthocyanin in Thai rice as anti-hyperlipidemic and anti-cancer property have been reported.
(Khoo, Azlan, Tang, Lim, 2017; Sivamaruthi, Kesika, Chaiyasut, 2018). Glutinous rice can be
modified in many kinds of food such as snack or dessert. Leum Phua and RD6 are Thai glutinous rice
with pigmented and non-pigmented carrier, respectively. Leum Phua, black glutinous rice, has been

reported that it exhibited high anthocyanin profile, phenolic compounds and radical scavenging
activity than Black Rose, Hawm Nil, and Klam rice (Suwannalert & Rattanachittawat, 2011). White

glutinous rice RD6 is one of the popular rice grown in Thailand. It is commonly modified and

developed to snack or cake due to puffable property even though lower antioxidant activity is
exhibited when compared to other colored Thai rice.

Recently, Thai rice containing anthocyanin has been widely studied due to rise of concern in
healthier eating habits. The application of natural material on Thai traditional snack is still needed. In

addition, to our knowledge, the comparison of pigmented rice utilization in snack bar is rarely
observed. Therefore, the objective of this study was to increase the nutritional value of crispy snack

bar using colored rice, as the main ingredient. In this study, physicochemical properties of three rice
varieties including Riceberry rice, Leum Phua glutinous rice, and RD6 sticky rice were compared.

This study provided the development of crispy rice bar as healthier snack recipe and suggested for
further utilization in prospective commercial grade.
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2.Objectives

Theaims of this study was to increase the nutritional value of crispy rice as the snack bar using
Thai rice from 5 experimental groups with different rice materials, including crispy rice from the
Riceberry rice, black glutinous rice (Oryza sativa ver. Leum Phua), the RD6 glutinous rice, the

combination of RD6 with black glutinous rice and the RD6 soaking in water from black glutinous
rice. In addition, this study compared physicochemical property, sensory scores and total anthocyanin

content as well as product quality during storage for 2 months.
3. Methodology
3.1 Materials
Raw materials include black glutinous rice (Leum Phua), white glutinous rice (RD6 rice),

Riceberry rice, sunflower seeds, pumpkin seeds, cashew nuts, black sesame, white sesame, raisins,
ripe banana cv. Kluai Kai, glucose syrup, gum arabic, honey, brown sugar, salt, vegetable oil.

Chemical reagents including ethanol, acetic acid, sodium acetate, potassium chloride, sulfuric acid,
sodium hydroxide and 3,5-dinitrosalicylic acid were used in this study.

3.2 Experimental design

To develop nutritious snack bar with Thai rice mixed cereals, the sample of each type of rice
varieties were conducted in Thailand. There were five experimental groups in this study, consisted of

crispy rice product by Riceberry rice, black glutinous rice (Leum Phuay, white glutinous rice (RD6),
soaked white glutinous rice in water from black glutinous rice (soaked RD6 rice), and a combination
of white and black sticky rice (combined RD6 with Leum Phua). Physicochemical and sensory test
were evaluated.
3.3 Crispy rice formulation development
3.3.1 Crispy rice preparation withawithout oil

RD6 glutinous rice was dried at 65° C. 10 g of dried RD6 was roasted without oil on pan fried
at 270° C. Crispy rice characteristics in terms of rice seed inflation, color, odor and texture were
observed after roasting the rice. Another dried RD6 (10 g) was fried at 230° C for 7 to 9 sec.
Characteristic descriptions of crispy rice were noted. The effect of rice preparation withwithout oil
on product characters were reported.
3.3.2 Cereals preparation

Pumpkin seeds were roasted at 270° C for 10 min. Cashew nuts were roasted at 150° C for 15
min. Black and white sesame were roasted at 270° C for 7 min. All roasted cereals were packed in
polyethylene bag.
3.3.3 Banana syrup preparation

Ripe bananas were cleaned and peeled. Banana pulps were sliced and mixed with water. The
ratio of bananas and water was 1:1. Sliced banana was heated at 100° C for 5 min. Banana pulp was
filter. The clear banana juice was heated at 80° C and further concentrated to 60 to 70° Brix. Banana
syrup was contained in sterile bottles and stored at 4 to 5° C.
3.4 Formulation

Standard formulation for crispy rice mixed cereals bar includes crispy rice 200 g, glucose
syrup 160 g, Kluai Kai syrup 50 g, honey 60 g, brown sugar 50 g, salt 3 g, pumpkin seeds 30 g,
sunflower seeds 30 g, white sesame 10 g, black sesame 10 g and raisin 50 g. Crispy rice and cereals

were mixed and rested in the bowl for a while. Subsequently, glucose syrup mixed with Kluai Kai
syrup were heated for 5min. Honey, brown sugar and salt were added to mixed syrup and stewed for
2 min until the mixture was homogeneous. The mixture was poured into the bowl and immediately
mixed with crispy rice and cereals. Then, look it cool down for 5 min and cut into small pieces with
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equal size 2.5%5x1 cm,. Crispy rice mixed cereal bar were packed in polyethylene bag and stored at
room temperature for further analysis.
35 Product quality analyses
35.1 Physical property of crispy rice bar

Color and water activity @w were analyzed by aspectro-photo-colorimeter and LabMaster-Aw,
respectively. Color value was expressed as L', @ and b". Degree of whiteness or darkness were
indicated by L= O =black, 100 = white). Degree of redness (+) or greenness () were expressed as ax.
Yellowness (+) and blueness (-) scales were indicated as b+ Water activity was expressed as the ratio
of the vapor pressure in food to the vapor pressure of pure water. A texture analyzer (TA XT Plus) was
used to measure the crispness.
35.2 Chemical property of crispy rice bar

Moisture content was determined by A.O.A.C method (1995). Reducing sugar was analyzed
using dinitrosalicylic acid (DNS) method as previously described by James, C.S.(1995).
35.3 Quantification of total anthocyanin content

Total anthocyanin content was determined by pH differential method (modified from Lee et
al.,, 2005). Ethanol solvent at 70+ was used to extract the anthocyanin. Absorbance was read at 510 nm
in a spectrophotometer.
3.5.4 Organoleptic evaluation

Crispy rice sensory evaluation was obtained from 24 untrained panels by 9-point hedonic scale
test. Color, odor, flavor, and texture as well as the overall liking were evaluated from extremely dislike
as -1 point- to extremely like as <9 point-.
3.5.5 Product quality during storage

The final formula of crispy rice was selected by the highest sensory point for product quality
analysis during storage for 2 months. The selected product was evaluated for color, lipid oxidation,

and water activity as well as bacterial growth. Product was observed and reported at day 0, 15, 30 and
60.
3.6 Data analysis

All analyses were carried out in triplicate. The results were expressed as mean values and
standard deviation (SD). The mean of three or more groups were analyzed for the statistically
significant differences using one-way analysis of variance ANOVA, and Duncan's Multiple Range
Test DMRT). Two-sided p-value < 0.05 were regarded as statistically significant. All statistical
analyses were performed using Statistical Package for the Social Science (SPSS, 17.0 software.
4. Results and discussion

This study explored the effect of cooking process on quality characteristics of crispy rice by
the comparison of frying with awithout vegetable oil. The result showed that cooking oil influenced

on crispy rice quality in terms of seed swelling, color, odor and texture. Crispy rice with cooking oil
represented more pleasant product quality than crispy rice without cooking oil (Table 1). Fat and oil
play important roles to food product. One of oil capacity is the heat absorption which is more effective
than air or water. It transfers heat to rice seed surface as well as enhances color and texture of the
crispy rice. It plays important role in food product which is responsible for developing texture and
enhancing flavor of fried foods. In addition, oil penetrates and replaces water in food during frying,
resulting in more tenderizing. Oil also releases ingredient flavor and produces moistness feeling in
the mouth. Oke et al., 2017, pp. 1-21) Hence, heating process with vegetable oil resulted in better
characteristics in terms of crispness, desirable color and pleasing smell of the fried crispy rice while
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another cooking process was slightly burnt and hard. The crispy rice by optimum oil usage was
considerably more acceptable.

Table 1. Qualitative characteristics of crispy rice by heated with, without vegetable oil

Rice characters Without oil With oil

Rice seed inflation Little inflated More inflated

Color Yellow-brown Yellow-white

Odor Burnt smell Pleasing scent

Texture Crisp with hard cracked Crisp with easily cracked

Total anthocyanin contents in Leum Phua sticky rice and Riceberry rice were compared before
the heating process and after food processes by drying and frying (Table 2). The result indicated that

food processing affected on anthocyanins. Total anthocyanin content was high at raw and
subsequently decreased during food process. Significantly, Leum Phua glutinous rice had higher
anthocyanins than Riceberry rice at stage of raw material and after drying. However, total anthocyanin
contents were no different between Riceberry rice and Leum Phua stucky rice after frying process. In

fact, anthocyanin are easily oxidized during process and storage by several factors such as pH, light,
and oxygen, as well as enzymes. One of the important factors to be considered is processing

temperature. Anthocyanin stability was affected and degraded into various intermediate compounds
by heat. (Patras et al., 2010, pp. 3-11). The finding was consistent with Surh and Koh-s study 2014, pp.
1.9) that presented higher anthocyanins at raw in two cultivars of black rice (Oryza sativa cv.
Sintoheugmi and Sinnongheuchal). The large amount of anthocyanins were decreased after heat
process, for example, roasting, pan-frying, steaming and boiling. As same as the study of Hiemori,
Koh and Mitchell 2009, pp. 1908-1914) that revealed the degradation of total anthocyanins into the
protocatechuic acid in cooking black rice (Oryza sativa L. Japonica var. SBR). Leum Phua and
Riceberry rice showed total anthocyanins content in approximately 317.28 and 235.64 mg/100 g of
rice, respectively (Table 2). The result was in range from previous study of Riceberryin different areas
of Thailand which was 24.69-272.76 mg/100 g of rice (Settapramote et al., 2018, pp. 84-94).

Table 2. Comparison of total anthocyanins in Leum Phua and Riceberry rice after heat process

Total anthocyanins content mg/100 g of rice)

Raw After drying After frying
Leum Phua sticky rice 5712.87+1273.34% 1384.15+141.00? 450.87+28922
Riceberry rice 669.81+125.25° 317.28+130.43° 235.64+57.93%

Values are shown as meanzstandard deviation. Means within each column bearing different
superscripts are significantly different (p<0.05).

Crispy rice product were fried using vegetable oil. All formulas were developed as shown in
Figure 1. The brightness was observed in RD6 crispy rice, followed by soaked RD6, combined RD6
with Leum Phua, Riceberry rice, and Leum Phua sticky rice, respectively (Table 3). The highest
redness and yellowness were also detected in RD6 formula. Obviously, pigmented rice as Riceberry
and Leum Phua were expressed lower scale of brightness and increased blue and green colors.

According to the finding by previous reports in Thailand, Leum Phua and Riceberry rice significantly
presented the darkness color whereas RD6 sticky rice showed more brightness (Poomipak et al., 2018,
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pp. 134-143). It can be explained that anthocyanin accumulation in Leum Phua and Riceberry resulted
in lower of brightness scale.

Figure 1. Crispy rice bar products (A) Leum Phua sticky rice, (B) Riceberry rice, (C)soaked RD6 in
water from Leum Phua sticky rice, (Dycombined RD6 with Leum Phua sticky rice, and (D) RD6
sticky rice

Table 3. Color scale of crispy rice products by different formulations

Color scale
L* ax b=

Leum Phua glutinous rice 46.74+0.19° 2.20+0.15¢ 0.43+0.00¢
Riceberry rice 47.08+0.33¢ 2.80+0.04° 6.18+0.18¢
RD6 glutinous rice 54.69+0.80? 51240182 16.64+0.312
Combined RD6 with Leum Phua 51.92+0.70° 3.86+0.07° 12.30+0.01°
glutinous rice

Soaked RD6 in water from Leum 54.26+0.572 411+0.20° 11.00+0.04°

Phua glutinous rice
Values are shown as meanzstandard deviation. Means within each column bearing different

superscripts are significantly different (p<0.05).

Reducing sugar, moisture, and free water as well as texture were reported in Table 4. There
was no significant difference of moisture and texture among groups. Factors affecting the textural
quality of crispy rice snack include amylose content and moisture content. Amylose molecules are
aligned by hydrogen bonds and release water molecules. However, the RDG, riceberry and Leum Phua
are the rice with very low amylose content (5-12%) (Boonmeejoy et al., 2019, pp. 42-62). Thus, the
moisture content and crispness were not difference in this study. The higher amount of reducing sugar

was found in combined RD6 with Leum Phua, followed by soaked RD6, RD6, Riceberry, and Leum
Phua glutinous rice, respectively. The reducing sugar of formulations with RD6 sticky rice were likely

to be high because white glutinous rice had higher starch digestibility than colored rice varieties.

Therefore, increasing amount of reducing sugar can be imply to degradation of the starch during the
process (Pasakawee et al, 2018, 1-12). The lowest free water in product was observed in both

Riceberry and soaked RD6 formulas with water activity 0.41. All formulations were within the range
0.41-0.44 which reaction rate was low for undesirable microorganism growth, browning, and enzyme
activity (Sandulachi, 2003, pp. 40-48).
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Table 4. Reducing sugar, moisture content, water activity and texture of crispy rice product by
different formulations

Reducing Moisture  Free water Crispness (N)
sugar g/ml) (%)

Leum Phua glutinous rice 1291 708+0.30* 0.43+0.00? 5154+26.022
Riceberry rice 13.02 7.05+0.42%  0.41+0.00° 63.73+33.232
RD6 glutinous rice 1311 722+057*  0.42+0.00? 75.34+60.712
Combined RD6 with Leum 1356 707+025* 042+0.00? 38.05+17.392
Phua glutinous rice
Soaked RD6 in water from 1322 6.7740.21°  0.41+0.00° 6155+2113?

Leum Phua glutinous rice
Values are shown as meanzstandard deviation. Means within each column bearing different
superscripts are significantly different (p<0.05).

Mean of total anthocyanin contents were compared by various formulations as shown in
Figure 2. Total anthocyanins significantly differed between pigmented rice and pure RD6 sticky rice.

There was no significance difference among Riceberry rice, combined RD6 and soaked RD6
formulations. Additionally, Leum Phua crispy rice had the highest total anthocyanin content

(371.09£11.58 mg/100g), followed by Riceberry (144.72+16.70 mg/100g), combined RD6 with Leum
Phua (128.02+2551 mg100g), soaked RD6 (12246+2227 mg100g, and RD6 sticky rice
(87.21+47.99), respectively. Notably, colored rice, particularly Leum Phua was represented as the rich
source of anthocyanins. In this sense, the previous study additionally supported that Leum Phua and

Riceberry rice had higher phenolic compounds and scavenging ability than white glutinous rice, RD6
(Poomipak et al., 2018, pp. 134-143).
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Figure 2. Mean of total anthocyanins content in crispy rice products by different formulas

118



All formulas were ranked score from 1-9 in terms of color, odor, flavor, texture, and overall
liking. There was no significant difference in odor, flavor, texture, and overall liking among groups.

RD6 and soaked RD6 rice were obtained higher score in color and the highest score was found in
soaked RD6 formula(Table 5). The lower score was observed in product with dark color by pigmented

rice as based-material. The sensory test was inconsistent with previous study by Poomipak et al. (2018,
pp. 134-143). They showed that unpolished Leum Phua sticky rice had higher scores in color. However,
in this present, color score of developed sticky rice was high in RD6 and soaked RD6 formula. This
may be explained by difference of age duration of panelists between the studies. Thus, the desirable
formula of crispy rice product for consumers was made from soaked RD®6 rice in Leum Phuas water
sticky rice. Subsequently, the selected product was analyzed for proximate composition and quality
during storage life. Moisture, protein, fat, ash and carbohydrate were 6.77, 681, 16.05, 0.73, and
69.64%, respectively data not shown).

Table 5. Means sensory scores of crispy rice products by different formulas

Black Riceberry RD6 Combined RD6 Soaked RD6 in

glutinous rice rice glutinous rice  with Leum Phua  water from Leum
glutinous rice  Phua glutinous rice
Color 625+173°  683+163" 7214102 6.46+159° 7.42+093°
Odor™ 6.38+1.38 6.08+1.38 6.13+1.26 6.42+153 6.46+1.18
Flavor™ 6.30+155 6.46+1.35 6.33+£1.34 6.42+125 6.58+121
Texture™ 538+1.93 6.13+1.62 6.08+1.79 588+178 6.08+£1.50
Overall 6.17+1.46 6.42+150 6.33+£1.27 6.58+121 6.46+1.30
liking™

Values are shown as meanzstandard deviation. Means within each column bearing different
superscripts are significantly different (p<0.05). ns means no significant difference.

Product quality was measured after storage for 2 months at day 0, 15, 30, and 60. The scale of
product color had been changing during storage at room temperature. Yellowness was increase while
brightness and redness were decrease (Table 6). This phenomenon can be explained by browning
reaction due to the increase of available water and lipid oxidation during storage. Non-enzymatic
browning is occurred by the interaction of reducing sugars and amino acids. This reaction further to
amadori compounds and form dark pigments. It causes of the quality change in food product due to
darkening of light colored product (Singh & Anderson, 2004, pp. 3-23).

Table 6. Color analysis of crispy rice (soaked RD6 rice formula) during storage for 2 months

Color scale
L ax b=
Day 0 519241732 3.86+0.08? 12.30+0.322
Day 15 51.80+2.822 3.82+0.03? 12.70+0.122
Day 30 49.67+2.08? 343+0.11° 17.040.23°
Day 60 48.25+2.762 3.04+0.06° 17.19+0.37°

Values are shown as meanzstandard deviation. Means within each column bearing different

superscripts are significantly different (p<0.05).
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Malondialdehyde and thiobituric acid (TBA) reactivity was used as an index of lipid
peroxidation. Lipid peroxidation and water activity were observed during the storage for 2 months
(Figure 3). The increase of water activity and lipid peroxidation were detected. Water activity was not
significant difference among periods. Noticeably, at day 60, the TBA value was significantly higher
than day 0 and 15. Lipid oxidation is affected by light, oxygen, water activity and temperature as well
as material composition. The snack formulaincluded cereals as the main ingredient and using cooking
oil for food process. Lipid reactions are catalyzed by both of non-enzymatic and enzymatic
involvement which presenting in cereal components such as its membrane structure. Additionally,

water content in mature grain and food processing also affected the lipid mobility and promoted
reactions between lipids and other ingredients. Moreover, free fatty acids in rice and subsequently

lipid oxidation products is partially attributed to storage under warm and humid conditions even the
lipid content of rice is slightly low. Thus, crispy rice stored in laminated bags containing CO> or under

refrigerated conditions were likely to be more stable than stored at ambient temperature (Lehtinen,
2003, pp. 1-47; Angelo et al, 2009, pp. 175-224). Similar results were reported by previous study
(Thaweeseanget al., 2017, pp. 212-223) that showed ongoing increase of TBA value and water activity
in nutritious cereal bar during the 30 days storage. However, in this study, the TBA value was in range
0.34-0.53 within 2 months that was lower than acceptance limit for rancidity (1.0 mg/kg.
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Figure 3. Means of water activity and TBA values ;mmg MDA/Kg)in crispy rice product the soaked
RD6 formula during storage for 2 months. The values with different superscript letters mean
significantly different (p<0.05). ns means no significant difference.

The crispy rice products of the RD6 soaking with water from black glutinous rice were
examined for microbiology count on days 0, 15, 30, and 60. Total bacterial count was below 10 at day

0 and 15. The spoilage were observed at the 30" and 60" storage day but not beyond the standard
range. This result was supported by the increase of water activity during the storage period. Yeast and
mould were lower than 10 CFU,g through the study. In addition, there was no growth of Coliform
bacteria, Staphylococcus aureus, and E. coli during 2 months of storage (Table 7). Hence, the product
was microbiologically safe within 2 months of storage period at room temperature.
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Table 7. Bacterial count of crispy rice product (soaked RD6 formula) stored at 25° C for 2 months

Day 0 Day 15 Day 30 Day 60
Total bacterial count (CFUg) <10 <10 25%10 1.26x102
Yeast and moulds (CFU/g) <10 <10 <10 <10
Coliform bacteria (MPN/g) ND ND ND ND
Staphylococcus aureus (MPN/g) ND ND ND ND
Escherichai coli MPN/g) ND ND ND ND

ND-Not detected

5. Conclusion

In this study, cooking process with vegetable oil resulted in the desirable quality of the crispy
rice product. According to this result, five formulations, including black glutinous rice (Leum Phua),

Riceberry rice, white glutinous rice (RD6), RD6 soaking in water from Leum Phua sticky rice, and

combined RD6 with Leum phua sticky rice were developed to high anthocyanin snack bar by frying
method. The anthocyanin from black rice was high at raw and subsequently decreased during the

heating process. Obviously, Leum Phua crispy rice had the highest anthocyanin, followed by
Riceberry rice. However, the color of pigmented rice affected the sensory scores. Low brightness of
product was associated with lower score. The RD6 soaking in water from Leum Phua represented as
the final product formula of crispy rice bar due to high anthocyanin and acceptable sensory score.

Therefore, it can be concluded that crispy rice bar from glutinous rice and glutinous rice RD6 soaking
with black glutinous rice are suitable for commercial production because it can increase the nutrition
value for consumers by providing high anthocyanin content. Moreover, the RD6 crispy rice soaking

in water from black glutinous rice was be able to store up to 2 months of storage.
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Abstract

Riceberry bran, byproduct from the rice milling process, is one of bioactive compounds
sources. In order to increase Riceberry bran value, the purpose of this study was to compare the

effect of different Riceberry bran extraction methods, including accelerated solvent extraction
(ASE), ultrasonic-assisted extraction (UAE), soxhlet extraction (SE), and maceration method (MC) on

bioactive compounds and antioxidant activities. It was found that the Riceberry bran extract from
ASE presented the highest total phenolic, total anthocyanin content (55.45 mg GAE/g and 3.06 mg/g)
and antioxidant properties including ICsop of DPPH assay (0.109 mgmL), FRAP value (68804
mmole Fedlykg)and ICso of ABTS assay (3.42 mg/mL)among the four methods. These results imply

the potential to use the ASE method for extraction of phenolic and anthocyanin compounds from
Riceberry bran.

Keywords: Accelerated solvent extraction; Maceration; Riceberry bran; Soxhlet; Ultrasonic-
assisted extraction
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1. Introduction

Riceberry, deep purple grain; (Oryza Sativa L.), a cross-bred strain from the Khao Hom Nin Rice

variety which is well known as containing high antioxidant properties and Khao Hom Mali 105 well
known as fragrant rice (Leardkamolkarn et al, 2011). Consumption of Riceberry is becoming

popular in Thailand because of high nutrition and so as to meet the increasing market demand, the
Thai government is supporting farmers to grow Riceberry (Peanparkdee, Yanauchi, & lwamoto,

2018). Riceberry bran is a by-product of the rice milling process. It is always extracted oil and
defatted Riceberry bran is used an ingredient in animal feed. A number of studies have reported the
presence of bioactive compounds in Riceberry bran. For instance, Riceberry bran is a rich source of

phenolic compounds, anthocyanins, vitamin E and oryzanol which have shown great antioxidant
activities (Peanparkdee, Yanauchi, & Iwamoto, 2018). In addition, several studies reported that

Riceberry possessed chemopreventive properties including decreasing inflammation, managing
diabetes and improving the regenerative changes of the pancreas, kidneys, heart and liver
(Leardkamolkarn et al., 2011; Posuwan et al., 2013; Prangthip et al., 2013).

Extraction, the first step of bioactive compounds study, plays a significant and important role in
the final quality of the extract. There are many extraction techniques that have been developed for

the extraction of bioactive components from rice bran such as UAE, ASE microwave and ohmic
heating-assisted extraction, etc. Peanparkdee, Yanauchi, and lwamoto (2018) extracted phenolic and

anthocyanins from Riceberry bran using UAE. Suttiarporn, Sookwong, and Mahatheeranont (2016)

studied fractionation and identification of antioxidant compounds from Riceberry bran using
solvent extraction (hexane, dichloromethane and methanol). However, there is little published

information to compare extraction methods of bioactive compound from Riceberry bran.

Conventional solvent extraction is used in extracting bioactive compounds from plants, based on
many parameters, including the amount of solvents, extraction time, polarity of the antioxidant, and
temperature (Peanparkdee, Yanauchi, & Ilwamoto, 2018). The conventional methods such as SE, and

MC are still considered to be compared with new extraction methods. Recently, new extraction

methods have obtained increasing attentiveness to produce more environmentally sustainable, more
effective, decreasing cost and faster extraction (Barros, Dykes, Awika, & Rooney, 2013). New

extraction methods were used in various bioactive compounds, such as phenolic from rice bran
(Tabaraki & Nateghi, 2011) using UAE since it can increase the efficiency of solvent extraction.

ASE was also used to extract phenolic compounds from sorghum brans (Barros, Dykes, Awika, &
Rooney, 2013), and anthocyanin composition from blue wheat, purple corn, and black rice (Abdel-
Aal, Akhtar, Rabalski, & Bryan, 2014). This method uses a combination of elevated temperature and
pressure with common solvents to increase the efficiency of the extraction process. The result is
faster run times and a significant reduction in solvent use. Therefore, the main objective of the

present study was to extract Riceberry bran using ASE, UAE, SE, and MC followed by the
evaluation of the total phenolic content, total anthocyanin content and antioxidant activities in order
to increase the utilization of Riceberry bran.

2. Methodology
2.1. Raw Material

Defatted Riceberry bran (Oryza sativa) obtained from Sunfood Corp Limited (Samutprakan,
Thailand). It was sieved through 20 -100 mesh screen. It was kept in a sealed container at -18°C. All
measurements were performed in triplicate.
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2.2 Chemicals

Folin-Ciocaltue reagent gallic acid, 2,2-dipheny-l-picrylhydrazyl (DPPH), 2,2°-azaino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), ascorbic acid (vitamin C), a-
tocopherol and 2,6-di-tert-butyl-4-methyl-phenol were purchased from Sigma-Aldrich (St. Louis, MO).
Potassium chloride and sodium carbonate were purchased from Ajax Finechem (NSW, Australia.
Sodium acetate hydrate and furrous sulphate were purchased from Carlo Erba (Chaussee du Vexin,
France). Hydrochloric acid was purchased from Merck (Dermstadt, Germany.

2.3 Determination of extract yield

The yield of extracts on a dry weight basis was calculated from equation (1) as shown below:

(W1 x 100)/ W2 )

Extract yield ()

W, was the weight of extract after evaporation of ethanol
W> was the dry weight of the fresh plant sample

2.4 Determination of moisture content

The moisture content of the Riceberry bran was analysed according to AOAC methods (AOAC,
2019

2.5 Determination of water activity @w

The water activity was determined at 25 °C using aw meter, Aqua Lab (Series 3 TE (Decagon
Devices Inc,, US.A). Approximately 2 g of the ground sample was used for the analysis.

2.6. Determination of color value

The color of rice bran was measured with spectrophotometer (Hunter Lab, Color Quest XE, USA)
equipped with a D65 illuminant using the CIE L= a* b= system.

2.7. Sample extraction

Four extraction methods, ASE, UAE, SE, and MC were investigated. Riceberry bran was extracted
with ethanol using UAE method according to Tabaraki and Nateghi (2011) method with some
modifications. The bran (10 g) was dissolved in 200 ml of 67+« (v/v) aqueous ethanol. The sample was
sonicated (37 kHz) in an ultrasonic cleaner (Ultrasonic bath, Elama siries EImasonic P, Germany) at
55 °C for 40 min. The resulting extract was filtered through a Whatman No. 1 filter paper and
vacuum-dried in a rotary evaporator (Rotavapor R-100, Buchi, Switzerland) at 40°C. The crude
extract was stored at -18 °C until use.

ASE was performed on a Dionex ASE 350 system (Thermo Scientific, USA). The bran sample of
10 g was mixed with diatomaceous earth (DE) in a proportion of 1:1 and placed in a 66 mL stainless
steel extraction cell. A cellulose D28 filter (Dionex Corporation) was placed at the bottom of the
extraction cell to avoid the collection of suspended particles in the collection vial. The extraction
cells were arranged in the sample carousel and prefilled with the solvent (67+ ethanol), static time 10
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minutes, and heated at 55 °C. The extraction was done using 5 cycles and the cell was rinsed with
100« flush. The extract was collected in 250 mL collection vials. The resulting extract was filtered
through a Whatman No. 1 filter paper and vacuum-dried in a rotary evaporator at 40 °C. The crude
extract was stored at -18 °C until use.

The SE was based on the UAE method. The bran (10 g) was placed in a thimble and put it in the
extractor that dissolved in 50 ml of 67+ ethanol. The distillation flask was filled with 250 ml of 67+
ethanol, and heat source. The sample was placed in a thimble-holder that was gradually filled with
condensed fresh extractant from a distillation flask. When the solvent reached the overflow level, a
siphon aspirates the solute from the thimble-holder and unloaded it back into the distillation flask,
thus carrying the extracted analyses into the bulk liquid. This operation was repeated until the
solvent in the extractor was clear. The resulting extract was filtered through a Whatman No.1 filter
paper and vacuum-dried in a rotary evaporator at 40 °C. The crude extract was stored at -18 °C until
use.

MC was investigated at room temperature. The bran (10 g) was dissolved in 200 ml of 67% ethanol
in closed bottles. After 48 h of extraction, the extract was filtered through a Whatman No. 1 filter
paper and repeat 3 times until the extract was clear. The collection of the extract was vacuum-dried
in a rotary evaporator at 40°C. The crude extract was stored at -18 °C until use.

2.8 Determination of total phenolic content

The total phenolic content of Riceberry bran extracts was determined by the Folin-Ciocalteu
reagent using different concentration (0-200 pg/mL) of Gallic acid as standard (Wolfe, Wu, & Liu,
2003, with some modifications. 125 pL of samples were mixed with 500 pL distilled water in a test
tube followed by the addition of 125 L of Folin-Ciocalteu reagent and allowed to stand at room
temperature for 6 minutes. Then it was mixed with 1,250 pL of 7% Na2CO3 and followed by the
addition of 1,000 pL of distilled water and allowed to stand at room temperature for 90 minutes. The
absorbance of the mixtures was determined at 760 nm in spectrophotometer (UV mini-1240,
Shimadzu, USA). Total phenolic content in the extract was expressed in mg Gallic acid equivalentyg.

2.9 Determination of anthocyanin content

The analysis method for anthocyanin content was modified from the method used by Giusti &
Worsltad (2005). The Riceberry bran extracts (1 mL)in 25 mL of volume metric flasks were adjusted

with potassium chloride buffer (0.03 mol/L, pH 1.0) and the other was adjusted with sodium acetate
buffer (0.4 mol/L, pH 4.5). Each of them was left for 15 minutes in the dark at room temperature. The
absorbance of the mixtures was determined at 510 nm and 700 nm in spectrophotometer. The
anthocyanin concentration (mg/L) of sample was calculated according to the following formula 2)
and expressed as Cyanidin-3-glucoside equivalents:

A X MW x DF x V) 2
€ExX1IxG

Total anthocyanin content (mg/g)

A was (Al7oo - As10) PH 1.0 - (Ak700 - As10) pH 4.5
MW was the molecular weight of Cyanindin-3glucoside 449.2 g/mol)
DF was the dilution factor 20 pL sample is diluted to 2 mL, DF =1000)
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& was the extinction coefficient (L x cm™ x mol?) - 26,900 for Cyanindin-3-glucoside where L (path
length in cmy=1

| was the volume of solvent

G was the weight of sample

2.10. Determination of antioxidant activities
2.10.1 1Cso of DPPH scavenging activity

The free radical scavenging activity of Riceberry bran extracts will be evaluated using the stable
radical DPPH according to the method of Re et al. (1999). Various concentration of each extract was

pipetted into 1 mL DPPH working solution. The mixture was shaken and incubated for 30 minutes
in the dark at room temperature. Ascorbic acid, a-tocopherol, and BHT were used as standard. The
analysis was done in triplicate for standard and each extract. The absorbance of the mixtures was
determined at 517 nm relative to the control @s 100%) using a spectrophotometer. The percentage of
radical scavenging ability was calculated by using the formula (3):

Scavenging ability ) =(Absorbance 517 nm of control - Absorbance 517 nm of sample)x100 (3)
Absorbance 517 nm of control

ICs0 of DPPH scavenging activity of each extract could be calculated using its calibration curve.
2.10.2 Ferric reducing antioxidant power [FRAP,

The FRAP assay was modified from Benzie and Strain (1999). 60 pL of samples were mixed with
18 ml of the FRAP reagent and 180 pL of distilled water. The absorbance of the mixtures was
determined at 593 nm using a spectrophotometer after 4 minutes incubation at 37 °C. FRAP reagent
was prepared daily and consisted of 0.3 M acetate buffer (pH 3.6), 10 mM TPTZ in 40 mM HCI, 20
mM FeClz and distilled water in a ratio of 10:1:.1.1.2 (vwvvwn). FRAP value was obtained by
comparing the absorbance change in the test mixture with doses obtained from increasing
concentrations of Feclll)and expressed as mmol of Fecll) equivalents per g extract. Ascorbic acid, o-

tocopherol, and BHT were used as standard.
2.10.3.1Cso of ABTS radical scavenging assay

ABTS radical scavenging activity was determined according to Re et al. (1999) with some
modification. A stable stock solution of ABTS radical cation was produced by reacting a 7 mM
aqueous solution of ABTS with potassium persulfate in the dark at room temperature for 12-16 h
before use. The working solution was diluted with 95« ethanol to reach and absorbance of 0.7+0.02
at 734 nm. 20 pL of samples were mixed with 2 mL of working solution, and the absorbance was
measured immediately at 734 nm after 6 minutes at room temperature in the dark. Ascorbic acid, a-
tocopherol, and BHT were used as standard. The analysis was done in triplicate for standard and
each sample. Antioxidant capacity of each sample was determined based on the reduction of ABTS
absorbance by calculating the percentage of antioxidant activity. ICsg of ABTS scavenging activity
of each extract could be calculated using its calibration curve.
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3. Results and discussion
3.1 Quality of raw material

Chemical and physical properties of defatted Riceberry bran are presented in Table 1. Defatted
Riceberry bran had low moisture content and aw and dark purple in color. The particle size of
Riceberry bran was mostly 60-80 mesh.

Table 1. Chemical and physical properties of Riceberry bran.

Chemical and physical properties Measurement values
Moisture %) 565+0.12
aw 0.33+0.01
L+ 35.33+0.17
ax 569+0.11
b+ 428+0.12
Particle size 20-40 Mesh () 455+0.78
40-60 19.24+0.95
60-80 65.16+0.86
80-100 7.80+0.84
> 100 3.25+0.75

3.2 Effect of extraction methods on total phenolic and total anthocyanin content

The extracts obtained from ASE, UAE, SE and MC were investigated. Percentage of extraction
yield, total phenolic and total anthocyanin contents are shown in Table 2. There were no
significantly differences in the percentage of extraction yield (p>0.05). The percentages of extraction
yield from each method were in the range of 18.07 - 21.73«. Total phenolic content was determined
in comparison with gallic acid and the results were shown in terms of mg GAE/g extract. The results

showed that the Riceberry bran extract from ASE had significantly higher total phenolic and total
anthocyanin content than the other methods. This method uses high pressures during the extraction

process so they allow the solvent to be heated at higher temperatures than their boiling point which
increases diffusion rates, disturbs the strong solute-matrix interactions and reduces liquid solvent

viscosity, allowing better penetration into the matrix and then improving extraction (Barros, Dykes,
Awika, & Rooney 2013). Total phenolic content of the Riceberry bran extract from SE was 54.18
mg GAE/g extract while total anthocyanin content was 0.91 mg/g extract. The increase of total

phenolic content in the Riceberry bran extract from SE due to high temperature and long extraction
time. During extraction, heating of the sample might soften the plant tissue and weaken the phenol-

protein and phenol-polysaccharide interactions, leading to more polyphenols diffusion into the
solvent (Das Das, Goud, & Das, 2017; Tao, Wu, Zhang, & Sun, 2014). The Riceberry bran extract

from UAE had lower total phenolic content than other methods because it took a shorter extraction
time than MC and lower temperature than SE.

There were significant differences in total anthocyanin content (p<0.05). The results obtained
from four methods showed that the Riceberry bran extract from ASE had higher total anthocyanin
content than the other methods because this method took a short time to heat. This result was in

agreement with previous reports that ASE was more appropriate in extracting anthocyanin from
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colored grains as being comparable with the commonly used solvent extraction method based on
changes in anthocyanin composition (Abdel-Aal, Akhtar, &Rabalski, 2014). The Riceberry bran

extract from UAE had higher anthocyanin than the Riceberry bran extract from SE and MC since
ultrasound induced swelling of plant cells or breakdown of cell walls during sonication.

Table 2. Effect of extraction methods on a percentage of extract yield, total phenolic content and
total anthocyanin content.

Method Extract yield™ %) Total phenolic Total anthocyanin
(MgGAE/g extract (Mg/g extract)
ASE 20.97+0.07 55.45+0.112 306+0.13?
UAE 19574011 4852+050 228+013°
SE 18.07+045 54.18+0.60° 0.91+0.07¢
MC 21.731£0.25 50.03+0.17°¢ 144+021°

& Means in same columns followed by different letter are significantly different p10.05).
S Means not significant (p>0.05).

Therefore, antioxidants can be released from plant cells into the solvent. A decrease in anthocyanin

of the Riceberry bran extract from SE because the extract was obtained high temperature and long
extraction time as a result that anthocyanin was decomposed. An increase in temperature up to 74°C

could increase phenolic content but it decreased anthocyanin content (Sripum, Kukreja,
Chareonkiatkul, Kriengsinyos, & Suttisansanee, 2017; Cacace & Mazza, 2003). The degradation rate
of anthocyanin depends on time and temperature. Therefore, high temperature and short extraction
time were used successfully to retard anthocyanin degradation in plants (Ju & Howard, 2003).

3.3 Effect of extraction methods on radical scavenging activities

The radical scavenging activities of Riceberry bran were evaluated for DPPH, ABTS and FRAP
assay as shown in Table 3. DPPH, ABTS radical scavenging activity of different extraction methods

which express in terms of 1Cso value. Lower 1Cso value means more antioxidant potential. The
chelating ability on ferrous ion in Riceberry bran extract was determined by FRAP assay. The
radical scavenging activities were compared with ascorbic acid, a-tocopherol and BHT as standard.

There were significantly different in 1Cso of DPPH and ABTS assay and FRAP assay amongst the
extraction methods (p10.05).

Table 3. Effect of extraction methods on radical scavenging activities (DPPH, ABTS and FRAP
assay)

Method DPPH assay ABTS assay FRAP assay
ICs0 (mg/mL) I1Cs0 (mg/mL) mmole Fedl/kg

ASE 0.109+0.000? 3.42+0.05? 688.04+1.122
UAE 0.144+0.004¢ 4.16+0.04° 54351+0.67°
SE 0.127+0.000° 3.45+0.06° 649.76+0.99°
MC 0.137+0.002¢ 3.75+0.06° 668.65+1.22%

BHT 0.135+0.002 0.499+0.002 3,937.00+10.00
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Ascorbic acid 0.004+0.001 0.207+0.002 5,943.00+10.07
o-tocopherol 0.117+0.000 0.779+0.014 15,471.00+23.01

#d Means in same columns followed by different letter are significantly different (p<0.05).
S Means not significant (p>0.05).

The results showed that the Riceberry bran extract from ASE had lower 1Cso of DPPH and ABTS
assay than the other methods. The ICso of DPPH assay in the Riceberry bran extract from ASE was

0.109 mgmL which was comparatively lower than the ICsp of DPPH assay in BHT and o-

tocopherol, the ICso showed that the Riceberry bran extract from ASE had more effective
antioxidant activities than antioxidant compared to BHT and o-tocopherol. Previously, Soradech et

al. (2016) compared ICso of six species of colored rice and it was found that the extract of Gum-Doy-
Moo-Ser and Riceberry had an effective antioxidant activities than other species of colored rice in
that study.

The ICso of ABTS in the Riceberry extract from ASE was not significantly different from SE but
significantly lower than UAE and MC p[10.05). The Riceberry bran extract from ASE and SE has

more effective antioxidant activities than UAE and MC. The FRAP values from each method were
in the range of 54351- 688.04 mmole Fedlykg. The highest FRAP value was the Riceberry bran
extract from ASE. There were no significant differences in FRAP value of the Riceberry bran
extract from ASE and MC method (p>0.05). The Riceberry bran extraction from UAE showed weak
radical scavenging activities despite of high total anthocyanin content. The results indicated that
phenolic gave antioxidant activity greater than anthocyanin. This result is in agreement with the
previous report by Chen, Nagao, Itani, & Irifune (2012) that anthocyanin pigments of colored rice
gave a low antioxidant activities.

Table 4. The Pearson's correlation coefficient (r) between total phenolic content and antioxidant
activities measured by DPPH, ABTS and FRAP assays.

TPC DPPH ABTS FRAP
TPC 1
DPPH -0.933+ 1
ABTS -0.936~ 0.841+« 1
FRAP 0.853+ -0.822+ -0.959+ 1

" Means correlation is significant (p<0.01).

Pearson’s correlation coefficients between total phenolic content and antioxidant activities
measured by DPPH, ABTS and FRAP assays were computed and the results are shown in table 4.
Significant correlations were found between total phenolic content and antioxidant activity (p10.01)
but the results of antioxidant activities were not significantly correlate to total anthocyanin content.
Total phenolic content had negative correlation with ICso of DPPH assay and ICso of ABTS assay (r
=-0.933 and r =-0.936). Significant positive correlation was obtained for total phenolic content with
FRAP value (r =0.853). The highest correlation was found between FRAP value and I1Cso of ABTS
assay (r =-0.959). The lowest correlation was found between the 1Cso of DPPH assay and FRAP
value (r =-0.822). These results corresponded to the previous research (Dudonne et al., 2009), which
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reported that significant correlations were found between DPPH, ABTS, and FRAP assays and total
phenolic content determined by the Folin-Ciocalteu method. Therefore, phenolic compounds in plant

extracts contribute significantly to their antioxidant potential.

4. Conclusion

Analysis of the total phenolic and anthocyanin content and radical scavenging activities of
Riceberry extracts showed differences depending on extraction method. Amongst the extraction

methods, The Riceberry bran extraction from ASE was the most effective method in antioxidative
reactions and high total phenolic and total anthocyanin content. It can be concluded that the

Riceberry bran extraction SE had high total phenolic content and strong antioxidative reactions but
it had a long extraction time and high costing. The Riceberry bran extract from UAE had high total

anthocyanin content and it used the lower energy input. The Riceberry bran extract from MC had
low bioactive compounds and antioxidant activities but it took a long extraction time.
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Abstract

An objective of a research in a Management of Professional Basketball Players in the
Thailand Basketball League is to study the model of Professional Basketball Players
Management in the Thailand Basketball League. The researcher used a Survey Research
Method to interview involved people in managing Professional Basketball Players in the
Thailand Basketball League. The Simple Random Sampling Method was used in 250
samples, and statistics which were used to analyze data were Percentage, Mean and
Standard Deviation. The researcher found that the model of Professional Basketball Players
Management in the Thailand Basketball League contained 4 steps as below.

1) Sourcing of Professional Basketball Players; the evaluation was in the highest level at
4.56 of Mean and 0.4062 of SD.

o) Selection of Professional Basketball Players; the evaluation was in the highest level
at 4.75 of Mean and 0.4333 of SD

3) Development of Professional Basketball Players; the evaluation was in the highest
level at 4.60 of Mean and 0.518 of SD

q) Retention of Professional Basketball Players; the evaluation was in the highest level
at4.61 of Mean and 0.519 of SD

Keywords: A Study of Management Model, Professional Basketball Club,
Professional Basketball Players

1. Introduction

The Basketball Association in Thailand finds that to re-light up the popularity of
basketball among Thai teens and people needs to run professional tournaments all around
Thailand. Not only attract basketball players themselves to determine to play in the
professional level, but also attract governmental organizations and private companies to
support teams in the league. Moreover, Professional tournaments are set to target to develop
players to have a real career by playing basketball. The First Professional League in

Thailand was held in 2555 B.C. which was supported by the Sports Authority of Thailand,
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and this league was back to be popular again, and in 2556 B.C., it was held for the second
time with more interests from press to broadcast all over the country; furthermore, in 2557
B.C. there was clear to set up the real basketball league (Professional Basketball League
Project, 2018).

In present, there is a professional basketball league which is under the name of TBL
(Thailand Basketball League) to provide the real career to players. Mr.Nipondh
Chawalitmontien, Basketball Association of Thailand President, said that there was a very
good performance from team Thailand so that he had some initiative to set up the
professional league to provide the real career to players to earn money for their livings.
(https://www.tnews.co.th/sat, 18 August 2019)

2.0bjective

To study the model of Professional Basketball Players Management in the Thailand
Basketball League

3. Research Methods

In this research, the research creates the Management of Professional Basketball
Players survey instrument which is checked by experts. Also the interview of team managers,

coaches and players are collected from 10 teams, 250 people in Thailand Basketball League

4. Results

1 Sourcing of Professional Basketball Players; the evaluation was in the highest level.
That means the source of professional basketball players are from inside and outside
the country.

o Selection of Professional Basketball Players; the evaluation was in the highest level.
That means clubs need to analyze team weakness to have data to select positions of
players.

3 Development of Professional Basketball Players; the evaluation was in the highest
level. That mean clubs need to plan and develop each professional player based on an

analysis in each individual player.

q  Retention of Professional Basketball Players; the evaluation was in the highest level.
That mean clubs have to have a clear direction of target also give faith to players.
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5. Table 1 Indicate Mean and SD of comments in questionnaires of the Management of

Professional Players in Thailand Basketball League

Comments of the
Management of

Mean SD Result

Professional Players

1. Sourcing of 4.56 0.406 Highest
Professional
Basketball Players

2. Selection of 4.75 0.433 Highest
Professional
Basketball Players

3, Development of 4.60 0.518 Highest
Professional
Basketball Players

g, Retention of 4.61 0.519 Highest
Professional

Basketball Players

Average 4.63 0.470 Highest

6. Conclusion and Discussion

From the study, it was found that 1) Sourcing of Professional Basketball Players
was related to the quote of Sawanee Kaewmanee and Rattanawadee Bunnasit (2006). that
said, the step of sourcing efficient people has to start from pointing which is the most
important
position to lead to the target of the organization by finding manpower from inside and
outside officially and unofficially. 2) Selection of Professional Basketball Players was
related to Wichian Wittayaudom (2008: 130). that said, the selection of people inside the
organization is a good way because it is an opportunity to open for insiders to encourage
them to stay, and does not to hire from outside. 3) Development of Professional Basketball
Players was related to Berger & Berger’s concept (Berger & Berger, 2004). that said, there
needs to have a plan for individual development in good and efficient people for them to
maintain their strengths and solve their weaknesses. Development methods can be to teach,
to provide urgent special projects, to self-study, to attend management and development

seminars inside and outside and to apply self-online learning. 4) Retention of Professional

Basketball Players was related to the research of Pornrat Sadaengharn (2013). The data from
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a review of literature and survey of Eastern Seaboard Industrial Estate showed that factors to
retain top talented people were work culture and environment which were work relationship,
flexibility and good communication as well as a role model from superiors. Moreover, good
work which can attract manpower to stay is one of main factors.

7. Recommendation

A Professional Basketball Players Management in an international League such as
ABL (Asean Basketball League) should be studied to lift up and promote the management
system of the professional basketball league in the country.
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Abstract

Purpose: Aranyik handicraft workers are exposed to hazardous materials including metal dust and
fumes while working. Here, chromium, manganese, and nickel concentrations in samples from
Aranyik handicraft workers were determined, and associations between risk factors and the metal
concentrations in the samples were address all of the following elements: Purpose of the article,
methods, results, conclusions assessed.

Methods: A cross-sectional study was performed with 60 Aranyik handicraft workers. Manganese
concentrations in blood and nickel and chromium concentrations in urine were determined, and each
participant completed a questionnaire @dministered in an interview,.

Results: The manganese concentrations in blood were acceptable for 57 89%) of the participants but
exceeded the reference value for three (17%) of the participants. The nickel and chromium
concentrations in urine did not exceed the reference values for any participant. Some participants
exhibited unsafe behaviors, 85.0% drinking and eating while working, 68.30% not wearing goggles,
73.30% not wearing face shields, and 26.70+ not using ventilation in the work area. Pearson correlation

analyses were performed, and no significant correlations were found between manganese
concentrations in blood and either health risk behavior scores (=—0.61, p-0.64) or working

environment factors (p<0.05).

Conclusions: Aranyik handicraft workers are occupationally exposed to manganese, and some
workers have manganese concentrations in blood exceeding the reference value. The workers are
exposed to acceptable amounts of chromium and nickel. Unsafe behaviors may affect exposure to
metals, but statistical analyses did not strongly support this. Good personal hygiene and safe working
practices should be recommended to decrease the risks posed by occupational exposure to metals.

Keywords: Biomarker - Metals : Aranyik - Handicraft workers

1. INTRODUCTION

Thailand is famous for handicrafts, and handicrafts are made in almost every Thai province.
Handicraft products such as knives and related equipment are made by families and communities that
have inherited the production methods involved. Most of the handicraft products are made from iron
and steel sheets selected to suit the intended design and function of the product and to perform
appropriately.

Knife production involves cutting, heating, and grinding metal sheet and making handles. Steel
sheet contains metals such as chromium, manganese, selenium, and zinc that prevent corrosion and
improve the strength of the sheet, so people working with steel sheet may be exposed to various
metals durina the production process, particularly during grinding. Most handicraft processes are
performed using both hand-held tools and machines that can generate dust and welding fumes. Metal
dust and fumes that can be emitted to the air during certain processing conditions and contaminate
the working area can pose hazards to handicraft workers.

Interactions between susceptible cellular targets and free metals and/or metal ions can lead to
toxic effects. (1] Inhalation and ingestion of metal dust in the workplace are important routes through
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which workers are exposed to metals. Metal dust containing beryllium, cadmium, lead, manganese,
and nickel produced during handicraft production may lead to systemic intoxication and may affect
the blood, kidneys, and,or central nervous system.[2) Exposure to chromium V1, nickel, or manganese
can cause allergic dermatitis, bronchial asthma, neurotoxicity, and nephrotoxicity. Exposure to
hazardous substances can be estimated by measuring the concentrations of the substances and/or
metabolites in blood or urine. Metabolites and other species can be used as biomarkers for various
hazardous species.

The aims of this study were (1) to determine blood manganese, urinary chromium, and urinary
nickel concentrations of Aranyik handicraft workers who may be exposed to potentially toxic metals
while working and (2) to compare the concentrations with reference values to assess the risks posed
by heavy metals to the workers. Personal factors such as the time each worker is exposed to metal
dust, the use of personal protective equipment, and ventilation were taken into account.

2.MATERIALS AND METHODS

2.1 Participants and sampling methods

A cross-sectional study involving Aranyik handicraft workers in Ban Ton Poa and Ban Pai Nong
(in Tha Chang District, Ayutthaya Province, Thailand)was performed between October and December
2016. The protocol used was approved by the Ethical Committee of the Faculty of Tropical Medicine,
Mahidol University (approval no. TMEC 16-056) and was in accordance with the 1964 Helsinki
declaration (and later A cross-sectional study involving Aranyik handicraft workers in Ban Ton Poa
and Ban Pai Nong (in Tha Chang District, Ayutthaya Province, Thailand) was performed between
October and amendments) or comparable ethical standards. Written informed consent was obtained
from each participant. A walk-through survey was performed to observe the communities and identify

the locations of relevant households in the communities, and participants were randomly selected
from each relevant household. Male and female handicraft workers who were 20-70 y old and exposed

to heavy metals while working were selected. Only willing participants permanently resident in the
study areas and having manufactured handicrafts for at least 1 y were selected. Handicraft workers
known to have chronic kidney disease or cancer were excluded. A total of 60 Aranyik handicraft
workers were involved in the study.

2.1.1 Blood sample collection

Blood samples were collected at the end of the last working shift of the week, and the manganese
concentrations in the blood samples were determined. A 5 mL blood sample was collected from each

participant by venipuncture into a polypropylene tube containing heparin or EDTA (to act as an
anticoagulant). The blood samples were transferred to the laboratory in a container containing ice
packs and then kept at 4 °C until they were analyzed.

2.1.2 Urine sample collection

A 20 mL mid-stream urine sample was collected from each participant at the end of the last
working shift of the week, and the chromium and nickel concentrations in the samples were
determined. The containers the urine sample were collected in were rinsed with HNO3z and deionized
water and dried before being used. The urine samples were transferred to the laboratory in a container
containing ice packs and then kept at 4 °C until they were analyzed.
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2.1.3 Questionnaire

A questionnaire was used to collect personal data @age and sex), information on behaviors posing
health risks (smoking, drinking water and eating in the working area, and the use of personal
protective equipment), and information on work environment factors (work duration and ventilation
in the workplace) from the participants. The questionnaire was administered by trained interviewers.

2.2 Heavy metal analysis

2.2.1 Determination of manganese concentrations in the blood samples

The protocol used to determine the manganese concentrations in the blood samples is described
here. A solution containing chemical modifiers was prepared by adding 100 g Triton-x and 5 ¢

diammonium hydrogen phosphate to a 1000 mL volumetric flask and adding deionized water to give
a final volume of 1000 mL. A 1 nitric acid solution was prepared by adding 15.4 mL of 65% nitric

acid to a 1000 mL volumetric flask and making the solution up to 1000 mL with deionized water.

Working manganese standard solutions at manganese concentrations of 5, 10, 20, 30, 50, 70, and 90
ug/L were prepared by adding appropriate amounts of a manganese standard to 1% nitric acid. A 900

uL aliquot of the modifier solution and 100 puL of a blood sample were added to a microcentrifuge
tube, which was then placed on a roller mixer for 10 s. The mixture was then transferred into a sample

cup. The manganese concentration was determined by graphite furnace atomic absorption
spectrophotometry with Zeeman background correction (using a Varian Model SpectrAA 880
instrument; Agilent technologies, Santa Clara, California, United States). Light emitted from a hollow
cathode lamp at a wavelength of 279.50 nm was used. The correlation coefficient (r) was 0.9996, and
was acceptable. The limit of quantification for manganese in blood was 3.0 pug/L. Seronorm Trace
Elements Whole Blood Level 2 (Sero AS; Billingstad, Norway) and ClinChek Whole Blood Control
Lyophilized for Trace Elements Level 1 (RECIPE Chemicals + Instruments; Munich, Germany) were
used as quality control samples.

222  Determination of chromium and nickel concentrations in the urine samples
The protocol used to determine the chromium and nickel concentrations in the urine samples is
described here. A solution containing chemical modifiers was prepared by adding 15.4 mL of 65%

nitric acid and 20 mL of palladium nitrate to a 1000 mL volumetric flask and making the solution up
to 1000 mL with deionized water. Working chromium and nickel standard solutions at concentrations

of 5, 10, 20, 30, 50, 70, and 90 pg/L were prepared by adding appropriate amounts of chromium and
nickel standards to 1% nitric acid. A 900 uL aliquot of the modifier solution and 100 pL of a urine
sample were added to a microcentrifuge tube, which was then placed on a roller mixer for 10 s. The
mixture was then transferred into sample cups. The chromium and nickel concentrations were

determined by graphite furnace atomic absorption spectrophotometry with Zeeman background
correction (using a Varian Model SpectrAA 880 instrument) using a wavelength of 357.90 nm for

chromium and a wavelength of 232.00 nm for nickel. The correlation coefficients (r) were both 0.9996,
and were acceptable. The limits of quantification for chromium and nickel in urine were 3.0 and 5.0
ug/L, respectively. Lyphochek Urine Metals Control Level 2 (Bio Rad Laboratories, Hercules, CA,
United States) and ClinChek Urine Controls Lyophilized for Trace Elements Level 1 (RECIPE
Chemicals + Instruments; Munich, Germany) were used as quality control samples.
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2.3 Data analysis and statistics

Descriptive statistics were used to describe the distributions of the variables. A rating scale was
used to classify the score of health risk behaviors. The answers to the 15 questions each had three

possible answers, 1 for never, 2 for sometimes, and 3 for always, but the values were positive for
some questions and negative for others. The level of health risk behavior | was defined as the sum of

the values. Values of 1.00-1.99 were taken to indicate unsafe behavior, and values of 2.00-3.00 were
taken to indicate safe behavior. Pearson correlation coefficients were used to assess the relationships
between the heavy metal concentrations and risk factors. The level used to identify a statistically
significant relationship was p<0.05.

3.RESULTS
3.1 General characteristics of the participants

There were 47 female participants (78.30%) and 13 male participants (21.70%). The mean age
was 53.22 y (standard deviation 6.48 y). The maximum age was 66 y and the minimum was 39 y. Nine
(15%) of the participants never ate or drank at work, 23 (38.30%) of the participants sometime ate and
drank at work, and 28 (46.70%) of the participants always ate and drank at work. A total of 49 (81.7%)
of the participants always washed their hands before eating, 10 (16.7%)sometimes washed their hands
before eating, and one (1.60%) never washed their hands before eating. Two (3.3%) participants were
smokers with a maximum of 20 cigarettes per day. One participant (1.60%) always smoked at work,
one sometimes smoked at work, and both never washed their hands before smoking. All the

participants used personal protective equipment while working, but not all the types of personal
protective equipment available were used by all the participants. Cotton masks were always worn by

91.70% of the participants, goggles by 31.70%, face shields by 26.70%, and gloves by 88.3«. A total of
23 (38.3%) of the participants had hypertension, 10 (16.7%) had diabetes, and two (3.3%) had
cardiovascular disease. The participants had been Aranyik handicraft workers for between 11 and 40
y, and the mean was 24.05 y (standard deviation 7.22 y). Most (51.70%) of the participants had been
Aranyik handicraft workers for between 21 and 30 y. The longest and shortest daily working hours
were 12 and 3 h, respectively. A total of 26 (43.30%) of the participants worked less than 8 h per day.
The most common number of days worked per week was five, and the most was six. All of the workers
used ventilation systems in their working areas. Most (96%) of the ventilation systems were electric
fans, and most (73.30%) were used each day.

The knife production process has four steps. A total of 16 (26.67%) of the participants performed
cutting work, 17 (28.33%) heating work, 16 (26.67%) grinding work, and 11 handle making

3.2 Metal concentrations in the blood and urine samples

A total of 57 (89%) of the participants had acceptable manganese concentrations in their blood.
The mean manganese concentration in blood and the mean nickel concentration in urine were 12.12
and 5.55 pg/L, respectively. Three participants had manganese concentrations in blood exceeding the
reference value. All three of these participants were female. One, a 51 y old who had worked for 27
y, had a manganese concentration in blood of 23 ug/L. She was a non-smoker with no history of
hypertension, diabetes, or cardiovascular diseases, and performed grinding work. Another, a 50 y old
who had worked for 23 y, had a manganese concentration in blood of 20 pg/L. She was a non-smoker
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with a history of hypertension and cardiovascular diseases, and performed grinding work. The third,
a 60 y old who had worked for 27 y, had a manganese concentration in blood of 20.40 pg/L. She was

a non-smoker with hypertension, and performed heating work.

None of the participants had nickel or chromium concentrations in urine exceeding the reference
values.[31141 The highest and lowest nickel concentrations in the urine samples were 12.90 and 5.00
Mg/L, respectively. Chromium was not detected in any urine sample (Table 1).

Table 1. Numbers and percentages of participants with metal concentrations in specified ranges (N=60)

Metal Concentrati N % Of Number (%) of participants
on total participants with a metal concentration
Mg/ 60) exceeding the reference value
Manganese 0-9.90 22 36.67
(in blood) 10.00-19.90 35 5833 -
20.00-29.90 3 5.00 35
Mean 1212, standard deviation 3.71, minimum 7.00, maximum 23.00
Nickel 0-9.90 56 9333
@inurine 10.00-19.90 4 6.67
Mean 5.55, standard deviation 1.57, minimum 5.00, maximum 12.90
Chromium not detected 60
@n urine)

3.3 Health risk behaviors

The questionnaire contained nine questions about workplace behaviors affecting health risks.

These behaviors were drinking and eating while working, washing hands before eating, smoking at
work, washing hands before smoking, wearing a cotton mask, wearing goggles, wearing a face shield,
wearing glove gloves, and using ventilation in the work area. A scale was used to classify the health

risk scores, and the results are shown in Table 2

Table 2. Number (percentage) of participants with behaviors affecting health risks, and the health risk scores

Variable Health risk behavior Mean SD
Safe behavior Unsafe behavior
1. Drinking and eating while working 9 (15.0%) 51 85.0%) 168 0.93
2. Washing hands before eating 59 (98.30%) 1 (1.70%) 2.80 0.57
3.Smoking at work 59 (98.30%) 1 (1.70%) 295 037
4. Washing hands before smoking 58 (96.70%) 2 (3.30%) 293 047
5. Wearing a cotton mask 55 (91.70%) 5 (8.30%) 250 0.84
6. Wearing goggles 19 (31.70%) 41 68.30%) 139 0.75
7.Wearing a face shield 16 (26.70%) 44 (73.30%) 133 0.78
8. Wearing gloves 53 (88.33%) 7 1167% 2.68 0.84
9. Using ventilation in the work area 44 (73.30%) 16 (26.70%) 2.73 0.58

SD -standard deviation

The highest and lowest scores of health risk behaviors were 25.00 and 18.00, respectively, and the
mean was 22.25 (standard deviation 1.57). The health risk scores for 31.70% of the participants were >
23. Pearson correlation coefficients were calculated to allow correlations between the health risk
scores, working environment parameters, and manganese concentrations in blood to be identified. No
significant correlation was found between the health risk score and manganese concentration in blood
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(r=—0.61, p=0.64) or between the working environment parameters and manganese concentration in
blood (p>0.05). The results are shown in Table 3.

Table 3. Correlations between the working environment parameters and manganese concentration in blood (N=60)

Variable r p

Number of years working 0.06 0.66

Working hours per day -0.15 0.24

Working hours per week 0.03 098
4. DISCUSSION

Occupational exposure to metals depending on type of work and working activities. In regards to
working characteristic, Aranyik handicraft workers may expose to toxic metals via inhalation,
ingestion and dermal absorption of metal dust or fume created by working processes such as heating
and grinding. In this study, blood manganese, urinary chromium and urinary nickel were determined
as biomarkers of exposure according to the recommendation of previous studies.;(5-8; Our study
revealed the variation of blood manganese and urinary nickel among workers, whereas chromium
were not detected. This might be due to types of work and working hours were varied. However, the
level of blood manganese and urinary nickel were not significant difference among job tasks which
might be affected by similar exposure level since their working area located in the same general
location.

Most of participants had blood manganese and urinary nickel in acceptable levels, except three
workers had blood manganese exceeded the reference value. One of them had performed heating work

meanwhile two workers had performed grinding work for more than 20 y. This accord to the study of
Santos (9 that found urinary nickel and manganese levels of nonferrous metal foundries was lower
than the reference values, however, significant differences between exposed and non-exposed groups
was found. Nevertheless, no statistical significance was found when comparing blood manganese
concentrations by type of work, working hour, and duration of work. This accord to the study of Roels
et al (10; but inconsistent with previous studies that revealed the effect of blood manganese level with
life-estimated exposure and possible threshold of exposure duration.[11-13; It might be explained that
although individuals exposed to the same chemical, but the route of exposure and the ability (or
inability) to metabolize the agent of individuals were difference leading to the variation of metal level
remain in the body.[14;

It has been reported that working environment factors such as the working duration, working
hours per day, and working days per week affect metals exposure. In this study, the longest working
duration was 40 y, the longest working day was 12 h, and the longest working week was 6 d. Long
working hours and working weeks could increase exposure to metals, give poorer health and safety
outcomes, and increase the risks of acute myocardial infarction, diabetes mellitus, and hypertension
occurring.(15;1 Inappropriate working conditions, unsafe environments, and long working hours may
also negatively affect health, as found previously by Kivimaki and Kawachi (167 who found a
significant association between long working hours and risk of cardiovascular diseases.

In terms of working experience, our study results were similar to that found in metal workers of
urban Kano which revealed no significant difference of blood manganese level among workers with
different working experience. Contrary to the study of Cowan et al (17; which found the mean blood
manganese level in ferrous foundry workers who had working experience for less than three months
was lower than those 3-12 months working experience. In addition, our study found the average
concentration of blood manganese was higher than that found in ferrous foundry workers who had
working experience for less than three months but lower than workers with 3-12 months working
experience. This might be due to the influence of working activities of Aranyik workers which were
varied leading to the temporal variation of heavy metals exposure comparing to the worker in
industrial sector which usually working in a specific job.[17-19;
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There was a study showed the workers who did not regularly wear their protective device had
higher heavy metals level than those who applied.;20; Our results opposed to that study since heavy
metals level in blood and urine of workers who always applied and those who did not applied
protective device was not significant difference. This might be due to most of the participants in this
study always wore cotton mask (91.70%), used gloves (88.3%)whereas only 31.7+ wore goggles during
work. Cotton mask might seem to be an inappropriate tool for protecting metal exposure, however
cotton masks are basic safety equipment to protect workers from dust generated during knife-making
processes. This conformed to previous studies that found cotton mask is a common personal
protection equipment applied in various job tasks. The reason behind this event related to
uncomfortable to work with metal fume mask.[21)

Effects of unsafe behaviors such as smoking, eating and drinking at work on heavy metals level
in biological specimens has been reported.[2211231 Our study results indicated that some Aranyik
handicraft workers had unsafe behaviors such as drinking and eating while working 85.0%), not
wearing goggles (68.30%), not wearing a face shield (73.30%), and not using ventilation in the working
area (26.70%). However, the levels of blood manganese and urinary chromium between workers with
safe and unsafe behavior were not significant difference. The unsafe behaviors found in this study
were similar to that found in knife workers at Naton (Nakhon Phanom, Thailand) including working
without goggles and face shields while cutting and welding metal sheet, did not wear gloves while
heating, and did not cover external surfaces while grinding.(24;

Our study also found two participants were smokers and smoked a maximum of 20 cigarettes per
day. These participants smoked during working hours and never washed their hands before smoking.
Metal particles being transferred from the hand to the mouth during smoking could be an important
source of exposure to metals for these participants. In addition, cigarette contain several metals such
as cadmium, chromium, manganese and nickel leading to higher possibility of exposure in smoker.
However, the level of blood manganese, urinary chromium and nickel in smoker and non-smoker did
not significant difference. The result was dissimilar to the study of Afridi et al (25; and Mulyana et al
(231 that found the correlation of chromium, manganese and nickel with smoking status.

Ventilation system has been suggested to be the most effective method to reduce exposure to air
pollutants. (261 Moghaddasi et al. (277 suggested that occupational asthma in bakery workers could
decrease as the ventilation rate increases. Since most of workers in our study used electric fans in the
working areas and used every day. They have less exposure to metals dust. This might be a reason that
contribute heavy metals level in biological samples of almost workers were in acceptable levels.

A biomarker is a marker of exposure to a chemical or agent or a marker of the effects of exposure
to a chemical or agent in the body. It is useful indicators that respond to exposure to species of interest.
Biomarkers in biological fluids can be used to evaluate exposure to chemicals, to indicate the health
risks posed. In this study, 89« of the participants had acceptable manganese concentrations in blood
but three (17+) of the participants had manganese concentrations in blood exceeding the reference
value. The chromium and nickel concentrations in urine did not exceed the reference values for any
of the participants. Santos et al.[91 found lower manaanese and nickel concentrations in urine from
workers at nonferrous metal foundries than the reference values and sianificant differences between
the concentrations in samples from exposed and non-exposed aroups. Alkhatib et al.[281 found that
nickel concentrations in urine from jewelry technicians were not statistically significant higher than
the concentrations in urine from the control group (p>0.05). Individuals may be exposed to the same
chemical but through different exposure routes and may have different abilities to metabolize the
chemical, and these differences can cause variations in metal concentrations in tissues from different
individuals 14

Age, sex, diet, and metabolic factors may play roles in metal uptake, metabolism, and excretion
and act as confounders when assessing relationships between biomarkers and the outcomes of interest.
291 The sample collection, preparation, preservation, and analysis methods may affect the
measurement errors, and the concentration of a metal in a sample must be sufficiently high for the
concentration to be reliably concluded to be higher than the background. (30;

It was found that 46.70% of the participants drank and ate while working, 68.30« did not wear
goggles, 73.30% did not wear a face shield, and 26.70% did not use ventilation in the work area. The
highest and lowest health risk scores were 25.00 and 1800, and the mean was 2225 (standard
deviation 1.57).In total, 19 (31.70%) of the participants had the most common score of 23. These results
agreed with the results of a study by Harasan and Pusapakdeepob(31] of the relationships between
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various factors and safety behaviors in workers at automobile parts industry in Chonburi Province. In
that study, 50.4+ of the workers had high workplace safety behavior scores.

Pearson correlation coefficients showed no significant negative relationship between the health
risk score and blood manganese concentration (=10.61, p=0.64). The workers with more safe
behaviors had lower manganese concentrations in blood. These results agreed with the results of a
study by Junhom (32; in which cadmium, chromium, and lead concentrations in blood and urine from
painting workers in Hat Yai Municipality were determined. No significant correlations were found in
that study between the cadmium, chromium, and lead concentrations and the use of personal
protective equipment at work (p>0.05). However, our results disagreed with the results of a study by
Awodele et al (33] in which the risks of paint workers in Lagos, Nigeria, being exposed to arsenic,
cadmium, chromium, and lead were determined. In that study, the metal concentrations in urine from
the paint workers were significantly higher than the concentrations in urine from the control group
(p<0.05).

Pearson correlation coefficients were also used to assess the relationships between working
environment factors and the manganese concentrations in blood. No significant correlations were
found between the working environment factors and the manganese concentration in blood. This did
not support the hypothesis that workers with long working periods will be exposed to larger amounts
of metals. The results disagreed with the results of studies by Decharat (221134) in which higher body
burdens of toxic metals were found in sanitary landfill workers than in the control group and
occupational exposure to metals was associated with the number of working hours per day, number
of working days per week, working duration (years), type of work, and personal hygiene practices.

Our results also disagreed with the results of a study by Sani and Abdullahi® in which heavy
metal concentrations in body fluids from metal workers in the Kano metropolis in Nigeria were
determined. In that study, no correlations were found between the chromium, nickel, and manganese
concentrations in blood and the number of years of exposure (p>005), but the manganese
concentration in urine and number of years of exposure did correlate (p<0.05).

5.CONCLUSIONS

Most participants had manganese concentrations in blood that were acceptable, but three
participants, all of whom had been working for >20 y, had manganese concentrations in blood that
exceeded the reference value. None of the participants had chromium or nickel concentrations in urine

exceeding the reference values. No significant relationships were found between behaviors related to
health risks or environmental factors and the manganese concentrations in blood. The lowest, highest,
and mean lengths of time the Aranyik handicraft workers had been working were 11, 40, and 24.05
y, respectively. Nineteen participants worked >8 h d"*. No significant relationships between working
times and manganese concentrations in blood were found. The results indicated that the ventilation
systems were not adequate for controlling exposure to metal dust. Aranyik handicraft workers should

be encouraged to improve their personal hygiene and safety practices to decrease their exposure to
metals that may pose health risks.
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Abstract

The objective of this research was to develop a table syrup product from toddy palm sugar. To be
acceptable to consumers, table syrup should have an appropriate and stable viscosity. In this study, the
effects of xanthan gum (0.1 — 0.5%), guar gum (0.1 — 0.9%) and carboxymethyl cellulose gum (CMC) (0.2 -
0.8%) on viscosity and textural properties of syrup samples were investigated. The results showed that
addition of 0.1% xanthan gum made significant increase in viscosity and decrease in water activity of toddy
palm syrup. Toddy palm syrup with 0.1% xanthan gum in combination with 0.8% guar gum and 0.4% CMC
had highest viscosity whereas syrup with 0.1% Xxanthan gum in combination with 0.7% guar gum and 0.2%
CMC showed lower viscosity but higher hardness and adhesiveness value. However, syrup with only 0.5%

xanthan gum added was rated the highest scores from the sensory evaluation.

Keywords: viscosity, syrup, xanthan gum, guar gum, cmc

1. Introduction

In recent years, food industries have looked to develop new syrup from local plants to support
consumer demand by addressing health and adding nutritional ingredients into syrup (Arancibia et al., 2011,
Keshtkaranet al., 2013). Toddy palm sugar, a sweetener traditionally used in South and Southeast Asia, is
one of alternative sweeteners material that can be converted to syrup for added value and convenient
use. Toddy palm sugar is produced from Toddy palm juice by heating and constantly stirred until thickens
and crystallizes to solid form. The color of the Toddy palm sugar varies from light to dark brown (J. Wrage
et. al., 2019). The syrup viscosity and texture are essential properties characterizing the quality product.
However, concerns have been raised about the concurrent temporal trend between simple sugar intakes,
especially of fructose or high-fructose corn syrup (HFCS), and rates of health problems (Chung et.al., 2014).
In the last decades, therefore, many different thickeners, stabilizers, and texture enhancers were offered
for enhancing the sweetness and viscosity instead of sugar. These were hydrocolloids such as plant gums,
alginates, seaweed extracts, starch and its derivatives, pectin, cellulose and its derivatives, etc.

The polysaccharides such as xanthan gum, starch, guar gum and carboxymethyl cellulose gum
(CMQ) are commonly added to adjust viscosity, modify texture, or to enhance stability. Adding of xanthan
gum 0.1-0.5% of syrup could modify the quality and thermal stability and network structure being
strengthened cased decreasing moisture content (Simseke, 2009, Altay and Gunasekaran, 2013, Tunnarut
and Pongsawatmanit, 2018). The concentration of CMC (0.1 - 1.5%) was studied, the 0.6% of CMC of sucrose
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solution is optimum sensory texture and the sweet taste perception, the 1.5% of CMC of sucrose solution
the caused reduction in sweet taste of product (Wagoner et al., 2019).

The objective of this research was to develop a table syrup product from toddy palm sugar and
investigated the effect of polysaccharides additive, xanthan gum, guar gum and CMC on viscosity and

textural properties of syrup samples.

2. Materials

Toddy palm sugar was purchased from Tambon Paknam Amphur Bangkra in Chachoengsao
province, Thailand and used as composition of Toddy Palm Syrup. Food grade of xanthan gum, guar gum
and carboxymethyl cellulose gum (CMC) were purchased from UNION CHEMICAL 1986 CO, LTD for study

effect of viscosity-imparting agent on textural properties of toddy palm syrup.

3 Methods
3.1 Preparation of toddy palm syrup
Toddy palm syrups were prepared by dissolving toddy palm sugar in boiling water until giving a

solution of 70 °Brix (use a refractometer) as the starter. The viscosity-imparting agents, including xanthan
gum (0.1 - 0.5%), guar gum (0.1 - 0.9%) and carboxymethyl cellulose gum (CMC) (0.2 -0.8%) were added in
300 mL of starter are specified in Table 1.

Table 1. The percent of viscosity-imparting agent components for toddy palm syrup

Toddy palm syrup Xanthan gum (%) Guar gum (%) CMC (%)
starter 0.0 0.0 0.0
TPS1 0.1 0.1 0.8
TPS2 0.1 0.3 0.6
TPS3 0.1 0.5 0.4
TPS4 0.1 0.7 0.2
TPS5 0.1 0.9 0.0
TPS6 0.1 0.0 0.0
TPS7 0.5 0.0 0.0

3.2 Characterization of toddy palm syrup

The pH values and total soluble solids content (TSS, ©Brix) were analyzed by using pH meter and
a refractometer. The water activity (aw) of toddy palm sugar was measured for the availability of water of
the metabolic activity and growth of micro-organisms. Most bacteria are unable to grow in foods having a
water activity below 0.90 (Brooker, 2015). The color with CIELab coordinates (L¥, a*, b*) of toddy palm syrup
was determined by using a Hunter Lab spectrophotometer Color Quest XE given: L* corresponding to the
brightness (100 = white, 0 = black), a* to the red - green coordinate (+a= red, -a= green) and b* to the
yellow — blue coordinate (+b= yellow, -b= green). Total color difference (AE¥) is expressed using the

following equation:

AE*:\/ (L 15)?+(a"a;)%+(6"b})?
(Mercalietal.2014; MinoltaCo.2007)
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In addition, the viscosity and textural Properties of syrup were determined by using Brookfield

viscometer and texture analyzer (reporting with values of hardness and adhesiveness).

3.3 Sensory Analyses
Sensory evaluation was based on color, viscosity, flavor, aroma and overall quality. Every attribute
was assigned a suitable quantity on the 9-point hedonic scale from one (dislike extremely) to nine (like

extremely) by thirty (17 female and 13 male, 17-24 years old) trained panel.

4 Results and Discussion

As shown in Table 2., the CIE L*, a*, b* color values of the toddy palm syrup treated with the
viscosity-imparting agents showed lighter colors (increasing in L* values) than the starter. The highest L* was
found when 0.5% xanthan gum was added and the lowest L* was found with TPS4 sample
(0.19%XG+0.7%GG+0.2%CMC). A single numerical value for describing color change expressed as total color
difference (AE*) has become one of the best parameter since it combines all color parameters L*a*b*
(Chutintrasri and Noomhorm 2007; Rattanathanalerk et al. 2005). In this research, the AE* showed good

agreement with L* values.

Table 2. Color parameters, pH and TSS for Toddy palm syrup samples with different viscosity-imparting

agent components.

Color Coordinates TSS
Toddy palm syrup L» " - AE* pH ®Brix)
starter 3.51 8.83 5.66 a.7 72.6
TPS1 (0.19%XG+0.1%GG+0.8%CMC) 32.57 22.72 53.08 57.32 53 61.3
TPS2 (0.19%XG+0.3%GG+0.6%CMC) 26.88 23.48 44.75 47.84 52 75.0
TPS3 (0.19%XG+0.5%GG+0.49%CMC) 26.25 22.58 43.81 46.49 51 72.5
TPS4 (0.19%XG+0.7%GG+0.2%CMC) 20.25 19.62 33.87 34.53 5.0 70.0
TPS5 (0.19%XG+0.9%GG) 20.97 13.73 33.22 32.99 4.9 45.0
TPS6 (0.1%XG) 32.55 24.66 54.00 58.57 a7 64.2
TPST7 (0.5%XG) 50.33 37.32 83.13 94.90 5.0 62.2

* XG: xanthan gum, GG: guar gum, CMC: carboxymethyl cellulose gum

The effect of the viscosity-imparting agent on the viscosity of Toddy palm syrup is shown in Figure
1. Figure 1a shows that the viscosity of syrup significantly increased with thickener addition. The viscosity
increased with increasing ratio of guar gum and shows the highest value in TPS3 sample
(0.19%XG+0.5%GG+0.4%CMC). The viscosity of commercial glucose syrups was 1800 Cp, whereas the
viscosity of laboratory obtained syrups was in the range of 200 - 2600 Cp.

The results of the texture profile analysis are presented in Figure 2. Hardness is the strength of the
gel structure under compression. The highest value of hardness was the TPS4, syrup with 0.1%XG, 0.7%GG
and 0.2%CMC, and the lowest was TPS1, syrup with 0.1%XG, 0.1%GG and 0.8%CMC (Fig.2a). The values of
adhesiveness show similar results. It was indicated that the addition of guar gum will result in greater gel
strength. It was reported that the unique chemical structure of guar gum makes the ability of strong water

absorption, a wide range of viscosity stability and good water solubility and crosslinking (Ruihuan, 2017).
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Figure 1 The viscosity of Toddy palm syrup with different viscosity-imparting agent components.

There are many researchers study mixture compatibilities between both polysaccharides in
product. The caramel sauces with 0.3% potato starch and 0.02% xanthan gum were received the highest
score for rheological, textural and sensory properties (Keshtkaranet al., 2012). The guar sum can be used
to partially replaced CMC, the combined between 0.1% guar gum and 0.03% CMC gave an optimal
formulation in orange juice (Ruihuan et al., 2017). Moreover, the sweet and sour properties of sauces with
three-component oat starch-oat hydrolysate—xanthan gum thickener were most stable on storage (Marek
et al, 2006). In this study, although the addition of guar gum resulted in higher viscosity and textural
properties, however, the combination between those of three viscosity- imparting agents showed the

optimum condition with the highest viscosity, hardness and adhesiveness values.

3 b)

1.5

Hardness (N)

0.5 I

Adhesiveness (Nmm)

o

starter TPS1 TPS2 TPS3 TPS4 TPS5 TPS6 TPST starter TPS1 TPS2 TPS3 TPS4 TPS5 TPS6 TPS7

Figure 2 Textural properties of Toddy palm syrup with different viscosity-imparting agent components. a)

Hardness, b) Adhesiveness. All determinations were performed in triplicate.

Water activity (aw) brings a supplement of information as it accounts for the availability of water for
degradation reactions and should hold an important place in the identification of the food product,
especially as regards its shelf life (Mathlouthi, 2001). The a., values of Toddy palm syrup with different
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viscosity-imparting agent components were presented in fig.3. It was shown that TPS5, which has the highest
guar gum ratio, has the highest a., value and TPS6 with lowest viscosity-imparting agent showed the lowest

aw value, which considered to have a longer shelf life.

starter TPS1 TPS2 TPS3 TPS4 TPS5 TPS6 TPST

Figure 3 Water activity of Toddy palm syrup with different viscosity-imparting agent components.

Sensory evaluation of three Toddy palm syrup samples, TPS1, TPS5 and TPS7 were shown in Fig. 4.
The TPST was rated the highest scores in all of the attributes. TPS1 and TPS5 had significantly lower ratings
for viscosity (6.5 - 6.7) compared to TPS7 (7.9). In summary, participants found the sensory attributes of
Toddy Palm syrup to be very acceptable.

overall / .
quality \Z\(

Figure 4 Sensory evaluation of three Toddy palm syrup samples

Conclusions

The effects of xanthan gum, guar gum and carboxymethyl cellulose gum (CMC) on viscosity and
textural properties of Toddy Palm syrup samples have been studied. The addition of 0.1% xanthan gum
made a significant increase in viscosity and decrease in water activity of toddy palm syrup. Toddy palm
syrup with 0.1% xanthan gum in combination with 0.8% guar gum and 0.4% CMC had highest viscosity
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whereas syrup with 0.1% xanthan gum in combination with 0.7% guar gum and 0.2% CMC showed lower
viscosity but highest hardness and adhesiveness value. Syrup with 0.1% xanthan gum and 0.9% guar gum
has the highest water activity value. However, syrup with only 0.5% xanthan gum added was rated the
highest scores from the sensory evaluation.
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