215815298

A v

wriMInNenagnalulag s B NInanI VY

AMZNIIUM NS

4 v o o
MANTINGG A5.9W05AY o uAs
YIS HATAANS
MANTI30 938139 30318

winIneaoma IuTagnszremnd1suljs

J

J a o £ 9
ANTANIIVITY ATINANANA TYSWUTD

q

J a @
PWIINIUUNIINYGIQY



215815298

A v

wriMInNenagnalulag s B NInanI VY

Y a A = U .
ANIINIAINDITANUNANNITY (Peer review)
59NANT19136 A5.9¥0 NAUINAS YN OINATAANT
1 J a [ 4
H30mMans19156 a3.15200 N3 PHINDUAYATAANT
Y 4 v do £ = a a o o
HI8Man319138 A3.15WUTANA ATHLYil PHINDUAYATAENT
o [ Q( 4 a Y] 1
399ANANII9158 AT.UITANA AUIUUN PHIINDIVDULAU
[ J a Y] 1
HY0MEAT19150 AT.5UNT 159UN3 PHIINDIVDULAY
PV 4 =) a [ 1
H0Mans19138 as.Asauns U3l PHIINGDIVDULAY
] o a d A o 4 @ 4 a Y] 1
daummeviaN as. Jeded ANnYanasau PHIINGDIVDULAY
Y 4 @ o S a v A [l
H3I0MaNI19138 A3.3MaNYal 1WINFIZNA PNINeD s 11
H¥0ManI1n150 as.duns1 Aagau PNIND B9 11
Y 4 A v A a v A [l
H30Man319138 A3.95 1Ay PNINDeFsea 11
1 J [ a a v v A
H¥0MaAT191356 A3.0125 TuUN 4@ PNINDNNH A
o =1 a a [ =) 9 A
FOURANTINTY AT.55 1951y PHINGAeNA TU TagNTLIDUAAINITEUATIHIID
Y o ] 4 ] a o =~ 9 A
HI0Man319158 A3.aIgWIA UNILTY PHINGAeNA TU TagNTLIDUAAINITEUATIHD
o a A [ Q‘{ a [ =S
399AMANI19159 9515z aDadiTeIANA PINeaena v laguviuns
L4 a = Y4 a [ =)
39IAANTI158 A5.TPTNT MUATNINNUS unIneaoma Tu Tagsyuenanganm
L4 4 a a [ = [
509N AA319138 A3.051Tund wigsen yvIneaema lu lagsruinansiuoon
[ J @ = a [ [
H¥0MdA3191358 A3.5A1UINT DB yvInenaema lu lagsruinansiuoen
Y o s [] a [ =) [
A8 an319158 A3.9N1AT01 DN yvInenaema lu lagsruinansiuoen
A3.5UAYET WNT uIneaema luTagssuinany uoon
A3.3A01 UYUA unIneagma lulagssuenanyueen
o Jd o a 4 a [} = [} =
JOIAATINITIINIIA AININU] umImeama luTagsyuenasyls
Y o v J [y 4 a [ ~ o ~
{38 an319158 As.e57a0 gUlaunuun umImeaoma luTagyuenasylys
[ 4 a 4 a [ =
a3 lnied ayausguun PHINAeNA 1U TagI1¥UIAANTEUAT
4 [ 4 a a a [ a o
JOIFNANTINTY AT.015I000 19390 PUINaeNA 1u 1ags1vuanai I¥e
J a J a A a [ = ana o
399AANI19158 AT NIAall TiHen PHINaeNA 1u 1ags1vuanai I%e
Y J a 4 a [} = ana o
{8 an319158 as.31umd uunla PUINaeNA 1u 1ags1vuanani I%e
Y J Y a 4 Y [ a [ = ana o
Aremdni19138 as.sdoudad uialng sums PUINaeNA 1y 1ags1vuanas I¥e
Y1 o =1 a 1] ~ AAa o
AY0Mdn19158 as.unvweg lell ugny PUINaeNA 1u 1ags1vuanars I%e

v

Y 4 = = a v A a o = aa
HYIWAITANTIITY AT.ITSUNYTA NTNYY mm’mmaamﬂuiaaawmmﬁm%



o [ 4 o a o a Y]
JOIFNANTINT Wdannd a3 511 md winlaas  umInedema lulagssuanadau

594MAATINTE AT.uRA AAIAY unMInedema lulagsuenadaiu
H38Man319158 A5.195 050 qNBING i Imeauna lulagssuenadaiy
H¥emans1nsdonaya Sy unMInedema lu lagsuenadaiu
so9mManinsl as.qulyan Inanus UHINNAUTTTUNERS
H38Man319150 A5.938 @13UN3 WHIINGITOUITAIT
HB8MANT19150 A5.990N5 IWANITW WMINITBY TN

389MAAT10138 Az.audng waudh UMINGIATNHIATAN
599MaANT1150 A3.8igA1ls ATAATENS wAInedou 19

309MAnT10138 As.algen agnd v Inedeuiinad
HB0rNaA319136 AT.a05NY 0AN5TY UNINGTYIBAYUATAITITUIY
n3.1379 Y00 UHINGAYIFAYNIZUAT
A¥0maninnsd as.inen lad YNNI BAYNITUATATOYT
A¥0mManinnsd a3 vey 59lve UNINGAEINFAY WY AINT 1Y

AT GUD 1NBETE UMINNAYIFAYANAUAT
H¥0ManI1n150 a3.5au0 Wil UMINAEIFAY AN
H¥0mMani1n1so as.wanand s UNINAETFAY AN
Jaumans 19136 as.naddng uwsa WHINAITFA I YT 51T
A¥0mManinnsd a3, wadmn suniduiioy VHINBEFIQATAND
HH0MANT19150 AT.EANT ROUIIOFITN UNINGITBATUATUNTI 156
594PNEANT19136 A5.M38 NodlTzquid YN EAIUATUNT
Haemans1ngd s desed @5 lnma UHINOAIIIUTUATUNT
A7.NTIIUT DU uIndeasvaunIung

v

] 4 J a a a @ ~
N:%ﬂfl?ﬂﬁ@]i'ﬁniﬂ @‘i.ﬂiyﬂﬂiﬂ! ANYY NI W‘EWNI%@ UV1INY1IYUAITIFT U

A v Aa  d PR P o v A vy v
‘Uﬂmm‘igmimn’euadﬂwuw1u31ia1idl"lﬂmumiwmimmauﬂimmngg‘mafgmgm 813U 2 MU



215815298

A v

wriMInNenagnalulag s B NInanI VY

o

UssaNEms MaAAT19130 A5.930 Taysa

o

o

a J ~ a Y] =y A A
aazImemaasuazmalulasnmsdszus vrIneaema lu lagswvuanan %

a ] o =y
A1 8u35005M3 H¥0Mans19138 a3.1521855 noanyie

o

a I'd = a Y =1 aAa
aazInemaasiazma lulasnslszus vuIneasna lu lags1vuanass 1%

1 4 [:4
Ei%']ﬂﬁ'lﬁﬂﬁW%'lﬁfJ AT.UNIAU UIN

o

a I'd = a Y =1 aAa
aazInemaasiazma lulaonslszus vrnIneasna lu lags1vuanass 1%

H¥0ManInnsd as.onsny asiny

@

a I'd =\ a Y] = a A
aazInemaasiazma lulasnsdszus vrnIneasna lu lags1vuanass 1%

HBI0PNEAI19150 AT.IINT T15NY3

o

a I'd =\ a Y = a A
aazInemaasiazma lulasnsdszus vrnIneasna lu lags1vuanass 1%

AT.GANTN W TTUDY

Y

a I'd =\ a [ =\ Aaa
aazInemaasiazmalulasnslszue vrIneraema 1 lags1¥uanasi 19



215815298

N>

wriMInNenagnalulag s B NInanI VY

NOIUITHIBNI ﬁ"lf"fﬁiﬁ]'lif]"ﬂi.@ﬁﬁﬂaﬂ UNUBBUND
AUZINOINENT UHIINGIBTVDULAY
MAATINNTG AT.NIUNDY JNUNG
AUZINBATANAAS UMNINOT0QUATIFEIT
Professor Ir. Dr.Anuar Mat Safar
University Malaysia Perlis, Malaysia
Professor Mitsuhiko Sano
Graduate School of Agricultural and Life Sciences, The University of Tokyo, Japan
Professor Qinghua Zhang
Chonggqing University of Posts and Telecommunications, China
Professor Zhangyong Li
Chonggqing University of Posts and Telecommunications, China
Professor Clarissa Yvonne Domingo
Central Luzon State University, Philippines
Professor Virginia Venturina
Central Luzon State University, Philippines
Professor Noraine Medina
Central Luzon State University, Philippines
Professor Ravelina Velasco
Central Luzon State University, Philippines
Professor Ronaldo Alberto
Central Luzon State University, Philippines
Professor Edilyn Lansangan
Central Luzon State University, Philippines
Professor Ariel Mactal
Central Luzon State University, Philippines
Associate Professor Dr.David Crookall
University of Nice Sophia Antipolis, France
Associate Professor Dr.Ir. Wan Arfiani Barus, M.P

Universitas Muhammadiyah Sumatera Utara, Indonesia



A 9 4 a Q‘{
JOIMNANIINIIANFITAY 1Un1IaNT
ANZAINGIMAAT PNDINTAINININAD
59931150 A3.10u Tugm
AUZNTNOINITITUIA UHIINOSEFIVAIUATUNS
J = =
FRIAANTINGE AT.HAT MO
a 4 a [} = aAa o
AUZIFINTTUMTAT UMIINS1AuNA 11U 1ags1BuInAAT I¥e
4 as 4 Y
JOINANTINIY AT AN 1501 1NALND
AUZAFINTIUAEAT UHIINIAITIUAN
TOPNEANTINNTE AT.WUTY gANl
AuzANEIMEAS NHIINIaENE M
TOIMAATINGG AT.QPNU ALY
a 14 a [ = Y
AMZIFINTTUAMTAT VHIINS1AUNA 11 1ag51BUIAAAIUU
FOIMNAATINFONGT AN
a J = a [ = 9
aazIMemaasiazma lulagmsneas ¥r1Ineaema 1u lags1vuinaaiuu
o a 4
309MNANI1913015EN0A WInuaNyIl
4 I a a ] @
AUINEATAAATLALNINEINTTITNHIA WH1INedena Tu Tags1wuInansIuesn
1 o a a aa a a
H¥0Man319158 S08 1N (WQQ) A NafAs 3Q3MA
AULINGINIITAMS UMINOAAANINT Insnvaes aUnANEsI3
H¥0mManinnisd as.gate1 15unosAna
ANZATMAAT PNAINTAINMANAY

] 4 @ J Y
é}%jﬂﬁ']ﬁ@i’]ﬂ']iﬂ AT.AUINIA LUNIYYNN

a3

v

anzna Iu1agnsIanms urIneaema 1y lags1vuanass 1%
EZR o [ A A
HI8MaN319138 A5.an¥l N8N
a 4 =\ a [ = A o
amuzInemaasuazma 1ulaomslseua vvIneasma lu lags1¥uanans2%e
[ A Y
HY0MaAT191369051 AUNTNYS
a 4 = a [ =1 aa o
aazInemaasuazng 1ulas yrImenasmna 11 1ags1vuinasiIve
'd
A3.N390U TIznangns
a o a (% a 4
AMULINYINITIANT UHIINGATAIVAIUATUNT
v A =\
AT.NANS V1AL
v a a [ a Jd a [
AUZAUSNININTFTITNIA UHIINOIAYETIVATUATUNST INUVANIA WY
AT.NAANT AUANIFY

Y

a 4 a [ = A
auzAalzmdans vIneaana 1ulags1yuenadiive



ﬂﬁ.ﬂ"l’i‘l"l\‘]f’? ﬁll’Nﬁ,

Y

AuzAmnIsumaas uameaoma lulagssuenad A5

UNEINAN FULIAINT

o

INYFYNT 1T UTUUATMTNBUNGY UHIINedena Tu Tads1vuInans 1%



215815298

A v

wriMInNenagnalulag s B NInanI VY

U

d A g A ' aw . o =K
Jagilszasn ol udena1n UM amBNTUNAUIIY (Research article) Y0IYARINT WNANY
Y
uImeama luTagsyuenai e 3IMNIVNANUITGVBIYANANIBUDN

Fhedaih UNANMYYVITN a18aa

@

A01UIVBLATWAIU VHIINIeNa 1u 1ag51vuInaf3 2%

UWEAINHAT BN

o

A01UIVBLATWAIUT VHIINIaeNA 11 1adT1¥uIAafT 1%

a Y

Y a ad a v = aa
R1UDIAVAND NW'I'TVIEJ'IQEJWWIUIaﬂﬁ'l‘]ﬁNﬂﬁﬁﬁ'J‘Hﬂ

=1

I a a a
VD ULUA L‘]J‘L!'Niﬁ'"lﬁ'ﬁﬂﬂ?ﬁﬂﬂi@ﬂﬂﬁj‘il’G’HEUTJGD'TJ‘VIﬂ?ﬁ?ﬁﬁgllﬁ&ﬂﬂIUTﬁa

'
v A

Mruamsweuns Yaz 3 Aty AUun 1 upsIAN - e
p1TUR 2 wuaA - Famau
21707 3 fueen - Tunau
MSINEUNS Online
Iamiae go1JuIveas AU WrIneaema lu lags1vuenass 1%
179 ngj 3 dwaldsha Sunedin Janianse 92150
Tnsfns 07520 4070 Insens 0 7520 4071

E-mail: rdisv.journal@gmail.com

Website: https://www.tci-thaijo.org/index.php/rmutsvrj/index

Print ISSN 1906-6627

Online ISSN 2673-0197



a3vsy

Effects of Extracting Conditions of Pigmented Rice Bran on Anthocyanin

541-552

and Antioxidant Activity and Its Storage Stability

Supaporn Pajareon

d A
Nﬁﬂ'i%‘Vl‘Uﬂlﬂ\‘lﬂ%ﬂ»l1%1!81\1’5081‘14!ﬂﬂﬂ!!azﬂNWTﬂ!!ﬁ\‘ldﬂﬁNUﬂ‘i’l]\‘iﬂﬁ .......................................... 553-567

vesTaatiangunuumesuenarann

a £ o <

W63 Moulen g3ans 52399 g 23R Yeuny

v v

A 9

MIBUUAINNIUEIU M AL HIA30 90 UURIUDGNNAIR. e vevereerererrererrereeereeraeseeeseseessmeeens 568-583

= Aa o Q'{ [y 4 A o = A o
Nesaana 1ala M5l AIBINTIA 1AL NI ATOIUTIA

M AMNITH I HANDINNAISHOMAULINUIUAT . c.evevrerererererrerererrereraereeeseensesessesessesens 584-597

v o
N1TUY WINUINN

a a a I~ tg
msmﬂsmJ‘smﬂmz‘u‘U‘n1amummﬁuazmamaﬂmua

598-608

ludunane JWIAUATATFIINI Y

@ 4

A5aga IuNTe)

a =) U a A
‘l.lﬁzﬁ‘ﬂﬁcﬂTWslli)Qﬂ]iﬂﬂﬂ‘ﬁﬂ]'iJinﬂﬁjﬂﬂﬂﬁ)ﬁllﬁglmﬂ‘ﬂﬁﬂ ......................................................

aamsnIunwlsluda

v A (3 =) a o a

N30 @dUTOU gAn AUAITT (30998 PALT NI WINGDL

q

an J a
uay Wawg wolsziasy

U

An Integrated Fluidized Bed Bioreactor (iFBBR) by Mathematical Models ...

Rattapol Suksomboon Sutawan Tangjitjaroenkit

and Chaiyan Junsiri

HAUBID YN AADAMN NN ITIAUNEINEIITINIIHON. co.eeeeneeererccenceeetenec et eeae et ee
o J a £
gale 150MD NOUAUWIA gUNe JAIANA SAauga

4
UAZ DITUANA WNHNIA

= < fld' A A k%
mSﬁnmﬂ%mm"luimmnmﬂmmzau‘lunﬁmaauwannam .............................................
o v a o J a Jd
'(;T”I“r‘ii‘lJNﬁﬂﬂmWN"lu‘iJiZﬂHﬁ

s

a v ﬂw -4

Tanan Aeadnana tag o33an U U

Q

609-622

623-636

637-646

647-658



U

AU AMUANAZ NN INYD IV US 1V T ITIVTIATIITU. e eeeereeeeereeeeeeeeeeeeeeeseeeessresns e 659-675

dJ a o dJ d"y v d
!!ﬁ$ﬂ15ﬂ5$Qﬂﬂimuwaﬂﬂm“Hﬂﬂﬂ‘lﬂ?ﬁQ‘Uﬁﬂﬂ

Q

v o v
BUITIAU DUULNI

A Jd Jd Jd a
AUT AN U B INUAUDIT I U IR TUHTATNIUO - eeeeeeeeeeeeeeeeeerreeeeeseseeeesssseesssesessnseesses 676-691
Nnvezdidnnseting

a o [ @

1 '
NHHA L%EJL?JSM 2ARANA VIYUIU 1TAAT FREE

o
Iag Uy vna

Anamnvesijaninyaldnoudunnana1nvezaonnd el T UNO DU .. 692-703

TANT Foruy

U3 anE MWV Ia1TaAUITINIRNITIMNNIADINMTHI DU AONTUTO . .eeeeeeeeeeeeeeeeeeeeeeeeeeeeenns 704-716
(Y] L S A
Tumsdugasuninize

pHM ud gnav 253wIm ey waz e an

WAYRIMNIANANENVNNHENIANY (Phyllanthus urinaria) AOGUMNWAUNOL ....e.vevveerererreeereesons 717-731
AUBDU MIMUOYADAITT NIADUAUDIMIHUANNY HAZANNMUMY
T5nAUNEz AU NS UNIUVBINIVI WU IN (Litopenaeus vannamei)

QNI WIYAY 23941 1AAYI19 Az T 9195935

[ d
HANSNAUNULIHAAN I ILADAANADNUNTNHAANTUNINZY <.evererrerenrerenerrerenerenmeeseenne 732-741

4 a aa
anag MNAM guial TNy tag guu (mMasIganIyIu

An Efficiency of DNA Extraction Methods for Green Microalgae .........c.cccceveviniiniininnnnnnnnnsanenes 742-753
Watcharee Kunyalung Piriya Putanyawiwat

Chaivarakun Chaipanya and Vipa Hongtrakul

WAV IYMIHLINY ABUFINUAITTNUNATEN AVTNAEDN...eeeevenereneeereiereeereeeeeencnnnnneees 754-763
Qdﬂl a Y
HAZNBAHO YAV IZ VBINANHIUIANND
uiuns Maunuduni nevan etidian m3al eliriau

'
Iag ANAYY Lﬁﬂﬂiﬁi%f)ﬁ

HaVBIIa U aNIazUa I NABN IS YVDINTZUBUNY T c.ceverreerrerererrenceeensenneeeseesenesenen 764-777
a a2 A = 4 = v
TA10A Angilv ysgmeed szaee gl 1hssau

4
1ag 3I3WAU ﬁﬂutﬁl‘ﬁ



HBunaunamey @mmwmamﬁ MEMN HAZMTEONIUMIUTET MM, 778-789

(v d

duia vaswdadundunsaulmanadumemnalaian

=)

WWIY MABIATENA IIAT] IMAYINTENA LA WU WUA

U

M3ANITodeNNHaNOMI S NN AT T 1T AN AT I THIIADIN.eeeeeeeeeeeeeeeeeeeeeeeeereenreeeesann 790-803
=} q‘ 1 w [y A w ; =
Tuineuda unushs aendeydu nlasnilana saznzrid/auas
Y [ a I a 4 @ ) a
quAs1 SnEIsa nauaw Buudy g51ng nauuas 25gns i

Thufs s3500a3 A1 99N LAY FUBY FITIUAIY



215815398 YH1INDONA 11 a1 ¥UIAAATI¥Y 13(3) : 541-552 (2564) 541

d' W o Y d' v
N’G’IGIJﬂx‘ia’ﬂ13$‘ﬂcl°muﬂ1ﬁﬁﬂﬂﬁ1ﬁln?1’l 91]%%1@!!!91!17]‘1“5811!1!!!'@0;

ANNTINIO UM IM U NFATHUAZA NUAINIIUITZHINIMSAUS D

Effects of Extracting Conditions of Pigmented Rice Bran on
Anthocyanin and Antioxidant Activity and Its Storage Stability

ANINT WUITRY

Supaporn Pajareon”
Received: 6 May 2020, Revised: 8 June 2020, Accepted: 2 June 2020

UNAAEID

9 Y
v AA @ Y AaAaA

s A ” o
ama%ﬂﬂummﬂizamLﬁeﬁﬂmwaf’umawwu‘giwnmua (PRB) Az an i auy
lumsadalSuaaisiszaeuiluean (Tpe), UsuamweuInlweriiu (Tac), anwewisalunsdiu
a < @ 1 3 o v J

pONFATY (DPPH) wazdnynnuawm luszniemanuine TaglumsnaaesazAnmiaionuivesing 3
o I'4 o [ 1 1 1 [ o [
0T, Yu1eeyn1nvedi1t 3 vua, anglumsananuuwday liwe, dvihazatslumsana

a [ 1 [ P { a
6 3Uuny, nawezguugllumsana 4 LUY AKANTNAABINDN AERNUFIMMIzANNgaRe Y12MoNia

Aa [ Aa T 9 o o a A o (]
NYABYNA 60 1 AN luaA1IENINMIUE A1eaIMazals 2%Ypda1sazaie®ain lagmmsananly

a

a1 3 52 Tus Nguvigil 40 esruaaidod Taslin1 TPC, TAC waz ANWamso lumsduosndiadu a187%
DPPH TAUMIAY 320 Hadnsuunaan (GAE)100n5Y, 238.02 dHaansulwe1idiau /10005y uag 87.09%
o W g’a o 1 S o § a [ o <
awday wenaniulumsAnsianuaedr luszriemanuinen 3 gungil Tusianal 0-63 Tulasny
Tuannezifivaaag liluasnnmsnaaeannil U5ua TPC, TAC HazhInssuMsAIUeYYadaszAI07s
=l & I .cg 3 A [ oy/ @ a o
DPPH aziimanasianarlumsmuinuvuuazinyluanigiiiuas aaiu lumsadaneu Inlsefiuains
Y Aaa ° 9 L 2 A ¥ 1 <
fntaaunsnihunlfduasesngnidinmluemnsuaz lugaainssuaiesanla uasgralsnaiu aas

< Y { ' ° 4 o a
wuensanalFluanngimunzaunewih lfime 1iianunsduazinalss Tomigaga

0 ddd

o v [ a R4 @
Maney: 519 NN, miﬁﬂﬂ,uauiﬂmmuu,mawug%’n,mmmm

a ¢ = ~ a o a a
Tvnnemaasiazing 1u lagnses ﬂmzmﬂiuiﬂﬂﬂﬁm}l@iLLﬁzQﬂﬁ1ﬁﬂiiN!ﬂHﬁi Mﬂ?'l‘l/’lmatlmﬂiuiﬁfJiW‘]ﬁNﬂafﬂiileJ

NILUATATOYHE 13000
Department of Food Science and Technology, Faculty of Agricultural Technology and Agro-Industry,

Rajamangala University of Technology Suvannabhumi, Phranakhon Sri Ayutthaya 13000, Thailand.
" Corresponding author, e-mail: Supapornpa24@gmail.com Tel: 08 6757 7110



542 75815398 YH1INDeNA 11 1ag51¥UAaAFI%Y 13(3) : 541-552 (2564)

ABSTRACT

The objectives of this study were to determine the effects of pigmented rice bran
(PRB) cultivars and anthocyanin extraction conditions on total phenolic content (TPC), total
anthocyanin content (TAC)and DPPH scavenging activity (DPPH)and then to assess
conditions for the stability of the optimal anthocyanin. We tested 3 cultivars, 3 particle sizes,
shake vs. no shake, 6 solvents, 4 extraction times and 4 temperatures. The results showed that
the appropriate cultivar and extraction parameters were Homnil cultivar, 60 mesh particle
size, shaking, 2% (w/v) citric acid and extraction for 3 h at 40°C. The TPC, TAC and DPPH
scavenging activity were 320 mg gallic acid equivalent (GAE)/100g, 238.02 mg cyanidin
/100g and 87.09% respectively. We investigated stability at 3 storage temperatures ranging
from 0-63 days and with the presence and absence of light. The results showed that the TPC,
TAC and DPPH activity decreased with increasing storage temperature, time and light
exposure. Therefore, anthocyanin from pigmented rice bran extract is useful as a bioactive
food or beverage ingredient; however, it should be kept under appropriate conditions for

stability.

Key words: pigmented rice bran, extraction, anthocyanin, rice cultivars, stability.

INTRODUCTION

Pigmented rice (Oryza sativa L.)
has been consumed for a long time in Asia,
especially China, Japan, Korea and many
countries in Southeast Asia. Several varieties
of pigmented rice, particularly red and
black rice, are cultivated in Thailand. The
healthy properties of pigmented rice were
reported to include the capability of preventing
atherosclerosis in a mouse model and
human study (Kannan et al., 2010). These
results may in part be attributed to the
presence of natural antioxidants (Oki et al.,
2002). Moreover, pigmented rice was
reported to have a greater antioxidant
capacity than white rice (Ahuja et al.,
2007). Pigmented rice is an economically
important rice species and derives its name
from its rich natural anthocyanin compounds,
such as cyanidin 3-glucoside and peonidin
3-glucoside, which possess anti-oxidative
and anti-inflammatory activities. Previous
investigators have shown that dietary
supplementation with black rice pigment
significantly inhibited atherosclerotic plagque
formation in rabbits (Maier et al., 2009).

Pigmented rice bran has a higher
content of Dbioactive compound as
compared to white rice bran (Shao et al.,
2014). The antioxidant  activity of
pigmented rice bran extract is pH

dependent; its antioxidant activity decreases
as pH increases from pH 2 to 7 (Sukhapat
et al.,, 2004). However, there is little
information regarding the extraction of
anthocyanin or the effects of other
extraction or storage conditions on the
antioxidant properties of pigmented rice
bran extract from different cultivars in
Thailand. Therefore, the objectives of this
study were to investigate optimum
anthocyanin extracting conditions among
three rice cultivars and then to investigate
conditions to achieve higher TPC content,
TAC and DPPH by using the Homnil
cultivar. Finally, we investigated the effect
of storage time, temperature and lighting
on the shelf-life and stability of the
extracted anthocyanin.

MATERIALS AND METHODS
Materials and chemicals

Rice bran samples of pigmented
rice (Oryza sativa L.) from 3 cultivars
(Homnil (RB1) from Surin province, Rice
berry (RB2) from Kampangsan province,
and Hommali dang (RB3) from Phattalung
province) were obtained by milling rice
grains in a local mill and the obtained rice
bran was passed through a 60 mesh screen
sieve. The content of moisture on
pigmented rice bran was 8.75%. The rice
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bran samples were kept at -18°C for
extraction and Folin Ciocalteu reagent, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), gallic
acid and sodium carbonate were purchased
from Sigma Chemical Co., Ltd (St. Louis,
USA). Other chemical reagents were
analytical grade purchased from Sigma-
Aldrich Co., Ltd (Steinheim, Germany).
Factors affecting anthocyanin extraction
Rice cultivars

Five grams of each cultivar
was extracted with 20 ml of 95 % ethanol:
1.5N HCI 85:15(v/v) in a shaker (SWB25,
New Brunswick Scientific, USA) at 150
rpm at room temperature for 3 h. Samples
were then filtered through Whatman No.1
filter paper and the solvent was removed
with a rotary evaporator (BUCHI R-3,
Germany) at 50°C under vacuum. The
obtained concentrated extracts (with
moisture content of 70 % (wet basis)) were
weighed for % yield (wet matter basis, wb)
calculation and then stored at -18°C until
use for determination of the yields, total
phenolic content (TPC), total anthocyanin
content (TAC), and DPPH-scavenging
activity (DPPH). We used the best
performing cultivar in all subsequent
studies. The experiment involved as a
completely randomized design (CRD).

Shaking and particle size

Five grams of selected
pigmented rice bran particle sizes 40, 60
and 80 mesh was extracted with 20 mL of
95% ethanol:1.5N HCI, 85:15(v/v) in a
shaker at 150 rpm at room temperature for
3 h under shaking compared with non-
shaking  conditions. The samples were
filtered through Whatman No.1 filter paper
and stored at -18°C until used for the
determination of TPC, TAC, and DPPH.
The experiment employed a completely
randomized design (CRD).

Type of solvents
Five grams of selected pigmented
rice bran particle sizes from the effect of
shaking and particle sizes study was
extracted with 20 ml of one of 6 solvent
treatments (distilled water (control); 95 %
ethanol:1.5N HCI, 85:15 (v/v) and 0.5, 1,
1.5 and 2% (w/v) citric acid) under
conditions in the effect of shaking and
particle sizes study and shaking at 150 rpm
at room temperature for 3 h. The samples
were filtered through Whatman No.1 filter
paper and stored at -18°C until used for the
determination of TPC, TAC and DPPH.
The experiment utilized a completely
randomized design (CRD).
Temperature and time
Five grams of selected
pigmented rice bran was extracted with 20
ml of selected solvent from the effect of
type of solvents study by varying the
extraction time (1, 2, 3 and 4 h)and
temperature (room temperature (RT), 40,
50, 60 and 70 °C). Samples were then
filtered through Whatman No.1 filter
paper. The sample were stored at -18°C
for the determination of TPC, TAC, and
DPPH. The experiment used a completely
randomized design (CRD).
Effect of storage conditions on anthocyanin
stability
The pigmented rice bran extract
was stored at 3 temperatures (4°C, 15 °C
and RT), time (0-63 days)and in the
presence and absence of light. The TPC,
TAC and DPPH scavenging activity of the
samples were determined (see below).
Analysis of pigmented rice bran extract
Determination of the pigmented
rice bran extraction yield
The obtained extracts were
weighed for 9% yield (wet basis, whb)
calculated using the following equation:

Yield (% wet basis) = W1/ W2 x 100

Where: W1 = weight of pigmented rice bran extract after evaporation
W2 = weight of pigmented rice bran before extract
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Determination of total phenolic content
(TPC)

The total phenolic content was
determined wusing the Folin-Ciocalteu
reagent according to the method of Masuda
et al (1999). The reaction mixture
contained 100 pL of the diluted pigmented
rice bran extract, 500 pL of freshly
prepared diluted Folin Ciocalteu reagent,
and 400 pL of 7.5% sodium carbonate.
Mixtures were kept in the dark for 2 h at
room temperature to complete the reaction.
The absorbance at 750 nm was measured
with  a  UV-Vis  spectrophotometer
(Shimadzu Corp., Bara Scientific Co.,
Ltd.). Gallic acid was used as a standard
and the results were expressed as mg gallic
acid (GAE)/100g rice bran extract.
Determination of total anthocyanin content
(TAC)

The total anthocyanin content in the
pigmented rice bran was measured by a
pH-differential method (Giusti and
Wrolstad, 2001). Anthocyanin from the
pigmented rice bran extracted by 0.025 M
potassium chloride buffer (pH 1.0) and 0.4
M sodium acetate buffer (pH 4.5) was
measured at 510 and 700 nm, respectively.
The content of total anthocyanin was
calculated using the following formula:

anthocyanin contents = (A x MW x DF x
1000)/e

where MW represents molecular weight of
cyanidin-3-glucoside (449.2), DF is the
dilution factor (20), € is molar absorptivity
of cyanidin-3-glucoside (26,900 I/mol cm)
and calculated from the following
equation:

A = (As10- A700) pH 1.0 - (As10- A700) pH 45

Note that Az was measured and
subtracted off in order to eliminate the
effect of haze or sediments in the sample.

Determination of DPPH radical
scavenging activity

Antioxidant capacity was determined
by the DPPH (1, 1- diphenyl-2-picrylhydrazyl)
assay according to the method of Masuda
et al. (1999) with some modifications.
Each sample was diluted 10-fold in
methanol and then a 2 mL subsample was
mixed with 2 mL of freshly prepared
methanolic solution containing 0.1 mM of
DPPH solution. The mixture was shaken
vigorously and left to stand for 30 min in
the dark. Vitamin C was used as a positive
control. The absorbance was then measured
at 517 nm. The DPPH scavenging activity
was calculated as follows:

%DPPH scavenging activity = [1 -
(absorbance of sample/absorbance of
blank)] x 100.

Statistical analysis

Three sample replications were
performed for each treatment combination.
Data were analyzed by ANOVA and least
significant difference procedures were
used to separate means. Differences were
reported to be significant at p<0.05, using
a standard statistical software package.

RESULTS AND DISCUSSION
Factors affecting anthocyanin extraction

Rice cultivars

The effect of rice cultivars on the
yields, total phenolic content (TPC), total
anthocyanin content (TAC), and DPPH
radical scavenging activity (DPPH) are
shown in Table 1. The results showed that
the yields, TPC, TAC, and DPPH of the
RB1 (Homnil) cultivar (purple rice) were
the highest with values of 6.90% (w/w by
wet basis), 320.21 g gallic acid equivalent
(GAE)/100g, 240.12 mg cyanidin/100g,
and 87.09%, respectively. Yoshida et al.
(2010) also reported that the DPPH radical
scavenging activity of black rice was
greater than that of red rice. Additionally,
different environmental conditions could
also alter the biosynthesis of phenolic
compounds in grapes (Song et al., 2015).
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Table 1 Yield, total phenolic content (TPC), total anthocyanin content (TAC), and DPPH
radical scavenging activity (DPPH) of different cultivars of pigmented rice bran

extracts.
Varieties Yield (%) TPC TAC DPPH
(mg GAE/100g) (mg Cyn/100 g) (%)
RB1 6.90 + 1.03° 320.21 + 1.03? 240.12 +0.11° 87.09 + 0.99
RB2 6.63 £ 1.06° 309.71 + 1.15° 231.23 +0.22° 76.09 + 0.43°
RB3 4.75+1.12° 265.45 +0.93° 194.87 + (.87 67.45 £ 0.12°

Means (standard deviation, n=3)in the same column with different letters (a-c) are

significantly different (p<0.05).

Rice bran particle sizes and
shaking

The effect of particle sizes and
shaking on the total phenolic content
(TPC), total anthocyanin content (TAC),
and radical scavenging activity (DPPH)
from RBL1 are displayed in Figure 1(A-B).
When the particle size decreased from the
40 to 60 mesh, the TPC, TAC and DPPH
of the extracts significantly increased.
However, TPC, TAC and DPPH of the
extracts from particle size of 60 mesh were
not significantly different from those of 80
mesh. The results showed that the highest
TPC and TAC levels were observed with
particle size of 60 mesh and shaking at 150
rpm with values of 300 mg gallic acid
(GAE)/100g rice bran extract, 235.01 mg
cyanidin/100g and 80% DPPH  activity,
respectively. Hiba et al. (2014) reported
that the smaller particle size of grape by
products increased the extraction of total

phenolic compounds, flavonoids and
anthocyanins. Moreover,  Maisuthisakul
and Changchub  (2014) also  found
significant  differences in antioxidant
activities among some Thai rice samples
that were attributed to several complex
factors including cultivar, growing
environment, and extraction conditions.
Particle size is one of the most significant
factors affecting the efficiency of
extraction because the particle size controls
the kinetics of mass transfer and the access
of the solvent to soluble compounds. An
increase in the extraction rate of total
polyphenols was observed with the
decrease of particle size. The influence is
predictable since the contact surface and
the pore diffusion path increase with
decreasing particle size, and leads to an
easier permeability or diffusivity of the
solvent into the material (Patrauanu et al.,
2019)
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Figure 1 Effect of shaking on total phenolic content (TPC) and total anthocyanin content
(TAC)(A) and DPPH assay (B) in Homnil rice bran extract. Error bars indicate the
standard error of the mean (n=3). Mean bars with different letters (a-d) are

significantly different (p<0.05).

Solvent types
The effect of solvent types on the
total phenolic content (TPC), total

anthocyanin content (TAC), and DPPH
radical activity of Homnil rice bran extract
are shown in Figure 2(A-B). The results
indicated that the highest TPC and TAC
were observed, using 2% citric acid (with
values of 310 mg/100g and 238.31 mg/100g,
respectively) and 95 % ethanol:1.5N HCI
85:15(v/v). However, when Homnil rice
bran was extracted by citric acid at
concentrations higher than 2% (at 2.5 %),
the TPC and TAC were not significantly
different from that extracted by 2% citric
acid (data not shown). Extraction using
distilled water (as a control) yields the
lowest TPC and TAC. It is also known that
the use of acid is necessary to obtain the

flavylium cation form, which is red and
stable in an acid medium. However, low
pH levels or high concentrations of citric
acid resulting in partial hydrolysis and
anthocyanin decomposition (Ahuja et al.,
2007). Fera et al. (2013) also showed that
the highest yield of anthocyanin extraction
from buni fruits was obtained by
acidification of extraction solvent with
citric acid, since citric acid could maintain
the low pH that favors the formation of
flavylium chloride. The 95% ethanol:1.5N
HCI1 85:15(v/v) solvent was reported as
one of the good solvents for extraction of
phenolic compounds from natural sources.
However, 2% citric acid solution was
selected to be used for extraction of
anthocyanin from pigmented rice bran in
the remaining experiments in this study
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since it is simple, low cost and safer than
the  95% ethanol:1.5N HCI 85:15(v/v)
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Figure 2 Effect of type of solvent on the total phenolic content (TPC) and total anthocyanin
content (TAC)(A), and DPPH assay(B) of Homnil rice bran extract.
Error bars indicate the standard error of the mean (n=3). Mean bars in the same

response variable with different letters (a-c) are significantly different (p<<0.05).

Temperature and time

The effect of temperature and time
of extraction of the RB1 cultivar on the
TPC, TAC and DPPH assay are shown in
Figure 3A-C. The extraction temperature
and time affected the extractability of
anthocyanins and phenolic compounds.
The results revealed that the TAC of
Homnil rice bran extracted at 40 °C or 50
°C, for 3 to 4 h were the highest (p<0.05)

of all the treatment conditions. Similarity,
the TPC and DPPH of Homnil rice bran
extracted at 40 or 50 °C, for 3-4 h were
also the highest. However, at temperatures
above 60 °C, rates of anthocyanin
decomposition were high. Jing and Giusti
(2007) also found that temperatures higher
than 70 °C can cause rapid degradation and
discoloration of anthocyanins in purple
corn.


http://www.ncbi.nlm.nih.gov/pubmed?term=Giusti%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=17995633
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Figure 3 Effect of extraction temperature and time on the total phenolic content (TPC)(A),
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Effect of storage conditions on anthocyanin
stability

Effect of storage temperature

The TPC, TAC and DPPH assay
results for Homnil rice bran extract during
storage at 4 °C, 15°C and room temperature

(30+2°C) for up to 63 days are given in
Figure 4A-C. The results revealed that
storage temperature had a significant effect
on the stability of anthocyanin (p<0.05)
with less degradation of TAC, TPC and
DPPH over time at 4°C than the other
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temperature treatments. Laleh et al. (2006)
also found that higher storage temperatures
accelerated the destruction of anthocyanins
in Berberis (a genus of shrub). An increase
of temperature shifted an anthocyanin
equilibrium towards the chalaone form
(Ahuja et al., 2007) Giusti and Wrolstad
(2000) reported that the speedy destruction
of anthocyanin in higher temperatures

could be due to hydrolyzation of 3-
glycoside structure. Moreover, the
hydrolyzation of the pyrilium ring resulted
in production of chalcone, which was
responsible for brown color development
of anthocyanin in food. Therefore, low
temperature  storage is crucial to
maintaining the  benefits of these
anthocyanins.
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Figure 4 The effect of storage temperatures and times on total phenolic content (TPC)(A),
total anthocyanin content (TAC)(B) and DPPH assay(C) of Homnil rice bran
extract. Error bars indicate the standard error of the mean (n=3).
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Effect of light exposure

The TPC, TAC and DPPH assay in
Homnil rice bran extract during storage at
room temperature (30+£2°C) in the presence
and absence of light for 63 days are shown
in Figure 5 A-C. The results indicated that
the TPC, TAC and DPPH assay of extracts
stored in the absence of light were higher
than in the presence of light (p<0.05).
Light affected TAC and DPPH much more
than TPC. The anthocyanin of Homnil rice
bran extract lost only 16% when kept in

the absence of light, and the most
anthocyanin loss (37%) was observed in
presence of light. Maier et al. (2009)
showed that light considerably decreased
the phenolic and anthocyanin content of
pectin and gelatin gels enriched with grape
pomace extracts during storage. Palamidis
and Markakis (1975) also reported that
grape anthocyanins in beverage had a half-
life of 416 days in dark against only 197
days in daylight at 20 °C.
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Figure 5 The effect of light exposure on total phenolic content (TPC)(A) and total

anthocyanin content (TAC)(B) and DPPH assay(C) of Homnil rice bran extract
during storage at room temperature (30 £2°C) for 63days
Error line indicate the standard error of the mean (n=3).

CONCLUSION

The TPC, TAC and DPPH
scavenging activity of Homnil rice bran
extract were higher than those of Rice
berry and Hommali dang rice bran extracts.
The ideal extraction parameters for
anthocyanin extraction from Homnil rice
bran were particle size at 60 mesh,
shaking, 2% (w/v) citric acid and
extraction for 3 h at 40°C. The TPC, TAC
and DPPH scavenging activity in Homnil
rice bran extract decreased with increasing
storage temperature, time and light.
Therefore, pigmented rice bran extract
could be potentially extracted for use as
food or beverages ingredients; however, it
should be stored under appropriate
conditions and used as soon as possible.
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ABSTRACT

This research aimed to analyze the effects of rubber content and types (ground rubber tire and STR 5L)
on mechanical properties of thermoplastic elastomer. In manufacturing the thermoplastic elastomer, a twin-screw
extruder was used to blend mixture components. The thermoplastic elastomer pellets were then molded in a
compression molding machine as sample panels. Analysis of variance (ANOVA) indicated that the ground rubber
tire and STR 5L contents in the range of 30-70 wt% significantly (p-value < 0.05) affected modulus of rupture
(MOR), modulus of elasticity (MOE), tensile strength (TS), tensile modulus (TM), maximum strain and hardness
of the thermoplastic elastomer. The addition of ground rubber tire or STR 5L in range of 30-70 wt% resulted a
decrease in MOR, MOE, TS, TM and hardness but an increase in the maximum strain of the thermoplastic
elastomer. Furthermore, the thermoplastic elastomer blended with the ground rubber tire clearly provided higher
MOR, MOE, TS, TM and hardness than blended with the STR 5L, whereas the thermoplastic elastomer with the
STR 5L showed larger maximum strain. Finally, morphology of the thermoplastic elastomer revealed that plastic

and rubber were immiscible polymer blends.

Key words: thermoplastic elastomer, polymer blend, ground rubber tire, natural rubber, analysis of variance
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Sample code Polypropylene (wt%) Rubber STR 5L (wt%) Ground Rubber Tire (wt%)
P100 100 - -
P7RL3 70 30 -
P6RL4 60 40 -
P5RL5 50 50 -
P4RL6 40 60 -
P3RL7 30 70 -
P7RT3 70 - 30
P6RT4 60 - 40
P5RTS5 50 - 50
P4RT6 40 - 60
P3RT7 30 - 70

A g o ¥ o
HINva: wt% Ao Lﬂf)il“ﬁuﬂiﬂﬂu?‘l’iuﬂ
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Rubber content (wt%)

Property Rubber type 30 40 50 60 70 P-value
MOR RL 19.5 aG 15.4 bG 9.0 beG 3.8cdG 1.6 dG 0.000*
(MPa) RT 24.0 aH 21.2 aH 15.6 bH 10.9 cH 7.2 dH 0.000*
MOE RL 489 aG 465 aG 346 bG 131 ¢G 16 dG 0.000%*
(MPa) RT 725 aH 554 bH 419 cH 320 cH 188 dH 0.000%*

TS RL 12.3 aG 8.2bG 5.7¢G 2.5dG 0.9eG 0.000*
(MPa) RT 13.1 aG 10.5 bH 8.7cH 6.4 dH 4.5eH 0.000*
™ RL 192 aG 169 bG 129 ¢cG 52 dG 9eG 0.000*
(MPa) RT 205 aG 181 aG 177 abH 142 bH 76 cH 0.000*
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M5190 2 (99)

Rubber content (wt%)

Property Rubber type 30 40 50 60 70 P-value
Max. Strain RL 13.3 aG 15.2 aG 17.6 abG 18.8 beG 19.2 ¢G 0.000%*
(%) RT 8.7 aH 13.7 aG 15.7 aH 16.2 abH 17.9 bG 0.001*
Hardness RL 62.2 aG 55.3bG 53.2bG 352¢G 17.7 dG 0.000*
(Shore D) RT 65.8 aH 62.5bH 57.8 cH 53.5dH 46.0 eH 0.000%*
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ABSTRACT

Cassava pulp is a waste product from the cassava starch industry. It can be used for various purposes i.e.
biomass fuel, animal feed, and soil nourishing fertilizer, etc. However, to take advantage of cassava pulp,
moisture removal is required to facilitate management. Therefore, the objective of this research is to study the
optimum conditions for drying cassava pulp by a double drum dryer which is a type of dryer for drying viscous
materials. In the study, 1 kg of cassava pulp samples with average initial moisture content of 84.55% (wet basis)
were used. The drum dryer temperature was set at 130, 140 and 150°C, the distance between rollers 0.15, 0.30 and
0.50 mm and the speed of the drying rollers set at 0.19, 0.34 and 0.51 rpm. Evaluation of the drying performance
of cassava pulp was made in terms of the final moisture content, the specific energy consumption (SEC), the
drying rate (DR), and the drying capacity. The results showed that drying at 140°C, the distance between the
rollers of 0.30 mm, the speed of 0.34 rpm are the optimum conditions for cassava pulp drying; this was reflected
in the final moisture content at 8.03% (wet basis), SEC of 4.17 MJ/kg, DR of 3.00 kg/h and drying capacity of

59.85 g/min.

Key words: double drum dryer, drying, cassava pulp
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TNNITMIOUUHY mm%uqﬂﬁm (%) SEC (MJ/kg) DR (kg/h) DC (g/min)
0.15mm, 130°C, 0.19rpm 8.08™¢ 7.19" 0.88° 17.52°
0.15mm, 130°C, 0.34rpm 11.73% 6.09" 1.16° 23.35"
0.15mm, 130°C, 0.51rpm 20.52" 4.90™" 1.46" 30.02"
0.15mm, 140°C, 0.19rpm 8.34™ 734" 1.12° 22.35"
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0.30mm, 130°C, 0.34rpm 16.69° 426" 2.64" 53.86"
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0.30mm, 130°C, 0.51rpm 39.93' 3.38" 3.41 76.21"
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M51N 1 (99)

ANNITMIDUNHY mm%uqﬂﬁm (%) SEC (MJ/kg) DR (kg/h) DC (g/min)
0.30mm, 140°C, 0.19rpm 2.82° 6.83" 1.59™ 31.44™
0.30mm, 140°C, 0.34rpm 8.03™ 4.17°% 3.00®" 59.85%"
0.30mm, 140°C, 0.51rpm 28.16° 3.50™ 3.83¢ 81.13"
0.30mm, 150°C, 0.19rpm 6.55" 731" 2.00% 39.89%
0.30mm, 150°C, 0.34rpm 9.28" 433 2.75" 55.10"
0.30mm, 150°C, 0.51rpm 28.61° 427" 3.31" 70.12"
0.50mm, 130°C, 0.19rpm 11.74% 477 1.92°* 38.61%
0.50mm, 130°C, 0.34rpm 52.69" 407" 2.75"® 67.46"
0.50mm, 130°C, 0.51rpm 64.86' 3.56™ 3.74% 108.61'
0.50mm, 140°C, 0.19rpm 9.96™ 5.76" 1.84% 36.77°
0.50mm, 140°C, 0.34rpm 37.85" 3,74 2.85"" 61.77%"
0.50mm, 140°C, 0.51rpm 53.60" 337" 3.99' 102.22'
0.50mm, 150°C, 0.19rpm 7.37" 6.58"" 1.88° 37.35%
0.50mm, 150°C, 0.34rpm 29.42° 5.18%" 2.84"™" 60.02%"
0.50mm, 150°C, 0.51rpm s1.21° 3.47° 451" 108.61'
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ABSTRACT

The present study aims at utilizing agricultural waste, which is overripe Cavendish bananas (Musa spp.
AAA group), for fermented vinegar production. The three different ripe stages of Cavendish bananas including 1)
over 100% ripe, 2) 100% ripe and 3) 30% ripe were prepared for vinegar production. For the ethanol fermentation
(wines production), bananas were fermented by using Saccharomyces cerevisiae at 30 °C for 14 days. The results
showed that there was no statistically significant difference in alcohol content among wine samples from three
banana ripe stages which were in the range of 9.77 to 9.88 percent by volume. For the acetic acid fermentation
(vinegar production), three banana wines were fermented by Acetobacter aceti TISTR 354 for 14 days. The
results revealed that three vinegar samples had acetic acid content in the range of 6.63 to 7.19 percent by volume
and the vinegar fermented from banana with 100% ripe stage had the highest acetic acid content (p <0.05). In
addition, the analyses of total phenolic content, total flavonoid content and the antioxidant activities (ABTS and
FRAP assay) of vinegar samples fermented from three different banana ripe stages were determined. The results
showed that both phenolic and flavonoid compounds were still detected and had antioxidant potentials after

alcohol and subsequent acetic acid fermentation steps.

Key words: vinegar, Cavendish banana, Saccharomyces cerevisiae, Acetobacter aceti
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ABSTRACT

This study aims to investigate the prevalence of gastrointestinal and blood parasitic infestation of beef
cattle in Chawang district, Nakhon Si Thammarat province, Thailand and to study risk factors related to parasitic
infection. Fifty-five stool and blood samples were collected from 168 beef cattle during July to August 2019.
Gastrointestinal and blood parasites were identified under a light microscope and a prevalence was calculated.
Results revealed that the overall prevalence of gastrointestinal parasitic infestation was 82.28% and the most
common gastrointestinal parasitic infestation were strongyles (58.18%), following by rumen fluke (52.73%) and
ciliated protozoa (16.36%), respectively. Moreover, a group of cattle with lower than 3 years old was more
susceptible infected by internal parasites than other aged groups (94.44%) and mainly shown a single type of
parasite infection (77.78%). The prevalence of blood parasite infestation was 5.45% and the common blood
parasitic infestation was Anaplasma marginale and microfilaria. This study indicated that beef cattle in the study
area had a high prevalence of gastrointestinal parasitic infestation but low infection rate of blood parasites. This
might be due to poor herd health management. Therefore, farmers should be educated about proper anthelmintic

to reduce economic loss due to internal parasitic infestation.

Key words: prevalence, parasite, gastrointestine, blood, beef cattle
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ABSTRACT

The pyemotid mite (Luciaphorus perniciosus Rack, 1983) associated with several commercial
mushrooms in Thailand that could result in the decline of mushroom cultivation. Therefore, the bioefficacies of
Cuscuta reflexa and C. chinensis crude extracts and bacteria isolated from mushroom for controlling L.
perniciosus infesting Jew’s ear mushroom (duricularia auricular (Hook.) Underw.) were assessed in this study.
Different concentrations of Cuscuta spp. crude extracts (0, 0.5, 1.0, 2.5 and 5% w/v) and the solution of each
bacterium (IXIO8 CFU/mL) were prepared. The contact bioassay was designed in a completely randomized
triplicate. A total of ten pregnant females of L. perniciosus were tested in each replication and concentration
containing a sorghum seed inoculated with mycelia as food. After 3-, 5-, 7- and 9-day exposure, it was found that
C. reflexa stem ethanolic extract exhibited median lethal concentrations to kill 50% (LCSO) of the treated mites in
3,5, 7 and 9 days of 22.86, 12.25, 5.87 and 2.01% w/v, respectively. Meanwhile, C. chinensis stem ethanolic
extract displayed LC,, of 16.59, 7.34, 2.18 and 1.78% w/v, respectively. In terms of the mortality rate, the
concentration at 5% w/v in both crude plant extracts showed effectiveness in killing pregnant mites with 100%
mortality after exposure for 7 days (C. chinensis) and 9 days (C. reflexa). Conversely, the solution of all isolated
bacteria could not kill pyemotid at this time. Nevertheless, these results suggested that both plant extracts are
likely to be further applied as a biopesticide in preventing L. perniciosus and other mite pests of mushroom

devastating the mushroom farm.

Key words: Cuscuta spp. extract, Luciaphorus perniciosus, Bacteria, Auricularia auricular
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ABSTRACT

This study aimed to develop integrated fluidized bed bioreactor (iFBBR). The
oxidation pond and sand filter were added for more treatment efficiency of this system. The
organics substance removal efficiency was developed by using mathematical models of a
novel recirculation plug-flow reactor (RPFR) and recirculation completely-mixed stirred tank
reactors (RCSTR). The evaluated and predicted of wastewater treatment performance was
conducted by a fluidized bed bioreactor with granular activated carbon (FBBR-GAC) and
oxidation pond. On-site domestic wastewater was used in this study. The developed RPFR
and RCSTR model can precisely predict the effluent BOD of wastewater at the optimum rate
of recirculation (R) 936, and optimum rate of the bed's stirrer speed (Ng) 26 rpm. The Kinetic
results showed that the rate of BOD removal of wastewater used with FBBR-GAC reactors
and Oxidation pond followed 2" order kinetic models, with k,"*, RPFR and RCSTR values of
1.543 and 14.602 day™ for treated sewage effluent, respectively. Additionally, it was found
that the RPFR model and RCSTR model were more suitable for describing the behavior of the
FBBR-GAC and oxidation pond system. The efficiency of BOD removal of FBBR-GAC was
increased from 83.64% to 95.46% when compared with iIFBBR. FBBR-GAC used the
hydraulic recirculation time (HReT) of 0.0417 day. Both models are important to use for
designing the waste water treatment system as constructed wetland.

Key words: integrated fluidized-bed bioreactor, development mathematical models, recirculation

bioreactor, granular activated carbon (GAC), wastewater

INTRODUCTION

In the current years, as the community
growth and industrialization have more and
more increased consequential in resources
and water crisis. Especially industrial
department, agriculture and household, the
water resource was use un appreciably
used. These factors can cause wastewater
and environmental damage (Suksomboon
and Junsiri, 2018; Suksomboon et al.,
2019a; Suksomboon et al., 2019b). The
amount of wastewater has been influenced
by water consumption. Thus, the wastewater
treatment plant could support the organics
loading in wastewater before release the
treated water through public place but the
high value of organics substance in
wastewater such BOD and COD in
wastewater cause the expensive treatment
cost. Many sectors are concern about these
Issues.

In this study, the moving fluidized
bed bioreactor with granular activated
carbon (MFBBR-GAC) (Suksomboon and
Junsiri, 2018; Suksomboon et al., 2019b)
was category in bioreactor type of
fluidized bed reactor as previous study

(Fluidized bed bioreactor - Granular
Activated Carbon, FBBR- GAC) (Patel et
al., 2006; Lohi et al., 2008; Xing et al.,
2010; Suksomboon et al., 2019b). The
integrated  fluidized bed bioreactor
(iFBBR) plays a row model in side of
remove the high organic substances by
using the speed of stirrer bed (Ng) and
recirculation ratio as the condition
(Suksomboon  and  Junsiri,  2018;
Suksomboon et al., 2019a; Suksomboon et
al., 2019b). It was reported that many
supporting media have been used in FBBR
such as granular activated carbon (GAC),
sand, perlite, zeolite, lava rocks with
considerably successful application (Yu
and Luo, 2002; Fernandez et al., 2007).
With the combined adsorptionbiodegradation
process using a fluidized bed bioreactor, an
FBBR-GAC system offers high
performance with a small footprint. It was
found that GAC had a specific biofilm
surface area approximately 1,600-2,000
m2/m3 (Qasim et al., 2000; Suksomboon
et al., 2019a) leading to high growth rate
of microorganisms on the biofilm surface
and in internal pores, and high tolerance of
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organic  loads  during
biodegradation.

In this research study, the development
of fluidized bed bioreactor granular
activated carbon bioreactor (FBBR-GAC)
to became the integrated fluidized bed
bioreactor (IFBBR) for use in preliminary
treatment processes (PTSE). The FBBR-
GAC reactor consists of highly acrylic
cylindrical, which inside has the wheel
fixed system design from 24 nozzles to 8
nozzles for optimum rate of recirculation
(R) and optimum rate of the bed's stirrer
speed (Ng) as period study (Suksomboon
and Junsiri, 2018; Suksomboon et al.,
2019a; Suksomboon et al., 2019b).

The development of recirculation
plug flow reactors (RPFR) and recirculation
completely-mixed stirred tank reactors
were use to predict the removal efficiency
of organics substance (RCSTR) (Benefield,
1980; Tchobanoglous and Schroeder,
1985; Suksomboon et al., 2019b). In a
IFBBR-GAC, fluid flow has two
components, a rising flow and a rotational
flow. Effectively, the fluid flows in an
upward spiral (Suksomboon and Junsiri,
2018). Since the FBBR-GAC reactor is a
cylindrical acrylic tank containing GAC
that uses a high degree of recirculation,
hydraulic recirculation time ( HReT) is
very important design criteria for this
system (Saravanane and Murthy, 2000;
Suksomboon and Junsiri, 2018; Suksomboon
et al., 2019a; Suksomboon et al., 2019b).
Thus the aeration pond (Oxidation ponds)
in which wastewater is exposed to the air
as much as possible in order to increase the
growth of bacteria after the primary
treatment process (PTSE). Filter clear
water through a filtered sand tank (Yu and
Luo, 2002; Fernandez et al., 2007).

This research focuses on developing
mathematical model’s reaction as the First
order (n = 1) and second order (n = 2) of

adsorption-

the reactor FBBR-GAC and pond aeration
(Oxidation.  Pond), over-current the
hydraulic retention time (HReT) and the
concentration are minimal, but no less than
(background concentration: C*) for the
reaction rate constant (k) to monitor
precision and compare the efficiency of
wastewater treatment reactor. FBBR-GAC
with iFBBR.

MATERIALS AND METHOD
1. Developing mathematical models

The fluidized bed bioreactor-
granular activated carbon ( FBBR-GAC)
was developed from the fluidized bed
bioreactor ( FBBR) concept. However, its
operation combines the processes of a plug
flow reactor (PFR) and a completely mixed
stirred tank reactor (CSTR), which are
classified as ideal reactors. Therefore, this
study employed mathematical models of
these two ideal reactors (Suksomboon et
al., 2019Db) to develop two new mathematical
models for predicting the performance of a
FBBR and then determining which model
is the most suitable.

From the studied found that the
hydraulic retention time (HRT) is the
important factor to design the reactor.
However, the hydraulic retention time
value is difficult to calculate. Therefore,
this study was using the area of reactor
(Ar), the height of water and the hydraulic
recirculation time (HReT) instead.
Moreover, the background concentration
(C*) was wused (Kadlec, 2009). To
complete mathematical model for the
constant changes reaction rate constant (k)
to check the accuracy of reactor two ideal
types (Reynolds, 1982).

1.1 Development
plug-flow reactor (RPFR)

When the recirculation plug-flow
reactor: RPFR is operating in steady state.

Recirculation
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Figure 1 Recirculation plug-flow reactor (RPFR)

Figure 1 shows the thermodynamic
principle of the conservation of mass.
From such a principle can create the

continuity equation for each component of
the substance to study the changes within
Control volume as shown in Eg. (1).

[Input] = [Output] + [Decrease due to recirculation reaction] Q)

The development of ideal plug-
flow reactor (PFR) to be recirculation plug
flow reactor (RPFR) such a piston pattern
as shown in Figure 1.

Due to the inlet is Q+QR which
give the influent equal to Cap-C* and
effluent equal to Ca1-C* (Kadlec, 2009;
Suksomboon et al., 2019b). Therefore, the
mass of component A travel in
perpendicular with flow direction from the

start and the concentration was evenly
decreased during the time flows. The
component A is becoming to Vmixing as
show in the pattern of partial differential
equation.  Which can indicate the
fluctuating of the concentration per the
area of reactor (Ay), The hieht of water (h),
and the hydraulic recirculation time
(HReT) as the equation below.

Considering as a first order (n=1).

(Q+QR)(C, —C*) =(Q+QR)(C, —C*) =d(C, —C*) + ad Vi) )
Givenr, =—K,St .- (C, —C*), Arrearage for integrating results in
(Q + QR)d (C A_C*) = _klstRPFR (CA - C*)d (\/mixing)’ (3)

integration yields

Cfl d (CA — C*) __ klstRPFR e
Cao (CA _C*) (Q+QR) 0

[ dWViing)- @)

(CA1 _C*) _ Vmixing
'”((CAO —c*)] ~ v oR) ¥
Viiing = Qtper +Qtge is Volume of mixing
|n (MJ — _klstRPFR (Qt PFR + QRt Re ) ) (6)
(Cp —C*) (Q+QR)
From which
(CAl _C*) (tPFR + RtR )
| —/——~ |=— R
n((CAo _ C*)J 1°'RPFR (1+ R) (7)
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Given - A= AN = specific gravity of media, A= area of Reactor, and h= height of

in

Water
In [g’“ — g *]
letRPFR == f = h ) €))
[(1_ )A + RtRej
@+R)
from which
(1-f )Ah+RtREJ
7klstRPFRin7
C,=C*+(C,,—C™*e @Ry 9)
Considering as the second order (n=2)
(Q+QR)d (CA _C*): rAd(Vmixing)’ (10)
Givenr, = —k,nd.x(C, —C *)?, Arrearage for integrating results in
(Q + QR)d (CA -C *) = _kz nd RPFR (CA -C *)2 d (Vmixing)a (11)
integrate
Cp—C* _ * _ Viixing
d(CA C 2) _ kznd RPFR Id(\/mixing )’ (12)
Cao—C* (CA _C*) Q+QR 0
L - L = _k2ndRPFR g ) (13)
Cyp—-C* C,-C* Q+0R
Viising = Qlper + Qg is Volume of Mixing
L - L = —K,Ndgpeg Qlos + R . (14)
Cohw—-C* C,-C* Q+0QR
From which
1 B 1 = —k,nd RPFR[@} (15)
Cyo—-C* C,-C* 1+R

Given ¢ — &= NAN £ specific gravity of media, A= area of Reactor, and h= height of

11
Cu-C* Cyp-C*

@-f)Ah N

Water

KoNdgppr = (16)

Rt

1+R
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Therefore, the solution for the concentration of recirculation plug-flow reactor (RPFR) is

given by

Cu=C*+

(CAO -C *)

17

1+ (CAO -C *)kznd RPFR

(- f)An
Qin
1+R

Rte.

1.2 Development Recirculation completely-mixed stirred tank reactor (RCSTR)

Feed Recirculation
Feed QR.,C,-C* Disch
g iacharge
P _Liascharge
Q.CrrC* | Q.Cu-C*
Lk

Cai-C®

Figure 2 Recirculation completely-mixed stirred tank reactor (RCSTR)

This type of reaction has an
integrated flow rate combined with the
circulating flow rate (Q + QR). Constantly,
with a constant rate of interaction
occurring  within  the  tank, the
concentration of the flow into the tank is
changed to a new concentration, which
may be reduced (or increased). It depends
on the reaction time within the tank from
the principle of the water balance and the
balance of the substance. The Wastewater
treatment system of the water tank has the
flow rate (Q) of the substance and the
spinning flow rate (QR) of the existing
original substances with the same existing
processing as the same and equal (Q +

Vmixingd (CAl - C*) = (CAO - C*)(Q + QR)dt - rAV

QR).) (Suksomboon et al., 2019b) and
(Vmixing) is the volume of reactor and
providing concentration influent as Cao-C
*. The concentration Effluent is Ca3-C *
(Kadlec, 2009; Suksomboon et al., 2019b)
showing the changes in concentration per
unit = The reactor area (area of Reactor,
Ar), H = water level in the reactor (height
of Water) and circulating time hydraulic
(hydraulic recirculation time, HReT), since
inside reactor, is equally concentrated at all
points. Figure 2 the recirculation material
balance for the processing of a time unit as
the equation below:

Considering as the first order equation
(n=1).

mixingdt - (CAl - C*)(Q + QR)dt, (18)

Givenr, = —K; Sty (Co —C*), Arrearage for integrating results in

Vmixingd (CAl - C*) = (CAO - C*)(Q + QR)dt - k1StRCSTRVmixingdt - (CAl - C*)(Q + QR)dt (19)

d(Cu-CY_,

For steady state,
Y dt
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Vmixin *
0= (CAO -C *)_ klstRCSTR (CAl -C *) (Q N QgR) - (CAl -C )' (20)
Viising = Qtacsra +Qtge IS Volume of Mixing
Qt +QRt
0= (CAO -C *)_ klstRCSTR (CAl -C *)( R(ng_ QR) " ) - (CAl -C *), (21)
from which
t + Rty
0= (CAO -C *)dt - klstRCSTR (CAl -C *)( RETR : ) - (CAl -C *)’ (22)
(1+R)
Given t . = a-1)Ah. ¢ specific gravity of media, A= area of Reactor, and h= height of
Water
[
Cy,-C*
klstRCSTR = 1— /]:l)Ah (23)
+ Rty
Qin
1+R

Therefore, solving for the concentration of recirculation continuously stirred tank reactor
(RCSTR) is given by:

Chp—-C*

DA, o (24)
Qin Re

1+R
Considering as the second order (n=2).
Vmixingd (CAl - C*) = (CAO - C*)(Q + QR)dt - rAVmixingdt - (CAl - C*)(Q + QR)dt (25)

Cy=C*+

1+ let RCSTR

Givenr, =—k,nd;» (C an—C "‘)2 , Arrearage for integrating results in

Vmixingd (CAl - C*) = (CAO - C*)(Q + QR)dt - k2 nd RCSTR (CAl - C*)vaixingdt - (CAl - C*)(Q + QR)dt
(26)

d(C, —-C*
For steady state, d(Cu =C") _ 0.
dt
2 Vmixing
O:(CAO _C*)_andRCSTR(CAl _C*) _(CAl —C*), (27)

(Q+QR)
Viiing = Qtpeg + Qg Is Volume of Mixing

2 \'cstR Rtz
O:(CAO _C*)_kzndRCSTR(CAl_C*) (Qt (Q ++QQR) )

~(Cy-C*), (28)



630 75815398 YH1INDeNA 11 1ag51%0AaATI%Y 13(3) : 623-636 (2564)

from which

0=(C o —C*)=kyNpesra (C o ~C*)* %-(@1 -C*) (29)
Given t . = A-f)Ah. ¢ specific gravity of media, A= area of Reactor, and h= height of
Water "

(0,0
KoNagern = m+ )RtRe | (30)
TR

From which

L ALt

K,Nd pesrr [(1_Qf)Ah+ RtRej K,Nd pesta [(l_f)Ah+ RtRe]

Therefore, solving for the concentration of recirculation continuously stirred tank reactor
(RCSTR) is given by:

2

32
ComC¥s [(CyC) (L+R) ) 14R 1+R (32)

1- f)Ah 1- f)Ah B 1- f)Ah '
kzndRCSTR [(QII”)I + RtRe] 2k2nd RCSTR[(Qiz + RtRej 2kznd RCSTR[(Q": + RtRe]

where Ca; is the concentration Effluent (mg/L),Cao is the concentration Inffluent (mg/L),
C* is the background concentration (mg/L),Qin is the inflow rate (m*/day),

A is the area of Reactor (m?),
h is the height of Water (m),
f is the specific gravity,

tre IS the hydraulic recirculation time (day),

R is the rate of recirculation,

KiStrerr is the 1% order kinetic models RPFR (day™),
kondreer is the 2" order kinetic models RPFR (day™),
KiStresTr is the 1% order kinetic models RCSTR (day™),
kondrcstr is the 2" order kinetic models RCSTR (day™).

2. Kinetic experiments

2.1 Domestic wastewaters

This study is using the wastewater
discharging from residences such as
kitchen, toilet and from grease trap tank
(package on site). These domestic
wastewater revealed that the domestic
wastewater was characterized by BOD
only having concentrations in the range of
90-105 mg/L (Xing et al., 2010). The pH
values are generally between 6 and 9.

2.2 Experimental
FBBR- GAC

Integrated fluidized bed bioreactor
with granular activated carbon (iFBBR-
GAC) was operated with ratio of 1 wide:
6.55 length and contain the granular
activated carbon 4 kg. (dry weight) with an
initial height of bed (hp) about 0.55 m. The
area of reactor (Ar) is 0.017 m? and the
height of water is 0.95 m. The reactor was
design to has volume of 15.68 Litter. Note

set-up  of
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that, the previous study uses 8 of fixed
wheels (Suksomboon et al., 2019b).

The reactor (iFBBR-GAC) was
connected with Oxidation pond by using
the recirculation ratio,R to control the
operate system as demonstrate in Figure 3.
Note that, the oxidation pond was
constructed by using the polyester tank
with volume of 20 L, the area of the
reactor (Ar) of 0.096 m? and the height of
water in polyester tank of 0.23 m. The
treated water is reusable by using sand
filter to improve such a post-treatment (Yu
and Luo, 2002; Fernandez et al., 2007) as
shown in Figure 3.

The fluid flowed in an upward
spiral direction toward a 15.68 L of
wastewater/day. In oxidation pump and

631

nozzle jet water of wheel fixed as showing
in Fig.1 were used for pump wastewater to
the range of 11-15 Lpm with the specific
gravity (f) equal to 0.61. Its cause the
speed of stirrer speed of bed (Ng) equal to
19, 23, 26, 29 and 32 rpm, respectively
(Suksomboon et al., 2019b). This
experiment collected the wastewater by
hydraulic  recirculation time (HReT)
increased for 5 levels:0, 10, 20, 30 and 60
min. The standard method was used to
analyze the treated water (samples) and the
mathematic model was used to find k
value. For the FBBR-GAC is using
equations 8 and 16. Intended for Oxidation
pond is using equations 23 and 30 to fitting
the mathematics model. These equations
are achieved by using Microsoft excel.

@-G}\C /

N};:R
Flow Meter Pressure Gate and Control Valves

EBBR-GAN

Sand Filter

M Control Valves

Recirculation Pump
Control Valves n

W

Figure 3 The integrate fluidized bed bioreactor—granular activated carbon (iFBBR-GAC)

RESULTS AND DISCUSSION
1. Calibration Kinetic studies of BOD
removal using FBBR-GAC and Oxidation
pond

The FBBR-GAC has the flow
characteristics similar to recirculation
plug-flow reactor (RPFR). Due to the flow
rate of recirculation at Qre =13 L/min and
Qin=20 L/d (Suksomboon and Junsiri,
2018; Suksomboon et al., 2019a;
Suksomboon et al., 2019b) with ratio of
width to length of 1:6.55, resulting in the
initial concentration of BOD in a plane per

pedicular to the flow is reduced along
cylinder length. The oxidation pond has a
flow characteristic nearly to recirculation
completely-mixed stirred tank reactor
(RCSTR) when combine with FBBR-GAC
the BOD concentration in oxidation pond
were decreased. So that it depending on
hydraulic recirculation time of the reaction
in oxidation pond (RCSTR) as shown in
Table 1.

The develop mathematical models
and identified which one among them is
the most accurate. From Table 2, R values
indicate that the calibration kinetics of
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BOD reduction followed a pseudo 1% order Figure 4.
and 2" order reaction, as demonstrated in

Table 1 The quality of wastewater at different recirculation ration (R)and Hydraulic
recirculation time, (HReT) in terms of organic loading rate

WW  Qr R Ng BODin BODout of FBBR-GAC BODout
and of

Oxidation Pond iFBBR

(L/m) (rpm)  (mg/L) (mg/L) (mg/L)

Hydraulic recirculation time,(HReT) of
FBBR GAC and Oxidation Pond (min)
10 20 30 60
11 792 19 104 53.47 39.62 35.18  24.66 13.64
12 864 23 109 52.59 37.62 3296 2179 8.69
13 936 26 110 50.35 35.9 31.3 18.0 5.00
531 *£1.08 £153 +147 +212
14 1008 29 105 51.58 36.61 3213  21.48 8.10
15 1080 32 95 52.75 35.17 31.12 21.75 12.35
11 792 19 104 53.47 39.62 35.18  24.66 13.64
BOD*= 5 mg/L (Kadlec, 2009)

Domestic

Table 2 Calibration Kinetics models fitting 1° and 2" order

Reactor Try Models Rate constant, k ( day™) R?

FBBR-GAC RPFR 1% order 27.353 0.966
RPFR 2" order 1.543 0.983

Oxidation Pond RCMFR 1% order 132.087 0.933
RCMFR 2" order 14.602 0.996

* FBBR-GAC and Oxidation Pond For the data of HReT=0.0417 day and recirculation ratio,
R =936 that give the highest BOD removal efficiency
*R? = Explained variation
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Figure 4 Prediction of Calibration Kkinetic reactions using 1st,2nd order models, (C) (E) Kinetic
study of BOD reduction from FBBR-GAC, (D)(F) kinetic study of BOD reduction

from Oxidation Pond

2. Reactor modelling of FBBR- GAC
and Oxidation pond

Respect to the objectives, the
optimum recirculation (R) and kinetic rate
coefficient rate, (K) were used to determine
the performance of FBBR- GAC and
Oxidation pond are BOD removal
efficiency in order to identify which model
is the most accurate to the result from
actual treated wastewater by using
equations 9 and 17 of RPFR and equations
24 and 32 of RCSTR for calibration

200
180 | e 1*Order of RPFR (FEBBR-GAC)R=0.969 | 4 180 | s 1% Order RCSTR (Oxidation Pond),R2=0.933 IL
160 | === ud Order of RPFR (FBBR-GAC),R?=0.983 160 7 s 2nd Order of RCSTR (Oxidation Pond),R?=0.996
140 A Experiment Data 140 A Experiment Data
5 120 S 120
g 100 ] £ 100 T
r=% a
2 so 2 =0
60 60 ;
40 40 - = A
20 20 x F
o ]

200

This present study used MS Excel
for mathematical simulation of the RPFR
and RCSTR models derived in Section 1
(Suksomboon et al.,, 2019b). Figure 5
illustrate the predicted behavior of the
FBBR-GAC and Oxidation pond reactors
are the second order reaction (refer to the
R? value), which indicate that the
performance of system depending on initial
concentration of substance. Figure 6 shows
the flow charts of calculation process using
mathematical models.

0.02 0.03

Hydraulic Recirculation time, HReT(day)

0.00 0.01 0.02 0.03 0.04 0.0

Hydraulic Recirculation time, HReT(day)

Figure 5 Model simulation of RPFR and RCSTR between FBBR- GAC and Oxidation pond

(HReT=0.0417 day and R=936)
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hydraulic recirculation time (HReT)
to the highest remowval BOD

Optimum recirculation ration [R) 93V
!

Model RC5TRE

] | ]

T Alodel RFFR

=___ratio of widthlength = 1:E-___:IZ>'—l

| !

Calibration Kinetics models
208 grder
for eq. (30), Rate constant,
L=14_602 dayLR=0.996

Calibration Kinetics models
1 grder
for eq. {23) Fate constant,
k=132.087 day "R1=0933

Calibration Kinetics models

for eq. (3),Rate constant,
Lk=27.353 day-+R*=0 966

Calibration Kinetics models
27 grder
for eq. (16) Fate constant,
k=1.543 day " R’=09§3

1= grder

! !

Simulatie graph models 1% ?=darder
for eq. (24):Fi=0.031 eq. (32):Ri=0.004
and Experiment Data

Il I

Simmlatie graph models 1 2~5grder
for eq. (#);R*=0.966,2q. (17);R*=0.953
and Experiment Data

3

The experimental data fitted the RCSTE model
2= grder better than the 1* order.

The experimental data fitted the RFFE model
22 grder better than the 1* order.

Figure 6 Flow charts of calculation processes using mathematical models

3. Effect of optimum recirculation ration
(R) to the BOD removal efficiency

Table 1 illustrates the quality of
water after treatment in a FBBR-GAC
reactor over time in terms of its organic
loading rate. Both models, RPFR and
RCSTR, were used to predict the BOD in
the effluent using the fitted kinetic rate
constants (k). It was shown that optimum

recirculation

ratio

(R)was

936 and

optimum rate stirrer speed (Ng) was 26
rpm, resulting in the highest adsorption-
biodegradation capacity in a FBBR-GAC
process in terms of biological oxygen
demand (BOD) removal efficiency is
increase from 83.64% 10 95.46%.
Bioreactor treatment efficiency depended
on the hydraulic recirculation time
(HReT), 0.0417 days as shown in Figure 7.

Remove Efficiency(%o)

J—

-.- Performance of iIFBBR Remove
Efficiency=95.46%,

+ Performance of FEBR-GAC R=936 Remove
Efficiency=83.64%,
Hydraulic recirculation time (HReT) 0.0417day.

A

750

800 900

950 1,000 1.050 1,100

Recirculation ratio (R)

Figure 7 Relationship between removal efficiency vs. recirculation ratio (R)
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CONCLUSION

From the experiment data, it was
found that the suitable ratio for operate the
reactor is using the stirrer speed of bed: Ng
is approximately 26 rpm and using the
recirculation ratio, R) of 936. The reaction
kinetics for Fluidized bed biofilm reactors
and Oxidation pond to BOD removal using
treated sewage effluent followed the 2™
order kinetic models, with kinetic rate
constants (k) of 1.543 and 14.602 day™, for
the RPFR and RCSTR, respectively.
Optimal recirculation RPFR and RCSTR
for first and second order were
successfully derived and validated with
experimental data for treated sewage
effluent. These models were developed to
evaluate the Kinetics of adsorption-
biodegradation of bio oxygen demand
(BOD) onto a granular activated carbon
during a treatment process. The results of
the study presented that these RPFR and
RCSTR models can predict the BOD
effluent precisely and found that the BOD
removal efficiency was increase from
83.64% t0 95.46% with using the hydraulic
recirculation time of 0.0417 day.
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ABSTRACT

Aromatic coconuts are the principal economic crops of Thailand. Although the quality of the aromatic
coconut fruit depends on maintenance, the appropriate harvesting period is also an important factor for the quality
of the aromatic coconut fruit. This research was conducted to explore the different fruit age on harvesting quality
of aromatic coconuts. The completely randomized design (CRD) consisting of 7 treatments was applied with
aromatic coconuts harvested at the 22, 24, 26, 28, 30, 32 and 34 weeks of age. Data of each treatment collected
from 5 coconut trees were coconut meat weight, coconut juice weight, coconut meat around pore, coconut meat
opposite pore, number of coconut meat layer, total soluble solids (TSS), and potential of hydrogen (pH). The
results showed that coconut fruit age had a significant effect on coconut meat weight, coconut meat around pore,
coconut meat opposite pore, number of coconut meat layer, total soluble solids, and potential of hydrogen. The
coconut fruits at the age of 28 - 30 weeks were the most suitable duration for consumption because they had 2
coconut meat layers and high total soluble solids with desirable characteristics, whereas the coconut fruits at the
age of more than 30 weeks having 2.5 coconut meat layers with a decrease in total soluble solids were not wanted

by consumers.

Key words: fruit age, harvesting quality, aromatic coconut fruit
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ABSTRACT

The purposes of this research were to examine the optimal amount of micro wax for coating banana rope,
the product quality of micro waxed coat banana rope, and the consumer acceptance of micro waxed coat banana
rope products by producing banana rope from fresh banana cloves. The percentage yield of banana rope and color
evaluation was analyzed and the suitable micro waxing was studied at 5 levels of 0, 25, 50, 75 and 100% in a 1
w/v concentration of paraffin solution. The coating was performed according to the specified ratio. The ropes
were analyzed for quality by using scanning electron microscope, color, moisture content, and maximum tensile
strength. In the final stage of the experiment, the consumer satisfaction of the crafting product was surveyed. The
results showed that the yield of banana rope was 10%, the brightness (L*) was 63.41, (a*) was -0.18, and (b*) was
-3.76. The optimum amount of micro wax for coating the banana rope was 25% with smooth and even surface.
The brightness (L*) was 63.69, (a*) was 0.13, and (b*) was -3.55. The percentage of moisture was 5.35 and the
maximum tensile force was 117.79 N. The average customer satisfaction revealed that consumers accepted the

form and usefulness, and the overall satisfaction was 4.24, 4.46 and 4.32, respectively.

Key words: banana rope, micro wax, crafts
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ABSTRACT

The objectives of this research were to examine the quality of cold-pressed Sangyod rice bran oil
(CSRBO) and the application of CSRBO in Sangyod rice cookies. The data showed that hexane extraction had
higher extraction yield and chemical properties than that of cold pressing method. CSRBO had lower values in
acid, peroxide and free fatty acid than that of hexane extracted Sangyod rice bran oil (SRBO) (p<0.05).
Furthermore, CSRBO had higher monounsaturated fatty acid, vitamin and phytochemical contents and element
contents than that of hexane extracted SRBO (p<0.05). The effect of CSRBO replacing margarine on the qualities
of Sangyod rice cookies was studied. CSRBO were substituted for 0% 5% 10% 15% and 20% of margarine in
Sangyod rice cookies. CSRBO had no impact on fat and ash contents of cookies, but cookies containing CSRBO
had higher moisture content than that of the control sample (p<0.05). Increasing CSRBO up to 10% caused a
growth in product color, hardness, fracturability, spread ratio and bulk density (p<0.05). However, substitution
with 5% CSRBO did not affect the hardness of cookies (p=0.05). The results showed that the sensory acceptance
of cookies with a rise of CSRBO up to 10% reduced the sensory score of cookies. However, substitution with 5%

CSRBO was not significantly different from the control unit (»>0.05).

Key words: cookies, rice bran oil, cold-pressed, Sangyod rice, phytochemical
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Pentadecanoic acid (C15:0) 0.03 + 0.003" ND

Palmitic acid (C16:0)

Palmitoleic acid (C10:1 n-7)
Heptadecanoic acid (C17:0)

Stearic acid (C18:0)
Cis-9-Octadecenoic acid (C18:1 n-9)

21.93 +0.240°

20.10 £ 0.250
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2.26 +0.030° 2.00 + 0.040"
41.02 +0.075" 44.20 £ 0.067"
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M519N 4 (99)
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(2/100 oil) MIanAR BB M3anane B TUY
Cis-9,12-Octadecenoic acid (C18:2 n-6) 30.32 +0.095" 30.00 + 0.106"
Cis-9,12,15-Octadecenoic acid (C18:3 n-3) 1.56 +0.080° 1.30 £ 0.030"
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Total monounsaturated fatty acid 41.75 44.50
Total polyunsaturated fatty acid 31.88 31.30
Total unsaturated fatty acid 73.63 75.80
Total saturated fatty acid 26.19 23.40
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Vitamin A (mg/g oil) ND ND
Vitamin B1 (mg/g oil) ND ND
Vitamin B2 (mg/g oil) ND ND
Vitamin B3 (mg/g oil) 0.02 + 0.003™ 0.03 + 0.004"
Vitamin B6 (mg/g oil) ND ND
Vitamin E (mg/g oil) 0.80 + 0.003" 0.93 + 0.005"
Biotin (ug/g oil) 0.10+0.021° 0.30 = 0.006"
Cholesterol (mg/g oil) ND ND
Gamma oryzanol (mg/g oil) 17.4 +0.02° 19.0+0.01°
Total phenolic content (mgFAE /g oil)” 11.39+0.36° 14.70 +0.37"
Total flavonoid content (mgCE/g oil)C 6.90 +0.33" 7.54+0.31"
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"FAE = Ferulic acid equivalent “CE = Catechin equivalent ND= @3 ’Jﬁ]llliW‘}J (Not detectable)
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Phosphorus (P) 65.05 + 0.083" 125.51 £0.127"

Magnesium (Mg) 10.55 +0.090" 8.64+0.110°
Potassium (K) 6.72+0.115" 5.93+0.105"
Iron (Fe) 1.42 +0.003" 2.08 +0.002"
Copper (Cu) 0.46 + 0.003" 0.34 +0.002"
Cadmium (Cd) 0.01 £ 0.000° 0.01 £0.001"
Arsenic (As) ND 0.03 +0.002"
Lead (Pb) ND 0.49 £0.003"
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ABSTRACT

The objective of this research was to study the cementitious properties of cement paste mixed with

electronic-laminated powder (EP), electronic waste and non-degradable, as a cement material. Portland cement

Type 1 was partially replaced by EP at a replacement rates of 10, 20, 30, 40 and 50 % by weight. The chemical

and physical properties of EP were studied. Properties of fresh and hardened paste were tested. The results

showed that EP had silicon dioxide (SiO,) as a main component of 35.95 % by mass. Water requirement and

setting time of EP-cement paste increased as the replacement rate increased. However, the density and

compressive strength decreased as the replacement rate increased. In addition, the effect of EP mixed can

significantly reduce the dry density and the thermal conductivity property of cement pastes.

Key words: electronic waste, laminated powder, cementitious properties, compressive strength, thermal

conductivity
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ABSTRACT

The aim of this research was to determine the feasibility of digesting orchid flower-containing substrate,
which is community waste by Eudrilus eugeniae. The Completely Randomized Design (CRD) was used with 4
treatments and 3 replications. The treatments consisted of: 1) control (cow dung: coconut coir fiber at the ratio of
2:1), 2) cow dung: orchid flower at the ratio of 2:1, 3) cow dung: coconut coir fiber: orchid flower at the ratio of
2: 0.5: 0.5 and 4) cow dung: coconut coir fiber: orchid flower at the ratio of 2:1:0.5. The experiment was
conducted for 50 days, and the results showed that treatment 2 contained the highest total nitrogen, phosphorus,
pH and electrical conductivity (EC) (2.10%, 0.89%, 6.82 and 4.65 (dS/m), respectively) (p < 0.05). Treatment 4
gave the highest total potassium (0.98%) (p < 0.05), while treatment 3 gave the highest organic carbon (OC) and
organic matter (OM) with the percentage significance (p < 0.05) for 24.56 and 42.24%, respectively and the
average of C:N ratio was not difference (p < 0.05). Treatment 1 gave the highest product of vermicompost than
other groups (p < 0.05). Moreover, E. coli and Salmonella spp. did not appear in the vermicompost from all
treatment. From all results, it showed that the orchid flower could be used as bedding material to feed earthworms

with the suitable ratio of cow dung: coconut coir fiber: orchid flower at 2:1:0.5.

Key words: vermicomposting, organic fertilizer, earthworm, orchid
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ABSTRACT

The objective of this research was to investigate the production and properties of biosurfactant from

fermented pomelo peel waste with water in 4 ratio 1:1, 2:1, 3:1, and 4:1 respectively for 3 months. The result

showed that the emulsion ability (EA) of pomelo peel waste with water in the ratio of 1: 1 had the highest

emulsion value up to 51.64 percent. Therefore, the ratio 1: 1 was chosen to compare the methods of biosurfactant

harvesting with various extraction methods. It was found that the extraction of biological surfactants with

chloroform: methanol (2: 1) and the crude extraction of biosurfactant at 0.45 grams per liter. Biosurfactant has the

ability to reduce surfactants in the pH range 4-10 of temperature between 25-121 degrees Celsius and sodium

chloride salt concentration range from 0-12 percent by weight. The concentration range of magnesium chloride

was 0-0.1 percent by weight and that of calcium chloride was 0-0.4 percent by weight. For the bacterial inhibition,

the MIC (Minimal Inhibitory Concentration) of E. coli Salmonella sp. S. aureus and B. cereus was 25 25 6.25 and

1.56 milligrams per milliliter, respectively and the MBC (Minimal Bactericidal Concentration) value was 50

milligrams per milliliter.

Key words: biosurfactant, pomelo peel waste, bacterial inhibition
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< A y
(chloroform:methanol, 2:1) NAITMINUNIING 6
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Anaa (113199 2)
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13190 2 L“LF%E]“]JL“I/IEl“lJ’JﬁﬂTiLﬂ“lJLﬂEJ’JﬁﬁﬁﬂLL‘N@\1W’J%’Jﬂ1W‘D1ﬂﬂ1i‘ﬁuﬂlﬂ’d®ﬂﬁh1@

Recovery method Yield (g/L) EA (%) EI (%) SR (mN/m)
Acid precipitation 2.87+0.015" 56.03+0.69° 23.67+0.57° 30.66+0.95"
Acetone precipitation 1.96+0.023° 57.73+0.72° 25.26+0.92° 30.92+0.63"
(NH4),S0, precipitation 1.95+0.042° 58.390.20° 25.12+0.83° 32.64+0.56°
MeOH precipitation 2.07+0.025" 60.05+0.93° 38.2540.73° 38.86+0.69"
EtOH precipitation 2.10£0.042° 61.09+0.93" 41.3240.79° 37.59+0.92°
CH,C1:MeOH extraction 3.15+0.045" 65.46+0.59" 41.63+0.60" 40.78+0.49"

*Results represented mean + standard deviation from triplicate determinations

**Different letters in the same column indicate significant differences (p<0.05)
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Effects of Crude Extract of Hazardana (Phyllanthus urinaria) on
Hepatopancreatic Health Status, Antioxidant, Inmune Response and
Resistance to Acute Hepatopancreatic Necrosis Disease in Pacific White

Shrimp (Litopenaeus vannamei)
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ABSTRACT

The use of feed containing crude extract from Hazarnada (Phyllanthus urinaria) at ten times concentration
increased within a range of 1 to 10,000 ppm, for rearing Pacific white shrimp (Litopenaeus vannamei), was
investigated over a 56-day feeding trial. It was found that the decrease of aspartate aminotransferase and alanine
aminotransferase levels in shrimp were in contrast to each ten-fold increase of the extract concentration, and the
concentration levels of 1,000 and 10,000 ppm showed significant differences (p<0.05). In case of hepatosomatic
index, total antioxidant capacity and phenoloxidase activity, no significant differences (p>0.05) were found in all
concentrations of the extract fed to shrimp, although the tendency grew with increasing concentration. In this trial,
the phagocytic activity had significantly elevated (p<0.05) when shrimp fed with diets containing 1,000 and 10,000
ppm of the extract. Regarding the study of resistance to acute hepatopancreatic necrosis disease (AHPND) caused by
Vibrio parahaemolyticus VPP infection in juvenile shrimp, the results exhibited that shrimp ingested 10,000 ppm
extract-supplemented diet for 28 days had the highest survival rate and relative percentage survival (p<0.05). In
conclusion, it is suggested that Hazardana crude extract can promote hepatopancreas health status of shrimp and may
strengthen antioxidants, immunity and resistance to AHPND, but it must be applied with high concentration.
Therefore, further studies on separation of specific active ingredients should be conducted to use this plant extract

more effectively.

Key words: Phyllanthus urinaria, Litopenaeus vannamei, hepatopancreas, acute hepatopancreatic necrosis disease
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ventral sinus cavity # sterile syringe (26-gauge)
e 1 ml fasilostumsndsiveadon (10%
sodium citrate 11 K-199 medium) 8¢ 600 pl i
udi )i

ANAZADUAILIAT B centrifuge i 4,000 rpm 1391 3

Huasalavaoavuia 1.5 ml

a

4 ' <
W QUUYN 4 °Cc Lﬁ@tLﬂﬂL@HﬂWWﬁﬂHﬂl@dLNﬂ

U

{ Y a
1807 (hemocytes) NANALNOUAUHADANUAN CAC

B .
buffer 300 pl azangazneUvBIiAEoANNUaA

Y

18211 111 1unT 09 sonicator 10 WA tWovi1 ¥

D.

wadiiadeauan naziuanaznewiden
16,000xg iunan 10 i gangil 4 °C ilouon
myzaIule (hemolysate) M1 15115 3A3 v
protein HIRUTUNITATY Lowry’s method (Lowry et
al., 1951) 1azian phenoloxidase activity Tagla
A298719 hemolysate 50 pl WU trypsin 50 pl Tu1
well U3 96-well plate LUV flat bottom (3 wells Ao
#19619) Tuauved blank 191a CAC buffer nu

a9

9 '
#29819 NUUVY 10 WM N1 ué’amu

E] U

Y o v 1

L-DOPA 50 pl UNA90N 10 WA Laihmsian
AU lun1TgAnaunay (absorbance)
= . . A 1
1 optical density (OD) 490 nm 9 2 UIN Tuwg
A v A .
a1 20 UIN AQYLATON microplate  reader
9 '
(Spectrostar Nano) 91N UIAT absorbance N1 1)
119! phenoloxidase activity (unit/min/mg protein)
. . [ A 2
Tag 1 unit Y04 phenoloxidase NINUNITINNYUUD
f11 absorbance 7 0.001/min/mg protein
a g
3.5 MIUATIEVIA phagocytic activity (PA)
autiuns Tasaaulad1nIsnsves

Rengpipat et al. (2000) 1a@Wey hemocytes (~10°
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cells/ml) 300 pl wazdad (~107 cells/ml) 300 pl Tu

9
HADAUUIA 1.5 ml  IINUUNYDAUASNTENY

v
= G

UMY 200 ul aauY slide a3 on'13 (i1 2 47)

Unlu moisture chamber Ngunnines 1 214

QU

= Y 1 v . Aa & '
AT LUDINDY) a1 medium NY hemocytes GRRRY
IMENTEINDON 1 ﬁE]'i_Kvgl}’JEJ K-199 medium 100 pl
A34 hemocytes MMATLINAIE  0.125% L-
glutaraldehyde 200 pl U1 5 1% udrAess a1
A 1 = 2’, Y
hemocytes ‘Vl"liJLﬂ1$ﬂ§$i]ﬂE]ﬂﬂ§\‘1@’JfJ K-199
medium 100 pl deanliuiaiazdond slide Ao
Diff Quick staining set (High Science Limited
. a =1 ] . F) Y
Partnership) Uanunuky slide A8 permount A7
o ¥ o g‘/ 4
MNITUUITUIU hemocytes NIVUA 200 Lyaa Tﬂﬂ

a A J

o I W @ o ~ S
HULINYAANIUNUTFA LAz UUIUIUTAANYN
v Aa Yy 9 /A o W
JunumelandosganssAunmasves 1,000x
2
a1 AUINA phagocytic activity 1199 A9
Percent phagocytosis (% P) = (914U
{o a d o { o
hemocytes NVUNUBEA / 311U hemocytes NIU) x 100
Phagocytic index (PI) = (31U7U
Aw a a 4 o A o
hemocytes NIUNUYNH / T1UIU hemocytes NUL) x
o ~ s v A o A o
@EMIAANYIVUAY /31U hemocytes N1I1) x 100
Average number of the yeasts ingested
[ I v A o
per cell (AYPC) = S14IUBAANGAIVAY / T1UIU
Aw a a 4
hemocytes NAUNUYLA
U Y 1
wavesmsanarenuanvanialuluerisaens
Mmumulsn AHPND Tuianaaeq
2 vy
1. MIABANIAIYDINITNARD
S T g
e Tasmsuiuiu 6 ganisnaana
) E Y o a
munInaaodtdy Taadeanluninaradn
naNdMIUIA 500 AR5 YANIINANDIAY 1 6 A0

, v . 3 -
AMUHUMUY 150 §2600111 400 ans uazldand.

U a

Y a

' Y
SUAUTZZ PL15 Naasauasauny 28 u ldinanu

q

ax = 9 £y 9 ¥
’Eﬂﬁﬁﬂﬂﬁ’ﬂ\‘]ﬂﬁJ’JﬁﬂTiMifJJJ"’UNG]l!LLGﬂ%El”Iﬁ”IS

v ] v y & 1 o A o
ALJunaalan Gl’HEﬂ‘HﬁQQ 4 UDNDIU IﬂEJiJEWIi1

Y y A Y A %} v o 1 o
M3 10T NUTUAUN 10% YDIUHUNAINDTU
= o Y] a 4
waziMIliuds A M nINenI 1M IANYBIN
9
luupaziuauAsUsTEZIAINAAD UL
2. ManaasuaNudUNIUIsn AHPND
9
2.1 M3 810 Vibrio parahaemolyticus VPP
o v 2
AUUUNTIADUTD V. parahaemolyticus
R o JA o q Ya
VPP Fuiludieiugniinliinalsa AHPND a1y
as . Y o
IB5N1TUDN Sritunyalucksana et al. (2005) LAIUN
A ' Y Y A o vy & & A
wo lumiaanududuni diaiihes 1 1heu
Y Y Y .
(@1ggnaelszuim 45 3u) @1eld 50% (median
lethal concentration; LC,)) ATMITNTVUD Reed and
9 1
Muench (1938) aniuhdeyaanududun 14 1)
] ) v
1% luvuaouvedn1snaasUnNAIUNIU 1A
o 11/
22 MINATBLATNA MM IIA (Challenge test)
Mmnsnagevanudiunmulsalag
I5M34% (immersion method) AaaaaannIsms
1 90’ o {
Y04 Balcazar ef al. (2007) Taogugniaimiinmae
1.26+0.37 g INUADLEANINAADINT 50 61 114
[ H a ?,’ a
laagnirntidllanaziinnuguinlszunm 2 aas
Y
azni1az 10 @1 ganInaaedaz 5 Azni (F1)
g’J o 9 1 v A 1% o [
nniuhezad lusludufendu Tagnadumia
v ' R o AqYE o A o
YoIRLN3 WUUFUAaeR Fananluniunanaradnd
o g a T J
Muuanugi 800 aas (tduruguinang 137
~ 3 <
cm AU 55 cm) VMAANUAN 15 ppt V3N

Y
400 an3 uaLi¥e V. parahaemolyticus WILAY

v

Y {

ANUTUTUTN 96 hr-LC,, (2.39 x 10° CFU/mI) 3l

ee

a

Y
ImsaaneszuuIfemanarszuunT0911 o

= Y
naaaine 14

30’ 1 aS A %
panwiegluamwg Imsasivia
% [ 9 @ dy 9
pamwinuaz syl aunuan M Reans
a 9 Yo a
awilnd Aelasuerisnaassmiulnfauasy
F2E2ANAT 96 2114 1M ITUNNDATING
Y 1 1 A o LY
moevoanlunaaznguieth ldmasaimsaie

1 @ ] @ ' {
azanluudagiu wazinudled19dana1oNIAT 9
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v A o a A g Ao
mamﬂuﬂmwammmmmﬂumiﬂuaummi
Y a a ¥
G]Wﬂﬂl@ﬁf]ﬂlﬂﬂi]iﬂﬂﬁﬁm%@ V. parahaemolyticus
g’l dﬁl = 2 ci ra 1 3
el Imsdaganiugui lulinslase v
' k4 A A 1] 1
parahaemolyticus ﬂﬂUﬂqﬂﬂ’JﬁlLW@ﬂﬁﬁlUUu’ﬂ
A Y Y (=
§$1J°1J‘VlGlﬁlfvll!fﬂiWﬂﬁ@ﬂﬂ?1uﬁ1u1’l?u1§ﬂ1ui~mﬁ
¥ v
ABNIIA1BYDIGNNI oA UgANITNATOY HIHA
MIAPAL TUVDINIUIAIUINMIAIOATINGTOA
@ @ A
@18 (survival rate; SR) LLAZDATINITTOAMYTUNND
(relative percentage survival, RPS) Tagil gaTnig
9
MU Al
P R G |

v
SR (%) = ([WIUgNNINMdoIleauga

Q a

Yy a 9

M3NAABY x 100) / IUIUGNNAUTNAY
- 4
RPS (%) = [1 - (tosiduamamesuoya
S 3 4
MINAaDI oS IFUANMIMEUDIYANIVAN)] X 100
a Jdy aa
MIVATZHVOYANIADA
19 71)514n51 IBM SPSS Statistics 21 1#®
a 4 1 aa 1
ANTIHANUIANAIINIIAdAYeInToya Tuua
9 a 4
azyan1Inaasdlaslenisdnsizinliy
wisalsou (analysis of wvariance) ATNUNUNIT
1 4
NANDIVUFUANY T (completely randomized
design) HaZToUNILANUUANA NN NADAVD
ANNAYTENINYANMINAR091A0 1% Duncan’s new

multiple range test N3AUANUFONU 95%

av a d
HNaN13IIvaTIVIIUNA

UANATLNAZAUBOUUBINIVTIIUIN T
o 1% 1 Y I
AutazAuoouvoIRIv 1MUY luily
[ A o [ I 1 < [
9oz nd1ay Tagtunvaunuwasiunag
2 o & 1 a a 9 =
150111133 uAemM I Ay Tnuean tazll
pnumlumsana1snyLazIuaITNYo0NN
5194MeTAgRIUNTHIIUYDS Fcells (Vogt and
Quinitio, 1994) TuMsARYIHAVDIATANAN L

a @ @ 1

Y q 99 Y
mﬂwaun“lﬁ“lummmjmmwwuawmaummqq

4
=1

1w luasell Tdiasanguamdunazauy

ee

89UYDINININAT hepatosomatic index (HSI) 1Az
@ o 4
msiaseauion lay aspartate  aminotransferase
(AST) t1ag alanine aminotransferase (ALT) #9910
= ¥ L Vo A o vy & 1A
NIANEIATIUNDINAT HSI Wﬂﬁ?ﬂﬂﬂiuﬂﬁuuulilll
ANUUANANNWEADA (p>0.05) (15197 1) Tudiu
o @ LI A
‘U@\ﬁ%ﬂlll@ullclfﬂ AST uag ALT Mmla@ﬂfgmu
Y o Ao v A o o
ﬁ"lll"liﬂchﬂllu@]’J%’JﬂﬁUTVIﬂ"liVl"l\ﬂ‘L!"Uf]\W]’UL!ﬁg

o = 2 Y o o
AVDBUNI (hepatopancreas) Funeylanuavulu

o

=
aaIny

@

4
f
Fauimsgani Tagnsnlasuuilas

- P 2 q o
AanTsuveueu lw] AST uaz ALT o 141uns

a A IS

NIIT M T AONVDUTATAVUASAUOOY FILY)
[ Lg d' Y o 1 ] 4 A A
szaugevmledutazAveou luauysal 5ol
a Qd‘ a % \ 1 a j’
ANNAAYnANIAAINTI A9 1¥ U N1TAAYD
uazma"lﬁ'%’umsﬁy (Nemcsok and Boross, 1982;
Pacheco and Santos, 2002) 15U fi}dﬁﬁumﬁﬁﬁ
9 k2
Yuloua1siynaes (aflatoxin) 3NILAVYD
o I E A
oulaaf AST wag ALT Turiudeagadiu 1iloqnn
UANUHAUNAUOI hepatopancreas (Jamshidizadeh
{’,’, g = aov 1 Y o 1 [
et al, 2019) M43l H1uIvea1a Idhaseau
a%’, a a a
oulsinaae U IFlumsdsaiulszansam
a Y { 1 Y
voam sy lue s anlkaneguaInA LA
F1B0U 19U 11519 astaxanthin (Niu et al., 2012)
. v
uazms19m3 lofiu  (Threonine) NEUB1HITAI
X 1 1 [ 4
(Zhou et al., 2013) FAWUNATEAUOU Tyl AST
v v
way ALT nasivialdvuanas dSwmsumsanun
Uszaninmvesarsananeruainrala lung
4
HaRDEYNINALLAAUBoUVEINI lunITANYILl
NI IANTEAVANUTUVBIATANANEIVN
9
wanldlulumskaneimseaieay 10 11 Tina
o 4 @
mlfeulwd AST uag ALT iimsanszavaclyl
[ { Y a
lunuaneassnud Tagyganisnaaseannany
Y Y q Y A
PIMITHANAITANANEIDIINW 1A luNA1wY
1 [ 4
WU 10,000 ppm aAINavDIAITEALDU Ty

A A Y o A
AST uag ALT VI?JLLL!’JIIHJ@TE‘]@ UagunIuy
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1 an ﬁ' = 1 5
UANANN DA (p<0.05) ofFeuNoumszau
Y
oulsl  AST vosganTNARBINUYANILAY
44 v v A
HAZFANITNABDINIAYINIAIIOIHITNNAU TS
ananerwnnvanldalunanududu 1, 10 uag
H 1 1 1Y 4
100 ppm  (M15190 1) d@auarszauenlasl ALT
4
WUIFANITNAADIUNANVUANAIINIIADA
tﬁ S 3
(p<0.05) WenlSeuMeunUEANIUANIAZFANIS
A Y a Y 9 q Y
NABINMINUDIMITHEANATANANIIVIINK D 19
luAnNuTuTe 1 ppm  (@15199 1) M3hwa
= I L] dﬁl A o
msanynduruiionniownna1sananey
Y Y =~ wva o @ Y
nnranlalulguavialunisiigedy du
a [ J v [ a o
A5NY ST tazileanumMIINAAL
@ =3 [ Y @
ONLEY (Wang e al., 1995) o1 lvmszau
o & =
ou'lal AST uag ALT Fauaaidaaniizniny
a a o @ 1 Y 3
AnlnAvesautazduoaulunanas tlsunEu
o Yy v o Y qYq
AUANMANTUVDIATANANRIILIINHA 1A TuN
9 =y é’ v ~ Y
T lumsHaue I sNuIUNA 10 191 MINKG
18Tunaninasonu1ludnyazaanaIieln
d' A a t:yd = a 1
HOINNNNTFUANT TN IHIATRA18TUA 131
corilagin, flavonoids L1@1¢ polysaccharides alinalu
m3tdesnulsaduAiuauautialun1sdiuns
s Tagnsan TNF-OL 1azmIasg IL-6 F1Y
INK t1ag NF-KB pathways AaAMSINA oxidation VO
nsa s TaemINNNITHII4Yed CYP4alo tag
nANM31UYee C/EBPP nazmsdueyyaddse
Y
Tagaan1swan CYP2el (Shen ez al.,, 2008) HOAINI
Y qQIq o 1 o & a A
nanlaludirisaneimsauuniiosnindis
Ccl, FUNANNMTH glutamate-pyruvatetransaminase
4 2
1ag glutathione peroxidase NNV T@ﬂmimmgu
L-carnitine, taurocholic acid HAZNTEUIUNITIY
UNVOATNVDINTABEHN 1 (Guo et al., 2017)
k% a 4
amEIsalumsA eyyad aszves Nl
ANuaIvITlunIsAueyyaddse

Tagsu (total antioxidant capacity; TAC) i

[ v

2 A ' = £y
1IANAINITOUIVBNDIANIITAITAIUBYYA
a 1 o (g Y Y d" A d?
aarszlusemovesdaiinla seniimuiuuang
7nalamsdeyyadaszlusiemelinisiau
A X 9 Y ' 4 Y
minau drwsumslda TAC easiadadniiz
a o J 1 g o
msmueyyadasz ludaingu crustaceans 1N 63

= J 9 o w '

a o 1 <3 Y ao
UNIYADUVNIINA LLG]’E]?JNUl‘iﬂGnﬁJ Vlﬂilﬂu’)i]ﬂ

1 Y Y
A v A

a9 N11a2% 391 1019 11%0 total  antioxidant
status (TAS) d115udaszauaNaIsaluns
Y a ' 4 A a

Auoyyadaszlusanevens tmolsziiu
Uszaninmvesasiaiuluermisneimiioni
Tinanaluduvoamsdeyyadass 19 Niu e

4 o

al. 2012) 1adnu1 TAS  Tudana181 (Penaeus
monodon) NAUDINITHAY astaxanthin LAY

. { a " 9 1
canthaxanthin 7433 cholesterol IAgWLIININA
f)

q

v

2 vg :
TAS @93 Zhang et al. (2013) 1@ANHINUIIN

VWUV (L. vannamei) NOUDIMITHAY
. 1 Id
astaxanthin 151181 125-150 mg 91117 1 kg 13)u
U 1 5 1
1381 56 U UA1 TAS gRIUNINNNYAAIVAN LAY
Y
o Y
Wang et al. (2017) lasiims@esnauaauuly
9 = a =
A0 NHaN 15a 1oa (Rhodiola rosea) NANY
1 I
[WUYY 3,000 mg AB01HI5 | kg 1iusrezian 8
o I 1Y A A 2 1 A v o W
d1las wuNnNelial TAS v U NITed ATy
NNADA IUAIUVBIMIANHINAVDIATANAN L

Y A Y
mﬂwaun“lﬁ'“lummammmmm“lumimuauyja

Y
S [

v
faszvednsell lana1sananmsasaniaa
% A Y 1 ~ Y a
TAC Twindeads wudiganisnaassnfany
Y Y q Y A

PIMITNEANEITANANEIUINHY 1A luiaw
[WUYU 10,000 ppm lauaaIn1 TAC Ndluud iy

1 A 1 an 4’
gagaua lTanuuana1an1eada (>0.05) tile

e 4
ieufounuyaAn1INAA0Id ULALEANILAN
@s5un 1) msnvanldluuaasmalumsdiu

a g’/ d' A a d"d
pyyadasziu o1vdoquI Ny sialll

]
A A

wa d a
asngnunindguauiaiumsdueyyadase
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ﬁﬁﬁiy 1&un E‘ﬁiﬂtjll flavonoids, tannins Qg

phenolic compounds (Santos et al. 1995)

a

mMsneuaMaIMegifutuveiu Nl
Tun1snaaeUNaNITABUAUBINIA
ay o Y 2 g 1o g’/ 4
piiquinvesneduiunnulusumnzizaaniuld
W91521910A1 phenoloxidase activity HIULAAID

'
v A

a { v %’ \
ﬂﬁ‘ﬂN1u‘l’lNgiJﬁ%Jﬂu%Lﬁﬂ’Jﬂ?@ﬁﬂﬂﬁﬁu1 Lagan

v

= =< Y o

phagocytic activity NAAIDIMININUNNHUANAY

o SR A a aw 1 o @ d"w
TTAVLFARD FINHIUUT UTUIVYA TN UTﬂi]i]fJ“]f'Jﬂ

E4
o g

4
ngiiquiunsaesriail lU15lun1snado
Aa a a Y '
Uszansnmvesmsdinlue1msne WU Lee ef
yq ¥ . . . 4
al. (2003) 1A 14 Spirulina platensis WEUBINITNI
A A X L. s A v
IWDLWY phagocytic activity VDIULAALUALADAN
. Y a
Vanichkul ef al. (2010) & 1¥RsnueMsKaNE1S
9
ANANAVTUTU 25 11ag 50 mg APDIMNT 1 kg WU

Y J . .. 1 1
anm phenoloxidase activity §NNIYAAIUANDYIN

fl
A o o W aa Sldy v
Tied1Ayn19dta Chang er ol (2012) lARean
AU IMITHANEIT zingerone N 2.5 1AL S mg AD
I 9 1T YA .
911117 1 kg wunan 56 7u WU phenoloxidase
activity LI8¢ phagocytic activity § Qﬂ’jﬁ;mjﬂﬂ’mﬁ]n
1 ¥ o @ aa k4
P8 1o AYNNEDA Wuer al. (2015) 1A11n9
VIIIUUIUAUDIMITHANAITANAIAITY
UMW (Gynura bicolor) 110.5, 1Uaz2 g A0
I @ 19 A .
91113 1 kg 1H119a1 7 74 w1193 phenoloxidase
activity gINI1Y¥AAIUANBENT BT IAYNIITDA
Y=t 9 = .
ez latmsnaaoaldeyu W53 minor bupleurum
. Yy a Id
decoction 1% HALW®1¥15 19 A9 U TuRw iy
o v 9 ' . ..
1391 28 U WU’JWQQﬁﬂ1 phenoloxidase activity Lo

@

g | o 2 aa 4
phagocytic rate gaUUoINTWIEIAYNNADAILD

o

nfFeumeunuganIunN (Wu e al., 2017) d145U
Vv Y ¥
MsAnIAT I nuduledsnuennIHauaITana

wennna 1 luAnududiu 1,000 wag 10,000

S 1

Y . .. A X ]
ppm fNUAT  phagocytic activity LW?J%HE)EJN?J

o

Hod1Aynana (p<0.05) onffouiounuge

bg

Y

MINAROIDUUAZYANIVAY 1ABAINNUDIMITHAL

= @ 9y 9

A3ANANOIUNNHG A 1T 2 szAUANMT NI

Slcia

@4na17 VA1 %P VINNIAINNUDIHITHANET

q

o 9 A o Y 9 Y '
ﬁﬂﬂ‘l’imWMﬂﬁﬂluﬂmﬂﬂ‘igﬂﬂﬂ’ﬂmmﬁjuuﬁﬂﬂ’ﬂ

@ a

819U Wod 1A YNITDA (p<0.05) d11TuA PI

WnueITHAENETENANIILINYG N 14

=

Y 1
lunanududu 10,000 ppm Tailnnigaeg1ad

Do

Wod A yn1eana (p<0.05) d21A1 AYPC WuRad
a [ 9 9 d'
AU IMITHANETANAREIUINHA 1A luna
Yy 9 =l dy " Y
R 1,000 LA 10,000 ppm UAHWININI LA
AuAULAE AN AU IMITHANEITANARILIN
Y q Yq A Y 9 VoA
nanlalunanududy 1 uag 10 ppm 08191
WodAYnNana (p<0.05) ua bifianuuana1ana
aa 4 v Y Aa
ana (p>0.05) WeonfssueununennueMITHaY
gsananeunnva 18 luAnududu 100 ppm
[ 1 . .. 4 1Y Aa
@IUAT phenoloxidase  activity U ‘W“U’Nf]i‘ﬁﬂ‘u
o Y Y A
PIMIIHANA T ANANEIUINUA 1A TuNA1Y
Y 9 ¥y A ' A
(WA 10,000 ppm THHANGINNYANINAGDIDUY
LR ' aa A
e TUTANULANANINEDA (p>0.05) (M15190 2)
d' (% 9 9 =1 1
msnasanaveIunvalalulinanonis
Y o g’z A

@ammmmmﬁﬂuﬂuuu o1eanNnlszney

q

laldreans phyllanthin, hypophyllanthin, geraniin

ay o

. . &2 £ = J
1A corilagin GlNiJi]Vl‘ﬁﬂ1i!‘]JaEJu5q]3Jﬂ3J HINNY

q

(immunomodulatory activity) (Jantan et al., 2014) EN

Y
prvdanalinivesdidiamsiaunagiduiu

o ¢ Y o 1y g A 1
FEAUITAALAz AT INAINE 1V NAUNNG Y
ANNAIUMUTSAADUAZA VIO U NN UNAY
(AHPND) vaasuranuinly

= v A a
1AMIANYIANUMUNIUTIANNADN
- S . £ g o o
V0 Vibrio parahaemolyticus VPP GNL‘]JME‘TWWH‘E‘I/I
mldinalsadunazdusounenuUNdy (AHPND)

Y ES Y Ay Yo a
Tuguraauun iy wundei 1d5ue Sy
feesanaveTunNua 18 luinnududu 10,000

<3| v Ao
ppm 1WUa1 28 Tu WORITIN1IT0AA1Y (SR) Ly
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o v J

oA31N1530AABFUNNT (RPS) NUINNI1YANTS
A 1 S w o % ana 1 1]
NAABIDUBINTNITIANINEDA (p<0.05) 1A laj
1 an d’ =1 U d'
uanaenanalenisuisunuyanisnaasei
Y a o Y q Y9 A
ANUIMITHAUEITANANYILIINKA A 1
ANUTUTH 1,000 ppm (@15190 3) Fawaluaiu
2

ANuA MU Isnnnde 7. parahaemolyticus VPP

Y

nlaudalindszansamane lunmsifosdulsna
msizdesldmsanaluaimduduganas
asotleanulsald 100% dadrziingsieau
Y
Niya Qaﬁﬁﬁ 19 phyllanthin, phyltetralin, rutin,
quercetin, trimethyl-3,4-dehydrochebulate (161 methyl
v rd v
brevifolincarboxylate  NNYNTIUVGINITT YU
a A 1 ci’ o Y =~ A o o
wuanise Tasaismairt 1y lsaunmiusaa
A A = = ] oA
voauuanTadeanIn InalviuuaniFeaiely
Nqa (Geethangili and Ding, 2018) 41az31891171

Y
a A

AANUTUTY 10 mg/ml vosasanannNsyiall

k) wa A Y dy a A
llﬂL!.ﬁﬂQﬁ]m’ETIJUGI‘VIG]GLUﬂWiGHMLGIfﬂLL‘]Jﬂ‘VILiEJﬂ@

T5AReluN15NAADA in vitro test (Direkbusarakom

et al., 1998) N9 Wwonfseumevilszansninves
aanannayu InsyialnuayuInsriisoulu
a a j}
ﬁ’mmmmiminﬂamsﬁ'mmummmﬁm
V. parahaemolyticus VPP Glufi]}ﬂ WUATANAN

A A v Aa ' o
ﬁagu"lwwuﬂauslﬁwawﬂﬂ’n YU 715 NAIN

Lo 2

Wiutu Fanunfanunun ludnue s

yﬂ/ y 9

A5 UAWANUTNUY 30 ppm WU 7-14 I §I150
o v % 1 &l
MmlenssenmenaImsuyiye V. parahaemolyticus
VPP g m 1¥ANIUAY (Thawonsuwan and Kongkumnerd,
1 1 <3 @ A a dy =
2018) uaeelsnay asanannNsyiationnl
a a4 o A 4y e
Uszansmmnalumsiessulsaaaie lasalu
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M3eh 1 waveImsiasueImsedIsasananeunnuan a0 (P. urinaria) AR total antioxidant capacity

1 J [ 4
(TAC) A1 hepatosomatic index (HSI) LaEA1TZALLD 1 Ty aspartate aminotransferase (AST) U@

. . Y o =1 o
alanine aminotransferase (ALT) “1uf;aﬂmu'gum'lu (L. vannamei) HWAIINNITNADDUAYL 56 TU

(Mean+SD; n=15)

Conc. of P. urinaria extract TAC (uM) HSI (%) AST (U/L) ALT (U/L)
0 ppm 370.48+57.98 4.27+0.34 17.30+3.93° 16.35+4.08°

1 ppm 376.55+45.64 4.30+0.59 15.31+5.03" 15.67+4.24™
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100 ppm 380.89+59.87 4.45+0.43 14.0243.70" 14.31+1.73"

1,000 ppm 380.74+44.59 4.48+0.47 10.11+1.84° 13.20+2.92"

10,000 ppm 385.22+35.56 4.48+0.42 9.40+2.15" 12.94+2.71°
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M3197 2 HEVRINSIEINDIMSIReETANAKEIUNNUAN 1A 1Y (P. urinaria) #0A1 phenoloxidase activity

! . .. 1Y . o 1 o
(PO) A1 phagocytic activity (PA) Glqunmum"lu (L. vannamei) WAI9INNITNAADUDYL 56 U

(Mean+SD; n=15)

PO PA

Congc. of P. urinaria extract
(unit/min/mg protein) %P PI AYPC

0 ppm 360.75+107.37 25.29+1.09° 8.42+1.32" 1.24+0.11°
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ABSTRACT

This study aimed to replace fresh plum with salted pickled plum in umeshu product. Pickled plum was

desalted by soaking in water for 24 and 48 h. Desalted pickled and fresh plum were mixed with 40% alcohol to

produce umeshu at a ratio of 100:0, 75:25, 50:50, 25:75 and 0:100 (w/w). The physicochemical properties of

umeshu was determined during 180 days of the incubation time. The total soluble solid and total acid of umeshu

of all treatments were increased, while the pH was decreased with increasing incubation time. L* a* b* of all

treatments were increased. The sensory evaluation was carried out by using 9-point hedonic scale with 30

panelists. The result showed that treatment with a ratio of 75:25 and 50:50 had the highest liking score for odor,

flavor, transparency and overall liking. Moreover, umeshu from desalted pickled plum with 48 h soaking time had

higher score in color, odor, flavor, transparency and overall liking than 24 h soaking time.

Key words: umeshu, plum, plum liqueur, pickled plum
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Table 1 Physical analysis results of umeshu produced from different ratio of fresh plum and pickled plum after

180 days of incubation
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Soaking time Ratio of Color
(h) Fresh plum: | a* p*
pickled plum

24 100:0 33.09+0.22 0.59+0.30° 1.61+0.57
75:25 32.8340.27 0.66+0.06" 2.23+0.51
50:50 32.94+0.31 0.80£0.09° 2.88+0.37
25:75 33.07+0.32 0.83+0.09" 2.90+0.63
0:100 32.8240.36 0.97+0.19° 2.33+0.56

48 100:0 33.09+0.27 0.69+0.08" 1.65+0.74
75:25 32.95+0.46 0.90+0.14™ 2.85+0.46
50:50 32.70+0.42 0.93+0.08" 3.13+0.30
2575 32.8940.55 0.95+0.14" 3.3240.22
0:100 32.95+0.37 0.93+0.11" 3.23+0.58

s 1 Q'
UATLNY

Different letters in the same column showed significant differences (p < 0.05).

¢

™ = non-significant difference (p >0.05)
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Table 2 Chemical analysis results of umeshu produced from different ratios of fresh plum and pickled plum after

180 days of incubation

Soaking Ratio of pH Acidity °Brix %Alcohol
time Fresh plum: (%)

(h) pickled plum

24 100:0 3.21+0.01° 0.55+0.03" 29.77+0.62° 28.67+1.15
75:25 3.03+0.01° 0.90+0.08° 30.33+0.50" 29.33+1.15
50:50 2.94+0.02" 1.09+0.04° 30.72+0.61" 28.00+0.00
25:75 2.9340.02° 1.45+0.05° 30.33+0.43% 28.00+0.00
0:100 2.98+0.02° 1.95+0.13" 30.17+0.43™ 30.00+2.00

48 100:0 3.17+0.03" 0.50+0.00" 30.17+0.43% 28.00+0.00
75:25 3.08+0.03° 0.80+0.02° 29.89:+0.22"¢ 26.67+1.15
50:50 2.98+0.02° 1.05+0.01° 29.67+0.43° 27.33+1.15
25:75 2.96+0.00°" 1.39+0.03° 29.61+0.41° 28.67+1.15
0:100 3.05+0.02° 1.76+0.05" 29.11£0.22° 28.00+0.00

Different letters in the same column showed significant differences (p < 0.05).

¢

™ = non-significant difference (p > 0.05)
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Figure 1 Umeshu produced from different ratio of fresh plum and pickled plum after storage at 0 day (A) and

180 days (B)
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08191A87 (Table 3)

Table 3 Summary table of sensory evaluation by 9-point hedonic scale

Soaking Ratio of Appearance*NS Color Odor Taste Clarity Over all
time Fresh plum: liking

(h) pickled plum

24 100:0 6.73+131 6.37+1.50" 5.57+1.72° 52742.04° 7.37+127°  5.87+1.69"°
75:25 6.83£1.08  6.77£0.94"  5.87+1.55" 5.1342.09"° 6.87£1.63° 5.73+1.38"
50:50 6.87+1.13 6.60£1.19°  6.03+1.40° 5.13+1.83" 6.47+2.01° 5.40+1.71"
25:75 6.60+1.19 6.23+1.38"  6.10+1.42° 4.70+1.74b° 6.57+2.11° 5.20+1.37%
0:100 6.63+1.35 6.40+1.16" 5.90+1.47°  4.1322.02° 6.40+2.18" 4.70+1.66°

48 100:0 6.67+1.64 6.47+1.63"  7.00£1.53"  7.40+1.47" 7.50+122° 747127
75:25 6.83+1.23 6.73+134°  5.53+1.74° 4.97+1.67° 6.87+148" 5.46+1.77
50:50 6.60+1.30 6.63£1.16°  5.93+1.53" 4.8042.02° 6.50+1.59° 5.33+1.56"
25:75 6.43+1.61 6.43£125" 5.67+1.30° 5.00£1.78° 6.40+1.77° 5.43+1.71"
0:100 6.30+1.36 6.33£1.32"  5.90+1.30° 4.87+1.90 7.47+1.59" 5.27+148"

Different letters in the same column showed significant differences (p < 0.05).

*

Mo non-significant difference (p > 0.05)
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ABSTRACT

Nowadays, the molecular study in microalgae is getting more attention and has been
continuously reported. Further study in the molecular research work requires both quantitative
and qualitative of extracted DNA. There are several methods for DNA extraction applied for
microalgae. Each method has different limitations, such as time consuming and high cost.
Additionally, some cannot be well applied for all microalgal species. Therefore, this research
aimed to study an efficiency of various DNA extraction methods applied to microalgae. DNA
samples were extracted from 5 genera of class Chlorophyceae with a total of 30 samples of
microalgae using SDS (Sodium dodecyl sulfate), CTAB (Cetyltrimethylammonium bromide),
DTAB (Dodecyltrimethylammonium bromide), Triton x-100 and Chelex-100 methods. The
quality and quantity of DNA was determined by absorbance measurement using
spectrophotometer and used as DNA template for DNA quality evaluation using 18s-rDNA
gene amplification. The results showed that DNA extraction by SDS method gave the highest
amount and the highest purity of extracted DNA, followed by CTAB extraction method. The
SDS, CTAB and DTAB method provided a sufficient quantity and quality of extracted DNA,
which can be further used as sample for 18s rDNA gene production via PCR (polymerase
chain reaction) technique. Extracted DNA of microalgae by SDS, CTAB and DTAB method
from 24, 16 and 5 samples respectively can be further cut by restriction enzyme Msel. As the
DNA extraction using the Triton x-100 and Chelex-100 methods is not appropriate to apply
for DNA extraction from green microalgae, the SDS method is the most efficient method for
green microalgal DNA extraction used in this study.

Key words: DNA extraction, microalgae, efficiency, DNA

INTRODUCTION

Microalgae are important
photosynthesizing organisms on Earth.
They are a primary producer in food chain
and have been utilized as source of food for
human and animal (Martin and Alexander,
2018). They are considered as an important
biomass for industrial and medical
perspectives (Michael, 2018). Microalgae
have also been used for biorefinery and
feedstock for biofuel production (Philip et
al., 2011). Currently, various molecular
studies have been reported for microalgae
including DNA barcoding (Beom-Ho et al.,
2014), microsatellite library construction
(John et al.,, 2010) and whole genome
sequencing (Crysten and Sabeeha, 2019).
In molecular research work, a good quality
and quantity of DNA are a prerequisite for
further process in the study. There are
several standard methods for DNA extraction
such as SDS (Sodium dodecyl sulfate)
method (Marmur, 1961; Takashiet al.,
2012), CTAB (cetyltrimethylammonium
bromide) method (Doyle and Doyle, 1990),

high salt low pH method (Guillemaut and
Drouard, 1992),  Triton  x-100 method
(Tomasz et al., 2017), Chelex -100 method
(Utkarsha et al., 2018), salt method (Aljanabi
and Martinez, 1997) and NaOH method
(Hill-Ambroz et al., 2002). These protocols
provide different quality and quantity of
extracted DNA. In addition, all those protocols
show different result of DNA extraction,
which were vary according to microalgal
species. Variety of DNA extraction methods
have been used in various of algae, for
example, using CTAB method for brown
algae (Phillips et al., 2001) and using SDS
method for seaweed and green algae such
as Chlamydomonas reinhardii (Su and
Gibor,1988; Newman et al., 1990). Previously
researches of algal DNA extraction
reported that lysis buffer in different DNA
extraction method should be taken into
account and concerned due to the variation
of intracellular and secondary compounds
on algal cell wall (Doyle and Doyle, 1990).
Cell wall of some algae comprises of
algaenans, while other contains



744 75815398 YH1INNDeNA 11 1ag51%UAaAFI%Y 13(3) : 742-753 (2564)

dinosporins and glycoprotein (Doyle and
Doyle, 1990; Lodhi et al., 1994), which are
difficult to lyse. This difficulty of algal
DNA extraction is well-known and
continually reported. (Lucy et al., 2012;
Tear et al., 2013; Maneeruttanarungroj and
Incharoensakdi, 2016) Furthermore, algae
always develop unique cell wall
composition adapted to their inhabiting
area, such as mucilage sheaths containing a
compounds that tolerant to cell lysis
(Barsanti et al., 2001; Popper et al., 2014).
Due to those reasons, optimization of DNA
extraction method for variety uses in algae
are challenging.

One of the common uses for DNA
extraction is Doyle and Doyle method
(Doyle and Doyle, 1987), which comprises
of CTAB, a cell lysis solution that will
complex with protein and polysaccharide
and result in elimination of those compounds
on cell wall (Semagn et al., 2006). In
addition, chelating resin Chelex -100
method (Walsh et al., 1991) is also wildly
used in extraction of Chlamydomonas
because it is simple, rapid and low cost.
Moreover, Chelex -100 has been proven
that it is good extraction method for PCR
(Polymerase Chain Reaction) amplification
efficacy (Walsh et al., 1991; Ward, 1992,
Cao et al., 2009). This method has been
used to extract E. coli bacteria by boiling
in just one step which is sufficient to
obtain high quality DNA. However, this
protocol is unable to use with all organisms
(Kwon et al., 2010) and still needs additional
steps. To choose the right DNA extraction
methods, species characteristics as component
in cell wall and on cell surface must be
well considered. The majority cell wall
components in algae are lipid, pectin,

cellulose and secondary metabolites (Zoe
et al., 2014). The hardest of DNA extraction
of Chlorella vulgaris was reported resulting
from hardness of cell wall and small cell
size (Friedl, 1995). Success in development
the extraction method was also reported
using DTAB (dodecyltrimethylammonium
bromide) co-assisted with cell wall
digestion method by MiniBeadBeater
(Biospec Products, Bartlesville, OK,
USA), followed by chloroform extraction
and lastly ethanol precipitation (Marvin
and Karen, 2004). In conclusion, there is
the difficulty of DNA extraction in
eukaryotic microalgae as a result from
different cell wall structure. Moreover, the
contaminants in the extracted DNA can
inhibit the action of enzymes, rendering the
DNA useless for downstream applications.

Therefore, the purpose of this study
is to examine an efficiency of various
DNA extraction methods including SDS

(Sodium  dodecyl sulfate), CTAB
(Cetyltrimethylammonium bromide),
DTAB (Dodecyltrimethylammonium

bromide), Triton x-100 and Chelex-100
methods for DNA extraction of 30 green
microalgal samples.

MATERIALS AND METHODS
Microalgal samples used in this study

A total of 30 algal samples from 5
genera of class Chlorophyceae (Fig. 1) was
used in this study. The samples composed
of 6 isolates of genus Chlorella, Chlorococcum,
Coelastrum, Haematococcus and Scenedesmus.
All algal samples are provided by Algae
Excellent Center, Thailand Institute of
Scientific and Technological Research
(TISTR) (Table 1).
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Figure 1 Five genera of microalgae used for DNA extraction

Microalgae culture

Microalgae were purified using
streak plate method on BG-11 agar with
300 pg/ml Ampicillin (Mokhzanni et al.,
2016). The isolated algal colony was
picked up and cultured in BG-11 medium
(Stanier et al., 1971). The cultures were
incubated on rotary shaker at 120 rpm at
28°C with continuous 60 ME m? st LED
light for 21 days. The cultured algae were
centrifuged at 12,000 rpm for 10 minutes
in 2 ml microfuge tube. Microalgal cells
were collected and washed twice using
distilled water. Cells were stored at -40°C
for 24 hours before DNA extraction in the
next step.

Genomic DNA extraction

Microalgal cells (100 mg) were
added into 2 ml microfuge tube. Extraction
buffer (100 nM Tris-HCI pH 8.0, 100 nM
EDTA pH 8.0, 1.5 M NaCl) amounting to
300 microliters (ul) was added for
resuspension. Cell suspension was ground
in cold mortar and pestle (-40°C) for 10
minutes, followed by addition of 300 pl
extraction buffer and mixed well for 30
seconds. Five microfuge tubes, containing
ground algal cells in extraction buffer,
were prepared for comparison of 5 DNA
extraction methods.

Table 1 Microalgal samples used in this study

Sample number Isolate Scientific name Sample location
1 TISTR 8262  Chlorella sp. Bangkok
2 TISTR 8263  Chlorella sp. Bangkok
3 TISTR 8264  Chlorella sp. Pathum Thani
4 TISTR 8411  Chlorella sp. Nakhon Pathom
5 TISTR 8432  Chlorella sp. Pathum Thani
6 TISTR 8580  Chlorella vulgalis Nonthaburi
7 TISTR 8412  Chlorococcum humicola Bangkok
8 TISTR 8461  Chlorococcum humicola Nonthaburi
9 TISTR 8973  Chlorococcum humicola Nakhon Pathom
10 TISTR 8481  Chlorococcum infusionum Nonthaburi
11 TISTR 8268  Chlorococcum sp. Nonthaburi
12 TISTR 8509  Chlorococcum sp. Nakhon Pathom
13 TISTR 8604  Coelastrum astroideum Bangkok
14 TISTR 8477  Coelastrum microporum Nonthaburi
15 TISTR 8566  Coelastrum morus Nakhon Ratchasima
16 TISTR 8501  Coelastrum reticulatum Nakhon Pathom
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Table 1 (Continued)

Sample number Isolate Scientific name Sample location
17 TISTR 8452  Coelastrum sp. Bangkok
18 TISTR 8725  Coelastrum sphearicum Pathum Thani
19 TISTR 8647  Haematococcus lacustris Japan
20 TISTR 8467  Haematococcus sp. Nonthaburi
21 TISTR 8478  Haematococcus sp. Nonthaburi
22 TISTR 8611  Haematococcus sp. Nonthaburi
23 TISTR 8805 Haematococcus sp. Nakhon Ratchasima
24 TISTR 8809  Haematococcus sp. Nakhon Ratchasima
25 TISTR 8457  Scenedesmus acuminatus Bangkok
26 TISTR 8433  Scenedesmus acutiformis Pathum Thani
27 TISTR 8540  Scenedesmus acutus Bangkok
28 TISTR 8444  Scenedesmus armatus Bangkok
29 TISTR 8498  Scenedesmus praetervisus Nakhon Pathom
30 TISTR 8440  Scenedesmus quadricauda Bangkok

TISTR = Thailand Institute of Scientific and Technological Research

Three hundred pl solution of 20%
SDS (Method 1) (Doyle and Doyle, 1987 ),
10% CTAB (Method 2) (Marvin and
Karen, 2004 ), 10% DTAB (Method 3)
(Marvin and Karen, 2004 ), 10 % Triton
x-100 (Method 4) (Tomasz et al., 2017)
and 10% Chelex -100 (Chelating lon
Exchange Resin) (Method 5) (Walsh et al.,
1991) was added in each microfuge tube,
containing ground algal cells in extraction
buffer, then mixed well for 30 seconds and
incubated at 65°C for 5 minutes. The
mixture was centrifuged at 12,000 rpm for
10 minutes. Then, the supernatant was
transferred to a new microfuge tube and 1
volume of phenol: chloroform: isoamyl
alcohol (25:24:1) which equals the
transferred supernatant was added. The
mixture was mixed well and centrifuged at
12,000 rpm for 10 minutes. The
supernatant was transferred to a new
microfuge tube and 1 volume of cold 90%
ethanol was added to precipitate DNA. The
tube was centrifuged at 12,000 rpm for 10
minutes. The supernatant was then
discarded. One ml of 70% ethanol was
added to wash the DNA pellet and the tube
was centrifuged for at 12,000 rpm 10
minutes. The ethanol was then discarded.
The tube was dried for 10 min in the
laminar flow and 30 pl of 1XTE (10 mM
Tris-1 mM EDTA) buffer was added to
dissolve DNA.

DNA quality evaluation using 18s rDNA
gene amplification and digestion by
Msel restriction enzyme

Genomic DNAs of 30 algal samples
were used as DNA template for DNA quality
evaluation using 18s rDNA gene amplification.
The 18s rDNA gene region was amplified
via PCR using 18s forward primer (5'-
GTCAGAGGTGAAATTCTTGGATTTA-
3") / reverse primer (5'- AGGGCAGGGAC
GTAATCAACG-3) and Tag DNA polymerase
(Apsalagen, Bangkok, Thailand), following
the reaction: (1) 94°C for 5 min, (2) 94 °C
for 30 sec, (3) 53 °C for 45 sec, (4) 72 °C
for 40 sec, 35 cycles of (2)-(4) and 72 °C
for 2 min. For the isolated DNA quality
evaluation, 1 pug of genomic DNA of all 30
algal samples were completely digested by
Msel restriction enzyme at 37°C for 60
min. PCR and digestion products were
electrophoresed in 1% (w/v) agarose gel.

RESULTS AND DISCUSSION
DNA quantity and quality evaluation by
spectrophotometry and gel electrophoresis
Five DNA extraction methods including
SDS (Sodium dodecyl sulfate), CTAB
(Cetyltrimethylammonium bromide), DTAB
(Dodecyltrimethylammonium  bromide),
Triton x-100 and Chelex-100 methods were
adapted to extract genomic DNA of 30 samples
from five algal genera, including 6 isolates
of genus Chlorella, Chlorococcum, Coelastrum,
Haematococcus and Scenedesmus. Genomic
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DNA quality and quantity evaluation was
performed using spectrophotometry at
OD260 and OD2go nm and gel electrophoresis.
The concentration of DNA and the ratio of
absorbance, A, at 260 and 280 nm were
calculated in all 30 samples (Table 2). The
ratio of absorbance within 1.8-2.0 can be
considered as a good quality DNA sample
(Wang et al., 2011).

Based on the ratio of Aggo/2s0 OF the
genomic DNA sample, method 1 (SDS)
gave the highest DNA quality, followed by
method 2 (CTAB). The ratio of Axsog0 Of
30 DNA samples obtained from SDS
method varied from 1.78 to 2.05, with an
average of 1.93 and only 6 out of 30 algal
samples showed less value than 1.8-2.0.
The ratio of Azsors0 Of 30 DNA samples
obtained from CTAB method varied from
1.65 to 1.99, with an average of 1.83 and
12 out of 30 algal samples showed smaller

10,000 bp >

1,000 bp >

500 bp >

747

value than 1.8-2.0 (Table 2). The ratio of
Aosor2s0 Of all 30 samples obtained from
method 3 (DTAB), 4 (Triton x-100) 5
(Chelex -100) was smaller value than a
range of 1.8-2.0, indicating poor quality
DNA samples (Table 2). The result from
the ratio of Azso280 Was consistent with the
result from gel electrophoresis. Figure 2
indicated examples of very poor quality
degraded DNAs, shown as smear DNA
bands (lane 4 and 5), of Coelastrum
reticulatum (TISTR 8501) obtained from
Triton x-100 and Chelex-100 methods.
DNAs of these 2 methods cannot be further
used in the next part of the experiment on
PCR amplification of 18s rDNA region and
Msel restriction enzyme digestion. That the
SDS method gave the best result in DNA
quality and quantity is due to a principal of
this method that using a high concentration
of SDS for cell lysis.

Figure 2 Agarose gel electrophoresis of Coelastrum reticulatum (TISTR 8501) genomic
DNA:s isolated using SDS, CTAB, DTAB, Triton x-100 and Chelex-100 methods.

The results from the ratio of Azso/280
of all 30 algal DNAs, extracted using
DTAB, Triton x-100 and Chelex-100
methods, were lower than 1.8 (Table 2),

indicating poor quality DNA samples. This
result indicated that the contaminants in
DNAs affected the calculation of DNA
guantity in these samples. DNAs of 30
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algal samples obtained from SDS and
CTAB methods were in good quality based
on the ratio of Aoggnse and gel
electrophoresis. The concentration of DNA
of 30 algal samples, obtained from SDS
method varied from 250.0 to 1,059.0 ng/ul,
with an average of 435.8 ng/ul, while the
concentration of DNAs obtained from
CTAB method varied from 190.0 to 740.0
ng/ul, with an average of 448.7 ng/ul
(Table 2). The low quality of the extracted
DNA can inhibit the action of enzymes and
cause a series problem for downstream
molecular applications, for example library
construction and marker development
(Sirakov, 2016).

The presence of contaminants in
the DNA solution may result in
degradation of DNA on long term storage
and inhibition of the polymerase chain
reaction. In order to remove impurities,
additional steps should be employed.
Improvement of DNA quality has been
reported using ammonium acetate to

precipitate proteins and a sodium acetate-
isopropanol mixture to pellet out DNA
before being washed with ethanol
(Utkarsha et al., 2018). The degraded DNA
obtained from Triton x-100 and Chelex-
100 methods might be come from the cell
wall breaking process is too harsh. The
method should be improved by decreasing
the grinding time and the concentration of
Triton x-100 and Chelex-100 and adding
EDTA (ethylenediaminetetraacetic acid)
for preventing DNA degradation (Shivji et
al., 1992). A lysis buffer mixture, for
example SDS together with Chelex-100,
can also be added to increase the capacity
to inhibit polyphenols and polysaccharide.
These secondary metabolite compounds
can interrupt not only polymerase activity,
but also the reaction of DNA digestion
(Doyleand Doyle, 1990.; Lodhi et al.,
1994). Normally, the genomic DNA,
contaminated with polysaccharide, always
causes a thickening pellet after
precipitation with alcohol.



749

(3) : 742-753 (2564)

o 11 1ags1vuanans Ive 13

NM5815398 NHINGABINA

awv

119113531 |3SIAl Y palsabip ag Jou ued WNQ = -
awAzua uonainsal [asIN Yum paisabip aq ued yuoibal susb wYNQJ S8T Ajdwe 01 YOd ul pasn aq ued wNQd = +
WU 08Z PUe 09Z 18 OI1eJ 82URQIOSQY = 08209y
‘ds snwisapausds = Qg-Gg ajdwes
‘ds snooodojewseH = tz-6T o|dwes ‘ds wnaselao) = gI-¢T 9jdwes *ds wnadodololyd = Z1-/ 9jdwes

‘ds ejja40lyd = 9-T sjdwes

6LT G207 Ge'T S00°T 6.1 086 66T oL S0z 60T
5T -Ze¥ 80 -60f GZ=- 0=- -ITT -G6¢ ¥I=- 0=- -G9'T -06T =-  0=- -8/T -0SC abue
19T  £8'969 STl GO¥9  G=+ 0g=+ TET €696y 9T=+ 0E=+ €8T  [98Wy o=+ 0E=+ E6'T 08GEy  H/ebeseny
8.7 eyl 12T 029 - + 7€'T G1S + + 89'T €05 + + €6'T aSY 0
LT 165 20T L09 - + 62T 86¢ + + a8'T 90V + + 20T 00v 62
v9'T 09t A 0gs - + 02T 687 + + v6'T 00v + + 16T 88¢ 82
09T €08 071 86. - + 2Tl 805 + + 66'T 60v + + v8'T ey Lz
19T 935 vT'T 09 - + €21 80% + + €6'T ave + + 88'T 98¢ 9z
G9'T ey LTT 095 - + T 00% - + a8'T 66€ + + S6'T vey 74
291 818 660 089 - + ITT 505 - + €8T G5t + + 6T 1014 74
69'T 008 60'T 195 - + 6T'T 66€ + + €8T 061 - + 50T £€9 (%4
LT 062 10T 0.9 - + 8T'T 99% - + 9T 85t - + 66'T 665 e
69'T S5 oT'T 867 - + oT'T gey + + ST 19¢ + + 88'T 16€ 12
99'T 019 11T 165 - + STl 1§ - + 99T L9Y + + v8'T Sy 0z
69T ¥S. €T 889 - + Tl 60S + + 66'T 00v + + v0'C 60€ 6T
6.7 z8s 82T 607 + + Y21 ¥se + + 6T 60€ - + 06T 86¢ 8T
LT 665 S0'T 544 - + T S - + 06T ore + + 8.1 (a4 LT
LT 708 T 96/ - + 8T'T 9 + + 86'T oL + + 66T  6S0'T 9T
S9'T 19 ITT 55 - + 1T 05t - + G9'T G9€ + + 96'T 662 aT
€L'T 092 2T 697 - + or'T 08¢ + + 69'T 06T + + 16T 0SZ T
69'T Gl 97T 0SS + + 6.1 Gee - + 6LT ey - + 6LT z1e €T
197 Gl9 ¥8'0 665 - + rAms Gof - + 86'T 895 + + 86'T 0z€ 1
99'T 10S vT'T 09 - + STl 959 + + 18T 05t + + 68T gse 1
95'T G20'T 62T S00'T - + 8T'T 086 + + 8.1 09€ - + 002 655 0T
LT 58 €0'T 206 - + v2'T 25 - + Z6'T 609 + + 20T 668 6
197 0.9 0Tl G/9 + + 6T ove + + 88'T 02s + + 2'T gee 8
89'T 09§ €8T 181 + + 9,7 05t - + 18'T 856 + + 88'T Ty L
09T €8. 760 685 + + 6.1 €9 + + 19T 0S¢ - + 18T 062 9
as'T 689 T 065 - + 65’7 v5e - + 8.1 9.6 + + G6'T 65€ g
vS'T 868 Ge'T 809 - + 95'T Gy - + 18'T 119 + + 66'T 95t 14
8.1 089 860 008 - + T 08. + + G6'T £es + + 86'T 00§ 3
197 0.1 €T 059 - + ve'T 06t - + LT ave + + 6T vee z
95T 069 £e'T 08. - + €21 609 - + 69T 444 + + 18T 453 T
(Ir/bu) (1r/6u) (1r/bu) (1r/bu)
082 :1 \mcv f 082 f f 082 f
My fApuend  0%0%y  puend SN S8T %y nuend  [8SIN ST %%y puend  I8SIN S8BT %y npuend
-X
- xw_mcoﬁwmﬂnoﬁm_\,_ coE%wHuoEm_\,_ (av.Lq) € poyrsN (av.L0) z poyleiN (sas) T poysIN ajdwes

"SPOU18W dA1J WOJJ Pa1deIxe WYNQ dlwoush Jo Aljenb pue Ainuend g sjgel



750 75815398 YH1INNDeNA 11 1ag51%UAaAFI%Y 13(3) : 742-753 (2564)

DNA quality evaluation by 18s rDNA
gene amplification and digestion with
Msel restriction enzyme

Genomic DNAs of 30 algal
samples that were isolated using SDS,
CTAB and DTAB methods were further
used as DNA template in PCR for 18s
rDNA gene amplification. The result
showed that the 18s rDNA region can be
amplified from all 30 algal DNAs, isolated
using all 3 methods. Figure 3A was an
example of gel electrophoresis of PCR
products obtained from 18s rDNA gene
amplification of Chlorococcum infusionum
(TISTR 8481) DNAs, isolated using 3
methods. PCR is an efficient technique to
amplify DNA from a small amount of
DNA template and DNA with some degree
of contaminants. This can be seen by the
amplification of 30 samples of low-quality
algal DNAs obtained from DTAB
extraction method.

Genomic DNAs of 30 algal
samples, extracted using SDS, CTAB and
DTAB methods were digested by Msel
restriction enzyme. The result indicates
that 24 of 30, 16 of 30 and 5 of 30 DNA

10,000 bp
1.000 bp

500 bp

(A) PCR/18s

10,000 bp

1,000 bp

500 bp

samples, isolated using SDS, CTAB and
DTAB methods, respectively can be digested
by Msel restriction enzyme (Table 2). The
result confirmed that SDS method is the
best DNA extraction method for microalgae.
However, this method cannot apply to all
algae species. Different cell wall structures
and components among algal species result
in contaminants after the extraction process
and may interrupt Msel activity (Lodhi et
al., 1994; Sangwan et al., 2000; Pirttila et
al., 2001; Muhammad et al., 2012; Sevindik
et al.,2016). DNAs obtained from SDS
method of Chlorella vulgalis and Coelastrum
sphearicum cannot be digested by Msel,
while DNAs obtained from CTAB and
DTAB methods can be cut into small
fragments. DNAs obtained from only
CTAB method of Chlorococcus infusionum
and Haematococcus sp., sample number 23
(Table 1), can be cut by Msel, as well as
DNAs obtained from only DTAB method
of Coelastrum astroideum. Figure 3B
showed an example of gel electrophoresis
of Msel digestion products of Chlorococcum
infusionum (TISTR 8481) DNAs, extracted
using the 3 methods.

(B) Digestion/Msel

Figure 3 Agarose gel electrophoresis of (A) PCR products at 18s rDNA region and (B)
digestion products by Msel restriction enzyme of Chlorococcum infusionum
(TISTR 8481) genomic DNA, isolated using SDS, CTAB and DTAB methods.
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CONCLUSION

Among 5 DNA isolation methods
including SDS, CTAB, DTAB, Triton x-
100 and Chelex-100 methods, the SDS
method results to the highest quality and
quantity of DNA, followed by the CTAB
method. These two methods show the
advantages of being simple, rapid,
inexpensive and requiring a small amount
of algal tissue. The isolated DNA appears
sufficiently pure and enough quantity for
further application in molecular such as
restriction endonuclease digestion and
amplification using the polymerase chain
reaction. The SDS method shows the
general applicability for isolation of DNA
from diverse species of microalgae studied.
Having considered the results mentioned
above, the SDS method is recommended
for green microalgal DNA extraction used
in this study.
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ABSTRACT

This research investigated the effects of four stages of harvest maturity (30, 60, 90 and 120 days after

planting) on potassium, secondary metabolites, and antioxidant activity of Orthosiphon aristatus (Blume) Miq.

The experiment was arranged in a complete randomized design (CRD). Results showed that there were significant

different harvesting maturities. The highest potassium content (5.02 g/100 g DW) was harvesting time at 30 days.

The caffeic acid and rosmarinic acid (1.47 and 26.24 mg/kg DW) were highest with harvesting time at 60 days. In

addition, the phenolic content and DPPH radical scavenging capacity (50.48 mgGAE/100 g DW and IC _ being

equal to 0.68 mg/mL) were found highest at harvesting time in 120 days after planting. Therefore, based on the

findings, harvesting time at 120 days is recommended to farmers for optimum constituents of Orthosiphon

aristatus (Blume) Miq. production.

Key words: antioxidant, Orthosiphon aristatus (Blume) Miq., total phenolic content, harvest maturity
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ABSTRACT

The objective of this study was to investigate the effect of planting materials and light exposure on the
growth of cactus. The experiments were conducted by 6 % 2 Factorial in Completely Randomized Design with
three replications. Six types of planting materials were used in the study: volcanic rock, cactus soil, volcanic rock
mixed with coconut husk, volcanic rock mixed with husk, cactus soil mixed with coconut husk, and cactus soil
mixed with husk. Two types of light exposure were studied: natural light and light from a lamp. Growth data was
collected, including the survival percentage, root length, stem height, and stem diameter. The results showed a
statistically significant effect of planting materials on the percentage of cactus survival, but there was no
statistically significant effect on the root length, stem height, and diameter of the cactus stem. There was a
statistically significant effect of light exposure on the survival percentage and root length of cactus but there was
no statistically significant effect on the stem height and diameter of the cactus stem. There was no interaction
effect between planting materials and light exposure on survival percentage, root length, stem height, and
diameter of the cactus stem. The types of planting materials suitable for cactus cultivation were cactus soil or
cactus soil mixed with coconut husk or cactus soil mixed with husk, and the appropriate light exposure was

natural light.

Key words: cactus, planting materials, light exposure, growth
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ABSTRACT

The objective of this research was to study the quantity of catfish bone powder on the physical, chemical

and sensory qualities of catfish crispy snack fortified with calcium from catfish bone powder as 0 (control), 10, 20

and 30%. It was found that an increase in catfish bone powder led to a decrease in hardness and moisture content,

while swelling and calcium content increased. The catfish crispy snack without catfish bone powder contained

58.50 mg of calcium/ kg of sample (dry weight) while the one with 30% of catfish bone powder had a high

calcium content, up to 8,930 mg of calcium/ kg of sample (dry weight). The sample fortified with 20% catfish

bone powder was rated the best by panelists (»p<0.05). But, when the chemical composition of the catfish crispy

snack added 20% catfish bone powder was analyzed and compared with the control, it was found that the control

had higher protein, fat, fiber and carbohydrate while ash was lower. It can be concluded that catfish crispy snack

with catfish bone powder supplement can reduce the amount of by-product, and provide nutritional value for

consumers who like to stay healthy.

Key words: fish crispy snack, fish bone, calcium, catfish
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ABSTRACT

Nowadays, hair coloring products have been sold in local markets. Most of them normally contain
synthetic chemicals which can cause irritation, skin allergy, and carcinogen. Therefore, using natural hair dyes has
become increasingly popular. In this research, the effect of natural mordant on dyeing process, the initial
concentration of natural extract, the dyeing time, and the color persistency were investigated. The natural extracts
were obtained from henna leaves, sappan heartwood, butterfly pea flowers, mangosteen husk, and red cabbage.
The results showed that color obtained from bleached hair dyeing was uncorrelated with the mordant. Hair color
intensity increased with an increase in initial extract concentration and hair dyeing duration. Color persistency of
hair dyed with sappan heartwood and henna leaves extracts were about 2 and 1 month(s) for bleached hair and
natural grey hair, respectively. Moreover, color persistency of 2 months, 1.5 months, and a week on bleached hair
were obtained from butterfly pea flower, red cabbage, and mangosteen husk, respectively. However, the natural
grey hair was unable to be dyed with these extracts due to the hair type. Compared with dried and damaged hair, it

was harder to dye strong hair.

Key words: hair dyeing, mordant, natural extracts, color persistency, grey hair
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