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Effect of Fertilizer Coating on Growth and Yield of Cereal Crops
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Abstract

The objective of this study was to literature reviews relevant to effect of fertilizer coating on growth
and yield of cereal crops. There are shown that fertilizer coating with materials such as resin, polymer and
organic compound (fly ash) lead to slow release of plant nutrients. This enhances availability of nutrients in
plants. Application of coated fertilizer provided high growth and yield of cereal crops (i.e. maize, rice and
wheat) than uncoated fertilizer. Coating fertilizer can be reduced nutrients loss in plant especially nitrogen

(N), which is lost as NH; (NH5 volatilization).
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sie1mInan Lawd lulnsiau (Nitrogen, N)
Waanosa (Phosphorus, P) waslnunaidoy
(Potassium, K) L‘fJuﬁw@mmsﬁﬁ%ﬁaqmﬂw’%mmmﬂ
Wenisiesaiulnuagliinandn (Vityakon, 2004) Tu
mafuifenandefivesntuluudasddu s1ne1mislu
suidudsslomilufuazanaslui3en ) (Osotsapha et
al., 2011) swemstufuamydsly 4 nedaedu Lawn
1) Mmafiuifeawandniis Inefivenagaiiuiieieentd
lzaen WA 1 viodumienu Usinmsinemsi
aydslusunsifuisutazadsiadueg fudiua
HAKER AUTNTUYRISINMNSTUNARER AABAIUNTS
Sanstuiawsnfisfimdondunldluiiui simewnsf
awmuisuluiu 2) n3vedns (leaching) tlundoti
yaUszmudnfuisiulionagaduld uarlvashudu
Auadltuans dourlosounaydunidarsiiniuass
lumsaratevesiuluie simoimsaiuiieenaadiy
duluseiuiianudolvaoonueniiuditslaiiuyselowd
Uszlowiddefia lnsanmidniAnlufiuifidduanyn
siFeldthmaUssnuniuly 3) mssedaiimanses
fiu (soil  erosion) Wiintuiilefeufiugnianis fe 1
vidpauviiliumnnszatouazianiluainuinidy 7
Aetuannludsemalng Ao nsvedatmansvesio
fulndluuinafuiifidauaindugs nfousiud
lassasnean inulurssdivnsedanunagu lansiu
PULIMATRIRLT warranTeyfnYRuTLza
Tufiudl waz 4) nsgayidelusuvesinadniiniy
arsUsegnaunenlanilsy  (NH,)  Tufusis uag
ansUsznaulumsn (NO,) lufufivineandiau wWu fu
iy ndnfie arsUsznou NH, azvhufiselu
Aulafigueulude (NHy)  wazsziveeonld diu
a1susznavlumsy Agniddlaefanssuvesqdunid

)
fulreenlonves N Fa.9ufe (Sukhothai
Thammathirat Open University, 2005) ﬁnﬂmiqcytﬁa
#anaa uenanaziinarefivuazsinormsiiegluiu
uan SedananeanInuIndeNme Ussmalulauaiusn
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Uit 15 atiuil 1 unAu - fquieu 2561

asevindanansznuiudsandesainnislaendil
dnsnadlasanizde N na1fe 1) NH, andeniivse
Mnudunid Anundelufudsiinisdisinerniad
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v
N
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T5AfivTendn “Blue-baby syndrome n3e
methemoglobinemia” LLazﬂﬂLﬁmeﬁmﬁﬂmiﬂﬁmqﬁﬂ
nh 4 deudimnirduudeu NO, TuuSunnigs (Greer
et al., 2005) EmIuUsuia NO; muUSunuuInsgIu
ﬁﬁmmm%’gam%m A NO, lailiu 10 un. N /@n3
dauannnglsy drannmeglsy dvualidllaldii
50 un. NO, /303 uae 2) Tuanniinuvineendiau
NO, azgnsmadlrinanesdufiig NO, N,O, NO uay N,
Feszwmeluavanluusseinia duduanmawilsivili
Tan¥euiu (fos91n NO, , N,O, NO uay CO, vhan
Toloulutuussena (Osotsapha et al,, 2011) 270
msmsgntindesaiudanndoudiaiu uazanudniu
fifesannsgayidsvesinensivanssuuiu-iwain
nslgdetailunisndniiy laun1svedns (leaching)
warn1shuaul (runoff) TUfuih (Chen et al., 2017)
madenuilsiiaztisanuansznudanan Aenisldte
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I#nanangstu viefinaamnuiidonis (Suwanart,
2010) uazijoitanunsaliismemsuniielaluyiinugs
arudfvieants laud Joiadl Fadutdeildain
NTLUIUNITHANNTOFUATILINIIQAAINNTTUIINGS
#1499 Ailda1nsssuwd viedunanaesldvodlsy
gramnssuuvie Tnsiiluudisinermsudnidl
AMuEAYAe LAz vsoInsluUTuaun Tneiyay
s lasnuilelalls nszsnemdniivdesgn
Tldiilensisayivlamnninsindug Tao N fugeld
TuguU NH, waz NO, dwisu P figgaluldluzu H,PO,
wag HPO , waz K Tusu K dwsu N ddlulédsulu
UTunaiminzanazidusigeinisfidaaiunis
Wwigiulaneinudsiu uazluvesity dwuse P la
anfiuneain (phosphate  rock) eifufiuiid
waal@eureainn waz K La91negiludding
(aluminosilicate) wagluguvesusiaauns (feldspar)
luf1 (mica) wagusautuiien (clay mineral)
(Agricultural Editor, 2016) P fldhutiduaiunisiaiey
Yoa91noy wazsnuuusluszazuINTeINIsasyLAule
waztielunsadnemen uazlude waz K sudusonis
a$andlulawnse wazdrslunsiadoudnonts way
thena wagvilinananiaanm (Panchapan, 2002)
wazilofivasneavaiifvfiazuansennis iy

1% v

279 N agiiansvednnsasaiule wanendn fu
goulath drdudimnugeusnenlaiauysel Asinud
Jrurutdos uansendl wazdudn luiivazdidivdes
TnsFuanuagllavly waziAaduluuineu wenain
wldnandniuds wandnddlifinnnmandis via P
snvesiivazneute du uardiudinados duuasy
wnsu MsasAulaveavein Lazeanaandinitung
Snianonazivuiadn wasnandnanas daunisuin
519 K aziiansveinnisiasyiule d1dugeu aude
waznsdumulsranas mnuitsihifuuasfviiaed
Usinannsiunagmsazauudslusiam (Vityakon, 2004)

ileannsvInsImeIvIsvesity Msldeniedu
ogalsfmu HuABUTRTTelneUnfivosnunsng G
fwanunsathsimevnsilamsaululdldifies 25-30%

vossmemnsnUeildaslulufiu uaviinisgaydelag
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Wanusgloviis 75% vesoildasly nsgadetin
9nUFAT9 TuAudsugusigenmsiady
asUsznoufifivh g lils vieguiiialdlsenn s
(Haifa Chemical Thailand, 2012)

nmsgeyidesialeluaniu

1. mygayidelulasiauainau

nsgegsde N lugufie (gaseous losses of
nitrogen) N lugiuansagayideluluussemalalugy
vosiavanesda laun A1g N (nitrogen gas, N,), A%
wouluily (ammonia, NH,) uazfinglusuvesesnlen
A199 ¥4 N 1wy luninesnles (nitric oxide, NO) waz
lumsaoanled (nitrous oxide, N,O) usiu n1sgayde
N 9ndulugUvesinedinutes Ae 91nnszuUILANT
Alun3fitady (denitrification) mslelasladavesyise
(urea hydrolysis) n133zievaLauliLle(ammonia
volatilization) wazn15¥zd19909luLAsY (nitrate
leaching) (Vityakon, 2004)

1) nszUrunsaluasiedy  (denitrification)

a

nszvIuMsRlussTeduiniulasfonssuvesadunss
fudesnis O, sty Weduwm O, w%aaaﬂuamwﬁﬁa
(anaerobic  condition) lifivesinslwernieny i
PaunIdnquuilfianinsofaoteendiauiidiosisain
luianavesansusenau N lufufie NO, uag NO, e
Aansisereendiauainaisuszneu N luld3sdde
1534 NO, Wil NO, uarluflanfagiinfie N,O
way N, nduRugusseinia \Fennszuaunisiia “flu
p3TLAdu” (Feaunisiudne) sluanmiideiisese
nsifinnszuIunsiifesiansuseneudunidifie e
dieduunamdsnunasdusililelasiau (hydrogen
donor) @ NO, ludufvimididusiusiannseu

(electron accepter) 1LY

NO, —» NO, —» NO —» N,O —» N,
+5 +3 +2 +1 0

AUATTUENINTLUIUNTTALUASTLATULALA LAY
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2) nsvurun1stalasladaveseise (urea

hydrolysis) Jg N lusUveseise (urea-CONH,),) Ju
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De
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aunnsfl 3: NH, +OH ——»NH;+H,0 w8 NH, —NH; + H' (pH>7.0)

3) n1ssevvieveswauluiile(ammonia
volatilization) msgayide N A nduluguvesing NH,
TaggiFe (CO (NH,),) awnsarsdsuluidu NH, Fadu
frviivanddesldlusiniauenaindegiioudile
wouludouniodedug il N eonuluguves
wouladley (NH,) (ammonium #Seammonium-
producing fertilizer) fuinn1sgayde N lugUvesing
NH, Ifuiu Fsnsgands N Tunszuaunisseimeves
NH, FadufeiivanUdosldluenniaiiaziuszana o-
50% wesioildaslulufu fidtuegiuiatevans
Uszms wu guvesdes 35nisldde anudunsa-ea
99U (pH) ﬂ’J’]iJf\ﬂumiLLaﬂL‘UgEJuU%f\!‘U’Jﬂ (cation
exchange capacity, CEC) uaz3z8zn13a3LAulnved

N

fiy Husfu B9 NH,” AiAndundeldadulufuluguves
{osneq Hu SluAud H feawe NH, fazgngaBariy
H' nanewdu NH, wazAilenagnoadndiiineaasss
Igvilvinsaadelaenissemetosas wagnssuiIunig
1532118909 NH, aziintusiilududisl cec GR
ATAugs uaedl pH i daunisgaydelutiinasin
duamiAndudleldte N lufiunsesis (alkaline sandy
soll) AlaifinnsUgniie

4) M5vEa198sluLAIY (nitrate leaching) N3

geytde NO, 1men1sueand (nitrate  leaching) n13
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gaydesinemsainauluguves NO, lasuanuauls
agnsunn lesnnilfdswndeulneianzunding
nsUudeunes NO, (50 un./ans) fganniiulou
Wl lduanslumsihuusine NO, azangldfann

luduazgnaadulauasaasenau (soil colloid) Wae

Aty Fsgnuzandluiudgrulamaulade nsvedas

A a

v89 NO, Antwsledl NO, Tufiusnniiuly wazlagnld
Tnofiedailsignusdeanamnuinasndelufu
warasginlifuluiign FaduavglfiAanisvudon
TuthAuuasddamdeguamm fudu nmslade N Jaans
Talugnsmuzanlutiaseninanisinizugnity
(Vityakon, 2004)
2. msgeysdenaanaiaainiu

uonanfiuneaiadsazarsiienud Uy
Woawlnafinduy ViﬂénﬁﬂuﬁﬁmﬂwmjLﬂuﬂaﬁazma
ih fafu delddednanlufuiifienudufiome Jod
szagarsuandndulosou Jefiviunlduszlevi
U9dU wazdmiimdovhufAzefussdusenaues
Aunazgne3a(fixed) (Osotsapha et al., 2011; Sanyal
and De-Datta, 1991)

1) loveuludonveanauazluluwonlufon
voaun Weldlawenlufoueawln (NH.),HPO,) uas
TuluwenTadleumlanun (NHH,PO,) lufuiidaudy

Wi we Jearazaneuasunnsiale fail

(NHg),HPO, ———— 2NH, + HPO,”

NH,H,PO, ———»  NH, + H,PO,

waammiazmwmﬂa‘ﬁmmﬁmmu,mﬂ@mﬁ’u
\lesnnansazans 0.1 N vedlauenluounoaimadl
pH 7.8 d@iuansazaelulutenluiloueaing 0.1 N &
pH 4.0 fefu arsazareiduduiiinanidale
Towesluifdounoainiadudng druiunarnidate
Tuluwouladenveamdunsazuuss slimswiou
Yelndsiniiy 0813lsAnnu @anIneaaznInguLs
Fanann aztAnlanizuinalndidatovneiiaazans
wirtfu ieteunsluluduaglainld pH  vosiu

wWasuwlasunndn 1289970 1) Audaizdwies
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(buffer) 2) sniwgald NH,  wazroanloosululy
Usglevd uag 3) nealnlosaugnaunsa (fixed) 13
(Osotsapha et al., 2011)

2) viauaguieswoan ielddeviuida-
guoieamaluduiifianuduifivsns Joazga
AT AuLdUiATe fui ldunaidentaly
lalastauneannlalainsn (CaHPO,.2H,0) Aunsa

Noanain (H;PO,) Feainng
Ca (H,PO,),.H,0+ H,0 — CaHPO,.2H,0 + H,PO,

nsavleawesn (H,PO,) Hanwuziluveuraitu
uaziBueenuTouY LﬁmﬂmﬁaLﬁmﬂagmmm%umﬂau
wnfuasinnsnuntuie Wuauveld pH veshu
sou° Winonazuinainsaunsluiaandiuin vie
Wunsaguuse arsusznoundn sgliflon way
wsnflafeglufuazarsuazunnindulessu uazi
Ufjisenfveyyaneaina (H,PO,) 3nnsaneanasn la
ansusEnavisaraethldenn dedu veawindauian
Jpauvsanmmduguifinlduselovills vieiFonin
n13gnR3e Lazn1snseneaaluiunse Audunans
uazAueg Gl
2.1) M3 P ludunse dmsuiudunse
sunsaifuasiivin ogfiiiouuasussmidlossustun
Tunsdifieamnlessuvinujiserfuogiideslessy
A avldindeogiilleunaaimn (A(OH),H,PO,) Falyl

ATAYUILATHNATNDU AIFUNTS

HPO, ————> H,PO, +H’
AP 4+ H,PO, + 2H,0 ——— AL (OH),H,PO, +
2H"

2.2) ludunsadadunais veanleaauyi
Ufnseniveglivleneanled waviwansenlyd u
AuUlwd(gibbsite, ALO,.3H,0) kazlnlnd (goethite,
Fe,05.3H,0) naonaunsaunieinin 1:1 Msnse P 39

WAnluae pH v89Auning Aefaue 4-7 uadilenainle

wntuAunsamnAuiiioglileneenlyd ndneanled
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warwshuuilea®anamin 1:1 110 NIASI P YBeHUN
geliusng dwiu P igneSesegiiiloteanlaiuay

3

widnaanlemaldl tilalainiulienafiivannie

a a

safiluulantasanlefuadoulagsoustnamuiwiu
Failemanraslitesdian Jonveanguiin
Woangnyievul (occluded phosphate)

2.3) ludiudne nIvlaguleineainnvin

aaa o I

Ufnseniuueaideunisueiun talauaaidauaamn

'
=

Fearareulatey wiaunsaazatelukeauludeu-

a = o [ 6 1 = %
Fwnse JduTudselevtsony fagunis

Ca(H,PO,),.H,0 + CaCO; —  2(CaHPO,.2H,0) +
o,

widlevhuiisefuuaaisumiveiunsely
selglmsunadoumeain (Ca(PO,),) Fsavaneiilation

170 NdslgUselevidlaenn asaunis
2(CaHPO,.2H,0) + CaCO; —» Ca(PO,), + CO, + 5H,0

nndulaswaa@suneannotaudsunlas
sold WuansUsenoufiazateendedu wu lansen-
Fozwilvd sondornilnd uazngosazmilng Jaad1u
Wulselevifavadnefiunenn (Osotsapha et al.,
2011; Johnston, 2000)

Weanesadusmemsiigndauin n1sgedn P

Wl P egluguildiudsslemnisefiviuil ogrslsh

‘ﬂ' = 1 ﬂd’l 1 1
AU P gnEamaIuaINsngnlanuasyoaning

a v [ [ & 1 =1
ansazarenulaon waravnaurduuszlovuson
(Vityakon, 2004)
3. nsgeysdelnunadenainiu

Tnnadsulufusismuanudulselovives

v
= a A

figlel fiall fie 1) JURTivgeldlddede K Tuaisavae

+ =

Aunaz K wandsuld 2) suiduussloviunild
K™ 71gnass (fixed K)

2819779 (slowly available K) @
aglundvvewsfumieanin 2.1 uwiedugud
wanaeulalla (non-exchangeable K) 1uusslovd

defiglddos way 3) juildidudssloviuniiy

(unavailable K) Ao K™ Midussrusenauvesisanee Tu
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fiu dmsusn K Hlufuoregyideluld 3 mede 1) din
anlUld (plant uptake) 2) gnedana (leaching) wag3)
fnlufusianufingou (erosion) (Osotsapha et al.,
2011)

1) manslnunadenluiu nsese K lufudu
nszuILMsTiuanidey K Afvlivssleniliviuiinie
Uil fusslondldioniy Aeguvedleseuiiazarset
Tugtansazaneiuuazguleseuiignialiiiaveseynin
Aumnilen Misilueglusuiiialdusslonilallilaenss
K fignaseegiiluaninveslonouiigndalidasuse
Frurunnszninedumier 2 oyt daunisiiay
vanudssnduaulviunegluguiifisldusylovdlsidu
Usinaanndenifiedlaftueg fusdiausiumisiinds

K™ 011 wardusdiuan1inwindsuvesiu nanife

Y

= a

AusiusAuunieanseviinvesdunieiussinndalan
(ilite) 1ussduszneveglutiinuiiun Aazsilinng
Yandaey K nduAuuildeinnii inszdaladay
anansanss K Bleudumnniusiundeissiandu
i wounedlaluyi (montmorillonite) @nmuangaui

a

arduasulil K fignasseguanyaeenduunliivldll

I~ a o [

8nflo Audlanulunsaiinuniu wiefuiifvndsey

a

Junauug wu auldviun sy Ssdnnuianeiniu

' v
a a N

= v & a I3 a
widsdruluguaraziiufunianudunsanaziiiile

a -ﬁ" aa a I3 6 Il a ld'
AYLRYA mmumumLﬂuaﬂﬂﬂisﬂavagiuﬂimmmm

Y

warardsng K liudARvldluvinaiifisame
(Sukhothai Thammathirat Open University, 2005)
2) Tnunaidoulufudignniou (erosion) uazth
a1 (runoff) mageyde K ann1sniouvesiulagii
ﬁmwnﬂuﬁuﬁLW'}:U@JﬂIuaﬁgam%m (wafoutu) i
infis 150 nn.ene3/A uazgaydelududiliuuiige
Fufivngnuihansluiilerinnisinuns Tuntnsue.
wnuasauysal 2. Feil 89 233 nn/ABnans NMsAnY
nsndeudiu uarnsgapde K lufiufiaindes (10%)
Tufunse .0 38 2.v0uuny wansbiiiudn K 1Jusg
oSy deunniigaa 34 nn./enmn3 (Vityakon,
2004) uaglumsinwluiufignaduiifinsugndesly
9 D.LUEIUNIE A eULAY WUl dnnsande K lae

hlyaunss 18 nn/ lanang (Vityakon, 2004)
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v

\flosanenuduuszlevivesoiniiuetiu
nsazane (dissolution) wazanimazasls (solubility)
vaseluansazarsfiu uilsiaiifiazarsitonasdy
Uselewdunfiusa (Osotsapha et al., 2011) 81adua
TAnnsgaudevessigemsluguiuusiie fafinan
wlutadiu nmsfamueinillvazarsdiunagdieiu
anududsslonivossinomuniislduniuuazan

nsagydevesinomsadla

Joazaedn

Joaransdnduisinuarlivoviatinuuud
SuiaTefimildlunudengu 2 A1 Feflaumune
WRNA9AY Av controlled released  fertilizer uay
slow-release fertilizer uauvhldlsinauintevisans
UseLaniiianuuansnaiu veenadilainldnsansdn
wnuiuls nSedanuvuiewioudu Jusendu
M lnedn “Jearaied (slow-release fertilizer)”
(Osotsapha et al., 2011; Shviv, 2001)

Tun193vinas Jealruaunisvandaos
(controlled released fertilizer, CRF) LLazﬂﬂﬂamﬂéaﬂ%ﬁ
(slow-release fertilizer, SRF) AAMUNUIGLANAIIAU
el
1. Jemruaunnsuanddas (controlled released
fertilizer)

JemuAunsUanlase (controlled released
fertilizer) nu1efa Jodefinisudnlinrununis

JanUaaus1ne1n1sie uanainidamsiudniauing

q

Aaa Y !

ﬂa%’aimﬁ’mmam%wamaammazmmmﬁﬂaﬁu%
Uanudess1ne1mns ‘ﬁﬂﬁﬂaiﬂﬁmuqumiﬂamﬂéasagj
udludedindn 1wy Yaindau (coated fertilizer)
2. JaUanudaad (slow-release fertilizer)
JevanUaaedn (slow-release  fertilizer)
v Jefidnnsdanudessineimisosnuidinia
Yoy udliannsomugusasuazdnanatiuns
Uanudessinermisiduintdn 1ilesaindnsins
ﬂamﬂéaasﬁuagﬁuﬂﬁamauaﬂ Ay Ansdulufu

a £%

a a6 @ + &J v ! a
wazfanssuveauvsd Wusu Jeuseiani laun gise
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Nasuitan (urea-formaldehyde) (Osotsapha et al.,
2011)

a

Joiaruaunisvandasslasunisdnyiedis

q

v '
=< =

WNSUA1EUINTY 1T9991NAINITAANTTFYLHETI0)
asliegnedivssansnnuaznisiadoudeduiznis
annsgeytdesIneImsdAyed1anils Juiadeuls

JnvidulaenisiadeuidinvesesssuninieTannieg

v @

FIN1TANDATINITAANYAL DRSINSUARUADY WaLns

YY)

a:mﬂﬁwaqﬂaﬁﬁuag ulaguaieuiil (Wu et al,
2005)

1) Jeiadiau (coated fertilizer) n1siAGOURY
voufialeifienuaunmsazany findnnsieil Ae 1) fin
waoudinamuInuLuUAdimue ielieazane
onuluaniideanis uay 2) #Emaiedeufiuuueu

e lvindnSusiaunINANLINTEIU dusuasnly

q

LAGBU LALA NIuzay (sulfur) WaLEISNRALLDS
(polymer) atinsinge) LU

1.1) gisuwniiounlgiugiu (sulfur-coated

N aa =l a a [ v o v a

urea 39 SCU) IBindeugiseviladameniuzdull

Jumaunsil 1) dudadeurvilidou uway 2) waey

o

uzduiinamgl 156°C udmulundeudindogse la

a o eda

HARSUITT N iy 31 uay 38% eg1alshinu N3
wisuMIeiuiuLigIeg1ued Hunfeuaziignguy
a v =

wniuly Wumglinisaivaunisasanelalifdn 3

Aoawnlagaunnsesillanenisnanalsen 3 ag1s fe 1)

|
[

THludutaneniug (wax sealant) iioann13Tuvesnil

a a

2) 1UE13AIUANAINTIUVBIRAUNTY (microbiocide)

v & a

wolssiululiduvsdeendladriuzdusuiuly uay
3) wndeutuuananmedanuiuaninde (conditioner)

wiu Auwndleanennyaled (attapulgite)

(5

gnsnsvanddes N eanainde usgiu

U
'

D

AMAINYBINITATEU Farivuanamilined ade

i

dunsiadsulaanUtlaaEImng AU Ao diun 1 8
5885199RLAGU dIufl 2 autusess1uuRAfeu

4

mgluudy uagdun 3 indeununuagiiniovauysel

Welddeasluiu Jediuusnazavaneiuazedeiag
< €1 A v A o U ! =

azargeanunluusslovddeniyiun dmivdiun 2

way 3 axngesUanUapyaany lngdiud 3 Tdiaiuiu
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° [

= + = T
gn dmiudsunadegseludalenafounuiuag

=)

£

auyusaiiisenin “locked off” FananLIainis

Y
Yanuasylauunitaesaiunsn
1.2) giSinfeumgiuzdulagiadouiy
AaeWodLues (polymer coating of SUD) (Fig. 1)

o

iesanngi3aindouseimziu muaunisanUdes
giszeanndindeldlirosdin Feldusulsisnisiag
n1stAdaunadiuesdunIdnininesiunaiadn
(thermoplastic) W31y (resin) ifindndunis 16 e
138nAUI1 PSCU (polymer coated SCU) dnsuanda
AuAIuANN1SUanUaos19e1mIsAndt SCU 1N
uananil fuwediueifiindouriu Sufuarumuniu
somstnd (attrition resistance) sevinadlaledufewine

« Urea Core ’
- Sulfur Layer

« Polymer Coating

®

Urea Urea Core
Core + Sultur layer

Outer Polymer Coating

Inner Sultur Coating

O

Urea Nutrient Core
N \
Urea Core

+ Sultur layer
+ Polymer Coating

Fig. 1 Fertilizer coating by sulfur and polymer
Source: Camsizer (2011)
1.3) Jepdouansnedesdunsd (fertilizer
coated with organic polymer) Jaiadouansnodiues
Buvisd vunefeefindouselstunazivie suenanadin

v
§ o a

NoRLUBS A9l

P v

(1) JenadoaunleLsdu (resin-coated
fertilizer) 15BuduATIA manefa wedlosiduase
PulugUroadiavions Selaildiluiiunssuiunsuys
sUmdndae lassadreseninduianalidnuaevas
nadeuled (crosslink) uneAesifautdlaiveuth
(hydrophobic polymer) dnsuisdufildindeuiugia
Jordumndiaarsliilefianuiougs (thermosettic
resin) isBuiilfindouiudialedl 2 viafe 1) Safnsdu
(alkyd resin) Aie nanadnuiandanouanuiisewe
drualsigduwuunlvwiuy (condensation
polymerization) sgui1slalalaainuniladu

(dicyclopentadiene) Aundigesealodaines (glycerol
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esten) wanadnudiadiinnisideulefsgvintddiana 39
liazmetilufhazansBurieitily uag 2) ansndne
WodlasyTmu (polyurethane-like  compound) R
nannUAzeszninalaleleleeiun (diisocyanate)
funeaneseaiill -OH yangmywiewedesa (polyols)
nandeudoisiusiind fdnvusfimsunndiainis
Furinduite wodlelalvnuminufisentudetsdiin
i ansedeuiadauuutieifinanudiunusionts
nseuainn1sdadszninadinde wmaluladnisiadeu
wuuiielianusandndeedoudaeisduaindouy
WATYAISUAZLUUNTA (prilled  fertilizer) laagns
n$1e1279 Yoftegnrelufnedeudullefiasansild
18 sedulpyFe Wielpidwsznouiiiqasiauielidl
985196

tadusumsindeu fruaulyinmsudes
smpseenanidalerisiu I 2 egefe THsduid
sAUTzNOUMITY SusTuudazegalauifluniseon
i Furulaoinf uazedouiindndelidanumn
ey

dmsutadunisueniiniuaudniinig
UanUdessinemsandefie gamgil nandfeluanin

iagugnilaamgias dns1nsuanudegazganing

9 Y

o
[ !

wniidn fety Yranatvesn1svanlasysine1ms

o)l

vosifoiadovlunauion axduniluaunum audn
wdosszyinielilusoui JeazUanudessgemsls
Hunaiiieu dutlidedun wu Aanssuveniunid
fiu pH wavAuTuresiy wnuezkidnasents
Uamﬂa’aaﬁmmwﬁﬁuaqﬂaﬂizmmﬁ (Osotsapha et
al., 2011; Hummel and Waddington, 1981)

(2) Juiafoudiginesiunadiues
(thermoplastic polymer-coated fertilizers) wodiuas

I + a a

Aldlunisiadsuilidnlefeonndiofay

=b

]

v a A o

(polyethylene,  PE) @1uisn1siadoull aell Aol
weadefauniazatslusivinazatoninaassiuin-
lalasansuau ntuftatsazatefla bluaanuuuig
2+ - a ¢ - X

Wadeluaiesufnsaiosnwuuiiesuiilagianiy
dmiumsaugudninsuanyaessne1mnsesnann

dine sgfidiunausznitamedionay Jeweulmidu
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duled fuediduliauedian Sewenlihduliit
#1UITN1anENINaveUNNARdNIINITUABYEI
o silelaemsiiuduresusseninsnsiadeu dail
HAluN13AIUAN Q) YBiNTsUaRUdeelATENINg
1.5-2.0 (Q;, Ao NM3iUABuWaweSHTIN1sUanUdes
s w3 ogamgiifindu 10°0)
walulagnisindeviudadesemelu-
wanafnwodimesil MlFRuTsuuuLnIyarsuasuuy
wiavhlu dndsmsmuaudniinsanudesie Ui
dedruvemedtediaunuefiauliianedinn (ethylene
vinyl acetate, EVA) LLazU%‘uLﬂ@%l,%uﬁ‘uaqs'guui'ﬁ@u
szmisnaedoulilsefivanydessigermaii Uiy
a3 41 uazdiuin udnhlomdrdunmansuly
&nanuiidesnns (Osotsapha et al., 2011)

o

UagUuiliinisduds waglaa dniu

¥
a v

Telnenu Wshuanduvaes Tdnasy ulsiudusnds
wodllaueanesed uazuaunuesalaluaulunaune
a0 Feansramuafinanuidiaudiduansnediues
annsadunldifiofuussnmandiniswes (swelling
property)ﬁﬂﬁqamﬁunuﬂw5m§mLLaxﬁéﬂﬁﬁgﬁammm
govaansn1ulasssu@ (Farag and Al-Afleq, 2002;
Ngamchettanarom, 2002; Shogren et al., 2009;
Wiriyasuntorn and  Sripalang, 2015; Zhang and Wang,

2007)

n1suanUdausinamisvasiuinfiou

mtanUdessimemsanlefgniadeuiinaln

v
v a

giail
1. gissiaRauiuziu

LUUIABIN9ARIRAIERSNaSUeNIsUanUdsy

gi3udau andegiseinioumeiuziu nandnyuy

U LT}

=< = a

voudindeidsesivsesidngdadiluvionanafingal’

%
= a o o =

WeRnedougnyduniddes Aasdgnundudilula

U

#1302A18838TUNTBBNUNNINGAINGTT UaYRUNN
uANUTUYRIRUNTIBNSNARONTUNSAE
2. Jaimdounivansindiuesdunsd dnns

UanUaeslaen1suns 3 szuy fail (Fig. 2)
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a

szedl 1 aeils AsfliAntue lothFuidnly
Tuilategnadng wdnsuazanetediuiioglndin
wdeu luduisindetuindousuAnananuunns
YDIAIUNU (vapor pressure) SYWieEnsAAeUTIERs
Fru ilelodndrlvegaisludufiniadoufas
1) asounsealanziiindluresdudrinassdiuie 5
wyuneluileds uazdosssnifiuadoutudowity
2) il minifindofiutudntes uay 3) wsadu
melugtunarunsvedialeflatudae Tasiame
ogsbadinfuiedousesaiasdu dmiunaluga
il Aonaniivhlfdesitsimuadveumaunsiy daeiledl
dugaioansazansoiiuduniinuluvesinndou
LarqaENFLYRITTILTidns

seoril 2 JanUdosasil dmiudnsinig
ﬂam*da'aEJﬁmmvnﬂmmﬁf%mﬁ ATUIfiansazany
dudvesedinsaunafuioudeiidunioogluiia
\lesnnanuididuresvesansazanetsdeduduas
At virldinsiAsudainuidudu (concentration
gradient) LAZLNILALUTUTIAU (pressure  gradient)
asil Fadudadoimunavenssilidmivivindou
Titoonunnisuanlusaia Tuszesduiuinsves
datlonsil wansinUTunstsanauioninnsiadeud
vostyoonty aiihanneuenidunvneluuiia
AndiAgaiu

seedl 3 nsuanUdesanas IAnTuTuRus
etsnsludaldavarenunuds seantunsedild
FuindeunsUanudesieiiFuanauien e Tutawheas
ﬁﬂaaaﬂmﬂaammumzﬂ"mmlﬂ (Osotsapha et al.,
2011)

dt

) e

s 1 \
Water moves Nutrients Nutrients move
into coating dissolve through coating

Fig. 2 Release of nutrient from coated fertilizer

Source: Johnston (2000)
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navaslendoulusyiny

N8N AN YINAVBIETATOUY MBS
W3gLAvlalazNananvoSy e Tulsznalu Dong
et al. (2016) Anwuderfunavesioindousionis
wiyivlnvosdlnadssdnilasduiiunisgn
dnlnalugafu Alfisol — Tud 2011 Aunninende
waluladeuns Tngld¥aqadeuts Ao Tidase (fly
ash) wag polyving alcohol (@159un3ddaLniz) uazsl
dicyandiamide (DCD) Lﬂuawsﬁuégqmiqaglﬁa N Tusy
NO, 91nn"3tedtauasnisUanidos NO  Tug
usseIn1a TnefinssuiBnaaesianun 6 ns3us 1éun
1) K (Lildds), 2) CCF (NPK: 15-6.55-12.40), 3) CRF
(Yendouls®u + NPK: 15-6.55-12.40), 4) FCRF1 (a0
wieuly 24% +UJewas 75% (NPK: 15-6.55-12.40)
+1% DCD), 5) FCRF2  (Taqindeuly 23%+umay
75% (NPK: 15-6.55-12.40) +2%DCD) waz 6) FCRF3
(Taqundouly 21% +Junan 75% (NPK:  15-6.55-
12.40) +4%DCD) Han13An®¥ WU N553ITNSIAREY
Jo (FCRF1) vilvirdetives SPAD (Uatlansdauasisy
WASTOINY) Vo9 IwalutI9TZELI816199) VOINTT
Wwigiuladuwilidugandinssudslimdeuly (CCK)
(Table 1)

23AUTENOUTeNANAnuazHaNEnUAAT 1IN
wuln nesAsAtimaedeutefuunlilvisiuiuuase
fn Sruaumsdasieuns avuemiln dmiin 1000 win
hniniudn nandaivue LarNandnludngIndd

ns5uAsilsivdauts (CCK) (Table 2 uag Table 3)
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Table 1 Effect of different fertilizer treatments on SPAD index under different growth stages of maize leaves

Treatment

Joining stage

Tasseling stage

Filling stage

Maturity stage

CK: (control)

CCK: (NPK: 15-6.55-12.40)

CRF: (Resin+ NPK: 15-6.55-12.40)

FCRF1: (Resin 24%+75% (NPK: 15-6.55-12.40)+1% DCD)
FCRF2: (Resin 23%+75% (NPK: 15-6.55-12.40)+2% DCD)
FCRF3: (Resin 21%+75% (NPK: 15-6.55-12.40)+4%DCD)

41.9+2.3° 46.0+0.3"
48.1+1.8" 49.1+1.8"
47.8+18% 529438
49.741.3° 53.1+3.0°
45.2+0.4" 52,0423
46.6+4.7" 54.6+3.0°

b

b

b

44.4+2.2°

C

51.7+3.0°
55.7+0.2"
58.8+1.5
58.4+1.9°

56.4+0.7°

36.02.8d

42.2+1.6°
46.2+1.0°
50.6+1.6°
53.9+2.5°
53.8+1.7

All data are means of 3 replications. Means values marked with different letters indicate significant differences at P = 0.05 level

Source: Dong et al. (2016)

Table 2 Effect of different fertilizer treatments on agronomic characters of maize

Treatment Row/ear Kernel/row Ear length Kernel/ear 1000-Kernel
(cm) weight (g)

CK: (control) 13.0¢1.3° 203+4.2° 152426 264.5° 251.0°

CCK: (NPK: 15-6.55-12.40) 14.2+04°  272+25°  17.7:09°  387.0° 276.9™

CRF: (Resin+ NPK: 15-6.55-12.40) 154+1.2° 313+13°  202+03°  480.1™ 284.4™
FCRF1: (Resin 24%+75% (NPK: 15-6.55-12.40)+1% DCD) ~ 153+0.7°  39.124.0°  22.5¢2.5" 601.3" 335.1°
FCRF2: (Resin 23%+75% (NPK: 15-6.55-12.40)+2% DCD) ~ 14.7+1.5"  39.4+41° 232410 57647 3057
FCRF3: (Resin 21%+75% (NPK: 15-6.55-12.40)+4%DCD)  13.9+1.5"  385+1.4°  22.4+0.4" 536.1% 311.9%

All data are means of 3 replications. Means values marked with different letters indicate significant differences at P = 0.05 level

Source: Dong et al. (2016)

Table 3 Effect of different fertilizer treatments on yields of maize

Treatment Grain yield (Kg/ha) Total yield
Yield Compare to Compare to Yield Compare to Compare to
(kg/ha) CK (+%) CCK (+%) (kg/ha) CK (+%) CCK (+%)

CK: (control) d685.0" - - 16658.3° - -

CCK: (NPK: 15-6.55-12.40) 5710.5° 219 - 333542° 183 -

CRF: (Resin+ NPK: 15-6.55-12.40) 7621.7% 62.7 335 50725.4° 38.4 17.0

FCRF1: (Resin 24%+75% 70786° 511 24.0 6817.6" 860 572

(NPK: 15-6.55-12.40)+1% DCD)

FCRF2: (Resin 23%+75% 7504.8"  60.2 314 71379.4° 947 64.6

(NPK: 15-6.55-12.40)+2% DCD)

FCRF3: (Resin 21%+75% 7753.9° 65.5 35.8 89938.6°  106.2 74.4

(NPK: 15-6.55-12.40)+4%DCD)

All data are means of 3 replications. Means values marked with different letters indicate significant differences at P = 0.05 level

Source: Dong et al. (2016)
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waNINi Zhao et al. (2013) levin1sfnwina
voslefinruaunsuanyaeesausydnsnmnisgaly N

s

vostinlnadssdninivgnlugefoulaslddnlnaius
lguSn Zhengdan 958 finnsuveunInedeinuns
unumaUnIveIUsEmeadu taugndilnalufiusiuly
n318ula Gilt loam soil) Tu 2 ggnaugn fe U 2005
way 2006 n1sAnwdldarsindeuts 2 via Ao
1) 158U (resin-coated; CRF) wag 2) n1ugay (sulfur-
coated; SCF) Imgvinn1snaaasiuu RCBD lnaiingsuis
nMInaaes 8 N335 Ae 1) CK (Lildde) 2) CCF (1250
an. NAgnn13) 3) CRFI (1428.57 an. N/ignans) 4)
CRFIl (1071.43 nn. N/wgna1s) 5) CRFIIl (1428.57 nn.
N/Lgnm3) 6) SCFI - (833.33 nn. N/4gnn1s) 7) SCFII
(1250 nn. NAenans) wag 8) SCFIl (1666.67 nn. N/
LENAN3) HANTSANE WU WL YEA Swunde/
ua? wazdwuwda/idn luudagnssuisladunnsnaty
MeEdA usitihudn 1000 Wi wudn nssuIEAVNLA
dwidndaunniian Ae CRRII drunananiadalusid
200582006 N35435 CRFII uay SCFIl Ivnananiuan
auiian (Table 4) uananil nssu33 CRFI, CRFIN, SCFI

wag SCFIl  Tnandnudnu1nnaingsuisous um

UsednSamnisaald N Tunssuds CCF, CRFI, CRFIl,
SCFIl wag SCFIll fn3gald N ilomasamandniudnld
WINNINTINIS CRFI wag SCFI (Table 5)
Tudszimeduuriu Chen et al. (2017) ladAnw
Havednisiafovkagliindeulenonandnuasy
Useansannisgald N ve9919ug Shengtaiyou
9712 ﬁﬂqﬂiuﬁumﬁm (clayey soil) Tul 2014 uaz
2015 Usenaume 3 n3suisvaaes fie 1) ladldde (T1)
2) Tdlogns 20-5-10 031 135 nn. e Alaile
wdeunugUuuvennEnsns lasuddlddesandu 2
a1 av 67.50 nn./enan$ fie Tutaadeuugninn uay

I+

seuzduanne (T2) uay 3) lddeans 20-5-10 §n51
108 nn./Asnm$ Tiadeu Tnslddutosesiiuneudiy
Ugnity (T3) wudn nssuds T2 uag T3 AUszdnSam
n3gald N uaglvinandngendn T1 (P<0.05) uslvinalsl
WANFAUIENING T2 wag T3 (P>0.05) (Table 6)
ognslsfinu mslddenunssuds T2 shliduddes
L3 wazAeannndy T3 iesnin T2 n1susld
oonidu 2 ads amedl T 3 ldtereutgnuanduien 3
wandliifiuinnisiedoulevilisaraslfddunay

Wuuselovisoalauntuse

Table 4 Effect of controlled-release fertilizer on yield and its component of summer maize

Treatment Row/ear Kernel/row Kernel/ear 1000-kernel Grain yield (kg/ha)
weight (g) 2005 2006
CK: (control) 14.44 39.02 563.65 281.17° - -
CCF: (1250 kg N/ha) 14.95 40.74 609.02 293.72° 1056° 1349°
CRFI: (1428.57 kg N/ha) 14.53 39.93 580.36 298.20° 2257° 1790°
CRFII: (1071.43 kg N/ha) 15.20 40.83 620.67 300.71° 2882° 3064°
CRFIIl: (1428.57 kg N/ha) 14.60 41.70 608.82 316.29° 2571 2339"
SCFI: (833.33 kg N/ha) 14.67 40.57 595.04 296.58° 1763° 2035°
SCFII: (1250 kg N/ha) 14.80 42.07 622.59 299,77 3060° 2819°
SCFIll: (1666.67 kg N/ha) 15.07 41.16 620.08 308.53" 2629" 2033°

All data are means of 3 replications. Means values marked with different letters indicate significant differences at P = 0.05 level

Source: Zhao et al. (2013)

12 FEINYAITNISIFEU

Uil 15 atuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 1-16

Table 5 Effect of different controlled-release fertilizer treatments on N use efficiency of maize

Treatment Grain yield Total N uptake Physiological N use efficiency
(t/ha) (kg N/ha) (kg grain’kg N)

CK: (control) 9.38° 177.83 -

CCF: (1250 kg N/ha) 11.38° 242.3 30.97"

CRFI: (1428.57 kg N/ha) 11.56" 257.82 27.19°

CRFII: (1071.43 kg N/ha) 12.38" 256.28 31.59"

CRFII: (1428.57 kg N/ha) 12.72° 276.11 33.92"

SCFI: (833.33 kg N/ha) 11.33° 246.82 28.24°

SCFII: (1250 kg N/ha) 12.52° 263.28 36.74°

SCFIl: (1666.67 kg N/ha) 12.81° 282.48 32.7¢"

All data are means of 3 replications. Means values marked with different letters indicate significant differences at P = 0.05 level

Source: Zhao et al. (2013)

Table 6 Total nitrogen uptake, grain yield and luuseimneus@a Zavaschi et al. (2014) 1
yield component of rice under three Mn1sfnwInaveseisefiiadaudlgnadiuesdons
fertilizer treatments in2014 and 2015 SELEUDY NH, UazeIAUIENauvoINananvetnIlng

_ wwesdnd laglavinnisveasslud  2009-2010 Tudu

Year, season, Total N Grain Panicles/m - ) - - - . a

wiley Geric Ferralsol lagiinsw3guiiieude N 4

and treatment  uptake yield o . . s u
(ke/ha) (t/ha) PADUAIENDALNDS (PCU) LLaUQUyN 1iin1sLAaU
2014 Early season (CL) fins3u3BNAans 7 N35u3d @il 1) control (lafld
T1 44.12° 5.65° 172.73° J8) 2) PCU 45 (91388051 45 nn. NAsnens Ladausie
a a a a '3 a v s
T2 104.95 8.84 31515 WoRLN©3) 3) PCU 67.5 (y1380m31 67.5 Nn. N/Lgnm3

T3 93.87° 8.47° 313.13°

\wiaumenadiues) 4) PCU 90 (gi38dnsn 90 nn. N/

2014 Late season ¢ A v A s o
LWNANS LAABUMENBALNBS) 5) CU 45 (giseansn 45

T1 45.91° 5.46° 21313 ] L.

. 102.78° 8.97° 348.49° nn. N/ane1g) 6) CU 67.5 (858031 67.5 nn. N/

T 96.67° 8.58° 314.14° @nm13) wag 7) CU 90 (91388n51 90 nn. N/Agnes)

2014 Early season wui1 nsiedeulemenediuesiuuildudivannis
b b b = Y | a

mn 70.39 >.61 189.90 goysde N Tunsszmedu NH, 16 (P>0.05) dwdSunu
a a a

2 15343 918 34344 N Tulu Usanas N Tuiwdn A1 SPAD wazuan@nudn

T3 142.41° 9.44° 312.12°

dingudlelddnanJeguiiinau uinsindeudauarlyl
2014 Late season e v e e Lz D
waeudelavinlirnmailunneneiu (P>0.05) (Table 7)

1 5536 a.58" 203,03

2 125.86° 8.71° 358 50° nsAnwlulseinAsdudves Zeidan and EL Kramany
T3 120.69° 8.59" 334.34° (2001) evinsAnwavesis N ivasudosdniifise
All data are means of 3 replications. Means values marked NANAMYDIUENE (Triticum Aestivum L.) ﬁﬂg’fﬂ,uau
with different letters indicate significant differences at P = n5191ul 1998/1999 waz1999/2000 Iaadnssuasnis
0.05 level.

naaed 4 n33338 laun 1) control  (Lildde), 2)
Source: Chen et al. (2017)
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(NH,),504, 26% N, 3) NH,NO,, 33.5% N uag 4) Jo N
lanUaeedn (slow-release N, 40% N) wui1 nsld
Jelidnuaudu/ne wagdwusiveau aindildldade
waznsldde N fivanudesd lviimin 1000 wén
waztminuisduiieginilefu gendmslddeiniiuas

1aildds (Table 8) uonaninandaiudn Urninudis

dndlegimilonu mnuituduves N luwdn wazlusiu
Tuwdn lunssudsildde N AvanUdosdn Tngandi
Tunssuisdug dusvinsfuiswazanududuves
P TudalialiunndnsiulundaznssuiSnmaans
(Table 9)

Table 7 Loss of volatilized NH;-N, nitrogen concentration in maize leaves and grains, SPAD readings and grain

yield followed by the significance of the factor

N sources Rates Volatilized Leaf N content Grain N SPAD Grain yield
NH; (kg/ha) (g/ha) content (g/ha) (kg/ha)
Control 0 - 26.9 10.6 38.8 6196
Coated urea PCU 45 kg N/ha 18.1 28.3 10.9 42.6 7258
PCU 67.5 kg N/ha 17.4 30.7 11.2 43.2 7484
PCU 90 kg N/ha 22.8 27.8 11.1 42.5 7389
Conventional urea CU 45 kg N/ha 143 26.2 11.2 38.6 6547
CU 67.5 kg N/ha 25.6 30.7 11.2 42.4 6721
CU 90 kg N/ha 26.6 29.6 11.8 437 7292
N sources NS NS NS NS NS
Rates NS *% *% * *%
N sources x rates NS NS NS NS NS
LSD 5.8 1.1 0.3 1.6 444
CV (%) 32.0 5.0 3.0 5.0 9.0

PCU 45: Polymer-coated urea (45 kg N/ha); PCU 67.5: Coated urea (67.5 kg N/ha); PCU 90: Coated urea (90 kg N/ha); CU 45:

Conventional urea (45 kg N/ha); CU 67.5: Conventional urea (67.5 kg N/ha); CU 90: Conventional urea (90 kg N/ha). NS=non-

significant, * and ** =significant at 5 and 1% by the F Test
Source: Zavaschi et al. (2014)

Table 8 Yield component of wheat plants as affected by N sources

Parameters/N sources Plant Number of 1000-grain  Biological yield
height (cm)  Tillers /plant  Spikes /plant Spikelet /spike weight (g) (g/plant)
Control 103.3 3.2 3.1 22.3 34.5 11.6
(NH4),SO4 106.8 3.6 3.6 23.5 36.5 12.0
NHgNO5 105.6 4.0 3.9 33.6 36.5 12.2
Slow-release N fertilizer 107.2 35 3.4 22.9 38.6 12.7
LSDso, NS 0.19 0.23 NS 1.93 0.7

NS =non-significant

Source: Zeidan and El Kramany (2001)
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Table 9 Yield component, nitrogen, phosphorus and protein content in wheat grain as affected by N sources

Parameters/ Grain yield Biological Harvest Grain N content  Grain P content  Grain Protein
N sources (t/ha) Yield (t/ha)  index (%) (g N/kg) (g P/kg) (%)
Control 4.05 5.60 38.6 20.3 24 9.6
(NH,),S04 4.29 6.00 40.5 21.7 2.6 10.0
NHgNO, 4.17 5.90 39.5 215 2.5 10.5
Slow-release N fertilizer 4.52 6.30 41.2 22.7 29 11.8
LSDso, 0.04 0.05 NS 0.33 NS 0.10

NS =non-significant

Source: Zeidan and El Kramany (2001)

] Sayite (Ut lnadssdnd 9412 wazd1iand) [Nt
9

wnnimslddendinlilaiadeu msiadeuduaiunse

DN IS A VIR ' = a s drvann1sagldsvessineinisaindelagianiy
ﬂ’]‘iLﬂaE]UIJfJﬂ’JEJ’JﬂQWN“] bUU LIYU WORALUBS v ! K

Tulastau (Nitrogen, N) flazgaydelugunisszimeiiu
NH; (NH5 volatilization)

Laglandunid (Ud1ase) @1115098%¥A0N1T
Uanuasesgermnsuaziilisinemisidulsslesise

WlaunTunaz fidwmalinisasgiulauaznandnves
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Improvement of Seed Qualities with Seed Priming Techniques

Napharporn Wetchakama " and Phirayot Khaengkhan

Department of Agricultural Technology, Faculty of Technology, Maha Sarakam University,
Maha Sarakam, 44150, Thailand

Abstract

Germination and vigor of seeds are important factors of seed qualities. Germination, vigor and varital
purity are the main factors of the high quality of seed. Postharvest and storage live effecting on seed
deterioration such as decrease of germination rate and vigor. Preparation of physiological of seed as the one
processing to ensure that seed can germinate in an unsuitable environment. There are 3 techniques including
hydropriming, osmopriming and solid matrix priming. Seed priming is the techniques for improve physiological
of seeds. In seed priming, seed is hydrated in a suitable condition aiming to provide adequate water to start
the metabolism processes of germination, but does not reach the root germination seed priming decrease of
germination time, uniform seedling, high growth rate and lead to high yield production. Seed priming with
water and different types of solutions such as PEG6000, KNO; KCl, NaCl and Vitamin C that increasing seed

germination, high of germination and seed vigor more than non-primed seed.

Keywords : Seed priming, Seed quality and Imbibition

*Corresponding author: E-mail: Pooh_pikO4@hotmail.com
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wssnnvhuFAzeeentinduiulianaduq levnuia
inlilaanaves sk ludiu uagnseiipddademe
Iineuazdmaliinisvinnuvesieulss Heviuiwad way
A13MUgNIINANY Viuiianaialudiu  hydrogen
peroxide (H,0,) lilveuyadaszusiinuaudfiduda
oondlad wazudsusuluidusyyadassldine
TnsamzluanmitilanenindaiideSonluanamdril
5919 AU active oxygen species  (AOS) %30
reactive oxygen species (ROS) lidneyyadaszay
\Dufvsanaseld MAnNUUeaTuUNAV3a1Ty
Tuanailidyguiionauaussdeaninuindon
meuenfiniy Sududesdinisauaueyyadasyivani
wislalitumnaaaundsudeliAnanudufivvieds
é’a,;agwﬁmwmﬂ%u %Qﬂﬁlﬂ%ﬁﬂiﬂﬂﬁﬁ’ﬁﬂE]‘quﬁ,lua@ai%
Usgnaumeansaueyyadasy (antioxidant)  wae
wulmiiFueendindu (anti - oxidation) @iy
saufuiduszuuiieninssuudiuenyadass

(Chotanakoon et al., 2015) (Fig. 1)

IMBIBITION
(Hydrated Seed)

Antioxidants Physiological

vy

Consequence

Less ATP, fewer
>

mitochondria

Fully transcription,

chromosome lessons

Source : Roberto and Rodolfo (2004)

Non germinable

Germinable
Seed

Seed

Fig. 1 A model of seed deterioration and its physiological consequence during seed storage and imbibition
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Hagtiun1svi priming wAaiudiduisnsilyinanang
Aaelunsusuupaunmiudariug Tnsianzegnaddu
wiaaugiudnvanewila (Braford, 1986)
nSesENNITIENMEATlA seed priming tJu
n1smuANNIgAtvenuiaRuslfifisamasionis
Antiuresnszuiunmssenulaioglussduiiagshlian

Usingeenunliiunddsdnudaanugaingidlian

]
[

auTuLiioazaindonisifivinunasdanisdely
N3 priming waaRugifnguszasdiiddn
(McDonold, 2000) fai

1) ileliudnriusiioennengs

2) wiauiiusmsnslunssenvesiudniug

3 ielfimdnwugaruisasentinield
anmuwandeudinie

0) delidundiiAatunndanuudusuas

3gLAulalan

[ (=3 v Y a
MTUSUUTAUNNNAANUGAIBINALA

9

seed priming

o . . @ v 6 & Y]

N3 priming tuaanugLdun1TUsUUTIRUNIW
<@ [ 66 v <@ v g{ Y @
vouudanugliudnsanlauindu sonlaiiuas
asanadanunuuseaN nLInd U Aluuneay
Tnellwdniugiideununiwluuifaglianunsa
Tinduandaunmdladn egrelsinig Tunsdude
deurnunmiintutosnsldmalulad priming 91991
TiwdniudiinnusontazAundus i ugnd

& o 64 M Yo L. Ko
wannugnlaldvin priming wenanfigudunisan
sepgatlunsmigndauaznsérevanlulsvinlvan
wsanusazdunulunIsndndiunila (Bray, 2015) N3
USuugamssenveuudnssey (bitter gourd seed)

WUIIHANTTNYY isocitrate  lyase uaz malate
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synthase LnTu Aanssuveseulwsily glyoxysome
WILTUAINTIUVOY anti-oxidation  LRNNINTW 91N
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Usudgsnmnimudaninnnuideunmuninla lag
M2980U AN ANTUVDINITIDNLAZNITANA VDS
Ufi3e1 peroxidation vasludiuainu3uias MDA
anag (Siri et al,, 2013)
NTLUIUNITNRATUIENINNITNTEAUNITION
wianaiug Wewdaiuglasuladefimunzanluniseen
' % a X L
wadnszuIuM I AMeluwdsiaziindulasuvaiu
A0INTZUIUNITUANADNIZTUIUNITNINIUATN LAY
nszUIUNIMALAL e ludl
1) N3EUIUNTTNIINIEAIN LlBLudaiug gn
nszfumeihdaduiladuddyedimidslunissen i
o 9 v A & ' % = =3
gy lvildeniudndouduiaziuanivuinlvgdu
sraznagUnilnudAgLn Wy dugluszeziad
du tadurudlvlundindatesyilinszuiunis
' < a &£ = a v A o <
anee neludaiindulusnnuseiatudeinuanly
Ugnagvilisenyvselusen uwidwytnuiuluens
o g v & & X 3 a
iiangenuniliilegenglumdauiuuinauin
aian1ssalnazesarsermsainatslumdneen
aneusndiadiluvanwdnazlusen
2) nszuaumsmaall MInssRuEnTugaeY
ifinasonanssueulvsilazAanssunig Taadinnge
Tuwén Taun n1smela nsdaesizulusiunas
IS ado & ! < L4
anstuaindnduseniseenvaanan Tuslananan way
nilswadnveneiieen iinegduiudnguindiietu
14 & aa & S I
Arglanniinuduas Uilwuinazarate 1Usla-
WaNATL TN15VUIIUABNAITONNITAEY TINNIETT
AuANNTRsAUlaLasouleiinge Welugesaims
avavlwndeaainluanalvgiduluanaidaniiie
waeudeludaasy wasnseuiiagldsold
TuNSW3ENNTIDNEIBNITNTLAUNAANUTIY
\inTulutieseey (stage) 911 way 2 wintu (Fig. 2)
wanfignnszfuazgaTulLindusg19sasluss ez
1 /g ldlundaiiosainudaiug nesldunly
nsrUIuNITERgansevsnavaney aneluiieli
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wandmgeaduidngneluudludasfireudismen@a
aessruzinaniugdnsluseniiodndutienszdu

WAL EUANUNT U IALUAANTOUNILUNITINGIALAR

'
a

p0n110819390157 luszesdl 3 flazaiuuudnisan
AUt whlilugudinsiesayivinvessnusniingi
hesvevit 2 4

Tusyezdl 3 Anawflosnniinessesd 2 1Hunis

MYANIINTLHULANTUTLABN1TaNAINTULEAAY

'
o

(dehydration) n1sviuilazdelmiusnuudniugh
' v & =< A o 2 o
Hunisnseduillaszegniufietluvgnudaiugiae

q

senlasiniung

Seeds imbibed in water
Imbibition| Activation

Seed priming

|/

Growth
Variable period
of pri}ming
|
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Stop of priming

Seed water content

Variable
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stor?ge

Growth blocked
Seed imbibed in osmotic solution (priming)
z

Imbibition Activation Imbibitionl Growth

- %
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Fig. 2 Seed priming and pregerminated seed

source: Gerhard (2006)

nsUSuUTsRuA maaRugiemailn  seed
priming \Jw3smsnszduausenvosuaniugll 3 33
A9 Hydropriming, Osmopriming tay Solid matrix
priming deiindnnsuayisnis wail

1) MINITLHUNITIDNVDLUANGIBNITUYUAR
ﬂlw:lgﬁ (Hydropriming #3@ Prehydration)

Juisnszduaiiusenvesuiniugiienisi

v

wanllwsiduszegnanimunzauyinlmudnsanton
Yuseni3719u (Bradford, 1986) UASTIURURLA¢elad
ansiuanAa19luludnnazdaindsy wadaidafaly
aunsanuaunsgatnvesudald inlinssuiunis
e Tuaiiane 9 meluwdaialdndoutufsudaung

a Y & a o 8 v a q o @ vy
winengaunsuiuluiliAnanudemeiuwiala
L19991N09AUTENBUNINATIVRNLUAATIWANA 19U

(McDonald, 2000)
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mﬁﬂizéjuL@J5mﬂ’uqé’aaﬁwxﬁﬂﬁmﬁmaﬂlmL?’;
niudadlalasinunisnsznu efezduusnuaandnii
fiiufe dwwessn (Fie. 3) aglnasenunnew Weswn
snilnthiiveinng ussn waganguduvesdy lu
NUNAABIYBY Gerhard (2006) fiviluwdasinnavey
Tnehdniugly priming Tuhndy Lﬁaﬁﬂﬂﬂgﬂ AU
nanegiies 3 Juanudaiila3unisnszduiinimen
11NN Famunede waaTiHLNS priming senlady
sindinisdgiduladafindnudadlyladiunis

priming

ARG

Primed seed

H""”N” 1ty

Non-primed seed

Fig. 3 Lettuce seedling (day 3)
Source: Gerhard (2006)

NNISANYIVO Sivritepe and Senturk (2011)
F1891UN1INTHUAILIENTRLUAANT NG Yalova
Carliston #2835 hydropriming Iﬂ&JLLﬂiLmﬁﬂuﬁﬁﬂé&u
w24 4lus wiunislieniafigumad 20 eem
walgya 1A1198na 84.00% Uawduiaiusen 10.2
Fanninudeiildiiunseiosnisseniudaiuid
AIBNONLNEN 78.50% uazAvtiausen 9.8

wonani Chotanakoon et al. (2015) &
FIBU NMINITLHUNSONVDINAAGIEIT Hydropriming

| I3

AOAMAINYBUNAANIN 2 WUT Ap ‘UNE1 Uagnsn

1
al ‘ N

Py ‘anuidion’ Taetiudamudluih RO $aufunis
To1nel (85 uriinedilus) wazldliennia wazlivy
vidauuiudn 24 $alus Annududusing 100 % 91niu
anATIALE ARV UAT LS UAY 8 % Wudn Msu
waniugiliudansn ‘uretne’ senidandinishivy
wén (Table 1) Tnpwdandn ‘vredhe Audluh RO
Wi 8 Falus Tnelllomdolonnia wastuudauiu 24
F2lua &1 vanadslunissen (10.11 waz 9.83 Ju
audy) Eandnudadiugluth RO wu 8 alus Ta

Tailvnselvennia welddinisuniuds (11.90 wag 12.00

MTENIINYATNISITU

Volume 15 Number 1 January — June 2018

23



Prawarun Agr. J. Volume 15(1) 2018, Pages 17-30

Fu MUEIAY) dILLAANINTNY ‘@ufow’ wudinig
wiLAalutn RO wu 8 alus Taglslliennia wazuy
WAL 24 Falaa Tnan waglunisen 10.11 u 157
] & a1 < a‘ o -
Auaanldvlan Tuvaeinswawanluin RO w1y
8 Hlua Faufunsiiennia ian1shuulankas Uy
< & 1 | o aa <
WAAWIY 24 F2lad LT AR NAIAUNI9@DR Wan

WINNsARIugaall RO Buidndszeed 2 19 1ian 8

Falus fadunisiwdeundonwdadieds hydropriming
TRINISUTLEANSA ‘U9’ LLazw%ﬂﬁﬁm ‘@naien’
Tuth RO w1y 8 Falus FaufunnsiierniAuasUuEe
Wy 24 dhlusesdiulddn mssendaethddmariily
windanusengsgn wazanadslunmssenisiniins

laluudn

Table 1 Laboratory (LAB) and greenhouse (GH) germination and mean germination time (MGT) of 2 pepper

cultivars by hydropriming methods

Bang Chang Samduen
Treatment Germination (%) MGT  Germination (%)  MGT
LAB GH (days) LAB GH (days)
1. Non-primed seeds (control) 5200 1650°° 1337°  61.00° 4400  12.30°

2. RO water + non-aeration + non-incubation
3. RO water + non-aeration + incubation for 24 hr
4. RO water + aeration + non-incubation

5. RO water + aeration + incubation for 24 hr

64.00 4400 11.90° 7950°  47.00  10.95°

b

7200 33.00° 1011° 83507 4100 10.11°

b cd

6700 3050° 12.00° 85.00° 47.00 1042
7300 5150 9.83 9050 5850 1060~

F-test

C.V. (%)

2580  23.50 2.48 8.38 19.98 2.64

“Means within a column followed by the same letter do not different significantly according to DMRT

ns = non-significant and * = significant at p<0.05

Source: Chotanakoon et al. (2015)

2) MInITHUNTENVBINAARIBNITUYLIAR
Tuansazane Osmopriming 38 Osmoconditioning
Juisnisnsgiuanusenvadudaiug denis
wiideluansavanefifeneussdndvosilusydud
i ilerzaenagathweasdelitnas ansiaiivhunly
aiiuauniavesh '3'§miﬁmmmmmuﬂ%mmﬁﬂ
ViLué’m@Jm%mﬁﬂﬂlﬁ (McDonald, 2000) #i 2 Uszenn
f9 inorganic salt Way organic salt
(1) Inorganic  salt A® ansazanefidu
a15Lafl 1UU KNO,, Na,SO, wazKHPO, (Kaewsorn et
al, 2013) 195189UNANINTZHUNTBNVDULAANLG
1zA9 (Dillenia indica L) ¢8 KNO; WUI1 A1TWY

wanluansavany KNO,  A1Mdudu 0.2% unu 12

24 FEINYAITNISIFEU

Hlug fuwnlthilianusengsiian (93%) Tuvaz
wiadildldnseduaiiusen daueniiies 86 %
TuvugAmdndilailinszduninusen (control)  finan
wdelunssen 25.5 %u Gaanunsoaguléin Potassium
nitrate (KNO,) Hnalun1snsedunissen wagdnali
waniuglanuudusuaysenisiengdld
nnsAnwes Kikuti et al. (2006) 16t

£%

F189IUNITNITHUAIIUIDNVBUUAANT A28

b

osmopriming lasugiudnluaisavats KNO, #ilan
ANUANAENGVDIN -1.5 MPa wuszesian 9 Ju 9

aunnll 25 esAnwalBud wuinANsentiuduluy

9 Y

P v 1%

73% WawUSeuLisuiudnfinseAuadnueenaie PEG

q

v
A ° &

6000 NilA1ANUANNANgURan -1.1 MPa 1Jussegiian
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8 $u figamadl 25 ssruwalToa waziwdndlaisinuns
nszduANLen Feflenaeen 71 wag 32% AudIsy
(2) Organic salt #e a1savaredilaainnis
FuAsERTuaNssTUYIR 1 polyethylene glycol
(PEG), manitol, sorbitol (Frett et al,1991), Vitamin
C, Gibberellin (GA;) kag Indole-3-acetic acid (IAA)
Khangkhun (2003) lgvinnsinuinisnauss

v & a

nsldansiaiiusudienisidenaninvaauinwugnin

]

v
[

v Tagnsuiuussdaiidevanmudaliatuseg
PEG6000 Tidndueath -1.5 MPa saenisudiudniu
a1 3 wag 7 Yu agUldinisld PEG 6000 Auldnadi
donanmudanunsauiuussnanmvesdniusngn
wule

wonanil Srikaow and Siri (2008) ednw
NAYBIN1TYN seed priming AIANSIALITEARIIY FiD
nsasunlasnuniwudeaiugninuaiu Tasiudn
fugA1un1siseeny 0, 3 uaz 6 Ju lUsi seed
priming Aaw@15LAll 4 vila A 1) Vitamin C AW
Wt 200 me/L iunm 12 9313 2) Polyethylene glycol
6000 AUty -1.5  MPa  tHulian 6 Tu
3) KNO, gt 3 % 1Ju 1181 6 $alus uaz 4)

KNO, AT 1 % FUAU KH,PO, AMLUNTU 1%

Wuian 6 9alus lngldgamgll 15 esrvaided na
MSANINUI NINTLAUAILNBNVBINAAGIBYNIZNT

ibiwdaiugiausen wagai1usiluniseenes

'
aaa

WAALANUINTY (Table  2) Fa357vinlAwdndiday
AUAMIAENTSSI0184aT 3 T AINENKAZALLE,
Tunssaniin@ume InTuT ANULTUTY 200 Jaansy

v
' o

a & 9 & o a

Aow 1 805 1uaan 12 Falus aduudaiuginiunig
13981811UA7 6 TU fiB KNO, AuLtiudy 3 %313y
KH,PO, A311tdudu 3 % Wutian 6 ¥alue ans
wWasuwlasguninvesudaiugludiunissenuas
Aiqlun1ssentiu @onAa eIl UIIUNAADIVDS
(Srikaow and Siri, 2006) la@n®1n15911 seed priming
[ <@ Ly a 3 v . .

fuludaugn3nmIuan lnuwyiudnaie Vikamin C
ALY 400 mg/L, KNO; ANULLTUY 4 %Uas
NaCl asdudu 200 mM 1uaan 30 way 60 uil

7AIDNITAIUT

q

Tngldonumnil 25 sarwaided wui

Flranusilunissenvesudaiiududadulilagn

a o

nsldensBun3dunceiin 1wy Inndud uavinniud Ju
fueyyadasy unuieyyadasyaviuivansedunsd
melugadwdnduiinisuilsiannsideununinues

L@Jﬁﬂﬁuq (Sathiyamoorthy and Nakamura, 1995)

Table 2 Changing of germination index in laboratory condition of sweet pepper seeds from different

accelerated aging periods by seed priming methods

. . 1/
Germination Index

Solution treatment

Accelerated aging periods (days)

0 3 6
Control 10.52° 8.23" 7.17°
Vitamin C 13.16° 10.87° 8.64°
PEG6000 11.20° 9.31™ 7.88°
KNO, 12.38" 10.30™ 7.94°
KNO; + KH,PO, 12.86° 11.22° 9.38°
Ftest . . o
CV. (%) 1.75 6.41 4.12

“Means within a colurn followed by the same letter do not different significantly according to DMRT

**= significant at p<0.01
Source: Srikaow and Siri (2006)
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Jagosz (2015) T18UIUGATIReUTHILANT
WS BULLANAETS osmopriming Iagldans PEG -1.5
MPa igaumadl 20 esrnalded finaliuaniiniuden
a X a a 2 v 1% a ' 19
Windw wazasyidulaiudunaiuniaendinisly

WnsReiungumvgil 15 s walfea vininiey

P
ad o '

Anumfeuidniigumadiiinitasgamadfimanzay
son1sventu azdwalinissensnveaubnanasis
Uwﬂ%msasmavﬁ”m&i’mmiwLﬁuﬁ’laiﬂmm}uuaz
519p1Mn5BU q Adndudenszuiumsdaunseilusiu
wivnlasuansludiunavseanududulivingay

a Vv '

oraduiivseduseuiisonoonunls

ﬁﬁﬁ?uﬂ’]iﬂi%ﬁUﬂ’J’mﬁ’lL%Q%@J%%ﬂﬁﬁ‘ﬁuaéﬁ@
yilavasity yilauazanuduiuvesansaraty gungi
uazsrznaTlunsuTan Saufanisanautunds
NIPUIUNIINTEAUAIINIONLAT (Bradford, 1995) N3
nsgduausanisd feuldfuwdarundn Taun
WATEN N3N Uazuwllowme

3) N19NTLHUNITIBNVBUNAARIETT Solid
matrix priming (SMP)

JulSnszduarusenveauinlnemununisge
%ﬁwmﬂéﬁaa (solid  carier)  #§lA" matric
potential #1 azmaﬁwlﬁﬁf@a@m%ﬁﬂﬁmn fituiian
wnliduiviuwde wu vse finued wasesiiglas
\Judu (Gray et al, 1990) dauﬁfaqﬁiiﬂumamiéﬁ
16un celite uay micro-cell 1Huagiusznoudie
silica wa zonalit Fafismenaiiussdusenay Téun
Ca, K, Mg uaz Mn Uett et al, 1996) Tng3annsiildle
Afuivangvin WU uzowme W3n UATEN WAz Vel
Judu uddeidsresisnisiddonisuenudanugiia
YUIAENABNAININHIUNTEUIUNTT solid  matrix
priming 88NN Tany1laeIN wenanil Choudhary et
al. (2008) lefnwinsnszgumuenvasudnn3niag
thiufaninuaniy Isabgol husk Fsdinmuautfgadniii
Idnniduszezina 2 3u feamgll 25 earmivaifoa
vl wdefanuseniiutudu 90.5% ewTeuidioy
fumdaiilinsedunusenianusenifies 67% uasdl

Atlaundanse (vigor index) 19U AILEIVBILEN

26 FEINYAITNISIFEU

wagsn WntudewIeuiisuduwdanlidnszduainy
s8N
wana1nll Chinnasaen et al. (2010) la@nwwa

2949 Solid matrix priming feLiesiialaridenmnin

q

s

rosudniuguaTen lnsdnudniuguasendunuing

]

=

171U 5 U Ngaunind 5 ssrwaided Wwedunutn 100

9 Y

¥ '
N

WAA AIINTY UAZAINIBASUAY 0.17 nTL 6.73%
wag 80.5 % MNERU UnsEAUNsIenieLIesiiglan
(UM 250 — 500 um) FdAuTuLAnANY 4 SEiy
fi® 10, 20, 30 uAg 40% uu 1, 2, 3 way 4 fu 1hly
Uniigangil 25 esmwaidoa luaniniin ndanns
nsgfuaTIenuiniuiuasen nud ierrudures
nosiglaviuarssezaalunsnsyiuausenifiud il
waludniusuasonsenldiirtuosiitedfydon
ati uariuffuiussewietadorsans uianusenll
ANUUANFA1INIERH LAN1INTEAUAIINIBNAIY
nosiglavididarutu 40% uu 4 $u fduiaadelu
n1598n51n (DTE) Woudiga iy 3.05 Fu (Table 3)
Tnsnsvudaiuiuasenlunesiglaiidauiu
40% wu 4 Fu viliwdaiuguasensenlsisfigelae
fien DTE wirftu 3.05 u (Fig. 4) waziflofinnsan

Y a

AMIIBNNUI Winiuguaseniiiunsnszauiiny

q
v

1DNUINNT 85% wsibdlunnensfumeadn Aty wén
fusuAseNTiiIuNsNIEAUANIENTsanansatenliis
a1 control Mnmsveaesuanslisiuin nanszdu
anssendeneiiglaviannsafivanuilunssen
Tudwdaiusuasen uidaidevesisnisidenisuen
winusAivuadnnendaankiunszuunIs solid

matrix priming 88NN Jani1laeIn
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Table 3 Effects of moisture contents of

vermiculite and priming times on days [
6 -
to emergence (DTE) and germination 5
Factor DTE Germination g3
i ©2 |
(day) (%)
1
Moisture contents of vermiculite (A) 0
10 % 5.86" 86.63 0 08 D s n By Ty T,
20 % 4.97° 87.00 O O T N T e o
c % % % % % B B Y
30 % 4.30 88.38 AT AT AT
c Treatment
40 % 4.07 87.13
F-test ** ns

— Fig. 4 Days to emergence (days) of carrot seeds
Priming times (B)
after primed with different moisture contents of

1 day 5.16° 86.63
a vermiculite and primed times
2 days 5.13 89.25
b Source: Chinnasaen et al. (2010)
3 days 4.66 85.63
4 days 4.26° 87.63 s .
‘\]']ﬂﬂ’]i@]ﬁ'l‘\]L@ﬂﬁ?i‘lﬂ‘l@i?Ui’JN NWU31 N9
F-test ** ns . e e -
YFulsenaunmuaniugaieinalia seed priming lag
AX B ** ns aa £ & A a I LAY
ATNINTTAUAINIBNVDIHEAR mwumazmwuqnu
C.V. (%) 7.21 4.91 .

- AuAIMNaaT gAY Avzldunewitnisnldly
Means within a column followed by the same letter do

. - . wanAN9U (Table 4)
not different significantly according to DMRT (p < 0.01)

Source: Chinnasaen et al. (2010)

Table 4 Seed priming methods implemented for developing improvement of seed qualities

Priming method Protocol Plant

1. Hydropriming - Water 24 hr Maize, Lettuce, Rice, Basil, Tomato,
Watermelon, Soybean, Onion (Caseiro et al., 2004)

- RO water + aeration + incubation for 24 hr Chili, Tomato
2. Osmopriming
2.1 Inorganic salt - KNO; + KH,PO, Tomato, Lettuce, Sweet pepper
- KNO, (0.2 %) for 12 hr Sunflower, Tomato, Sweet pepper
- NaCl Melon , Sunflower, Watermelon

(Patade et al., 2009)
Rice (Farooq et al., 2006)

2.2 organic salt - Vitamin C 12 hr Sweet pepper
- Polyethylene glycol (6000) Sweet pepper , Tomato, Onion
- Polyethylene glycol (8000) Soybean
- H,0, + ABA Capsicum
3. Solid matrix priming - Isabgol husk 2 Day 25°C Chili (Choudhary et al., 2008)
- Vermiculite (250 - 500 pym size) Carrot, Strawberry

- Bentonite + Charcoal+ Hyfroxypropyl Methylcellulose (HPMC) Maize
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3 Clean Techniques in Shrimp Culture

Pattama Wiriyapattanasub*

Department of Fisheries, Faculty of Agriculture, Khon Kaen University, Khon Kaen, 40002, Thailand

Abstract

The applications of 3 clean techniques are reared shrimp in grow out pond and hatchery system. The
productions of postlarvae were good management. The 3 clean techniques should be 3 method consists of;
1) Clean of postlarvae is mean the farmer should be sure to buy the postlarvae only from breeders who use
specific pathogen free broodstock. 2) Clean of water is mean the farmer should be used a reservoir pond and
use only disinfected water that has been left settle rest for a long time in the reservoir pond when changing
the water in their grow out ponds. 3) Clean of pond is mean the farmer must have a pond with polyethylene
liner and waste of sump. The current culture system of shrimp farming has a variety of this technique such as
clear water system, super intensive and intensive system, recirculating system and biofloc system. However,
the intensive culture was developed to rear a small pond (120-300 m’) with plastic sheet liner and high
density (120-500 ind/m’) of postlarvae rearing in the pond. This pond has sediment of sump. Therefore, The

shrimp culture should be suitable for the area of farmer.

Keywords: Clean shrimp, Clean water, Clean the pond in shrimp culture, Recirculation system and Biofloc system
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Table 1 Global Farmed Shrimp Production 2012-2017
Country/Year 2012 2013 2014 2015 2016 2017*  %different 2016/2017*
Thailand 540 250 230 260 300 300 -

China 550 650 625 600 550 535 - 3%
Vietnam 170 240 300 210 260 320 + 23%
Indonesia 105 180 200 220 270 260 - 4%

India 190 270 420 380 400 450 +13%
Malaysia 57 46 35 35 45 50 +11%
Philippines 40 52 57 a8 53 55 + 4%
Central-South 572 555 630 628 669 673 + 1%
Other 85 65 70 100 110 135 + 23%

Total 2,309 2,308 2,567 2,481 2,657 2,778 + 5%

Unit: thousand tons
Source: Thai Shrimp Association (2017) * estimate
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Table 2 Advantages and Disadvantages of various shrimp culture system

Culture system

Check List Intensive with
Clean-water RAS Biofloc
plastic sheet liner
Size of pone (rai) 2-4 >1 6-10 4-6
Deep (m) 1.5-2 0.8-0.9 1.5-2.5 1-1.2
Water Volume 4,800-12,800 150-300 14,000-40,000 6,400-9,600
(ton/pond)
Density of PL
) 2 120-320 (shrimp/rai) 120-200 60-120 20-40
(ind/m")
Aerator (hp/rai) 4-10 34 2-4 1-2
Waste management - Removal of sludge - Water changed 20- - Recirculation water - Biofloc system
- Recirculation water 40 % - Protein skimmer
Suitable - Outbreak of - Outbreak of - Outbreak of -Outbreak of
environment of bacteria disease disease disease with
culture system grow out pond
Advantages - Lower organic - High density of PL - Use water drops - Prevent the
mater disease
- High density of PL
Disadvantages - Use a lot of water - Higher FCR - Higher cost - Use a lot of
resources water resources
nsfnwmssshslugunuudngg AR 270 AU, Udoedludngianamuiuu
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Table 3 Effect of density on growth performance on shrimps

Culture system Level of density Period of Survival rate FCR Biomass Produced
culture (day) (%)

Water change' 124 (shrimp/m”) 56 79 1.47 1,418.32 (kg/rai)
25'(shrimp/m’) 56 93 0.92 443.52 (kg/rai)

RAS 250°(shrimp/m’) 55 78 1.50 2.00 (kg/m’)

Intensive with plastic sheet 4503(shrimp/m3) 102 75 1.67 9.07 (kg/mB)
285 (shrimp/m’) 90 78 1.70 10.43 (kg/m’)

Biofloc 2502(shrimp/m3) 55 69 1.80 1.70 (kg/mB)
300°(shrimp/m’) 40 75 134 2.72 (kg/m’)
400°(shrimp/m’) 40 67 1.49 2.99 (kg/m’)
500°(shrimp/m’) 40 59 171 2.63 (kg/m’)

Semi-intensive 1006(shrimp/m2) 120 83 2.90 981.28 (kg/rai)

Semi-biofloc 1006(Shrimp/m2) 120 81 2.60 1,093.28 (kg/rai)

Source: Juan et al. (2017); ‘Ray et al. (2017); “Songsaenjinda (2016); ‘Thai Shrimp News (2017); Gang et al. (2017) and

6Effendy et al.(2016)
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Screening of Bacillus in Biocontrol and Production of Bio-Fertilizer for use in

Organic Rice Farms

Anut Khattisal, Khanchai Danmekl, Werachai Tera arusiriz, Tawan Hangsoongnern3 and

Supuk Mahadtanapukz*

'School of Agriculture and Natural Resources, University of Phayao, Phayao, 56000, Thailand
“Central laboratory University of Phayao, Phayao, 56000, Thailand
*Thai Organic Rice Company limited, Mae Rim, Chiang Mai, 50180, Thailand

Abstract

This study was conducted to isolate bacteria from soil in organic rice farm, and evaluate their potential
as biofertilizers. Three bacterial isolates (BS3, BA3 and BL3) were isolated. These isolates were studied and
found to be Bacillus spp. with their colony characteristics and biochemical testing. These isolates were
checked for their ability to produce antibiotic, Indole acetic acid, and nitrogen fixation. Isolate BA3 was found
to produce maximum amount of Indole acetic acid and BS3 showed higher nitrogen fixation and antibiotic
potential. Then, these isolates used for rice (KDML 105) growth testing. The results were indicated that, isolate
BS3 had the effect on the growth of rice with high percentage of rice grain filling and higher yield per pot

compared with water and chemical fertilizer.

Keywords: Khao Dawk Mali 105, Bio fertilizers and Bacillus
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TngmsldansufTuziiiednidongdunidngu PGPR
IngNfe5eed Kraus and  Loper (1995) lagiin
QAunIgfiAsuuemms Nutrient broth (NB) anflu
wieafiAuLEI50U 10,000 S0U/UNi Hgaumgiivies
Wuian 10 uait eandudingnsuniadadae
aaelsnedu uduAuludeudamn udhlutuviedn
adsfinnnansiseu 8,000 seU/uTt 10 undt wdwilu
YounmIne uarazatenznousawerdlau 200 ml ud
Ululastingaun 70 pul 9masuu Thin - Layer
Chromatographic Plates (TLC plate) (Silica gel 60
F254, 10x20 cm, 0.2 mm thickness, Marck) Ingiifa
chloroform:acetone  (9:1) \Ju@virazane iy
as1adeusuvtsvesanInelduas UV 9 254 nm th
WHUFANILAANINIUAUDINNT Potato Dextrose Agar
(PDA) fiflavofidion Pyricularia sp. wawegluAIw
dudu 10° spores/ml (Fonldidesiinageunisasn
asUfTuziledadongdunidnaaeuidesainides
Pyricularia sp. \Duamalsalutn Faasfuusslon
Tunsdszendqdunididadenlulilusuandely)
Uuiinua clear zone W3suWBUiU iturin A
MFIVFDUAINAINTALUNTETI Indole Acetic
Add  (AA) Fuusesluuiivlunguesndu Tagi

a

Wegdunidundesluemisivaigns Tris-TMRT

(slucose 10 NF4 yeast extract 0.2 N5 CaCl,.2H,0
0.2 n§1 MgSO,.7H,0 0.25 n3u Tris-base 1.21 ¥y

oA

L-tryptophan 0.061 n3 pH 6.8 Tuth 1 &ns) Vail
sungiiviedluiiiadunan 48 $lug thludumdesd
A13L57 12,000 S9U/UNT ﬁqmmﬁﬁwﬂunm 15
wift thawiiuansazanslalunsnasunisadne 1IAA
lnggeasazanglann 1 mU ldlunaeanaassauin 15
ml 1Auansavans 0.01 M FeCl, Tu 35 Wosifud
HCLO, (Salkowsky reagent) Tuu3una 2 ml gl

fu Yulilundauiu 30 w19 dldinAiganduuasn

44 FEINYAITNISIFEU

AMNEIAAY 530 nm YMSABURU IAA 11955
(Costacurta et al., 2006)

WIHUNTMUIATFIY IAA A1UT5U09 (Ahmad et
al., 2008) Tneds IAA $7UIU 10 me udIazane IAA
e Ethanol 500 pl USudSunmsdeindulile
U3u193 10 ml 2lél stock ansazane IAA Tiflan
Wud 1000 pg/ml 91nturiinng dilution stock I1AA
Tvdanududulindu 0, 20, 40, 60, 80 wag 100
ug/ml Tue s Tris-TMRT TagU3uinssauvindu 5 ml
gaansazatsiinuidudusiian 11500  ul LAy
Salkowski reagent 500 pl Fainal 30 undt Uil Ian
mi@dmﬂﬁuuaaﬁmmmmﬁlu 530 nm wdheiilaly
519NN TENINAIULTUTUYRS IAA  Tuniae
Tailasnu/ml Aurnmsganduuasil mnuemARL 530 nm

M5I9EEUANNEINTAIUNTIASIlUlASIAY 910
Aanssuveseulysl nitrogenase lagldinaiia Acetyl
Reduction Assay (ARA) faeiaes Gas
Chromatography 1aele Capillary column 1ne735
Uizqmﬁmn (Piromyou et al., 2010) L%'umﬂmiﬂ%%a
udesluermsivan Nitrogen Free Medium (NFM) 7
Tddnunasiulasiau Ysu1es 7 ml lunasanaass
wu1a 21 ml ﬁuﬁqmmgﬁ 28 BaFTALTEd UWATDY
g 200 sou/wit Wunan 48 Falus anduduing

Acetylene TuuSunng 10 Wesidus vesUsuinsanie

'
1 oA

Unsiafigamail 30 ssmiwaidea 24 Falug fefwain
MABATKIUNIULLEIUTNIAS 1 ml inAsiainuszaa
AreesauniinTus B30 Gas Chromatography i
Flame lonization detector lagld PE-alumina
column

2. msvaseudeundadafiinadenisiadyvesdg
y1eanuzd 105 Tunszans

WSEUAUNA1IINAdUTAENEl UG WA ERN

v
a A o £

VA IUIALFURIUANGNA1T 34 LURLLAT g3 28
wudlung wWelfifunszansdnlae vssgAunan 10
Alansuranszand (Chongkid et al.,, 2013) (Snsnau
Ausw: Auntler: Jeaen; 3:1:1 lneUSumsnsey
wniuginaeiuguanenuzd 105 (KOML 105)

Lildauarsiadl waziludnfivgnlnenisudnidunse
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thdaiusinnanassthazeindmenudnaiianilily
Tunmaveaes ntuiudadnfiaudnanunugii
nan 12 Halus 1 Tumzvuaamizndiduna 20
Fu thndrdnimgl fndasnudshuiinienlilag &
av 1 no neay 3 s shntsguasundndrlfauysal i
Tdudnsma 15 Su (Boonphirom, 2015) wunlglu
N151Aa03lAY IUHUNITNARBILUY Completely
Randomized Design (CRD) %AN13vAa93ag 5 1 6
yEnuus Usgnoudae 1) didr 2) Jowail 3) daviu
A8 BS3 4) Anwueie BA3 5) @nwusie BL3 uaz 6)
GREC PRIV

w3pmTouBadaleleian BS3, BA3 waw BL3
anudiu 10° cfu/ml Fanuasuuludniieny 15 u
Taedalut3una 10 mUplant ndsanduianudedn
anyn 1 dUav Sanutimun 15 §Uai Tnen1sus
n1svaaedeantiiu treatment Ao YaiiviufguEada
lolwian BS3 yaimiushouTadaleluian BA3 yndiviu
aieuITagalaleian BL3 WIsuiugnAuAufe
i anstasusiuioudiou (wn.3) uastoiad wis
Td 2 afadsil 1 vdadndausvana 15 Yu Taglade
gns 16-20-0 §m31 1.10 nfudeanszand (25 Alaniusie
19) adsdl 2 lanoudnieonmenuseanm 30 Yu Tasléle
813080 46-0-0 Tudnst 044  n¥usdenszans (10
Alansusials)

nsiiudeyanisnageulunisugndriznanen
uzd 105 lunszand Mun1ssyiulavestniussnd
9175984 Ashrafuzzaman et al. (2009) waz Doni et
al. (2014) Ineifivdoya A1wE (wufiwns) $1uaulu
AlafU IIUIUAUABNTEON kaAINNINTU AuNanEs
Usvgndanisues Piadang et al. (2006) lnaifiutoya
$1urusdonszans Wedludindad dudniade
1,000 wiin (n3u) wazwidnude (nFustenszang)

AATILNAMURYTUTINYDITOYARILLNUNTT

neasakaviUsSeuLtfigua1taaslaneld Duncan's

a o =

Multiple-Range Test (DMRT) # vuAILTesiu 95
Woasidus melusunsuiesizvinneads neldldsunsy
SPSS
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1. NAN15ITY

1.1 wamsm’s’aaaauqmauﬁ?\%u%a

ANEINsaluN1sNEnaIsU Tuglnensun
AUN3d Bacillus spp. W 3 lelaan wmngeuiu TLC
plate udhuNudanaaumiuiueIvns PDA il
aesiton Pyricularia sp. 3T 10° spores/ml 910
nsnaaesnuhiiiiedlelsian BS3 finu clear zone &
A1 Rf = 0.58 wagansufvausiUseuiiiey iturin A den
Rf = 0.45 dau loloiandl BA3 uaz BL3 liwu clear
zone wenanilfafinaluntsdudados
Colletotrichum sp. anmimﬁﬁmammauhaL.?ga
fanananusanIuAunIsTyvesdulesilunis
NAFDUSTAUIMUAB T LAz UUS LN A ADY

HAANEINT0TUNTTES Indole Acetic Acid
Tneld L Trytophan Wuansaeduluommsiaeade afe
wd91UJATEAU Salkowsky  reagent UnlUInAn

AANGULEN WBUTUNTINIINTEIU IAA (Table 1)

Table 1 Production of indole acetic acid by

different Bacillus isolates

Isolate Production of Indole Acetic Acid
(ug/ml)
Isolate BA3 0.0170 + 0.0010"
Isolate BL3 0.0103 + 0.0032°
Isolate BS3 0.0143 £ 0.0015"

®Values in the same column with different superscripts

differed at P<0.05 by DMRT

mm'ﬁmamwud'u%”a@auw%'é lalglanvos
BA3 #N1SHAR IAA mnﬁqm 3998911AD BS3 Lﬁa
W3guileuiu standard curve lagnudnaiunsanan
IAA oIy 0.017 wag 0.014 pg/ml MUEIRU

nanuaNnsatunsslulnsiau Ingldnaia
Acetyl Reduction Assay (ARA) #13d0UMIELATEY

Gas Chromatography Tagltf PE-alumina column (Table 2)
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Table 2 Nitrogen fixation of Bacillus spp.

Isolate Nitrogen fixation
(nmol C,Hy/hr/tube)
Isolate BA3 5.89 + 0,17
lsolate BL3 364 +0.11°
Isolate BS3 9.70 + 0.36°

®Values in the same column with different superscripts

differed at P<0.05 by DMRT

Mnuansnaosuin leleianiifiuszavsan
Tunseelulngiaugegafe BS3 se9a3unfe BA3 lagdl
Ay 9.7 wag 5.89 wlulua/dalue mudisy

1.2 Mmaasoueundadaniinanonisiatey
vasd1rv1Imenuzd 105 Tunszans

N393eAULAT0991IINANTNARBY WU %A
nsvaaesiilideiaivillviisuududenszansniian
sesaafognntsvaaesiildidelelaian BS3 lned
FIUIUAUADNTEAN WA 38.50 WAy 36.13 AU
mussvdludnuurIluiednu wazaunsly
Lifinnuwanstamisadalunnyanisneaes d1m5y
dnvaganugeesinamuiganisnaassilideadl
wazganIsanpaTidanilFeugeesiutiigs
fian TnedAwvinfu 168.25 way 16562 LoufLuns
(Table 3)

fupsAUsENOUNARBANUTANTNARD STV
TWduausadenszansuniignie yan1snaasedily
{Joindl sova9nie yanisvaaesiliidolelsian BS3
gan1saansildanstifusiiudouiiiou uay ganis
neaesildide B3 Tasfidrurusisdenszanaiiy

o w !

35.75, 33.38, 32.50 W@y 32.38 939 fNUA1IAU &7

2

Funundnsesilifianuuanasiulunieaifinnye

1519809 wanINLTnuinUasidusiudadininy

' o w ' P

LANA1IlUNI9adReg19ldud1Ay na1nAe YANIS

o ]

= =

naaesii e sidudiudnduiniian Ao yanis
naasaiildleluian BS3  uazyanisvaassiildans
Fanualsouiiou Tnediivesi@udiudnd windu 74.20
wae 72.97 Wosdud auddu uazdmiutminede

1,000 wiandruden wuiluganisnaaesildans
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FafasiuTouidtou Whidwmidn 1,000 wha wniiga
sesasneyansnaaasiildidioleloian BL3 BS3 way
BA3 deliawiin 1,000 wlnwiiu 25.05 24.13 23.96
WAy 22.56 N3N AUAIAU warKanAnfansya1e (nSu
#ansza1d) wuin luyanismaasadildansdasuei
Wisuiieu wazyanisnaaesiildlelsian BS3 1%
ihwinuandasonszansanniigalaedanviniy 149.00
uay 136.96 a6 (Table 4)

1Y

a L3 a
2. 719190UNANFIY

¥
44 L

ANMTUNTRUINTIVFRUANFUUANTHAREATT
UfTuslaeld iturin A Hugnauau wuiiifieatole
Twian BS3  fiinswdnansufiiaue Jsaenndasiu
seauiinarinde 8. subtilis ansnsandnansUfTug
lavatevida 1wy bacillomycin, bacilysin, iturin,
mycosubtilin, fengymycin Wag mycobacillin %uagj
fupmmsmanzan uaze B. subtilis aneug FR-2
annsnnAnansufiaug iturin A Aflgrisdedlsadivi
Anan@osiluunenan Tsalulug wavlsaniuluuis
Y9391 Pusey (1989) Fsannisnaasslaldifies iturin A
Huansveaeuifisuiiswiamonyiity wasnaaeuy
o Pyricularia sp. Weadedior deudululginge
Telwian BS3 Aelte B. subtilis @31 BA3 way BL3 919
i Bacillus lualTdsu sabonainanemsiasaie
Fsfisroauindnaseviin wazauandivesansniond
Iuﬂﬁé’us“jy’ﬂmiuﬁaﬂawﬁya (Akpa et al, 2001;
Elkahoui et al., 2012) TuauaiuaIuisatunisass
AA wafildwudnde Bacillus spp. a3 lelaian
awnsnaine 1A 1§Tsaenndesfusisaudissyin
LL‘UﬂﬁL%‘Eﬂuﬂqa Paenibacillus, Bacillus,
Microbacterium, Methylophaga, Pseudomonas,
Agromyces Way Azospirillum @u15aduAsIzR IAA
16 (Bal et al,, 2013; Lavakush et al., 2014) &y
Anuaunsalunselulasiay wudu%am%aﬁavm
Tolotananunsanisbulasiauls Ssaonndestusenud
na1vd wupiisenaanaaunsossalulasiauls laun
Azospilillum, Azotobacter, Pesudomonase Wag

Bacillus \Jusu Fauaisenindaiuisansslulasiau
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lelaelsiddusesegsiufiuisuuuiianmendedsiuas
fu lnenalnnisuusanindunsidlulasiaulndu
aflun3glulnsiau Jefiganunsaluliselemiseoluls
(Glick, 1995) TpeLanzognsds Bacillus subtilis TU-
Orga 1 fiawsoduaduligudniivszansamlunsly
Tulmsiauananwsssuanildifisnnniy (Doungkaew
et al., 2013)

NATDINTNAE U DU TadH foNISLATEYLAULR
V901U1INENULE 105 TunIzans WUl YAN1SVAaed
fldtoind uazyantsmnaesiilfideleloan BS3 vl
fduaududenszananiign dauludusiulude
fu waganundsly lddanuuandrameatialuynye
N1INAaes d115UAINEBIT7 sqmmimmaaﬂm%’

= =

Al wazyANIINARRITIlIUILUEY ilvliaugenn

=2

qn Feaanadesfiusiguinuiinisugniniild

=D, .+

JoiaiinrudnsiAitasigiau aglianadenis
wiAvle wnndinisdgndniilaladeind (Kirdum
et al, 2012) LLazé’fqﬁmm’mﬁwuimmmimaaaﬁﬁ
Joinivinlidndsiveadmugunnniiganisaaesi
1iJedun3e wavdonay
NAYBININATDUITEUNTAdA Ranandnd1
wuingansnaassildansrsusiiuTouiiiou uas a
nsvaaesiililelaian BS3 duudldilunisifiunanas
yastmlsnniigalofisuyannasdlelaian BA3 BL3
Joiadl uazthian Tnefefidudiudai dhudniads
1,000 Lwén waznandnsenszans wnnidend waz
thilan fawansmaassaonadeatusBnunsmaaeg
fAertes plant growth-promoting N2-fixing ey P
solubilizing lngna1vinanesiug Bacillus aunsavinly

NANAMUIANNYY (Sudha et al., 1999) Lags1eaun
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81791 Bacillus megaterium @135 LHAKAATD
Yrmazt1uisiadle (Cakmake et al., 1999; Khan et
al., 2003)

d3UNaN153Y

Mnn1sasRdevguandtiventendada 3
laleaninisnanans Indole Acetic Acid (1AA) Taeny
Tulelatan BA3 annsowdn IAA Idunniigauaznudn
oleloiay BS3 fauanunsalunisaislulasiaugs
fign SnitafimsndnansufTiusiiinadenisiadyues
dvmnenugd 105 Tunsenis wudnie BS3 uuli
Tumsifingauninudnlaefivefidududnfuiniie
dieutugamuey  adlunsmaaesfunsvaaesly

szAUNTENMAReY JemsiinisAnunluseduuuasugn

=

Wielinsuiaanaziluwuamalunisussgndldidu

1Y

aunsdlumsvidedinim lunisudndiduniddmsu

IR,

AnRNIsUUTENA

v
av o

lasinsideiilasunisatuayunuainlasinis
Waninideuazuideiiiognaivnssy (wae.) sia
1A59N15 MSD58I0031, drinenaengien suuseannud
2561 drifnauimuIngrmansuagnalulaguie
(@) U3 4118un3dlneg wazaudwiniuging
welen aaemaugudiaIosdienanamingdengiely

nsatuayuanukarATAMIluN1TIdY
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Table 3 Effect of Bacillus on growth of KDML 105 rice (120 days)

Treatment Plant/pot Leaf number/plant  Leaf: width (cm) Plant height (cm)
Water 28.00+3.30" 6.38+0.74 1.50+0.05 165.62+9.77°
Chemical fertilizer 38.50+4.17" 6.25+0.71 1.51+£0.04 168.25+8.17"
Isolate BS3 36.13+4.52" 5.88+0.64 1.50+0.05 141.62+4.03°
Isolate BA3 28.63+4.17 6.25+0.46 1.48+0.05 139.62i_"’).81b
Isolate BL3 31.50+4.24° 6.50+0.76 1.49+0.06 140.5012.98b
Bio-fertilizer 32.504_r5.40bC 5.88+0.83 1.49+0.06 138.38i5.42b

*Values in the same column with different superscripts differed at P<0.05 by DMRT

Table 4 Effect of Bacillus on KDML 105 rice grain yield

Treatment Panicles/pot Grain/panicles Filled Grain (%) 1000 Filled grain weight (g) yield (g/pot)

Water 265041777 1759043273  63.6742.63 21.78+2.20" 105.16+19.18°
Chemical fertilizer 35.75+6.80° 167.20429.26  51.87+1.40° 17.45+0.70° 108.98+17.02°
Isolate BS3 33384545 174.20+419.05  74.20+0.30° 23.96+0.59°" 136.96+9.84
Isolate BA3 28004507 184.60+16.75  58.33+0.67 22.56+1.50" 113.26+12.83°
lsolate BL3 32384385  187.40422.29  66.17+1.67 24.13+1.97" 125.07415.57
Bio-fertilizer 32504566 1955042532  72.97+0.45° 25.05+1.68" 149.00+14.50°

*Values in the same column with different superscripts differed at P<0.05 by DMRT
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Effects of Brassinosteriods and Trichoderma sp. on Drought Tolerance of

Khao Dok Mali 105 Grown in Greenhouse

Teerapong Nualchawee, Kitti Srisaard and Phirayot Khaengkhan*

Department of Agricultural Technology, Faculty of Technology, Maha Sarakham University,
Maha Sarakham, 44150, Thailand

Abstract

Agriculture is an important role in livelihoods and half of the area in country is utilized agriculture. The
most of the lands are used for rice cultivation. The problem in dry season is low production. The aim of this
study was to determine the effect of four brassinosteroids: 0, 0.005, 0.02, and 0.04 ppm with Trichoderma sp.
4 levels: 0, 1, 2, 3, kg per 100 iiters. of water. In KDML 105 rice, drought at the age of 30 and 75 days. The
experimental design was Factorial in CRD including 16 treatments with 3 replications. Data collection at the
age of 45 days after harvesting. It was found that the number of shoots per plant and the resistance to wilting
increased with 0.02 ppm brassinosteroids plus Trichoderma sp. of 3 kg per 100 liters of water. Peak at 13.67
plants per hill by use of 0.04 ppm of brassinosteroids in combination with Trichoderma sp. was 1 kg per 100
liters of water, giving the highest resistance to suturing at 1.00 points. For data collection on 90 days after
plant result was higher plant height with Trichoderma sp. 2 kg per 100 lit of water. The leaf area was highest
when used with 0.4 ppm of brasinosteroids plus Trichoderma sp. of 1 ke per 100 liters of water. Most
chlorophyll SPAD use brassinosteroids 0.005 ppm together with 2 kg per 100 L. of water. The rate of
photosynthesis increased with the use of Trichoderma sp. 2 kg per 100 lit of water alone. And the water
retention rate decreased. When using brassinosteroids 0.02 ppm with Trichoderma sp. 1 kg per 100 liters of
water. At the age of reproduction, the percentage of seeds was highest when used with 0.04 ppm of
brassinosteroids plus Trichoderma sp. of 2 kg per 100 liters of water. Root dry weight increased with 0.005
ppm Brassicosteroids. Dry weight increased with 0.005 ppm brassinosteroids plus 1 kg bodyweight. 100 liters
of water. Therefore, the use of brasinosteroids together with Trichoderma sp. can help KDML 105 rice tolerate

drought. Growth and yield were increased.

Keywords : Khao Dok Mali 105, Brassinosteroids, Trichoderma sp. and Drought resistance
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Table 1 Height, tillers per plant, leaf area, SPAD Unit and drought scoring of KDML 105 at 45 days after plantation

Treatment Height (cm) Tillers per plant Leaf area (cm’) SPAD Unit Drought scoring
Br 0 ppm 58,521 10.750° 0.9092 37.904 4.25"
Br 0.005 ppm 56.417" 10917° 0.8758 38.725 a67"
Br 0.02 ppm 57.333" 11.417° 0.7542 37.442 483"
Br 0.04 ppm 58.448° 10.500" 0.7058 39.849 3.00"
Trichoderma 0 kg/ 100 L 59.000" 10.583" 0.7283 37.900 467"
Trichoderma 1 kg/ 100 L 57.250° 10.000° 09142 38.786 3.00°
Trichoderma 2 kg/ 100 L 58.198" 11.000" 0.8383 37.842 458°
Trichoderma 3 kg/ 100 L 56.271° 12.000" 0.7642 39.392 450°
Br 0 ppm + Trichoderma 0 kg/ 100 L 58.667 " 11.000"° 0.6467 37.700 4.00"
Br 0 ppm + Trichoderma 1 kg/ 100 L 58.667" 9.333™ 0.9667 40.117 a.67"
Br 0 ppm + Trichoderma 2 kg/ 100 L 62.000° 12.333™ 1.1267 34.633 4.00°
Br 0 ppm + Trichoderma 3 kg/ 100 L 54.750° 10.333" 0.8967 39.167 433"
Br 0.005ppm + Trichoderma 0 kg/ 100 L 58.667° 12.000"° 0.8267 34.300 a.67"
Br 0.005ppm + Trichoderma 1 kg/ 100 L 56.667" 11.333°° 0.9500 40.800 433"
Br 0.005 ppm + Trichoderma 2 kg/ 100 L 54.333° 9.000° 0.7900 39.567 a.67"
Br 0.005 ppm + Trichoderma 3 kg/ 100 L 56.000" 11.333°° 0.9367 40.233 3.00™
Br 0.02 ppm + Trichoderma 0 kg/ 100 L 58.000° 9.667" 0.9167 40.700 3.00™
Br 0.02 ppm + Trichoderma 1 kg/ 100 L 58.333° 11.333"° 0.8167 34.467 300"
Br 0.02 ppm + Trichoderma 2 kg/ 100 L 55.000" 11.000"" 0.7700 36.500 467
Br 0.02 ppm + Trichoderma 3 kg/ 100 L 58.000° 13.667° 05133 38.100 467"
Br 0.04 ppm + Trichoderma 0 kg/ 100 L 60.667° 9.667" 0.5233 38.900 300"
Br 0.04 ppm + Trichoderma 1 kg/ 100 L 55333 " 8.000 0.9233 39.762 1.00°
Br 0.04 ppm + Trichoderma 2 kg/ 100 L 61.458° 11.667"° 0.6667 40.667 300"
Br 0.04 ppm + Trichoderma 3 kg/ 100 L 56.333° 12667 0.7100 40.067 4.00°
F-test ns ** ns ns *
CV. (%) 7.90 11.93 35.65 7.78 22.06

ns= non-significant, *significantly different at P<0.05, ** significantly different at P<0.01

“Different superscripts in the same column indicate the significant differences (P<0.05)

Br = Brassinosteroids, Trichoderma = Trichoderma sp.
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Table 2 Photosynthesis of KDML 105 at 90 days after plantation

Treatment

Intercellular CO, concentration: Ci Evaporation: E

(umol mol™)

(mmol H,0 m™s™)

Photosynthesis: A
21
(umol CO, m s )

Br 0 ppm 117.95" -3.5442" 17.998"
Br 0.005 ppm 297.62° 36217 11.712°
Br 0.02 ppm 295.66° -3.8308" 10.203°
Br 0.04 ppm 42657 -3.6583" 11.695°
Trichoderma 0 kg/ 100 L 299.13° -3.4142° 13.257"
Trichoderma 1 kg/ 100 L 302.81° -3.5875" 12.229"
Trichoderma 2 kg/ 100 L 232.10° -3.5358" 14.347°
Trichoderma 3 kg/ 100 L 303.76" 41175 11.775°
Br 0 ppm + Trichoderma 0 kg/ 100 L 119.88" -3.7733" 18.127°
Br 0 ppm + Trichoderma 1 kg/ 100 L 12531" 3.9533" 17.910°
Br 0 ppm + Trichoderma 2 kg/ 100 L 107.96° -3.8000™ 19.113°
Br 0 ppm + Trichoderma 3 kg/ 100 L 11867° -2.6500" 16.843"
Br 0.005 ppm + Trichoderma 0 kg/ 100 L 390.29"° -3.0900" 13.393"
Br 0.005 ppm + Trichoderma 1 kg/ 100 L 315.46° -3.4300™ 9.827
Br 0.005 ppm + Trichoderma 2 kg/ 100 L 217.00" -2.8133" 14.157°
Br 0.005 ppm + Trichoderma 3 kg/ 100 L 267.71% 51533 9.473"
Br 0.02 ppm + Trichoderma 0 kg/ 100 L 225.63" 36667 11.167
Br 0.02 ppm + Trichoderma 1 kg/ 100 L 345.00° -2.5833" 9.650°
Br 0.02 ppm + Trichoderma 2 kg/ 100 L 224.25" 40167 11.863""
Br 0.02 ppm + Trichoderma 3 kg/ 100 L 387.75"° 5.0567" 8.130°
Br 0.04 ppm + Trichoderma 0 kg/ 100 L 460.71° 31267 10.343"°
Br 0.04 ppm + Trichoderma 1 kg/ 100 L 425.46" 4.3833" 11.530°"
Br 0.04 ppm + Trichoderma 2 kg/ 100 L 379.21° 35133 12.253°
Br 0.04 ppm + Trichoderma 3 kg/ 100 L 440.92" 36100° 126537
Ftest - " -~
CV. (%) 16.80 26.79 8.68

*significantly different at P<0.05, ** significantly different at P<0.01

Different superscripts in the same column indicate the significant differences (P<0.05)

Br = Brassinosteroids, Trichoderma = Trichoderma sp.

nsldoesluuunadluaimesesd 0 ppm dituil
Tugsanud liunnsnsiunsadiadunisldeesluuusa-
Aluamosesniimundudy 0.005 ppm waznsldide
slaslawnedin 2 Alansusath 100 Auilugegmustlaid
mnuuanssfusadatunsiddeslastamesan 1
Alan3usioth 100 Ans HefinnsanuiiForduiusves
nsldgesluuusadiuamesesdsauiuideslasia-
wasun wudinisldgesluuusiadluainesesa 0.04
ppmsaniudeslaslamesun 1 Alanfudeth 100
amﬁﬁuﬁiuqqqmﬁ 44.212 M58 URAT d193U

SPAD Unit M5hn15tt80s5uuus1adluanasosnnse

Uit 15 atiuil 1 unAu - fquieu 2561

Faslaslamesuiissedraienlidma HAna
LANANMSEDA wililofiansanufATenduiusveanis
lsasluuusadluamesosssiuiuidesilaslamedan
WU NsldgesluuuTadluameseasa 0.005 ppm
swfuidesilaslawmedun 2 Alansuseth 100 Ansi
51.167 (Table 3) Fegasluuunadluanesossilaiy

i ldnuAluINTUlgNTEAUNITHUMAZNTVE8YBY

Wwagd (Gudesblat and  Russinova, 2011) uway
Inslawmesungirglunisiasyiulnvesiia Ingdaeiiia
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MTENIINYATNISITU

Volume 15 Number 1 January — June 2018

57



Prawarun Agr. J. Volume 15(1) 2018, Pages 51-61

Table 3 Height, leaf area and SPAD Unit of KDML 105 at 90 days after plantation

Treatment Height (cm) Leaf area (cm’) SPAD Unit
Br 0 ppm 91.583™" 38.421° aa.154°
Br 0.005 ppm 95.667" 36.162° 44,576
Br 0.02 ppm 94.438" 30771 44.194°
Br 0.04 ppm 98.646 " 29336 44.242°
Trichoderma 0 kg/ 100 L 94.70" 32,018 45.947°
Trichoderma 1 kg/ 100 L 92.08" 35.866" 41871°
Trichoderma 2 kg/ 100 L 100.65" 37.589° 47.167°
Trichoderma 3 kg/ 100 L 9291% 29216 42.181°
Br 0 ppm + Trichoderma 0 kg/ 100 L 8646 40777°° 48.200™°
Br 0 ppm + Trichoderma 1 kg/ 100 L 76.67° 37267 41983
Br 0 ppm + Trichoderma 2 kg/ 100 L 105.33° 41.722™ 46.300™°
Br 0 ppm + Trichoderma 3 kg/ 100 L 97.88"° 33.918"° 40.133"
Br 0.005 ppm + Trichoderma 0 kg/ 100 L 88.00"° 38.695 45.000™°
Br 0.005 ppm + Trichoderma 1 kg/ 100 L 93.00"" 26.791" 43.967"°
Br 0.005 ppm + Trichoderma 2 kg/ 100 L 104.00™ 42.897" 51167
Br 0.005 ppm + Trichoderma 3 kg/ 100 L 97.67"" 36.263"" 38.171°
Br 0.02 ppm + Trichoderma 0 kg/ 100 L 103.33™ 28.943" 49.921"
Br 0.02 ppm + Trichoderma 1 kg/ 100 L 97.33"" 35.193 40.200"
Br 0.02 ppm + Trichoderma 2 kg/ 100 L 94.00"° 32003 44233
Br 0.02 ppm + Trichoderma 3 kg/ 100 L 83.08" 26.943" 42.421°
Br 0.04 ppm + Trichoderma 0 kg/ 100 L 101.00"™ 19.657" 40.667"°
Br 0.04 ppm + Trichoderma 1 kg/ 100 L 101.33™ 44.212° 41333
Br 0.04 ppm + Trichoderma 2 kg/ 100 L 99.25"° 33.733"° 46.967"°
Br 0.04 ppm + Trichoderma 3 kg/ 100 L 93.00"° 19.741" 48.000°
F-test ** * *
CV. (%) 7.59 10.06 10.89

*significantly different at P<0.05, ** significantly different at P<0.01

“Different superscripts in the same column indicate the significant differences (P<0.05)

Br = Brassinosteroids, Trichoderma = Trichoderma sp.

desudnaiusued 105 Gsengnisifiuiie an
nsldmesluuusadluamesess Wosilnslawmedan
waznisldoesluuusiadluaimesesdsuiuides
TnsTanesuinuin Lifnasildiminwss wazainy
g1IINLANANAUNNEDR LadnalRUesidudiudnn
dmnudadidy wazsn danuuansnetuniaaia
pgfided1Ay Tnenwuinnisldgesluuvsnadlu-
awesesn 0.04 ppm finalilesiwudiudnfingen
7 88.41% uwaznsldidesilasiamedin 2 Alanduse
11 100 Aas Medifudiudniigegn 89.40% il
WU isenduiusessnislideasiuuusiadlu-
amesesnsiufuioslaslaneduinuin nsld
gesluuusadluanesess 0.04 ppm  WazLdes

Taslawmasun 2 Alansusain 100 dns TiUasidusiudn
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P

faaani 97.869% adefufiunisldeesluuusadiu-
awmasesniuinlnainasuiuveuudndlevastnilng
anad (Hamada, 1986) uwaziindruiuvesinuay
dntinugeludaas (Vardhini and Rao, 2002) wag
Inslamesungedaasunisiasgiaulauesinnino
uzBowme wazndnlve Tnonandafinannds 300% e
Wigunuldld (Vinale et al., 2008)
drndnuiesanuinnisldsedluuusiadlu-
Awmosous 0,005 ppm fwidngsand 22.185 n3u
waznslfidosnlaslamedin 2 Alandusioth 100 ans
ﬁﬂfmﬁml,ﬁﬁmgaqm 21385 n3u Wlofinnsanyufizen
SuitusveanslisosTuuusadluamesosssmiuides

Taslawmasuinuin msldsasiuuusiadluamasosn
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0.005 pprm wazldideslaslamesun 0 Alanuset
100 &ns fbwiinuiasingsgad 35.018 n3u
dminusssdunuin msldsesluuusadlua-
\Wasesa 0.005 ppm ﬁﬂfmﬁﬂqqqmﬁ 3.4389 N5 uA
luflaunanansiunsananunisldeesiuuusadlu-
dwasas 0.02 waw 0.04 ppm uazmsdidesilaslameian
Wissegaiienliamwalminauwandivnsada e
f1sunUisenduiuseesnisidessiuuusiadlu-
ameseefsauiudosilaslaimesun wuin nsld

gosluuuTadluawmesosn 0.005 ppm wazldidesd

Taslawedun 1 Alandusieth 100 ans Suhmifnus
ddugegail 3.9083 n¥u (Table 4) Tsgosluuusia-
AluaLneToenaINNTaNIEAUNITIBNTYBITIN N1TVLIY
vioddeaih (Mandava, 1988) wagAa18ius18IUVD
Jamsawang 3 2004 msliidesilaslamesindieiy
dninanvestusarsnuasnaldisnsnegdeulusesu
esufuanisuazluszaulsniou wazaiunsaasey
smAvIINNTLazIedasuNITIaS LA U UDINY

(Benitez et al., 2004)

Table 4 Grain weight, filled grains, root length, root dry weight and stem dry weight of KDML 105

Treatment Grain weight (g)  Filled grains (%) Root length (cm) Root dry weight (9) Stem dry weight (g)
Br 0 ppm 24875 83.036 47.182° 11.978" 2056
Br 0.005 ppm 2.4364° 82.518" 47.958° 22.185° 3.439"
Br 0.02 ppm 2.4657° 83.595" 46.781° 18.392° 2982
Br 0.04 ppm 25471° 88.412° 49.167° 16.961° 3.142°
Trichoderma 0 kg/ 100 L 25137" 78503 49.120" 16.287° 2510"
Trichoderma 1 kg/ 100 L 2.4215° 84.038" 47.708" 17.339° 3.136°
Trichoderma 2 kg/ 100 L 25267" 89.403° 47.125° 21385 2923"
Trichoderma 3 kg/ 100 L 2.4746° 85.617" 47.135° 14.505" 3.052°
Br 0 ppm + Trichoderma 0 kg/ 100 L 2.6023° 90557 51.979° 6.401" 25717
Br 0 ppm + Trichoderma 1 kg/ 100 L 2.3236° 81.116" 43.167° 8.792" 1973%
Br 0 ppm + Trichoderma 2 kg/ 100 L 26256° 77.952° 49.000° 12,344 1.220°
Br 0 ppm + Trichoderma 3 kg/ 100 L 2.3984° 82519 44.583° 20337 2453
Br 0.005 ppm + Trichoderma 0 kg/ 100 L 2.4029° 71.010" 46.500° 35.018° 2.470°
Br 0.005 ppm + Trichoderma 1 kg/ 100 L 2.4977° 76577 49.333° 20.280° 3.908"
Br 0.005 ppm + Trichoderma 2 kg/ 100 L 2.4755° 87355 47.167° 18.657™ 3.560""
Br 0.005 ppm + Trichoderma 3 kg/ 100 L 23696 95.131° 48.833° 14,785 3817"
Br 0.02 ppm + Trichoderma 0 kg/ 100 L 2.4976° 57.079 45.833° 9.204"" 2270
Br 0.02 ppm + Trichoderma 1 ke/ 100 L 2.3628" 88.882"" 49.833° 27691 3347
Br 0.02 ppm + Trichoderma 2 kg/ 100 L 24741° 94.436"° 46.000° 22.296" 3557
Br 0.02 ppm + Trichoderma 3 kg/ 100 L 2.5081° 93.983"° 45.458° 14.376°° 2.756""
Br 0.04 ppm + Trichoderma 0 kg/ 100 L 25521° 95.368" 52.167° 14.486"° 2.723°°
Br 0.04 ppm + Trichoderma 1 kg/ 100 L 25019° 89.576° 48.500° 12596 3314
Br 0.04 ppm + Trichoderma 2 kg/ 100 L 25318° 97.869° 46.333° 32.242" 3.353™°
Br 0.04 ppm + Trichoderma 3 kg/ 100 L 2.6025° 70.833" 49.667° 8.521" 3.180"°
F-test ns ** ns ** **
CV. (%) 6.15 3.37 10.46 18.18 19.85

ns= non-significant

*significantly different at P<0.05, ** significantly different at P<0.01

Different superscripts in the same column indicate the significant differences (P<0.05)

Br = Brassinosteroids, Trichoderma = Trichoderma sp.
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nsuanseenvaslusiuilifunsnevausseminfiredondelsa uazanmsinszigalusiuftaulasemaiadeio
Tasunnnsf-unaaunlnsalal wuin lalusaudiuau 6 vila Laun Oxygen-evolving enhancer protein 1, Oxygen-
evolving enhancer protein 2, Triosephosphate isomerase, Fructose-bisphosphate aldolase, Superoxide

dismutase Wag Glutathione S-transferase @slusAunartifiunumandaglunszuiunistuadnglusadiey
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Related Proteins for Responding of Fungal Pathogen Causing Anthracnose Disease

in Anthurium

Piyachat Wiriyaampaiwong*, Kaewta Sootsuwan, Piyanan Chomnawang and

Nuttapong Srisamoot

Department of Biotechnology, Faculty of Agro-Industrial Technology, Kalasin University,
Kalasin, 46000, Thailand

Abstract

The purpose of this study was to investigate some proteins which response to fungal pathogen causing
anthracnose disease in Anthurium. The protein expression between infected Anthurium with Colletotrichum
sloeosporioides and non-infected Anthurium was performed using two-dimensional gel electrophoresis (2-DE)
technique. Results exhibited that some protein expression showed significantly (p<0.05) increased whilst
decreased in infected Anthurium. In addition, new proteins were also occurred in infected Anthurium. The
alteration in protein expression was the response produced by Anthurium against fungal pathogen. Liquid
chromatography-mass spectrometry was use to analyze interested protein spots. Six proteins were identified
including oxygen-evolving enhancer protein 1, oxygen-evolving enhancer protein 2, triosephosphate
isomerase, fructose-bisphosphate aldolase, superoxide dismutase, and glutathione s-transferase. These

proteins played an important role in biochemical process of plant cells.

Keywords: Colletotrichum gloeosporioides, anthracnose, Anthurium and Two-dimensional electrophoresis
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Kit (Thermo Scientific, USA) way¥auSunalusiiud
analanie3s wusawesa (Bradford method)

(Bradford, 1976)

5. pMsBlanInsInEdauuy 2 FAuazn1sinseinn
yliavasalushiu

WnswSeusaegslusiunifineufivziily
didninsinsdauuu 2 dfdien 2D Clean-up kit
(GE Healthcare, USA) NTuLenfAaneusnlngy
faegrslusauUTuI 60 lulAsnsy wauiv
rehydration buffer (8 M urea, 4% CHAPS, 0.001%
bromphenol blue k&g 3 mM dithiothreitol) Usun
125 lulasndu waz 1% IPG buffer (pH 3-10) T
asazanenauaslu IPG strip aua 7 wuduas iily
19UASDY Ettan IPGphor II (GE Healthcare, USA)
wazdaldsunsuvinlelediann3alnfads (soelectric
focusing, IEF)

N INLenlUTAUNANILIALAIUN IPG  strip

11ualu equilibration buffer (50 mM Tris pH 8.8,
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6 M urea, 30% glycerol, 2% SDS, 0.03%
bromphenol blue) 7T 65 mM DTT waz 135 mM
iodoacetamide 1funan 15 undl $1uau 2 s dewn
ynswendiannsii 2 T 12.5% SDS-polyacrylamide
gel (SDS-PAGE) goudLaanieis Coomassie blue
staining BaileléisUuuuiaa 2 fAudHFnhgalusiud
aulalUiingrinisuanseanmienisiUssuifisuainu

WunlUsunsu Image) (National — Institutes  of

'
a

Health, NIH) wagdndeniamzynlusaunaulalum
yiiavedlusAudigmailn LCMS  (AudIdewmun
UIRNTTU ALIMATANITUWINE UINedeuFing) 10
FoyailaluiIsuifisuiugrudeyaiiediasizvivde
voslusauaniiuled §ed Ay URL
www.matrixscience.com L@8n Mascot database

search %8 MS/MS lons Search

6. MIUATIVINNEDA

mnuduregalusAusenitani faildsuns
Ugnitesuagniinfaflildsunisugnitest 1901
Wisuifisuanuuensnsszninedsvesdoyalayis
Duncan's Multiple Range Test (DMRT) anglusunsy
STAR 2.0.1

NALALIITUNANITIVY

1. #an15938 (Results)
1.1 nannsaadsusewus domdaematia PCR
NNNsATINERUAAULUAUTIIM ITS Tngldelng
wes ITS5/Tsa  nuimansfmsei PCR - filddaunn
Uszana 570 guua (Fig. 1) dadlethlunmamdduiua

wanudndivuin 598 flua
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M
are.
¥’y
2322
2027
564 ~ 570 bp

Fig. 1 PCR product of Collectotrichum sp.

g Photita et al. (2005) 1dglnsiued
TS5/TS4  lunsundnduiuausinm TS veuiesn
Collectotrichum uwgnlsain ndae T9 dundes ale
12129 Euphatorium  thymifolia  wag Draceana
sanderiana WUESULARLATIVLNARaLE 581 — 620
AL LLazijammaaumaﬂ’uﬁjﬂuawﬁaiﬂma’h’ﬂﬂil,l,ﬂm
BLAST search mﬂg’m%aﬂa GenBank ¥89 NCBI d7u
Imagszqdﬁﬁmfgas'] C. gloeosporioides 1§1%mAa1u
wislouwinfu 99% (Table 1) fatiu 99nNaNISATIEBY
aeiugsmsendiven anwnsananldindes el

Ju C gloeosporioides

Table 1 Results of blast analysis

GenBank Organisms % ldentity

accession no.

AY266378 C. gloeosporioides strain 99
CMUBE1814

JF826502 C. gloeosporioides 18S 99
ribosomal RNA gene

EU326190 C gloeosporioides 99
isolate XSD-139

AY266392 C. gloeosporioides strain 99
CMUBE1852

AY266391 C. gloeosporioides strain 99
CMUBE1851
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1.2 wams¥indianInsinsdauuy 2 iR

sUuvuRlUsAuveai falintuvuian 2 §if
(Fig. 2) aziiiuinnlusAufiauladiuam 28 9o niih
fldsunsugnidoninsuanseanadiusiuiiiniu
foud 1.2 8¢ 47 wh dodisufunihunfioshed
WedAtyneadif (P<0.05) 91uu 10 9n (Table 2 uay
Fig. 3) lan galusiuvanelas 2345910 11 12 13
24 uay 25 IN134aRd0aNanadTIuIu 2 90 (Table 2
wag Fig. 3) agnalidedAgyn1sada (P<0.05) lauA 90
WsAununeay 1 (@eas 1 i) wag 7 (@aas 1.5 i)
warilusudiintulmilumih filldfunisugnidon
WU 7 90 Lo IalusAununeay 6 16 17 18 26
27 way 28 dwmdvlusAuinuianigluniiiiangs
AIUANTTIIN 9 90 Laun galusiununeae 8 11 14
1519 20 21 22 uay 23

1.3 wansiaseilusauiiiendasiuaiiy
funulsawauunsaluaalemaia LC-MS

lavinsdndeniusiudiui 8 9a (Ralushiu
vy 1-8)  dluiesgimviinvesisiudig
waila LCMS wagthdayaluiSeuifisuiugiudeya
Wudnausaseyriinvedlusiulauiies 6 99970 8 90
(Table 3) laun galUsfiumneas 1 2 5 6 7 uag 8
ognslsfnuusazgalusiuAtanulndifssvesnimin

luanauaryliavedlusiunduiuldnngiudeya

2. 39190I8aN15398

sUsuUlUsAuULaa 2 SRvesiihildsude
FEmalsaLeuLnsalug wandbiiuiismuaiunse
gosirlunisifinnisuanseenveslusfivurswiauasy
mawndehliaeiusiulu Wunisrevausssanis
datsvesdenslsaiiioldainisnnivay
nszuLnIIdLaiinneg MAnsulufielddudng
(Vasanthaiah et al., 2009)

Oxygen-evolving enhancer protein 1 (OEE1,
R;ﬂi‘diau‘mmal,a% 1) wag Oxygen-evolving enhancer
protein 2 (OEE2, 9alusAununeiay 8) idulusiud
diaglunszuiunisdansiginaslussuunas |

(Photosystem  II) wagganeatasnunalnnislesiu

Uit 15 atiuil 1 unAu - fquieu 2561

Fuewesiinanannzeden wu annefidanududy
YBNGOge (Sugihara et al., 2000) Iﬂ‘c’JL%@ﬁ’]LMGﬂiﬂ
fynaneaiafnuaiunsalunisdudensruauns
Fuas1eiuasesiia (Vasanthaiah et al, 2009) fatiu
msfinssuiunmsdannzsiagniudadunalilusiu
OEE laluansaanusaiin1suanisananad (Dahal et al.,
2010) fawan1sAnwiinuinlusiiu OEEL Tunth¥adi
I§5uiesn C sloeosporioides finsuansoonanaa 1
wih Weifisufuntihfinduaiuau Snviedslinunis
wangeenvaslusiu OEE2 Bnse dunsulududnuila
wilsfhiAgatesfunszuaunisdunsiziuas fe
Fructose bisphosphate aldolase (FBA, ‘qmlﬂiﬁu
vinetay 7) Wulusiuifunumddyluiginsdaiu
(Calvin cycle) (Subramanian et al., 2005) lnga1nKa
518nInslw3gauuy 2 18 nihildsudes  C
gloeosporioides in13uansoanUaIlUsAU FBA anas
1.5 191 @4 Polesani et al. (2008) wui1 Bufluuasia
Ifieulesififsadeatuigdnsfaiuvanevin  1ou
Ribulose bisphosphate carboxylase
Phosphoribulokinase LWa¥ Fructose bisphosphate
aldolase finsuanseenanauiioajuaeiusilivilong
1¢5udesn Plasmopara  viticola assiufiuna
nsAnwes Campo et al. (2004) finuindnlnadign
ins

ynin AeL¥851 Fusarium  verticillioides

wanoanvedlusiy FBA  iiudu agrelsAnnuly
MsAneAStiRalUsAY OFE way FBA finsuansanas
waEnIINsEUINNTERAS1EALaslunt Ll dudni
ﬁé’qmﬂgmf?jyaiw C. gloeosporioides ¥ via
Triosephosphate isomerase (TPI) tutoulesl
fifsadestunszurunislinalalada (Glycolysis)
nglaillolawuda (Gluconeogenesis) uarindnsAaiu
(Chen and Thelen, 2010) %QLfJuﬂmiﬂiawmmm 2
finsuansoonidiutu 2.4 wh denthgnynindas
L%E]SW C. gloeosporioides 1y Mutuku and Nose
(2010) laAn¥IN1SUERI@BNYDY MRNA voaaulyyl TPI
Tuda9il#guidesn Rhizoctonia  solani wagwuingl
sydunsuanseeniisdy  Tnedeunlduansliiiiuin

Aanssuvanaulyyd TP Tudnivsunaniudundsain
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I§sudes R solani #ae fatumsifintuvedldsiu
TPl Heonadewnanmsshwanmeediilnalalada
Tunanadauaziinnisasridlnalaladalulelveea
(cytosol) L"T;Juﬂ1imauauaaﬂuaaﬁmﬁagﬂqﬂqﬂé’uEJL%aiﬂ
(Mutuku and Nose, 2012)

Superoxide dismutase  (SOD, {nlUsfu
wnea 5) finsuanseenvedlusiusiutu 4.7 wh lu
wihhiildsuden ¢ gloeosporioides Falusauild
unuMlunsUoaiuAILeUesieI N NLINaDULAY
Msidneysadase (Reactive oxygen species, ROS)
SansTdaasiy (Alscher et al., 2002; Marrs,
1996) Wang et al. (2015) leAnwAanssuvesioulesl
SOD luansoiuess 4 aneug wui eanseiueds
Iesudon Mycosphaerella fragariage $¢AUAINTTU
vowaulwsl SOD ifingstu lnsanservesiaoius HR
SJ8976-1 uar MR dszAufianssuveseoulesd SOD a4
nianeiug HS Wuliganunans@nwived Fang et
al. (2012) inuianseiuedafildsuidos C fragariae
fiszuianssuvenouled sOD  iududlewfieuiu
anselveidunfuazanuadidninsvisdauuu 2 G
wuhgalusiiu SOD veamsaluesafldsudenfiinig
wansooniinT Ui sxdiulddnnisilusiu Sop fn1s
wanseanifintuluniiitldsunisgnidosidu
esmnanluvnnsdifesnszdulifininufisen
sendnduvaslosiu (Lipid peroxidation) Suileaunain
oyyadasy Auiwilfivaddlusiu SoD Wi
ﬂaﬂﬁ’uhﬂﬁwaégﬂﬁwawaiuaawuﬂﬂiaﬁ(Bowler et
al., 1992)

Glutathione S-transferase (GST, 9 alushu
vuotay 6)  ulusiudnadanisidquandimy
oyyadaszuazindaansfiy (Dalton et al.,, 2009) @4
miﬁﬂwﬂuﬂ%ﬂﬁwumiu,amaaﬂeum GST tawzlu
W HildSugesn C gloeosporioides a1nMIANY
294 Liao et al. (2014) Wui1 S¥AUNITUAANIDDNTDITU
GST Lﬁluﬁuquﬁla Populus tomentosa Qﬂgﬂjﬂ@’hﬂ
L%E]i"l Botryosphaeria dothidea wansIeuleal GST
Aeadasfunisiiumumsidviansvedonelsaiiy

Ao aunsadesiunisanaiuveddsalaeiidnninuiy
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fwresasdunidedeanlasiing q fwantusyningi
fiugniderelsaynn Sneseduoonduiliutuds
anunsanieri liisadraeuled GST Ldsnae
(Shahrtash, 2013) Laga1AN1SANYINITUEAIDDNUD
8u GST lu Nicotiana benthamiana ﬁ’mﬂﬁﬂqm%
C. destructivum Wwag C. orbiculare WuIN8u GST &
mmamaamﬁwﬁuasjwmﬂwé’amﬂmiﬂgmﬁ?aiw

fanana (Dean et al., 2005)

pH
3 10 MW (kDa)

97
3 66

S a5

30

AR, 201

Non-infected

pH
3 10 MW (kDa)

L0 A 201

141

Infected

Fig. 2 Two-dimensional gel electrophoresis

patterns of non-infected and infected Anthurium
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Table 2 Close-up view of differentially expressed
protein spots which presented in non-

infected and infected Anthurium

Spot no. Non-infected Infected

1 ;0/ ' “/
. 1
3 W .
. v &
5 « .
7 e "
9 - &
i
12 «— L
13 “ ./
20 — -
25 — “—
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A3UNaN133Y

nsfnuluadeinulsiuiiAsadesiunng
POVAUDIaITDT1 C. gloeosporioides ViLﬂumLmIiﬂ
wouunsaluglumin i lnenasinnsviBidninsngda
wuu 2 i@ flusAufiaulediuou 28 qa Falusiu
fanangnindenilifinisuanseeniiinduuazanas
athailifodfy (p<0.05) Waflsuiuntifuni saus
Hailusufignnasduliainedulvddndrs wazidleo
Ansgiviaveslusiuiiauladiuo 8 gadewmaia
LC-MS wudanunsaszylalusiu 6 vila fistunuimly
NFEUIUNITAUATIENUAL NTEUIUNTUUNUDATUVRY
mslulaiasn wazifgatesiunalnnistiostuiieves
WYANANMWINRBN LU NTAIUBYYABATZLAYINAA
a3y aideyannisinuannsnididuteys
fuglunisAnwinalnnsnavaussesitvdenisidi
yngnihanevesndedelsalufivaiadu Snvaduiuy
Foyadmiuinusulgmtuditothlugnisairoi i

fumulsesaldla

AnAnssuUsEAA

VOUDUANNUATUALUNITIVYIINUNIINGIRY
walulagsvinadaiy veveuauaudidelusiuuay
lUs@lefindifianisnidivduazanainnssy (AUN.)
wInedeveuliu Nlvinnueuaeiiasasislunis

o a « s aa a

MBannsInETauuy 2 48 wazueveuRnmaIv1IY
walulagdinin auvimaluladgnaInnssuinuns
umIngrden1wdug Nlvainueyasieiligunsal

LA5093ID798 WATANIUNINABASLYLLIA1VINITIVY
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120

Non-infected

100 4

80 4

60 -

40

Mean intensity of protein spots

20

Spot no.
Fig. 3 Expression levels of protein spots identified in non-infected and infected Anthurium. The mean
intensity of protein spots were analyzed manually using Image J program. Results are presented as the mean

intensity + SE of protein spots for gels from 3 replicates. The different letters (p < 0.05) above the error bars

indicate statistically significant difference (Duncan's Multiple Range Test) between non-infected and infected

Table 3 LC-MS identification of selected protein spots of non-infected and infected Anthirium

Spot no. Name of the protein MW (kDa)/pl Organism matched Accession no.
1 Oxygen-evolving enhancer protein 1 35.1/6.26 Fritillaria agrestis 049079
2 Triose-phosphate isomerase 27.3/5.38 Onyza sativa subsp. japonica Pagasdq
5 Superoxide dismutase 15.4/5.13 Capsicum annuum 022373
6 Glutathione S-transferase 24.6/5.88 Silene vulgaris Q04522
7 Fructose-bisphosphate aldolase 42.4/6.85 Fritillaria agrestis P16096
8 Oxygen-evolving enhancer 23.4/4.91 Brassica juncea Q96334
protein 2
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Effect of Nitrogen Fertilizer Level on Yield, Nitrogen Efficiency, Urease Activity and

Soil Fertility after Sugarcane Harvesting under Sandy Soil Condition
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Abstract

The objectives of this research were to study the effects of different nitrogen fertilizer level on
growths, yields, nitrogen efficiency, urease activity and soil fertility after sugarcane harvesting under sandy soil
condition. The experiment was designed under Randomized Complete Block Design (RCBD) with three
treatments and four replications. There were three nitrogen rates i.e. 1) control group (0 kg/rai), 2) N at
recommended rate (N1) and 3) double recommended N rate (N2). The results were indicated that plant
height and stalk diameter were not significantly different between treatments. However, N2 treatment gave
significantly number of tiller and SPAD chlorophyll meter reading (SCMR) at 4 MAP (P<0.05) higher than N1
and control. Moreover, N2 treatment had the highest of cane yield (9.08 tons/rai) and stalk number (14,824
stalks/rai) (P< 0.01) compared with N1 and control group respectively. N2 treatment improved soil organic
matter and available phosphorus but not soil urease activity while urease activity per N added ratio lower
than N1 treatment. Thus, double recommended N rate not only increased cane yield but also nitrogen use

efficiency in sugarcane production under sandy soil condition of Northeastern Thailand.

Keywords: Nitrogen use efficiency, Sandy soil and Organic matter
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Table 1

Table 1 Fertilizer application rates of each

treatment

1 Application 2" Application

Treatments N P,O5s K,O N P,O5s K,O
(kg/rai) (kg/rai)
Control - - - - - -
N1 75 75 7.5 75 75 7.5
N2 15 75 7.5 75 75 7.5
nmsiiudaya

1. Yoyafunaun1snaaas

maiudeyaiu inisduiviegsfunaunay
wdansvaaes fszduaudn 0-15 loufiuns Lile
AnsizinuaudinanenInveiiu laun Snwaile
Au (soil texture) 1aeA5 Hydrometer (Kilmer and
Mullins, 1954) mm%ﬂuau (moisture content in

soil) (Land Development Department, 2004) Way
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exchange capacity; CEC) 17835 Ammonium acetate
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999 Walkley and Black (1934) efiuniglulasiaulu
U (mineral N in soil; NO,, NH,) s 2 N KCl Tu
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et al. (1999)
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feuA3es Flame photometer ANLRABHANARSDENAS
nsfuiierunarusualulasiaulududia g
Arurunialszdnsainnisiddelulasiauuas
asRUsznourewsyansninnslddelulasiau (Good
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Alszansnmnslglulasiau (nitrogen  use
efficiency; NUE) = NUpE x NUtE
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Fig. 1 Effects of different N fertilizer application rates on plant height (a), stalk diameter (b), SPAD chlorophyll

meter reading (c) and tiller number (d) of sugarcane at 4, 6, 8, 10 and 12 months after planting (MAP)
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wansineeadifsenineanssndsnladelulasiaunioy 24 anlulesiau/ls denalviaiuseansainnisld
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(106.75) eehsildfynisada Tneiludnsives anAUszdnsainnisgaldlulasiauainfuuas
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Table 2 Cane vyield, total nitrogen, total phosphorus and total potassium content in sugarcane at final harvesting

Treatments Stalk number Cane yield C.CS Total N Total P Total K
(stalk/rai) (ton/rai) (%) (kg/rai) (kg/rai) (kg/rai)
Control 9,670 3.97° 12.43 6.11° 0.87" 7.38°
N1 11,280 717 12.31 9.62° 1.55% 15.08"
N2 14,824° 9.08° 12.15 10.06" 1.94° 21.63°
Fotest ** *x s - * *
CV (%) 7.36 36.65 3.09 25.31 50.44 41.11

Note: ™ not-significant, *,H Significant at P < 0.05 and 0.01, respectively, v Means in the same columns with different letters are
significant (P<0.05) determined by Least Significant Difference (LSD)
Table 3 N uptake efficiency (NUpE), N utilization (0.028 ds/m, 0.3¢ Wesidud uay 29.15 me/kg) lu
efficiency (NUtE) and N use efficiency N35U35 3 UANEeaALAzLANANNeETA (P<0.01) 9N
(NUE) in sugarcane at final harvesting N550750U (Table 4) Tuwmglulasiaunaualufy

(00123 wWosidud) aanegrelediAynieada

(P<0.05) TunssuAsy 2 weilduansin9annnssuisn 3

Treatments NUpE NUtE NUE
N1 0.1 979.82 106.75 (0.0120 Wasidus) Usunuaiunsdlulasiaulufuly
N2 0.09 1630.89 132.28 WUAMUUANANINSAARlULAaYNSIHIE YonaInd s
t-test ns ns * WuINsTAET 2 way 3 dwaliRudeianudunse-
C.V. (%) 24.84 4378 11.42 AsanandeiIsudisuiunssuisa 1 egediteddry

Note: ™ not-significant, * Significant at P < 0.05 determined Meana (P<0.05) UANTIWION 2 Uaw 3 [ERIGRREY

by unpaired t-test. wanA1aRuUN1eada aglsinnuadnainisalunis
wanwWasuuszauan Inunal@euiuaniudeuld uay

wa a v B A = all dl v i 1 ] o
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Junse-Anevesiu (Carvalho et al,, 2017) 3nn1s
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wiauUgnasinvasiuurindmaliusinameanaa
fiuvssloviifintu tnevhluroae¥aiidulsslovd
naann1stddeialidgayidsdtgainnisvedig
(Leaching) Tastannzlufuiiiidnvasiunsie faiy
Sum%i'mqmmﬁuﬁLﬁm%ummm@jm%ﬂaﬁﬂa%ﬂﬁtﬁu
Usgleyinaeainmsladelulasinunieudgnasani
voAnurdtnazdeiunisgyidelagn1sveans
uenninssudsdlatelulnsiaundoulgnasasines
Auugidiuarnssuidilddonudnunitdanals
Aanssuvesneulydydoieageiuiioisuiteuy

+ o w aa

nssuAsAlalalelulasiauegeidedrAagyvisad

q

(P<0.05) (Fig. 2) 91n91ULI8Y84 Jian et al. (2016)

wuhmafnsnsnsladelulasioudmaionssuves
wulssigBaeageiudlonsuifiouiunsnisilildde
oglafimunsmaassnfiifianssuvesoulesigiFoion
Tunssuisiladelulasioundentgnasasinlaiumneing
funssuAslalelusmmmusiuugi Sedliduims
iinsnstelulnsiaunsouugnasuinvesAiugiin
Ldlavilvigapdelulasiauainnislalasladavesonlesl
gisoadloiouiisuiunssudsilanuuusih
ilefinnsanainfanssuveseulesigiioloane
Viinautglulasiaudld (Table 5) wudn Aanssuves
wulesigSelunssuisalatelulnsaundouugnasain

Auuzihaninssuisilddelulasiauniudiuug
ERNDRLRGHY GTi'aﬁaﬂiimaag%waﬁy'uﬁﬂﬁqﬁﬂgﬂ
wWasmHuueslanien (NHA) aghadng
n1svandaeslulasiauaindesgradiy vinli
dinusgansamlunsldlulnsiuvesiivdieldlunns
Wunandnuazanmsgaydslulasiauanmsiasudu
Aeueulutile (NH,) (Timilsena et al., 2015) il
nsnsilaelulnsauanuvivesiuugilufunse
danalinanansasiiuiunasiiuusyans amnsld

Tulasiauvaefiay

Table 4 Soil chemical properties at 0-15 cm depth after harvesting

Treatments pH EC CEC OM Total N Mineral N Avai.P Exch.K  Exch.Ca
(ds/m) (cmolkg) (%) (%) (mg/kg)  (megrkg)  (meg/kg)  (me/ks)
0-15 cm soil depth
Control 578"  0.013° 235 026 0.0090 6.78 11.68° 4580  93.25
N1 534" 0017 236 025 00123 1088 2238 5150  73.25
N2 504" 0.028° 206 034 001200 667 29.15° 5588 5675
F-test * ** ns ** * ns ** ns ns

CV. (%) 8.40 42.65 25.04 18.05 19.37 40.48 39.48 19.35 34.07

Note: ™ not-significant, *,H Significant at P < 0.05 and 0.01, respectively, 1/f\/\eahs in the same columns with different letters are

significant (P<0.05) determined by Least Significant Difference (LSD)
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1 1 1 I 1 a 1
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Table 5 Soil urease enzymes activity per nitrogen Auuzi1 uenaniianssuveseuledyioaninnisld

applied at sugarcane final harvesting Jelulasiaunieuvgnludnsassvinvesiuugiilail

AMULANA193INNTTUITN LAY uAwugdn denal

Treatments g NH'N ¢ 'dwt h'/kg N Uszavsnmnsltlulasiauganindlerisuiunistade
NI 18 Tulasiaumuugd
N2 1.4
t-test * AnAnssudsEne
C.V. (%) 4.64
Note: “not-significant, Significant at P<0.05 Az IdbrevounmUNEITS LouaAiita
determined by unpaired t-test. NIUNAUTEYANIUNAADY UATVDVDUAMYUDANYY
vl wninedeveunnudauussanal 2558 wagng
Faanssudszgndifiofiviasugaddidy
uvningdeveunnuiiaiuayuuUssanmunide
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Factors Affecting Needs for Fruit Production Extension under the Organic System

of Farmers in NongKaew Royal Project Development Center, Chiang Mai Province

Phutthisun Kruekum*, Phahol Sakkatat, Papob Jeerat and Napharat Vetchasitniraphai

Faculty of Agricultural Production, Department of Agricultural Development, Extension and Communications,

Maejo University, Chiang Mai, 50290, Thailand

Abstract

The organic system is an important in agricultural production. This study was conducted to investigate: 1) socio-
economic attributes of farmers 2) need of fruit production extension under the organic system of the farmers; 3) factors
affecting need for fruit production extension under the organic system and 4) encountered problems and suggestions about fruit
production extension and fruit market of the farmers in Nong Kaew Royal Development Project Center, Chiang Mai Province.
This study in January 2016 — December 2016. The sample group in this study consisted of 130 farmers. A set of questionnaires
was used for data collection and analyzed by using descriptive statistics and multiple regression

The results of the study revealed that the most of the respondents were male and 48 years old on average. The
household 5 members on average, they had 2 members of schooling age and 3 household workforces on average. Household
income 3,277 baht per month on average. Household land holding 9.31 rais on average. The most of them perceived news in
agricultural or information through various media more than 20 times per month. They contacted agricultural extension worker
once a month and participated in village tradition activities 3 times a month on average The most of the respondents has never
participated in agricultural activities. They had training experience in agricultural once a year on average. The respondents had
been growing fruit trees for 8 years on average. It was found they had a high level of knowledge and understanding about
organic fruit tree growing. The respondents had a moderate level of needs for fruit tree production extension under the organic
system Factors effecting needs for fruit production extension under the organic system of the respondents included information
perception though various media and agricultural extension worker contact with a statistical significances level at 0.01.

The encountered problems of production and fruit market were the respondents have lacked of new knowledge and
techniques about production and processing under the organic system, low yield quality, yield price fluctuation, cannot sale
yields because lack of standards . The following were suggestions of the respondents: 1) the royal project or government should
support on fruit tree growing under the organic system, 2) it should have a project in an area where farmers have interested, 3)
it should have the provision of new fruit tree varieties for growing, 4) it should have the assurance of yield price in advance; and

5) it should have a market for the yields lack of standards.

Keywords: Needs, Factors, Organic farming, Marketing and Royal project
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Table 1 Socio-economic attributes of the respondents

Independent variables

Dependent variable Needs of farmers

b t Sig.
1. Sex 129 1.467 146
2. Age .002 566 573
3. Education attainment .096 1.002 319
4. A number of household members .024 975 332
5. Household incomes 2.406E-005 1.411 161
6. Household land holding -.003 -1.196 235
7. Information perception though various media .016 4.588 .000
8. Agricultural worker contact -120 2,889 .005
9. Participation in village tradition -.046 -1.425 157
10. Participation in agricultural activities .054 711 479
11. Training experience .055 .807 422
12. Fruit tree growing experience .007 .929 .355
13. Farmer knowledge and understanding .023 1.084 .281
Constant .893
R’ 358 35.8 %
F 4.114
Sig. F .000

Remark: **statistically significances level at 0.01
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Consumers Knowledge on Local Vegetables in Khon Kaen Province

Kanokwan Khunkrue and Parichard Sangkumchaliang

Department of Agricultural Economics, Faculty of Agriculture, Khon Kaen University,

Khon Kaen, 40002, Thailand

Abstract

The purpose of this study was to study consumers' knowledge towards local vegetables in Khon Kaen
province. The data collected from 400 respondents through a questionnaire. The availability of local
vegetable in fresh market and Khon Kaen agricultural fair were confirmed. The data obtained from the survey
were analyzed using descriptive statistic and t-test. The results indicated that 90.70% of consumers have high
knowledge of local vegetable, 9.00% and 0.30% of consumer have moderate level and low level,
respectively. Moreover, The difference kind of market place. Compared between fresh market and Khon Kaen

agricultural fair have effect to knowledge of local vegetable.

Keywords: Knowledge, Consumer and Local vegetables
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Table 1 Basic knowledge of consumers about local vegetables

Question Answer
True Percentage False Percentage
1. Local vegetable is easy to find in local 382 98.20 7 1.80
2. Great morinda and Horse tamarind is local vegetable 375 96.40 14 3.60
3. Local vegetable born in natural resource 370 95.12 19 4.88
4. Local vegetable can develop commercial vegetable 370 95.12 19 4.88
5. Spinach and Paco Fern is local vegetable 369 94.86 20 5.14
6. Vietnamese coriander, Water clover and Finger grass is local vegetable 369 94.86 20 5.14
7. Spring onion and Chinese Kale is local vegetable 288 74.04 101 25.96
8. Sesbania flower and Bamboo grass isn’t local vegetable 256 65.81 133 34.19
9. Chinese Kale and bog choy isn’t local vegetable 212 54.50 177 45.50
10. Some local vegetable is GMO 167 42.93 222 57.07

Table 2 Levels of consumers knowledge and to

study population

Table 3 Comparison of knowledge about local

vegetables between consumers

Sample n Mean S.D. t p-
(Score) value
Fresh Market 196 8.27 1.21
2463  0.014*

Agriculture Fair 193 7.96 1.24

Level of Knowledge  Population Percentage

1. Low 1 0.30

2. Middle 35 9.00

3. High 353 90.70
Total 389 100.00

*11 population did not know about local vegetables
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The Development of a Community Model According to The Philosophy of
Sufficiency Economy, Level Prosperous: A case Study of Nong Phueak Village,

Wapi Pathum District, Maha Sarakham Province
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Program in Business Economics, Faculty of Management Science, Rajabhat Maha Sarakham University,

Maha Sarakham, 44000, Thailand

Abstract

This research of mixed methods research as the following 1) Quantitative research was conducted by using the questionnaire to
study the sufficiency economy philosophy of the household of Ban Nong Phueak, Wapi Pathum, Maha Sarakham, The sampling of about
224 persons and 2) Qualitative research using participatory rural appraisal (PRA) research, The purpose are study community development
in accordance with sufficiency economy philosophy, The targeted to 30 key informants (KI) with a study of the factors affecting the
sufficiency economy village of rich and happy. Statistics for analyzing data include Pearson correlation coefficient (r) and multiple regression
analysis. The selection is a research area because the Ban Nong Phueak is outstanding. The award of sufficiency economy village Level 3
"Rich and Happy”. The results followed; the community context and lifestyle following the philosophy of sufficiency economy, (3 Pillars - 2
conditions) and all aspects are in high level. The most practical aspect is the rationality (X =14.22). People are involved in the traditions of
the community, living and practicing the principles of religion, using intellect and reason to climb to find the cause and solve problems.
Think around, have compassion, and always help others. Immunity (X =4.13), people in the community have the belief that "What goes
around, comes around" and will continue to do good for themselves and their families. People have money, life insurance or money. Less
than current liabilities are positive. Democracy in coexistence, saving money for emergency and morale (X =402 to safety in life and
property. And try to avoid all the moves. The performance of sufficiency economy villages at happy can be separated into the savings
performance in high level (X =4.06) People have savings channels, such as members of the savings group. Group trust fund village or bank.
Secondly, the natural resources and environment (X = 4.05). The people value the use of natural resources in a cost effective and
economical way. People participate in the conservation of natural resources and the environment, participation in waste management
properly. And the generosity (X = 4.00), people participate in the activities of their neighbors, such as wedding ceremony, funeral service,
and the government service is considered to create a harmony. The important factor that makes the community successful is the
sufficiency economy village of rich and happy. There are 8 factors: the village leaders, society and culture, participation, economic, natural
resources, psychological and technology, The overall, 8 factors correlated with success in becoming efficient village economy statistically
significant at the 0.01 level. The analysis of relationships and impacts, it was found that the implementation of the 3-loop principle 2,
knowledge-based conditions, had a positive relationship and positive impact. So, to improve the performance of the community. Should

focus on educating people in the community.

Keywords: Community model and Sufficient economy

*Corresponding author: E-mail: aui.Thanyachanok@gmail.com
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Table 1 Applying sufficiency economy philosophy

to everyday life based on 3 loops 2 conditions

List S.D. Level of

X
operation
1. Moderation 3.99 0.62 Good
2. Reasonableness  4.22  0.52 Good
3. Self-lmmunity 413 045 Good
4. Knowledge 4.01 0.33 Good
5. Morality 402 094 Good
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Table 2 The operation about sufficiency economy

Ban Nong phueak, Wapi Pathum, Maha Sarakham

Operation X SD Level of
Operation
1. Reduction of expenses 376 0.60 Good
2. Increase income 382 0.87 Good
3. Savings 4.06 0.66 Good
4. Live a life 4.00 058 Good
5. Conservation of nature 4.05 0.63 Good

resources and environment

6. The generosity 4.04  0.68 Good
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Table 3 The correlation of 3 loops 2 conditions and acceptance of operation

Moderation  Reasonableness  Selflmmunity  Knowledge Morality Acceptance VIF

of operation

Acceptance of operation 0.384** 0.362** 0.222%* 0.945%* 0.388** 1

1. Moderation 1 1.506
2. Reasonableness 0.266** 1 1.468
3. Self-Immunity 0.658* 0.246** 1 1.204
4. Knowledge 0.540* 0.593* 0.400** 1 k 2.512
5. Morality 0.384** 0.362** 0.222** 0.359** 1 1.187
Mean 3.986 4.223 4.132 4.010 4.028 3.958

S.D. 0.621 0.529 0.456 0.336 0.948 0.389

**p<0.01, *p<0.05
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Multicollinearity (Black, 2006)
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Table 4 Multiple Regression of affecting success in sufficiency economy village

Independent variable Success in sufficiency economy village t p-value
Coefficient Standard error
constant -0.005 0.004 -1.250 0.212
1. Moderation -0.166 0.001 -250.910%* 0.000
2. Reasonableness -0.167 0.001 -217.256%* 0.000
3. Self-lmmunity -0.167 0.001 -206.621** 0.000
4. Knowledge 1.501 0.002 951.552** 0.000
5. Morality 0.000 0.000 0.521 0.603

F=269966.337, p = 0.00, AdeZ: 1.000, Durbin-Watson = 1.958, **p< 0.01, *p < 0.05
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Effect of Herbal Mixture Tom Yum Accessories Supplemented on Production

Performances of Commercial Thai Native Crossbred Chicken

Mahisorn Prapasanobol*, Supansa Moongkoklang, Chusak Chumijit and Sithipong Limlek

Program in Animal Science, Faculty of Agricultural Technology, Phetchaburi Rajabhat University,

Muang District, Phetchaburi, 76000

Abstract

The purpose of this research was to study the effect of Herbal Mixture Tom Yum Accessories in the
diets on productive performance. The experiment was assigned in the completely randomized design (CRD).
480 birds about a day old were randomized to 6 groups, each group with 4 replications and each replication
with 20 birds. The dietary treatments were controlled diet (T1), control diet supplemented with 0.10%
chlortetracycline (T2) and control diet supplemented with 0.25, 0.50, 0.75 and 1.00% of herbal mixture tom
yum accessories (T3, T4, T5 and T6) respectively. The experiment was conducted for 16 weeks. All the birds
were rear in open house system, drinking water, and feed were unlimited. Data collection as average dairy
gain, Feed conversion ratio, Feed intake, Feed efficiency, Mortality percentage and Feed cost were recorded.
The Statistic was used ANOVA and compare mean with Duncan's New Multiple Range Test (DMRT).

The research was found that average dairy gain, feed conversion ratio, feed efficiency and mortality
percentage were expressed with no statistically significant difference (P>0.05). The feed intake of T3 was a
statistically significant difference from the other groups (P<0.05). Therefore, the supplementation of Herbal

Mixture Tom Yum Accessories did not negative affect to production performance.

Keywords: Herbal Mixture Tom Yum Accessories and Thai native crossbred chickens
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Fig. 2 Herbal mixture tom yum accessories
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Proximate analysis (AOAC, 1999) (Table 1 - 3)

Alpiniagalanga Linn. (B), Cymbopogonnardus Linn.
(O) and Citrus hystrix (D)

Table 1 Proximate analysis of herbal mixture tom yum accessories

Dry Matter On dry basis

(%) Protein (%) Fat (%) Ash (%) Fiber (%) NFE (%)

Tom yum accessories 87.60 8.09 4.47 7.43 24.52 55.49

Table 2 Proximate analysis of experimental diet formula at duration 1-8 weeks
Treatment Dry Matter (%) On dry basis (%)

Protein Fat Ash Fiber NFE

T1 (Control) 88.51 2391 5.65 5.84 4.24 60.36

T2 (0.10% CTC) 88.65 24.17 5.50 5.85 4.55 59.93

T3 (0.25% Tom yum) 88.64 24.61 5.58 5.86 4.69 59.26

T4 (0.50% Tom yum) 88.64 24.56 5.54 594 4.49 59.47

T5 (0.75% Tom yum) 88.69 24.33 5.54 5.90 4.33 59.90

T6 (1.00% Tom yum) 88.72 24.03 5.81 5.90 4.20 58.06

CTC = Chlotetracycline
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Table 3 Proximate analysis of experimental diet formula at duration 9-16 weeks

Treatment Dry Matter (%) On dry basis (%)
Protein Fat Ash Fiber NFE
T1 (Control) 88.87 21.01 7.95 5.82 5.05 60.17
T2 (0.10% CTQ) 88.20 21.37 7.93 5.82 4.99 59.89
T3 (0.25% Tom yum) 88.10 21.06 8.01 5.96 4.99 59.98
T4 (0.50% Tom yum) 88.22 20.63 8.00 5.93 5.28 60.16
T5 (0.75% Tom yum) 88.24 20.71 8.03 6.04 5.22 60.01
T6 (1.00% Tom yum) 88.02 21.00 8.09 6.21 5.21 59.49

CTC = Chlotetracycline

1.2 #U3IDNINNTTHER

1) dns1n19RseAvle (NS/A/3) wa
nsfnwdnsnisiaiyivinveslifiuiiosguas
a3 AldFunsiatuaulnsiiufugisedusngg
(Fogar 0.25 0.50 0.75 war 1.00) lWSeuLilguiungy
AIUANKATNAULATUAISUfTIugAaRImnsIFuA Y
(Sowaz 0.10) WU NNNAUNARBILINUAIILLANGT
y3adfTg 4 1svBEnIAee 1-4, 58, 9-12, 13-16
Faniuaznaennisiass 1-16 §Un 9 (Table 4)

2) UszAvsnmmsidsuemadude ua
nsAinwdszAnsnmniaiudsuemaiuiovesls
fudlosgnuaumenisdinaennIsaeswesngumnanad
3-6 TAt 2.77-2.95 wnninguauauiidan 2.49
wazngudl 2 fien 2.75 mnfiansanindedutag 1-

dUA9 ngunaaedd 4-6  UA1efuyIe 1.76-1.83

WINNIINFUAIANTLAT 1.71 wagnaud 2 NA1 1.68

lugag 5-8 dUavt nauneaesd -6 daadelugae

2.46-2.98 IndiAsenauaiuaunien 2.62 wagnqui 2

a

fifn 2.56 Tutae 9-12 dUa % ﬂzjwmaaaﬁ -6 3

ANRREY 2.67-3.02 IndiAsanquaiuauiien 2.46

wazngui 2 A1 2.71 warluyae 13-16 dUavi nqyu

89N 4-6  UALRAYY9 4.16-5.08 UINNINNAY

AUANNIlA 3.38 udlndlAeenguil 2 1A 4.48 NN

4 9295298 MSLEeT 1-4, 5-8, 9-12, 13-16 dUaiLay
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ROANSAEY 1-16 AUnmsinnnaunimmaaeslsnuani
LANFN9a0H (Table 5)

3) USumemnsiinu  (nSu/f/) e
miﬁﬂmﬂ%mmmmsﬁﬁumaaldﬁul,ﬁaﬁgﬂwaumami
1 F19580EMIAET 13-16 FUak ﬂa;mwmaaﬁ 3§
IFsunsiaduayulwsiiuedosiudiseduiosay 0.25
TS msfinuunningaasuasu iz aae-
wnseady (Fevaz 0.10) nguAIuAY LAzNaNTLF3Y
msLﬁ%:umgulwsﬁﬁ’uLﬂ%“aaéfmhszé’u%aaas 0.75,
050 uway 1.00 MIUAIFU NUAULANAIBEN9E
HodAgyn1eaia (P<0.05) dusyeymsiaeed 1-4, 5-8,

s '

9-12 Uaviuamaonnsians 1-16 dUANAGUNIT
neaosiUSunaemsiinuliwansmisada (Table 6)

4)  Us¥anSannsldenns wan1sanya
Uizﬁm%m‘wmﬂ%’mmi%ﬂdﬁmﬁaqqﬂmaumqmiﬁh
nangunIIMaaeslinuALuANeISERAT 4 979
SYeYMSIADaT 1-4, 58, 9-12, 13-16 U wavmaen
MSIABe 1-16 §Uawi (Table 7)

5) $ouaEN13ANY HAANWIYNNENNITNNABY
naennsiaedlaiuAnAwNeEaA (Table 8)

6) AunuA1IMNS (U/Alansuemis) Ka
NSANBINNNFUNITVAADY LUINUAINUANANNIIARR
W 4 195EeESIanadl 1-4, 5-8, 9-12, 13-16 dUnw

LALAADANISHALY 1-16 dUAY (Table 9)
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Table 4 Average dairy gain (ADG) of Thai native crossbred chicken supplemented with herbal mixture tom

yum accessories (gram/bird/day)

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 Té6 P

Control CTC 0.25% 0.50% 0.75% 1.00% value
Initial wt.(g) 39.18 39.31 39.18 39.56 40.56 38.93 0.928
Final wt.(g) 2274.86 2152.64 2065.99 2135.72 2063.75 2110.00 0.344
1-4 12.7515.79 13.0016.31 12171531 12.0315.58 11.8815.28 11754521 0.999
5-8 20.9312.47 22.1916.13 20.4312.64 19.8616.30 21.25%3.04 19.58+4.12  0.963
9-12 23.30122.11 23.11%13.43 22.72+15.98 22.21+16.97 19.00%16.40 24711738 0998
13-16 22.65114.85 17.15%14.13 17.03%7.48 20.73%2.67 20.10%8.72 20.62%11.92 0972
1-16 19.91+12.99 18.86110.45 18.09149.28 18.7119.47 18.0619.52 19.16t8.46  0.996

Values are expressed as mean + standard deviation

Table 5 Feed conversion ratio (FCR) of Thai native crossbred chicken supplemented with tom yum accessories

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 T6 P value
Control CTC 0.25% 0.50% 0.75% 1.00%
1-4 1.7130.09 1.6810.05 1.7610.08 1.8310.05 1.7610.08 1.7810.12 0.268
5-8 2.62%0.44 2.5610.67 2.6510.43 2.98%1.04 2.0610.42 2.73%1.06 0.941
9-12 2.4610.62 2.71%0.15 2.8010.65 2.6710.63 3.02%0.62 2.9710.92 0.901
13-16 3.3811.03 4481168 5.08%1.36 4.2910.52 4261152 4.16+161 o.rrr
1-16 2.4910.80 2.7511.26 2.9511.38 2.8711.08 2.77%1.15 2.821+1.24 0.938

Values are expressed as mean + standard deviation

Table 6 Feed intake (FI) of Thai native crossbred chicken supplemented with tom yum accessories (gram/bird/day)

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 T6 P value
Control CTC 0.25% 0.50% 0.75% 1.00%
1-4 21.93110.40 21.6619.87 21.6019.97 22.15110.36 21.0319.79 21.0919.57 1.000
5-8 54.80%7.10 54.86110.05 54.18%10.62 54.8418.48 52.09%9.07 50.72%8.07 0.976
9-12 81.29%3.73 82.3814.96 84.00%3.92 80.61%4.54 80.9713.94 78.6915.04 0.661

13-16 92.3010.00° 94.40+0.65° 96.00£0.00° 92.1240.16° 92.3010.00° 91.08+0.50° 0.000
1-16 77.42%14.80 78.50%15.95 79.541+16.82 77.04+14.88 76.581+16.08 74.801+16.02 0.973

Values are expressed as meantstandard deviation, % Mean within a row with different letter differ significantly (P<0.05)
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Table 7 Feed efficiency (FE) of Thai native crossbred chicken supplemented with tom yum accessories

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 Té P value
Control CTC 0.25% 0.50% 0.75% 1.00%
1-4 74.45%13.29 74.05%13.98 75.93113.93 78.32%12.34 74.20%£12.06 76.00£13.50 0.997
5-8 51.27%7.71 50.67%4.98 52.6014.82 54.8416.72 49.97%5.77 50.41%6.36 0.875
9-12 38.8314.55 39.04%4.00 41.3614.03 40.5113.94 41.46%3.67 41.13%4.39 0.892
13-16 31.3713.46 33.1411.91 35.2312.23 33.6113.16 34.0613.17 32.6213.36 0.569
1-16 54.77%22.30 55.07%21.69 57.11%£21.55 57.69122.94 55.98120.59 56.18121.35 0.999

Values are expressed as mean + standard deviation

Table 8 Mortality percentage of Thai native crossbred chicken supplemented with tom yum accessories

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 T6 P value
Control CTC 0.25% 0.50% 0.75% 1.00%
1-4 0.00 3.75 2.50 0.00 0.00 0.00 0.107
5-8 2.50 1.30 3.85 2.50 2.50 1.25 0.916
9-12 0.00 0.00 0.00 0.00 0.00 0.00 -
13-16 0.00 0.00 0.00 0.00 0.00 0.00 -
1-16 2.50 5.00 6.25 2.50 2.50 1.25 0.623

Values are expressed as mean =+ standard deviation

Table 9 Feed cost of Thai native crossbred chicken supplemented with tom yum accessories (Baht/kilogram feed)

Period Treatment
(week) Tom yum (%)
T1 T2 T3 T4 T5 Té6 P value
Control CTC 0.25% 0.50% 0.75% 1.00%
1-4 19.25%3.56 19.3213.92 18.9013.53 18.2313.09 19.25%3.22 18.7613.52 0.998
5-8 27.72%3.90 27.82%2.62 26.77%2.29 25.83%3.14 28.3113.25 27.9613.47 0.880
9-12 31.2313.64 30.93%3.13 29.22%2.87 29.82%2.94 29.10%2.54 29.40%3.12 0.872
13-16 38.5813.97 36.2712.15 34.1412.19 35.9113.34 35.4313.12 37.0513.59 0.492
1-16 29.19%7.93 28.5826.90 27.2536.20 27.44%7.19 28.02%6.55 28.1316.89 0.974

Values are expressed as mean =+ standard deviation
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2. A50lNan153Y
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o113 maissdinmsiasyivlatuay 11.32 ndu
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Effect of Protein Levels in Fermented Complete Feed on Growth Performance

and Carcass Characteristic in Barbary Duck

Songsak Chumpawadee *, Nuttanan Saenthaweesuk, Sirison Prasertwit and

Supisara Thaseengam

Animal Feed Resource and Animal Nutrition Research Unit, Department of Agricultural Technology,

Faculty of Technology, Maha Sarakham University, Maha Sarakham, 44150, Thailand

Abstract

The objectives of this study were to determine the effect of protein levels in fermented complete
feed on growth performance and carcass characteristic in Barbary duck. Seventy two Barbary duck, 4 weeks of
age were divided into 3 groups 4 replications in each group and 6 ducks in replication. Completely Random
Design was used in statistical analysis in this experiment. The dietary treatments were 1) fermented complete
feed 12% of crude protein (CP), 2) fermented complete feed 16% of CP and 3) fermented complete feed
20% CP. The results were showed that dry matter feed intake and average daily gain were significantly
different among treatment (P<0.05). Duck fed with 16% CP and 20% CP diet were not different in dry matter
intake and average daily gain, but higher than duck fed with 12%CP diet. Feed conversion ratio and carcass
characteristics were not significantly different among treatments. Fermented complete feed 16% CP was

more suitable for Barbary duck production in order, and it was lower cost when compared to 20% CP.

Keywords: Protein levels, Fermented complete feed, Growth performance and Carcass characteristic
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JUAUDINITUTLLANNAIIIULINATIIBINITUS AN

Table 1 Fermented complete feed ration

dmaronuANYMLYBIYIN

Tsiuluommsnsauansiiseaundsauivinduialy

Feed stuff 12% Crude protein 16% Crude protein 20% Crude protein
%DM %Asfed %DM %Asfed %DM %Asfed
Cassava peel 26.0 31.85 20.0 28.44 15.0 25.11
Cassava pulp 25.0 51.42 20.0 47.76 15.0 42.18
Corn meal 9.0 3.12 9.0 3.62 9.0 4.27
Rice bran 9.0 3.05 9.0 3.54 9.0 4.17
Palm oil 3.0 0.93 4.0 1.43 5.0 2.11
Cane molasses 6.0 2.10 6.0 244 6.0 2.88
Soybean meal, 44%CP 19.0 6.58 29.0 11.66 38.0 17.99
Salt 0.25 0.08 0.25 0.09 0.25 0.11
Red soil 0.65 0.22 0.65 0.26 0.65 0.3
MCP, 22%P 1.0 0.31 1.0 0.36 1.0 0.42
Urea 0.1 0.03 0.1 0.04 0.1 0.05
Sugar 1.0 0.31 1.0 0.36 1.0 0.42
100 100 100

Water, kg 15 15 15
Premixed for fermented feed, kg 0.2 0.2 0.2
Chemical composition
Crude protein, (%) 12.97 16.93 20.93
ME, kcal/kg 3,147 3,071 3,006
Dry matter, (%) 31.06 36.09 39.39
Ether extract, (%) 8.10 8.31 8.78
Crude fiber, (%) 5.83 6.43 6.41
Ash, (%) 7.03 7.92 7.64
Note: MCP = Mono calcium phosphate, 229%P
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Table 2 Effect of protein levels in fermented complete feed on productive performance in Barbary duck

Weeks Protein levels SEM P-Value
12 % 16 % 20 %

Dry matter feed intake, ¢/h/d
1 122.55° 143.51° 154.41° 4.01 0.0001
2 163.02° 186.65" 181.56" 3.22 0.0001
3 166.50° 183.52° 180.75° 2.96 0.0214
4 155.16" 173.41° 179.29° 3.60 0.0024
1-4 140.86° 171.77° 174.00° 5.48 0.005

Average daily gain, ¢/h/d

1 39.64 77.15 74.64 9.93 0.24
2 46.43 57.14 53.57 3.21 0.42
3 62.86 62.14 60.00 373 0.95
q 31.00 43.21 38.57 3.83 0.44
1-4 45.00” 53.66° 54.29° 1.71 0.02

Feed conversion ratio

1 295 299 217 0.17 0.09
2 3.79 3.37 3.57 0.24 0.81
3 2.63 3.30 3.22 0.23 0.48
4 4.76 517 4.96 0.47 0.94
1-4 3.13 3.20 3.20 0.18 0.52

Note: SEM=standard error of the means

> means within the same row were significant different p<0.05

Table 3 Effect of protein levels in fermented complete feed on carcass characteristic in Barbary duck (%)

Carcass composition Protein levels SEM p-value
12 % 16 % 20%
Carcass yield (% of LW) 78.88 79.30 79.84 0.82 0.91
Thigh, % 16.69 17.02 18.88 0.64 0.36
Wing, % 12.85 13.00 13.30 0.36 0.89
Breast, % 15.21 14.45 14.30 0.40 0.66
Liver, % 2.35 2.39 2.45 0.09 091
Gizzard,% 4.18 4.18 4.08 0.19 0.97
Intestinal, % 3.73 3.44 3.50 0.15 0.75
Eatable meat, % 44.48 44.47 46.48 0.80 0.94
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The Development of Betong Chicken Production for Commerce in

Klong Hoi Kong District, Songkhla Province

Kruan Buakeereel*, Mongkol Thepparat1 and Thunchira Thepparat2

]Department of Agriculture, Faculty of Agricultural Technology, Songkhla Rajabhat University,
Songkhla, 90000, Thailand
ZDeporTment of Animal Science, Faculty of Natural Resources, Prince of Songkla University,

HatYai campus, Songkhla, 90110, Thailand

Abstract

This study has two sections. The first section was to test the feasibility of Betong chicken under farmer (Khlong
Hoi Khong District, Songkhla Province) and intensive management. Under farmers management (7 farmers), 30 Betong
chicken at one week of age were raised. The chickens were fed 21% of protein throughout experiment. Feed and
water were given ad libitum. The results were shown that production performance (final weight, average daily gain,
feed intake, and feed conversion ratio) under farmer management were significantly (P <0.05) lower than intensive
management, all periods (7-60, 60 - 120, and 7 - 120 days). These results were indicated that Betong chicken’s
performances under farmer management were lower than their potential performances. In order to extend Betong
chicken, knowledge of management, feed and water should be promoted to succeed the project. The areas in this
study were Hat Yai district and Muang Songkhla district. The methods of the study were 200 personal questionnaires
and 20 cases for interviewing consumer and Hainanese chicken rice (HCR) sellers, respectively. The results were shown
that the reasons for decision to buy HCR were flavor/taste of HCR (92.96%) followed by the cleanliness (59.15%),
eatable (57.04%), and famous (40.85%), respectively. Consumers did not know Betong chicken (46.74%) high
proportion and acceptable if price HCR increasing 10 -20% in case using Betong chicken for cooking. HCR vendors used
indigenous chickens (50%), broiler (33.33%), and both types (16.67%) for cooking. Weight of chicken demand average
2.79 + 0.26 kg/chicken, and each shop demanded 9.10 + 3.15 chicken/day. Some HCR vendors did not know Betong
chicken (25%). If use Betong chicken to cook HCR, they thought customers were looking to buy it. The reasonable

price Betong chicken was 133.33 + 5.37 baht/kg.

Keywords: Production performances, Native chicken, Management, Betong chicken and Hainanese chicken rice

* Corresponding author: E-mail: kruanbu@hotmail.com
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Table 1 Production performance (mean + SD) Betong Chicken under Farmers and Intensive management

Items Final weight (g) ADG FI FCR Mortality (%)  Cost (Bath/kg)
Age 7-60 day
Farmers 788.6°+63.6 10.1°41.2 2,115.7°4240.1 33°40.4 24432 58.6°+8.6
Intensive 861.7°436.0 11.7°+0.8 1,628.3°+56.0 23’1+ 0.1 1.7+ 4.1 41.1°+ 23
Age 60-120 day
Farmers 1,741.4°+124.8 15.4°42.7 4,735.7°+793.5 5.0°+0.9 34447 88.3°+15.4
Intensive 1,860.0"479.0 17.2°10.8 3980.0°+144.2 4.0+ 0.3 0.9 +21 70.8°+5.9
Age 7-120 day
Farmers 1,741.4°+124.8 12.4°+1.1 6,957.1°4574.9 4.6°40.6 52+ 4.2 80.4°+11.3
Intensive 1,860.0°+79.0 13.8°+1.0 5,608.3°+162.5 337402 25461 58.3°+2.9

ADG = average daily (g/head/day), FCR = feed conversion ratio, FI = feed intake (g/head)

*® difference letter in same column were significant difference (P < 0.05)

Table 2 Consumers behavior of Hainanese chicken rice

Items

Table 3 Consumers’ perception of Hainanese

chicken rice from Betong chicken

Reasonably for making decision in Hainanese chicken rice

Items

Flavor/taste (%) 92.96 Perception (%)

Eatable (%) 57.04

e t® Known 53.26
Cleanliness (%) 59.15

Unknown 46.74

Brand (%) 40.85

Reasonable price (%) 13.38 Demand for Betong chicken (%)

Suggestion by friend (%) 17.61 Yes 56.36
Advertisement (%) 4.23 No 25.45
Frequency uncertain 18.18
E day (%) 6.38 . .

Ve SR Price of perception (%)

2 - 3 days/time (%) 17.73

0 )

One a week (%) 548 Upper 10% of normal price 56.62
More than week/time (%) 23.40 Upper 20% of normal price 31.52
Expense/time (Bath; mean +SD) 48.31+23.55 Upper 30% of normal price 11.96
U 15 aduh 1 unsay - Aguiey 2561 2NTETNEYATNIEIT
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Table 4 Characteristic of chicken were used for

Hainanese chicken rice

Items Mean SD

Type of chicken (%)

Indigenous 50.00

Broiler 33.33

Indigenous and Broiler 16.67
Average of body weight 2.79 0.26

Number of chicken selling (heads/day) 9.10 3.15

Table 5 Consumers’ perception of Betong chicken

Items Mean SD

Perception (%)
Known 75.00
Unknown 25.00
Demand for Betong chicken (%)
Yes (%) 100.00
Reasonable price of Betong 133.33 5.37
chicken (Baht/kg)
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The Study on Increasing Effective in Expenses Management to Reduce Cost of
Milk Productivity of Small Holder Dairy Farm in Borabu District of

Maha Sarakham Province

Sommas Ittharat*, Sopon Lakornpol, Kamonrat Puangdogmai and Porwornpan Meetham

Faculty of Agricultural Technology, Rajabhat Maha Sarakham University, Maha Sarakham, 44000, Thailand

Abstract

The objective of this research was to study the effective increasing in expenses management to reduce
cost of milk productivity of small holder dairy farm in Borabu District of Maha Sarakham Province. The sample
subjects were 30 dairy farms in Borabu District of Maha Sarakham Province. The research team was collected
data by question from the dairy co-operation and farmers. The statistic was used in data analysis; including
percentage and average (mean).

The results of the study were found that 90% of dairy farmers did not note cost of farm. 75% of the
data cost were received from the dairy co-operation. Total cost overall 25,503,815.23 baht could produce raw
milk 2,434,550.00 kilograms. The cost of raw milk production was 10.48 baht/kg. Analysis in percentage of cost
found that feed cost was 80.61% labor cost was 5.53%, water bill electricity bill and fuel bill were 5.16% and
other groups (drugs material and artificial insemination service) were 8.70%. Feed cost was the highest cost in
this research. The dairy cows in farms were 87.5-93% Holstein Friesian crossbred. If the dairy farmer have to
be effective increasing in expenses management to reduce cost of milk productivity. They must reduce
unnecessary cost in feed part only or using agricultural by product mixed in feed, and replacement, and used

percentage of pedigree in Holstein Friesian crossbred dairy cows were not exceed. 87.5-93% in herd.

Keywords: Increasing effective, Raw milk and Cost
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Table 1 Data analysis cost of raw milk productivity of 30 small holder dairy farm in Borabu District of Maha Sarakham Province

Farm Feed(bath) labour (bath)  Waterworks Electricity Fuel (bath)  Other cost (bath)  Total (bath)

30 20,557,847.62 1,410,000.00 1,315,939.87 2,220,027.74 25,503,815.23
Average 685,261.59 47,000.00 43,864.66 74,000.92 850,127.17
% 80.61 553 5.16 8.70 100
Note: The data in 2015
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Table 2 A cost of raw milk productivity of 30 small holder dairy farms in Borabu District of Maha Sarakham Province

Farm Total raw milk (Kg) Total cost (bath) A cost (bath/Kg)
30 2,434,550.00 25,503,815.23 -
Average 81,151.67 850,127.17 10.48
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Effects of Starvation and Re-Feeding on Growth Performance and Blood Glucose

Level in The Broadhead Catfish (Clarias macrocephalus)

Rattanasuda Chaiyachatel, Bundit Yuangsoil, Thongchai Champasril,

Chamaiporn Champasri2 and Siripavee Charoenwattanasak'

'Fisheries Department, Faculty of Agriculture, Khon Kaen University, Khon Kaen, 40002, Thailand
ZB/'ochem/'stry Department, Faculty of Science, Khon Kaen University, Khon Kaen, 40002, Thailand

Abstract

A study on effects of starvation and re-feeding on growth performance and blood glucose level in the
broadhead catfish were conducted using the broadhead catfish average weight 40 g. The experiments were
divided into 2 groups i.e. control group (fed in the 1-8" week), and starved (in the 1-4" week), then re-fed (in
the 58" week) group. The results revealed that percentage weight gain (PWG), hepatosomatic index (HSI), and
blood glucose level were decreased according to starved duration (P<0.05). Next, effects of re-feeding, the
results showed that average daily weight gain (ADG), PWG, and HIS were increased in the 5-8" week (P<0.05).
Compensation coefficient (CC) was increased in the 7" week (P<0.05). Blood glucose level was increased in
the 56" week (P<0.05). In addition, PWG and blood glucose level were lower in the 1-4" week in the starved
compared to the control group (P<0.05). Likewise, HSI was lower in the 2-6" week in the starved compared to
the control group (P<0.05). In the final part of re-feeding has shown that ADG and PWG were lower in the 5-
8" week in the re-fed group compared to the control group (P<0.05), whereas blood glucose level was not
significantly different (P>0.05). Overall, these results indicate during the starvation for 4 weeks, the survival
rate was 100%, the growth rate was decreased. However, after re-fed, the compensation coefficient was
34.52% in the 7" week. Therefore, after starvation, when the fish are re-fed, the growth rate was found to be

higher than the control in the broadhead catfish.

Keywords: starvation, re-feeding, growth performance, blood glucose and Clarias macrocephalus
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Aesidusihminfiuvesualunguensmsiientes

o

nivanaumuasludUnvifl 1-4  (P<0.05) Adnan
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nsgaydeananeuardnsNsgaydeinanigseiuves
JarlungueneimisiiAiuinnitvainguaivauly
FUaaiil 14 (P<0.05) wazedwiisuvasanlunguen
prmsiidntiesniivainguaruguluduaiil 24
(P<0.05) daureudulundundelaifiauuansiedy
( a o

P>0.05) dludanngeinduanlemsanluduaim

' '
v a a v '

7 5-8 Wu31 AUMTNLiLLRAsReTuAILUe S U

v ' oy
v a v a1 oa =

Yrunfiy wazaestdau Jannuduluduanvian 5-8

(P<0.05) Tuwaue? A18NSINTSAULEDNIANY LATDORS)

CTRe]

nsgdouaniesiety fdvanadduduaiid 57
(P<0.05) uay fiddudszansnisisaiivinvae
disBuluduanifl 7 (P<0.05) urrnATmtulund il
wuinladfiaauuandng (P>0.05) uagiilolIouiiioy
UangundunliersiunguauauludUnivi 5-8
wuin Advdndafinsety warandefidudiindn
v vesvanlungunduanlieorms deantiosndinan
nauAuAludUAYA 5-8 (P<0.05) AdnsInsgayde
waneuardnsNsaydenanieseiuresUantungy
ndualenms faunnninanguaiuayluduavid
5-8 (P<0.05) dwAdaifiunaamutulunduiile
laifipuuaneneiu (P>0.05) (Table 1 and Fig. 1)

1.2 szaunglagluidon

Uamﬂqaﬁammmﬂﬂunm 1-4 §Uavi wudn
Ysurunglagluifeniidranasniuszeziiainisen
91113 (P<0.05) waziflelIeuifisutainauenoms
funguatuauluduamiil 1-4 wuin Usuanglaaly
danveslarlunguensinisiidAidesnitvaingy
muauludlaniil 1-4 (P<0.05) dwluvaignged
nduanlemsdnluduansifl 5-8 wuirUsunaunglaa
Tudonfiutuludani 56 (P<0.05) usaliunnsg
Tudunid 7-8 (P>0.05) wazidloiUSsuiisuuainga
nduanlfomnsiunguatuauludua1vil 5-8 wuin
Usunanglaaluidienliunnsisiu (P>0.05) (Table 1

and Fig. 1)
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2. 39150INan1539Y

2.1 nMsasysiiula

Uaﬂ@ﬂqﬂﬁammmmﬂunm 1-4 dUmnst wun
nsiaseAulnagsrinuaginisagduiianiy A
Fuveslatanaailesainiinisldndsruiiasaulugu
wu lnalau Mlvulafuanasniussesiiainisen
g1m15 IaglutadUamid 12 fdnsinisiaiaivle
anasednann Judunansgnuiiiiulsdaauiianny
Asasunlamisassyvesnisenaimslussosd 1
drlutiwandunviil 34 SasnsUdsuulasanas
Fadunsususadifuanimnisenatmsluszesd 2
wazdnsundanufiazauaild (Le Maho et al,
1981; Mendez and Wieser, 1993; Bines, 1999;
McCue, 2010) Aduiliuiianainiuszesinainisen
a5 Akidiuin VLﬂaT,ﬂLauiuﬁugﬂﬁmﬂﬁﬁ'aﬂmmm
ansomsusoldsundinuliifisme wasluufiazan
Juuradmdsnudrsesiongnihunldiguiu Tz
TushuflavasludeBognuinunldiielindamilunsdi
nglaa lnalawou uaglufu flaifisane Guilvand
miqu:yl,ﬁ&mama (Stickney and Lovell, 1977) e
Lﬂ%'a‘uLﬁEJmemjuammmiﬁ’mejm’m@ﬂuﬁﬂmﬁﬁ
1-4 wuln domsnisiasiulananeneiu lnedailu
naumuauiininasgivladfiuty wivatlunguiion
E]’]Wl‘i‘ﬁmiijiyL%EJ@J’JGHWEJLWQJ%U mswasunlasna
e Wuraannisidsunlasnaveudaz oo
wareTuarlusnaniy Wuwmsiginnisens1nisly
FrausnvesUagngpazerinmaaiagivls antued
nsanaswesaduiiiosaniinisilnalaaulusiuu
1A Juunaandssnu (Ware, 1975; Soengas et al.,
1996; Schwilch et al., 2002; McCue, 2010)

a v

drlulainneefinduunliemsludunimi 5-

3

a a

8 WU ﬁﬁmﬂmiﬁ]ﬁyLG]UIGILW&J%ULﬁ@LﬁEJUﬁJUUa”Iﬁ
Lifinsenemsunneu esarnvatasiivseansan
IumisiaaLLazgﬂ%mmimmﬂﬁﬁsﬁu Wunsldndeau
nomstiiaUssleniinnty aanansenuannves
FeiiAnannsivemsudigesldlivanuasgadely
funnsdudne (Lovell, 1989; Smith, 1989) Fa3eni

N5 AULRYALYY (compensatory growth) Uailu
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nauiiaedsnmnsaiydulauuuisdluisiinduaniu
9191115 (Wieser et al., 1992; Ali et al., 2003; Enberg
et al., 2009) mMstasgiulavaeiuselosilununis
FansnisTiemnsuan flesnnluvaigdivanensms
IzaIunIaTIsanfuyuA19msUan waziiledinisg
nduirlemssnads

2.2 szaungladluiden

Uaangelunguiiensinsiluna 1-4 dansi
wuhUiinanglealuidenanadusasfiunnitlungy
muay tosandailiilisuarsermsannisiudias
govaarsliilinglaa FaaoandostunisAnuiluyan
windu 1wy Tuvaiasy (Cyprinus  carpio) Uan
Yellow perch (Perca flavescens) Ua1 White
sturgeon (Acipenser transmontanus) Ua1 Rainbow
trout (Oncorhynchus mykiss) Uaineds (Carassius
auratus) Yan¥eu (Ophiocephalus maculatus) Uan
nI8wAs (Chrysophrys major) waig Uan Sturgeon (A.
fulvescens) (Foster and Moon, 1991; Navarro and
Gutierrez, 1995; Gillis and Ballantyne, 1996; Hung
et al., 1997; Russell and Gahr, 2000; Friedrich and
Stepanowska, 2001; Congleton and Wagner, 2006)
drun1sanasvesnglaaludenlulainguniunueis

a

Junanszezvesnsaigivianiotiiengueian

v '
V@

Faaenadostunisanasuonimindifiundsdeu
(ADG) ﬂ’1'§LU38NLLU6Q%@Q§$ﬁvﬂqiﬂﬁﬁaﬁf\];ﬁuayjﬁ"U
siinvosUauarsrariaailunisonnsfisatu e
Ysuunglaaludenanasirlisianiedndudedd
winuiiazaslusisnie Inalauazgnisnaaslild
nglaalanenszuIunIT glycogenolysis TUsAUAZQN
Urudaasigililanglaalaenszuiunisg
gluconeogenesis  (Chavin and  Young, 1970;
Sakamoto and Yone, 1978; Woo and Cheung,
1980; McCue, 2010) wagluiu azgnaaalils acetyl-
CoA Tagnszurunis B-oxidation wagiiledl acetyl-
CoA 1nwe szgniludaaszsidu ketone body 3
Juunasmdanuiiddayseol (Masoro, 1968; Owen
et al., 1969; Robinson and Williamson, 1980;

Lindstrom, 1991; Castellini and Rea, 1992; Cherel
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et al, 1992; Owen et al., 1998; Bairlein, 2002;
McCue, 2007)

dndluvannnaefinduanlyiormsdnluddanmii
5-8 WU 31eNeiinsUTuaunavesalse1ns lag
Usinunglagluideadanfiuduluduniii 5-6 dadu
HARINNS A UANTIMITAIINNITAY wazenadinisavay
WEIUANTY (Wieser et al., 1992; McCue, 2010)
dewisuifisuuariaansnguluduanid 58 nudn
Uinanglagluidenlsiunnsiaiy (P>0.05) Jso19agy
Idnsgegiainisnduaniuens 1 damiinavinli
Usinungladluidonvesuafidnfistuausiriutaly
nguauAy Jadunisuivaunavesseduaisermisiu
$19M18 denndestunsiasaiuln wasadulszans
nsigiulngarediiuty enadlesanndaniing
Snsinsdesunzgnduaisosléfau Juhliuand
masaulaviusiiuUatlunguaiunu (Wieser et al,,
1992; Enberg et al., 2009; McCue, 2010)
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Table 1 Average daily weight gain (ADG), percentage weight gain (PWG), percentage weight loss (PWL),
percentage daily weight loss (PDL), compensation coefficient (CC), hepatosomatic index (HSI),
muscle water content (MWC), and blood ¢lucose (BG) in the broadhead catfish (Clarias

macrocephalus) under fed (F) and starved-re-fed (S-RF) groups (mean+SD)

Parameter Starvation and re-feeding duration (weeks)
(wet weight 0 1 2 3 4 5 6 7 8
basis) (initial)
1. ADG F 0 0.17° 013" 0.13” 0.10” 0.06° 0.06° 005  0.03°
(g/day) +0.02 +0.02 +0.02 +0.02 +0.01 +0.01 +0.02 +0.01
SRE 0 0.10°  -0.09 008" -0.07 0.03° 001" 002’ 0.01°
+0.02 +0.02 +0.02 +0.02 +0.01 +0.00 +0.01 +0.01
2.PWG (%) F 0 4.01° 546 9.22° 8.92° 8.63" 9.70° 10.52° 8.76"
+0.61 +1.00 +0.68 +0.72 +0.93 +084  +197 +1.00
SRE 0 191" 337 5.23" 6.05" 3.92° 097" 3.64° 2.60°
+0.67 +0.67 +131 +1.41 +0.74 +0.03 +0.73 +1.82
3.PWL (%) F 0 -4.01° 546" 9.22° -8.92° -8.63° 9.70° -1052°  -8.76°
+0.61 +0.99 +0.68 +0.72 +0.93 +084  +197 +1.00
SRE 0 1.91° 337" 5.23° 6.05° 392 0.97° 364" 260"
+0.67 +0.67 +131 +1.41 +0.74 +0.03 +0.73 +1.82
4.PDLOMday) F 0 057° 039" 044”032 0.25° 023" 021" 015
+0.09 +0.07 +0.03 +0.03 +0.02 +0.02 +004  +0.02
SRE 0 0.27° 0.24° +0.05 0.24° 0.21° 0.11° 0.02° 008" 005
+0.09 +0.06 +0.04 +0.02 +0.00 +0.02 +0.04
5. CC (%) S-RF - - - - - 5650 -12.69°  34.52° 33.88"
+1228  +1.99 +1352  +29.36
6.HSI(%)  F 0.709 0.714 0.702 0.613 0.690 0.680 0.667 0.758 0.718
+0.086  +0.085  +0.067 +0.083  +0.043 +0.061  +0.065  +0.038  +0.075
SRFE 0709 0666 0497 0.494°  0.492° 0.701° 0698  0752°  0.728°
+0.086  +0.037  +0.055 +0.084  +0.080 +0.128  +0.145  +0.086  +0.060
7.MWC (%) F 78852  80.822  79.466 79374 79.067 80.112  80.116  80.193  79.915
+0506  +0.958  +0.745 +0523  +1.278 +1.148  +0594  +1.136  +0.619
SRF 78852 79471 78872 79914 79.776 80.126+ 79521 78993  79.878
+0506  +0.853  +0.980 +0.896  +0.871 1018 +0.836  +0.839  +0.880
8.8G(myd) F 30.066°  35052° 330457  31.268°  27.474° 19.152°  20043°  19.767°  19.509°
+1978  +1.936  +1.241 +3426  +0.725 +1951  +0814  +1.039  +0.603
SRF 36.064° 27.263°  24.468° 22676 17.923° 19.031°  20517°  19.159° 19516
+1978  +2632  +1.896 +2131  +1017 +1.130  +0.857  +1.031  +0.679

Means within a row with different superscripts are significantly different (P<0.05)
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Fig. 1 Average daily weight gain (ADG), percentage weight gain (PWG), percentage weight loss (PWL),

percentage daily weight loss (PDL), compensation coefficient (CC), hepatosomatic index (HSI), muscle water
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content, and blood glucose in the broadhead catfish (Clarias macrocephalus) under fed (F) and

starved-re-fed (S-RF) groups (mean)
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Study on Water Quality and Biodiversity of Benthos in Chi River

Somsanguan Passagol*, Jurairat Kurukot” and Chompoo Nuesee'

JDepartment of Environmental Science, Faculty of Science and Technology,
Rajabhat Maha Sarakham University, Maha Sarakham, 44000, Thailand
ZDeporTment of Environmental Education, Faculty of Environment and Resource Studlies,

Maha Sarakham University, Maha Sarakham, 44150, Thailand

Abstract

The objectives of this study were to investigate water quality in term of physical, chemical, biological
characteristics and diversity of benthic fauna in Chi River. The area of study included 6 sampling sites along
the Chi River which flew through Maha Sarakham Province. The each sampling site was sampled for 6 times
(during January to November, 2015). The parameters included temperature, transparency, pH, dissolved
oxygen (DO), biochemical oxygen demand (BOD), NO; -N, PO43’ and coli form bacteria. In addition, the Benthos
diversity which focused on investigating Diversity Index (H) Evenness Value (J) and Taxa Richness (R) was also
studied. The result of the study were found that; water quality parameters were as followed: The average
water temperature was 21.20—34.OOOC, transparency was 15.00-80.00 cm., pH was 6.84-10.00, dissolved oxysgen
(DO) was 2.00-9.80 mg/l, biochemical oxygen demand (BOD) was 1.00-6.07 mg/l, NO;-N was 0.40-1.13 mg/l,
PO43"was 0.08-0.45 mg/l and coliform bacteria was 1.24-6.25x 10> MPN/100 mLl. The Benthos diversity found
that; there were 3 Phylums in the Chi river, such as Phylum Arthropoda, Phylum Mollusca and Phylum
Annelida, The diversity index (H) is 2.28, the average of Evenness Value (J') is 0.56 (56%) and Taxa Richness (R) is 2.54.

According to studies, water quality in the Chi River when compared with surface water quality
standards. This research findings were indicated that water quality of the Chi River was classified as being in
the type 3 based on the surface water quality standards. The diversity of benthic depended on water quality.
Furthermore, the most of benthic habitats were lived in good quality water. Chironomus sp. which tolerated
in low quality water and found in polluted water resource. Therefore, benthic animals can be used as

indicators of water quality.

Key words: Water Quality, Diversity, Benthos and Chi River
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Fig. 1 Mapping of sampling site at the Chi River,

Maha Sarakham Province

Table 1 Sampling site station area at Chi River, Maha Sarakham Province

Sampling site Latitude Longitude Station

S1 16720.869° N 102°57.770 E Ban-Kok, Kosumphisai District

S2 16°12.941° N 103°07.864" E Ban-Laengtai, Kosumphisai District

S3 16°13.965 N 103°16.124 E Ban-Thakhonyang, Kantharawichai District
4 16°13.003 N 103°20.438" E Ban-Kerng, Muang District

S5 16°14.017° N 103°25.846" E Ban-muang, Muang District

6 16710.888 N 103727.131° E Ban-Thatoom, Muang District
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Fig. 2 Physical characteristic of sampling site at

Ban-Kok (51) and Ban-Laengtai (S2)
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Table 2 The average of water quality at sampling site in the Chi River

Sampling Ordinal Parameters
site number* T (0 Tran (cm) pH DO (mg/\) BOD NO;-N POA}(mg/l) Coliform Bac.
(mg/) (mg/) MPN/100 ml (X 10°)
S, 1 24.00 76.67 8.40 2.88 3.37 0.60 0.37 6.24
2 29.43 58.67 9.38 2.00 5.40 0.53 0.27 6.04
3 30.57 50.00 7.43 3.80 4.45 113 0.23 5.64
4 25.00 68.67 7.03 7.79 3.80 0.60 0.35 574
5 21.20 5533 6.84 6.84 2.15 0.68 0.30 5.50
6 27.50 80.00 7.24 4.20 3.80 0.73 0.38 5.64
; £ 5D 26.19 64.89 772 4.58 3.82 0.71 0.31 5.80
+ 3.53 +12.10 +097 + 2.26 +1.08 +0.21 + 0.05 +0.28
S, 1 25.76 66.67 9.13 6.29 257 0.50 0.26 4.19
2 30.00 54.00 9.34 3.75 6.07 0.77 0.14 4.14
3 32.00 49.33 7.80 4.13 4.27 1.05 0.26 4.56
4 25.00 64.33 6.90 8.08 3.15 0.53 0.10 3.43
5 22.10 50.00 7.02 7.02 2.85 0.75 0.28 4.50
6 27.50 80.00 7.30 4.50 3.20 0.73 0.37 4.56
; £ 5D 27.06 60.72 791 5.62 3.68 0.72 0.23 4.23
+ 3.57 +11.91 + 1.07 + 1.75 + 1.30 +0.19 +0.09 +0.43
Ss 1 26.00 53.33 9.24 599 273 0.50 0.20 524
2 30.00 15.00 9.40 6.60 3.88 0.77 0.17 5.36
3 33.00 43.33 777 6.14 243 0.83 0.12 535
4 26.00 58.33 721 7.60 2.55 0.57 0.20 3.20
5 22.40 50.00 6.89 6.89 2.50 0.93 0.30 3.70
6 27.50 75.00 7.30 4.00 3.25 0.83 0.45 6.25
; £ 5D 27.48 49.16 7.96 6.20 2.89 0.73 0.24 £ 0.11 4.85
+3.66 +19.85 + 1.08 +1.22 + 0.56 +0.16 + 1.15
Sy 1 26.83 55.00 9.63 6.37 2.90 0.45 0.19 3.19
2 27.67 50.67 9.60 7.33 3.73 0.57 0.13 3.79
3 34.00 35.33 8.00 6.15 3.53 0.67 0.08 3.24
4 27.00 60.00 7.67 7.90 3.65 0.40 0.19 2.60
5 27.80 43.67 7.05 7.05 2.45 0.95 0.24 2.82
6 27.00 65.00 7.36 4.25 3.95 0.80 0.45 3.50
; +SD 28.38 51.61 821 6.50 3.36 0.64 0.21£0.12 3.19
+ 2.77 + 10.86 +1.12 + 1.27 +0.57 +0.21 +0.43
Ss 1 26.00 60.00 9.75 7.48 1.10 0.40 0.12 2.70
2 28.53 75.00 9.78 7.45 3.07 0.43 0.23 2.89
3 34.00 71.33 8.03 6.27 3.30 0.60 0.16 2.35
4 27.00 61.00 7.53 7.30 3.25 0.40 0.12 2.00
5 25.90 45.67 7.24 7.24 1.40 0.71 0.16 1.60
6 27.00 76.00 7.45 4.30 3.00 0.67 0.39 2.54
; +SD 28.07 64.83 8.29 6.67 2.52 0.53 0.19 2.34
+ 3.05 +11.62 +1.16 +1.24 +0.99 +0.14 +0.10 +0.47
Se 1 26.00 70.67 9.81 7.41 1.00 0.30 0.15 2.39
2 29.00 56.33 10.00 7.43 3.63 0.53 0.40 2.00
3 34.00 62.33 7.80 5.01 253 0.50 0.15 1.98
4 28.00 52.00 7.42 9.80 2.20 0.40 0.21 1.28
5 27.10 44.67 7.20 7.20 1.20 0.48 0.14 1.24
6 27.00 79.00 7.45 6.25 2.90 0.57 0.26 2.24
; +SD 28.51 60.83 8.28 7.18 224 0.46 0.21 1.85
+ 2.87 + 12.55 +1.27 + 1.58 + 1.00 + 0.09 +0.10 +0.48
Total 27.61 58. 67 8.06 6.12 3.08 0.63 0.23 3.71
+0.88 +6.71 +0.23 +0.91 +0.63 +0.11 +0.04 + 1.51

*Ordinal number 1,6 as winter season, 2,6 as summer season, and 4,5 as rainy season
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Table 3 Number of Benthos found in Chi River, Maha Sarakham Province

Phylum Order Family Found in site Total number of samples

Annelida Haplotaxida Tudificidae 1,2,3,4,5,6 37
Mollusca Mesogastropoda Viviparidae 1,2,3,4,5,6 93
Thiaridae 1,2,3,4,5,6 86
Cerrthiidae 1,2,3,4,5,6 62
Ampullaridae 1,2-4,5,6 54
Unionoida Amblemidae 1,2,3-,5,6 19
Basommatophora Lymnaeidae 1,2,3,4,5,6 14
Veneroida Corbiculidae 1,2,3,4,5,6 12
Arthopoda Decapoda Palaemonidae 1,2,3,4,5,6 569
Parathelphusidae 1,2,3,4,5,6 17
Diptera Chironomidae 1,2, -, -, - 105
Coleoptera Gerridae 1,2,3,4,5,6 114
QOdonata Lidellulidae 1,2,3,4,5,6 297
Caliphaeidae 1,2,3,4,5,6 136
Hemiptera Belostomatidae 1,2,3,4,5,6 89
Hydrometridae 1,2,3,4,5,6 100
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Order of Benthos fornd in Chi River, Maha Sarakham Province
I Haplotaxida
11% 1% 29 13% I Mesogastropoda

3% Il Unionoida Stolicza,1871

1% Il Basommatophora

I Decapoda

[ Diptera
24% I Odorata
1 Coleoptera
[ Hemiptera
[ Veneroida
Fig. 3 Percentage of benthic animals found in Fig. 4 Chirononus spp. found in only S1 and S2

The Chi River

Table 4 Diversity Index (H) of Benthos in the Chi River

Diversity Index (H‘)

Ordinal —
Sampling site X +S.D.
number
1 2 3 q 5 6
1 2.11 2.58 2.35 1.70 297 2.04 2.29 +0.44
2 2.27 2.35 3.08 2.10 2.92 2.39 2.51 +0.38
3 2.14 2.10 2.06 2.80 2.04 2.18 2.22 +0.28
4 1.89 2.80 2.01 2.51 2.09 2.24 2.25+0.34
5 1.92 1.65 2.35 2.08 2.80 2.58 223 +0.42
6 1.91 2.08 1.89 2.44 2.64 2.24 2.20 + 0.29
x +S.D. 2.04+0.15 2.26+0.40 2.29+0.42 2.27+0.38 2.57+0.41 2.27+0.18 2.28+0.11

Table 5 Evenness Value (J) of Benthos in the Chi River

Evenness Value (J)

Ordinal —
Sampling site X £SD
number
1 2 3 4 5 6
1 0.50 0.66 0.49 0.47 0.59 0.61 0.55 + 0.07
2 0.47 0.52 0.64 0.30 0.31 0.72 0.49 + 0.17
3 0.55 0.58 0.53 0.60 0.56 0.55 0.56 + 0.02
4 0.52 0.93 0.56 0.50 0.45 0.59 0.59 + 0.17
5 0.58 0.54 0.60 0.45 0.66 0.65 0.58 + 0.07
6 0.53 0.87 0.60 0.70 0.53 0.64 0.64 + 0.12
X +SD. 052:003 068017  057:0.05  050:0.13 0512012  0.62+0.05 0.56+0.04
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Table 6 Taxa Richness (R) of Benthos in the Chi River

Taxa Richness (R)

Ordinal _

Sampling site X £SD

number
1 2 3 q 5 6

1 2.83 2.79 4.07 2.69 2.58 2.74 295 + 0.55

2 3.41 3.25 3.43 1.95 222 2.74 2.83 +0.63

3 2.28 2.73 2.80 231 2.81 2.81 2.62 +0.25

4 2.65 2.50 2.81 2.49 1.90 1.84 2.36 + 0.40

5 294 222 3.07 1.90 2.38 1.97 241 +0.49

6 2.63 2.50 252 1.16 2.49 1.41 2.11 £ 0.65

x +SD 2.79+0.37  2.66+0.35  3.11+0.55  2.08+0.54  2.39+0.31 2.25+0.59 2.54+0.31
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Process Development and Shelf Life Extension of Thai Custard Bread
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Abstract

The objectives of this research were to develop the process and extend shelf life of Thai custard bread
using glycerol as humectants to reduce water activity (aw). The glycerol and fructose were incorporated at 0,
3 and 6% level of custard cream filling and only the glycerol was used at 0, 3 and 6% level of bread flour for
Thai custard bread making. Their effects on water activity (aw) and the sensory quality (color, flavor, texture,
and overall liking score) were studied. The experimental design was randomized complete block design;
RCBD. The method of sensory evaluation was based on the nine-point hedonic scale by 15 trained panelists
and the data obtained were analyzed statistically using the analysis of variance (ANOVA) technique. The effect
of incorporation of glycerol and fructose to custard cream filling at 6% level had the lowest water activity
(0.85) and had the maximum overall liking score (7.28). The optimum condition of bread was 3% glycerol
which reduced water activity (0.83). The sensory quality scores of color, flavor, texture and overall liking score
were at 6.85, 7.26, 7.55 and 7.65 respectively. The custard cream filling was combined with bread and stored
under different temperature such as ambient temperature conditions (25°C) and refrigerated temperature of
4°C. It was found that the shelf life of Thai custard bread which stored under ambient conditions could last
for 3 days. The shelf life of samples stored under refrigerator temperature of 4°C was able to last for 6 days
based on water activity (0.85), and the sensory quality scores through color, flavor, texture and overall liking

score at 7.45, 6.40, 6.50 and 6.45 respectively.

Keywords: Thai custard bread, Humectant, Glycerol and Water activity
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AATITRHANITNAGBILAY Analysis  of  variance

(ANOVA) LAIALATITRAULANAINUDIATLRABLAE

Duncan’s New Multiple Range Test
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Table 1 Effect of glycerol on the water activity

(aw) of custard cream filling

Treatment Glycerol Fructose Water activity

(%) (%) (aw)
1 0 0 0.97+0.01"
2 3 0 0.9320.01°
3 6 0 0.85+0.01°
i 0 3 0.9520.00°
5 3 3 0.94+0.01%
6 6 3 0.86+0.01°
7 0 6 0.94:0.00°
8 3 6 0.92+0.01°
9 6 6 0.850.01°

*Values in the same column followed by different letters

are significantly different at a level of P< 0.05

dugainmmsUszamdudadud uazduie
dudavesianun 9 gauandsegrsdideddgmieadn
MnnranslindleseaiifianAnemesueniiif uazen
UssLliunaunmmisdssamdudanuaiuyeusinly
dnvedldde azidiuldingnsi 9 Adunanisling
woseaiisyiuTenay 6 Sadusnlnaiisziuiesay 6
aunInanemosueniifild 0.845 (Findn 0.85) wawdl
HAAZLUUNITNAFDUANAINNINUTE A MR asY
ANuYaUTINaglusEAuYaUUIUNGS (AvUWUY 7.28)
Fefuflefansandsnunmniaailudiudnemes
wanimnUsznauiuamnmIsUsEamdulanngn 39
dnidenlddsvengmsiitinslivimandiveseatisyiu
Yowaz 6 Tanfungnlnaiszduiesay 6 Tun1sdnu

Junaumly

Table 2 Effect of glycerol on the sensory quality of custard cream filling

Treatment Glycerol Fructose

Average sensory score

(%) (%) Color Flavor Texture Overall liking score
1 0 0 751+0.71" 6.39+0.63" 6.51+0.59" 6.55+0.60"
2 3 0 7.0640.42° 6.15+0.30" 6.06+0.16" 6.3740.48"
3 6 0 7.01+0.38" 6.02+0.08" 6.01+0.03" 6.18+0.30°
a 0 3 7.3940.43" 6.81+0.55° 6.39+0.47" 6.61+0.47°
5 3 3 7.50+0.35 6.80+0.56"° 6.50+0.48" 6.77+0.37°
6 6 3 7.62+031° 6.59+0.53" 6.62+0.47" 6.65+0.44°
7 0 6 7.57+031° 6.8740.37° 6.57+0.52 6.58+0.52°
8 3 6 7.66+0.30° 7394013 6.66+0.72" 7.11+0.38°
9 6 6 7.42+0.64° 7.06+0.66 6.92+0.77° 7.28+0.41°

? Values in the same column followed by different letters are significantly different at a level of P<0.05
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(P>0.05) vmuziigauninmsUsramdudadiuilodurda
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Table 3 Effect of glycerol on the water activity (aw)
of bread

Treatment  Glycerol (%) Water activity
1 0 0.92+0.01°
2 3 0.8320.02°
3 6 0.83+0.02"

®Values in the same column followed by different letters

are significantly different at a level of P< 0.05
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wwilluweaansiiuinwnuauazyilirigun mni
Usgamaulanunausa Suulluanad 910 7.13 iae
6.40 ANULLPAURAANAIDIN 7.33 LUdB 6.50 kag
ANUYBUTINANAIDIN 7.23 Wde 6.45 wadaniainlasu
AZLUUIINENAFDUNUTEAMAUNAA1UAIUYDU
[l [ @ v & al 1 ]
suegluszduvoudntos Ae dazuuusgluyi 6.45-

a (%

6.66 FINNAAUAINNNGNUAT AURAUVSY hazsY

Uszanndudavosndnfnsivuniladawegasusuuged
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Table 4 Effect of glycerol on the sensory quality of bread

Treatment Glycerol Average sensory score
(%) Color™ Flavor™ Texture Overall liking score
1 0 6.82+0.68 7.28+0.31 7.58i0.50b 7.62+0.38 °
2 3 6.85+6.85 7.26+0.49 7.55+0.43" 7.65+0.41°
3 6 6.85+0.42 7.18+0.68 7.00+0.57° 7.00+0.68"

* Values in the same column followed by different letters are significantly different at a level of P<0.05

Table 5 Sensory evaluation of Thai custard bread

Treatment Average sensory score
Color Flavor Texture overall liking score
Thai custard bread (control) 7.55+0.67 7.65 £0.73 7.55+0.72 7.55 £0.65
Thai custard bread (modified) 7.50+0.39 7.62+0.36 7.58+0.38 7.59+0.38

Table 6 Water activity of Thai custard bread

(modified) at different storage conditions

Table 7 Microbial counts (log cfu/g) of Thai custard bread

(modified) at different storage conditions

Storage Water activity
period (day) 25 °C 4°C
1 0.82+0.01 0.82+0.01
2 0.85+0.01 0.83+0.01
3 0.85+0.01 0.82+0.01
4 0.87+0.01 0.84+0.01
5 - 0.84+0.01
6 - 0.85+0.01

174 FEINYAITNISIFEU

Storage period Microbial counts (log cfu/g)

(day) 25°C 4°C
0 1.85+0.25" 1.85+0.25"
1 2.80+0.50" 2.70£0.50"
2 2.80+0.50° 2.80+0.50°
3 3.20+0.25° 3.20+0.25°
4 3.95+0.25° 3.90+0.25°
5 4.05:0.25° 3.92+0.30°
6 4.50+0.25° 3.98+0.50°

*Values in the same column followed by different letters

are significantly different at a level of P<0.05
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Table 8 Sensory evaluation of Thai custard bread (modified) at 4°C

Storage period

Average sensory score

(day) Color™ Flavor Texture Overall liking score
0 7.53+0.52 7.13+0.55" 7.33+0.59" 7.23+0.37°
1 7.63+0.44 7.13+0.74° 7.23+0.37" 7.25+0.51°
2 7.50+0.53 7.00+0.38" 7.25+0.37" 7.25+0.37"
3 7.46+0.53 6.5620.38" 6.66+0.37" 6.66+0.37"
i 7.50+0.27 6.40+0.47" 6.76+0.27" 6.56+0.26"
5 7.48+0.42 6.40+0.51" 6.52+0.30" 6.52+0.30"
6 7.45+0.44 6.40+0.51° 6.50+0.33" 6.45+0.30°

° Values in the same column followed by different letters are significantly different at a level of P<0.05
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Abstract

The aim of this study was to determine the chemical and biochemical properties of perilla seed
pressed-cake. It was found that perilla seed pressed-cake was a major source of carbohydrate (69.15%). It had
high levels of essential amino acid, in particular lysine, phenylalanine, leucine, and histidine. The pressed-
cake contained high amounts of polyunsaturated fatty acid and also W-3, W-6, and W-9 fatty acids.
Additionally, phosphorus, calcium, potassium, and magnesium were the main mineral. Electrophoregrame
showed that the molecular weights of proteins in perilla seed were in range of 14-61 kDa. Phytochemical
analysis demonstrated that perilla seed pressed-cake had total phenolic content and total flavonoid content
of 7.72 mg GAE/g DW and 8.21 mg CE/g DW, respectively. It showed high effective antioxidant activities by
52.91% for DPPH radical scavenging activity and 10.68 mmol Fe(ll)/s DW for FRAP value. For Ol -amylase
inhibition, it was found that pressed-cake could inhibit the activity of O -amylase. However, trypsin inhibitory
activity was found in some content. According to these findings, perilla seed pressed-cake can be a good

source of nutrient and have potential for being used as functional food ingredients.

Keywords: Perilla, Nutrient, Anti-nutrient, Inhibitor and Pressed-cake
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Fig.1 Proximate composition (%) of perilla seed
pressed-cake (a), perilla seed (oil pressed-cake) (b),

and perilla seed pressed-cake powder (c).
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Tablel Amino acid composition of perilla seed

pressed-cake

Amino acid (mg/100 @*  Perilla seed pressed-cake

Essential amino acid

Histidine 2059.50 + 34.65
Isoleucine 875.00 = 14.14
Leucine 2736.00 + 41.01
Lysine 4905.50 + 34.65
Methionine 133.50 + 3.54
Phenylalanine 3236.50 + 79.90
Threonine 175.50 + 6.36
Tryptophan 23550 + 7.78
Valine 813.50 + 26.16

Nonessential amino acid

Alanine 641.50 + 17.68
Arginine < 5.00 £ 0.00
Aspartic acid 840.00 + 35.56
Cystine 692.50 + 2.12
Glutamic acid 2466.50 + 78.49
Glycine 471.50 + 6.36
Hydroxylysine < 5.00 + 0.00
Hydroxyproline 26.50 + 1.95
Proline 471.50 + 9.19
Serine 267.00 £ 5.66
Tyrosine 1885.50 + 4.95

*In house method based on AOAC official method 994.12,
988.15 (2000) Detected by GC-MS

Al Surmi et al. (2016) 51897471 WAAADN
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Wewsuiunsnesiluriindu q uazdinenuinubn
penANesUsENaUMenIneydlunduduwindu 11.48-
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T@suUSinaansnsnaluaiin 7 Institute of Medicine
of the National Academies (2005) wugiinluslnasne

Tu {we: 1.6 nSusoTunazimvde 1.1 nfusatu)

Table2 Fatty acid composition of perilla seed

pressed-cake

Composition (g/100 g)* Perilla seed

pressed-cake

Saturated fat 1.23+ 0.01
Palmitic acid 0.87 + 0.01
Stearic acid 0.33 + 0.00
Arachidic acid 0.03 + 0.00
Unsaturated fat 7.92 +0.01

Monounsaturated fatty acid ~ 1.00 + 0.01

Polyunsaturated fatty acid 6.92 + 0.01
Palmitoleic acid 0.02 + 0.00
Cis-9-Oleic acid 0.98 + 0.01
Cis-9,12-Linoleic acid 2.08 + 0.00
alpha-Linoleic acid 4.84 + 0.01

Tran fat ND

Omega-3 (mg/100 g) 4833.84 + 6.98
Omega-6 (mg/100 g) 2081.81 + 3.09
Omega-9 (mg/100 g) 982.18 + 11.78

*In house method TE-CH-208 based on AOAC (2012)
996.06. ND = not detected.
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WA1-9 (982.18 mg/100 g) MuaIRU Kongkeaw et al.
(2015)  51891u31 winTteuiiusinansaluiule
WA-3 wifu 59.08 ¢/100 ¢ waznsaladulewnin-6

WU 19.00 ¢/100 g Bhunia et al. (2015) la@nwn
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wanndlUSualewi-9 $esar 38-50 wazlawnin-6

1%

J9YaY 18-43 Sargi et al (2013) 189U INUAAG
Foufiensrdrusznindewin-6 delewdn-3 whiu
1:5 IagUnfikd1319N18ADINITANNANAATENI LD
wine selawin-3 Tushsidiu 1:1 Fadnsdrusening
Tow-6 wazlawin-3 dunumdidglunisanaiiy

\deosvedsaranaidontiila (Qwele et al, 2013)

4. Ysuranduleanns amnsy wazdinialunine
Jslouannundu

Usuandulea1nns @nnse wazdimiatluninad

v v
o o

Ffouanuity Table3 Fawandiifiudn nnndsiou
afnuuiiUsunanduloemnsuazanduintu 46.49
way 12,59 ¢/100 ¢ MR Fanan1sins1ziuTune
wWulveuisuazanisvaenndesnunaveausuin
Asluleawnsa (Fig.1) Sunil et al (2015) Wui1 AN
wazninuznsliduleenmswinduiesay 529 uag
58.3 NaRU FeiUSannnsdde 2 wh 910
waganamannsoagulii ninadouduuvdeddy
vouduleamis dansudlaaduloormslusunnd
WAL I ARANALAATDITFUUNINALDINNT

o a

wona N nineteuataiituddivsunaniinia
Wemuawindu 3.06  ¢/100 gimaﬁﬁwma@mmﬂu
psAUsENEUNINTEN (277 /100 ) ‘ﬁﬁwmaw;ﬂim
wazwanlnaludSnaiisndn (< 0.20 ¢/100 ¢ uazlal
wuﬁﬁmaﬂgiﬂaLLazmaaImaiuﬂwﬂm%ﬂauaﬁmfﬂu
Rawdkuen et al. (2016) $1891u31 MndIA1BUATS
ﬁwmasgima (7.32 ¢/100 g) WWussAusznoutiiesudin
Fen Sefivinaganiinnaddeuluendfed xu et
al. (2016) AnwwlauazUTuuuesthmaluanalien
Tumnwdawinuin mawdewUssnoudieiimauy
Tua wsulua nglea nuaninalglagersidlua nsang
Alstin uaznsaniuanglslin Iﬂaﬁﬂmaﬂqiﬂaﬁﬂ'%mm

geigaviniuiosay 59
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Table 3 Chemical properties of perilla seed

pressed-cake

Composition Perilla seed pressed-
(g/100 g) cake

Dietary fiber* 46.49

Starch** 12.59 + 0.07

Total sugar*** 3.06 £ 0.22

Fructose < 0.20 £ 0.00

Glucose ND

Sucrose 277 £0.22

Maltose ND

Lactose < 0.20 £ 0.00

wAalEuLazInuNALT B FauAaLBeNdITanALLEES
voalsAnseanngy Tuvaeilnunaiguuyiganauei

lasindulsanaenifoniiala lasuisinaananad

v =

Usglonliaguam lnslanenajasansss gvagenlvuy

yns sulufaudnuaziaongsae

Table 4 Mineral content of perilla seed pressed-cake

*AOAC (2010) 985.29.
**In house method based on AOAC (2010) 920.44.
***n house method based on Department of Medical

Science (2003). ND = not detected.

5. Usunaussnnluninaddieuainunsiu

PNMINATIEIUTINALTT M LUNINNILeuaTR

v v
o w ' d

Wdunuin mnnddeuadmihdudulraavewssigd

'
[ =2

Ay FellvTunvesloareagefian sesaunfe
whaLgey Inunaidey wazkunilloy augsu (Table
a) wennidmunssuiingu 1 Wuesiuszneulty
NoIAY AN uienila Teifon wazdangd Fawanis
NAABIADAAGBINUIIBIUYBY Kongkeaw et al.

a 1

(2015) fisBauin Unaussniitiegiiudalumdnnm
Fiou e wnalouuazeaneda delluunansinfu
5.13 uag 6.54 mg/g DW Longvah and Deosthale
(1991) I¥Anuusinaussigluadanisounui win
nigouiiunaidey win wsmila dened oswas 1Ju
osAUszNOU wazdiudinavesoanlesagean Welfioy
fudainiduriedy q lusasduundidounuly
wEnedeuiiiu Rawdkuen et al (2016) 578971
nndinduaiuszneufieussigratsvin laun
Tnuvadoy uraen wnten wayWeanesa lnod
USuainnu 1081500 2253.00 1694.00 ua
1157.50 mg/kg MUAIGNU INKNANITNAADIAINGTD

a1wsaazuledn nmnadfeuadainduiluunasues
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Composition (mg/100 g)*  Perilla seed pressed-cake
Calcium 655.00 + 1.98

Copper 1.86 + 0.04

Iron 1.29 + 0.04
Magnesium 414.40 + 1.27
Manganese 6.37 £ 0.27
Phosphorus 819.85 + 3.75
Potassium 617.95 + 3.32

Sodium 26.35 + 0.35

Zinc 5.73 £ 0.38

*In house method TE-CH-170 based on AOAC 18th edition
2005, Ch.50 (984.27) and Ch.9 (999.10) by ICP-OES

technique.

6. JUuuuTasshuiewad ATl Bauaslnalalushy
31NN15ATIERUTULULYRlUAUMEIadian
TnslvhsBanaglnalalusfurosninadouarmiiny
Tsiwadts Fig. 2 Tnedegnsgnindousisluaniizifuuas
laitfin B-mercaptoethanol Lﬁ@@ﬁuamé’ﬂ (Wuszle

Falna) Tudieg19lusiu a1nn1suenlusAuyening

v v
v o w

Aeuainuiulagldsuuuuredusiusiieiaadianlng

TL5Tanuan anwaizkaulusAueININTLauana

v '
o o a

Ududldiin B-mercaptoethanol  (lane 1) uanag
ndegslusiufiiy B-mercaptoethanol (lane 2)
ag1iiiuldda Tasluanireilaiin B
mercaptoethanol wui1 TUsiuannnieaantudl
hwiinlaanaeglutag 28 s 61 Alanadiu luvmed
é’ma’wﬁagﬂiiuamwﬁtﬁu B-mercaptoethanol
dnwazuovlusiudiogludas 45 e 61 Alannady
el uihimdnluenaveslusiudiegluri 14 fa 29

Alamadu YsingTu deeradunitedesvesidsiu
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v v v
o o

vdniiflegluninnidfouadaiiiy annanismaassil
annsananilédn Tsiuainninamdsieuadmuisiud
nuseladalimussdusenovlulaseadianan Tushu
wanfiduesdusenoulunnatteuatmisiuaviinoy
Fnauusenoudelusiudehiminluanaegi 61, a8,

45, 30, 28, 19 way 14 dlannasy

= (@) wa m(b)
kDa ,
245> [ e
75—> | - 15=>
63—> w— 63—
48—  —— . - 48—
=
35—> - 359>
= - o
25— -
20— v 20—
— ’ -
11— = ==
M 1 2 M 1 2

Fig. 2 Electrophoresis patterns of protein (a) and
glycoprotein (b) of perilla seed pressed-cake
Protein content at 30 [ig was load in each lane. M:
molecular weight standards, lane 1: the sample
prepared in non-reducing condition, lane 2: the

sample prepared in reducing condition

Tirgar et al. (2017) 18911 WWsAuINER
wanddiminlianaoglugasd 10 89 50 Alanadu
Tusneillusiuandaddminluanaegluded 13 f
100 Alannadu wenaniiedrslusiuiiniouly
an11gitlailAn B-mercaptoethanol §3U31nuny
Tushuddminluanagediegvouuuresandiuds
(separating gel) WazATUUUTONIAEIUUY (stacking gel)
Feonandunmadentszaruseninelusiu Sathe et al
(2012) 189791 widalUsAuTiansnazaslfaziine
Awilnsdoglugasdmiinluanadl 10 fa 70 Alantasiy
Poveda et al. (2016) 5789131 25 albumin 1Tu
dnvagveslusiuiifeglufivadasina o gu dnlua

LY

A DUNEBI HIANBUA1 TINIUT 9 FeheinTusAu

186 FEINYAITNISIFEU

wianilduansiogiud Tay 25 albumin axdivhwiin
Twanadt 13 Alamadiu wenaindwiniendeseaui
11S globulin ilazaneruas 25 albumin fiavane
ddhlusiundnluwdnn
msdenfedveslusunuulnalalusiiuazldlu
N19%979 glycosylated  proteoglycans  (protein
glycosaminoglycans) ~ #3® lnalalusfu (protein
oligosaccharides) lugae13 (Moller and Poulsen,
2002) laelassadrsvedlnalalusiuazUsenaunie
TWsAuiiduiuledlnudelndusnanlsndeiuselan
@ (Mathews and Holde, 1990) 91nN15ASI9@8U
sUuuulnallusfuvesninmidffeuatninduny 1aid
waulusAuusinguuaadiuans egslsinin Juau
TWsAuuduiusnguureureIadua1LALLaa

) a" Y  a o

druvuigndeuingd Faduvuiundedvuy) (Fig. 2)

v v v
[ v o

fatunIndseuainiifuenaiiledlnuenanlsmdu
parUsENaULEantay Wati et al. (2009) 578971477

woulUuRuntuninlaanan 215, 132 uag 39 fla

'
=

anadu tulnalalusfuiiedludivis Tuvas
Rawdkuen et al. (2016) 51841431 NNIATIBUANE
Inalalusfiudussdvszneulaeiiimdnluanad 35

Alamafu

7. Usunauansusenauiluaanaznailiuasnnaviun
USunaasusenauiueandvunvesdIsannann
AnAsiouanmuniu Table 5 a1sUsznauiusaidu
~ & P ~ Py £
arsvmulaevaluluiiy wazdsienuianisesngmoni
Fanaw Fesrudeautinisiduarsdiueyyadase
(Khairunnuur et al., 2009) @1suszneufiueaainiiy
JuansfueyyadaszainsssumAnidanvansaly
Ya & &
Astydanmsaurselauausalunisivilalasiau
\iavdnayyadaseiindu lnglanuduiusiuiiuiu
wagiwnusvemylanasndavesiiuea (hydroxyl
groups; -OH) (Mohdaly et al., 2011) 21nN1TIATIZN
USunauansusenauilueanauuanuln @15ainannin
T - z
NVUBUANAUIHUNUTUIUEITUTENDUNUDANINUA
Wiy 7.72 mg GAE/g DW @eiiuSinaugaidieiiguiv

v
@ A o W a

wiafivuilady 9 Wy 9161 (138 me  GAE/g
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sample) 91917 (2.88 mg GAE/g sample) (Vishwanath
et al.,, 2012) NN (sesame cake) (1.94 mg GAE/g
sample) (Mohdaly et al, 2011) Lazdndumn
(0.51 mg GAE/g sample) (Rawdkuen et al., 2016)
fatiFinuasUssnoufiueaiinulumdefivazdusg iy
¥in aeiug anImenIe q%ﬂﬂﬁIUﬂﬁiLﬁULﬁﬂﬁ uag
ﬁumumsmwﬂqﬂ Judu (Peng et al., 2005) Lee et
al. (2013) ladnwivlialazUsuiuvesarsusynauil
uoaluadnntdeunuin ansuszneuiiuoandnluwde
aisfou 18uA rosmarinic acid 3-O-glucoside Way

rosmarinic acid laeiiUsuiuSesay 49 way 48 ¥99

USunauansusenauiueanaun amuansu

Table 5 Phytochemical, antioxidant activity, and

anti-nutrient of perilla seed pressed-cake

Parameter Perilla seed

pressed-cake

Total phenolic content 772 £0.12
(mg GAE/g DW)

Total flavonoid content 8.21 £ 0.25
(mg CE/g DW)

DPPH inhibition (%) 5291 + 1.26
FRAP (mmol Fe(ll)/g DW) 10.68 + 0.20
Lipid peroxidation 17.36 + 0.48
(nmol MDA/g FW)

Trypsin inhibitor (specific 0.74 + 0.03
inhibitory activity; units/g

protein)

o-amylase inhibition activity (%)*  37.26 + 1.54

Data are mean = SD of triplicates.
*Acarbose (1 mg/ml) 69.28 + 1.44% for @, -amylase
inhibition activity.

1 § @ dtdld Q(
asnqunaliueeiiluasng nuaindgvsly

n13i1ueyyadasy lngasainiainninadden ann
UsuiivTunaalueuavisiue 1indu 8.21 mg CE/g

'
a =

DW (Table 5) ZsfiUsinaguiioieuiuminfiviiiu

Uit 15 atiuil 1 unAu - fquieu 2561

¥iABu 9\ 9181 (0.05 mg CE/g sample) 9197173
(0.12 mg CE/g sample) (Vishwanath et al.,, 2012)
Lugmua‘%ﬁaﬁﬁﬂu(o.ﬁ mg CE/g sample) (Wannes
and Marzouk, 2016) wagiudaunand (3.50 mg CE/g
sample) (Anwar and Przybylski, 2012) A14@ALA
(ripeness) voaudninasdousinamatiuees Wewdn
finnuAnnuvsinanaliuesdfeziiiudunwly
8 (Peng et al., 2005) Ishikura (1981) $1891U1@1T
ngualussdiinulundanifou de warlau
(flavones) Fuduansdindesuazansiinufie apigenin
wag luteolin Tnenuludnsndiu 1:1 Peng et al
(2005) uas Ha et al. (2012) sreuinudnnieud]
nquvaliusssifusduszney Fasznoume (+)-
catechinapigenin wag luteolin wonanil Zekonis et
al. (2008) uay Yu et al. (2017) enuIuEnniteu

[

<) ' a o 14 ! 3
L‘U‘LlLL‘ViﬁQ‘UENﬁ’]i‘WE]ﬂHLﬂSJﬁ’]ﬂﬂJU Taun Warliusen

&g

YfureusemewaraIsusenauiluea d9asivaiiidy

¥
a v <

asoenguametinn fufumdnnisousdignisu
n13AANISWH (anti-allergic) qw%‘é’mmié’nmu (anti-
inflammation) fuE# LS (anticancer) gnddy
pondndu (antioxidant) uazgqvaFun1IRIyAUL
‘UENL%EJLLUﬂﬁL%‘EJ (antibacterial) f\]”lﬂwaﬂ’]'iﬂ/lﬂaaﬂﬁ

anunsaazuladn arsadaainninaadeuainuidy

¢
<

anursaduunaamudasnnilavesaiseangnini

e

8. AANTIUNTATUBBNTLATU
Jagtuansdusyyadaseansssueflasy
arwauladusgrin selugnaivngsuoinis
\A309d1919 wazen iesandaudnaisatuaiiy
Yaeaduveaguilan n15AN®IAINTTUNITAY
pandturetansatinannnmasiouainisuge3s

DPPH radical scavenging (Table 5)735 DPPH 1u

v
o

BnsTaanuaunsavesansiunisdudseyyadase
DPPH fiiAntu Wiloouyadasy DPPH gniddlagléty
Tusmeuanansiueyyadass Avzasudandsandy
Awdes fedunisanasvesayyadasy DPPH Jadudl

anunsavsueniisadainsalunisinueyyadasy
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ypsasatadiltlunismeaeuldlasaisainainningd
Yfouaimirfunansdinisfusyyadaseieionas
5291 Tnsfigninisiueyyadaszgeniinindandu
ALAEANTUINIFIU butylatedhydroxytoluene (BHT)
s5109lag Rawdkuen et al. (2016) Anuiiissdes
Ay 3243 uag 43.24  A1UAIGU LAENAAINE1I819
desnannnaniddiouiivimnuiueauasrailuoss
ﬁu’mqu Kongkaew et al. (2015) l@s1891u3udnan
Iffoudvnfigninisduoyyadaseionar 2086
Turnsfudnnidoudihnaignsmsiueyyadasy
auiiefornay 77.83 Milfumszmdnnioudtnad
USinaaseangyismedaniiganiusdanideudvn
(UBnmansusznaufiueatmunyiunaaliuoss
savaa wiuelsfiuuagSasir-inlaflsea) Teh  and
Birch (2014) eswhnniiwataiiuusassiauans
Afosaznsiueyyadasyiuandaiu Tnsninuda
uandmnudaailuatuagninuanieiiainisanu
puyadasyivinfuiesay 2254, 3856 uay 30.94
ALEFTU Mantwaguin vlavIeatefusvosiivd
wandnafudssalifivduiinuaiseangrimaianind
afude osnnfivwdazuiailassaiauardugiu
Inenitsnaiiy
AaNsTuNsiueuYadasyiINITIATIEAE3s
ferric reducing antioxidant power (FRAP) dievn
ANIAINTavRIEsAweYyadasylunisididnnseu
viionsimdmanluguveanesin (Fe™) Tiasuly
oglusUveanessa (Fe™) anmanisinsiziianssy
Nsinueyyadaseieds FRAP lvikafs Table 5 wuin

2

ansafnannnnndseuaiaituianuansalunis
39U 10.68 mmol Fe(ll/g DW Kongkaew et al
(2015) Seuinadantdeudiidsatuazian FRAP
snaifuse Tnewdnadiioudnn (2.26 umolTrolox/s
sample) A1 FRAP sninadantdeudvhea (2.46
pumolTrolox/g sample) Teh and Birch (2014) 518474
nnuanailuan (23.64 umol Fe(ll)/g sample) A1
FRAP qa‘ﬁ'qm saqaqmﬁammuﬁmﬁ@m (16.74 pmol
Fell)/g sample) wagninwaaunand (8.67 pmol

q

Fe(ll)/g sample) m1ua19u USunua1seaengnadinin

188 FEINYAITNISIFEU

vouudafimiifuiuegiuria aewug uarggnialu
msiiuien Wudu (Peng et al, 2005) wenannil
Sargi et al. (2013) Miseeuinudantteuiigninis
fusendiatugaiiefisuiuimdauiand lneflen FRAP

= o w

987 5.24 uag 0.33 mmolTrolox/g sample ANEIAY
wiafigdifuduundavesarseangninisdinmn
TnglamizansUsgnauilusanazialouesd daans
wandfunumdrdgluianssunisiueyyadasy
(Shukla et al., 2009) FaunnaTsouatauniuga
Wuwndaimadenueansiiueuyadaszainsssuyia
Snundwmiladesanfumundeannaudatiy 7
ansavihvinfifuanslididnaseunnoyyadasy wie

Juiulaneninle

9. Mmsindiarlasoandingu
nsiinafiaUoseonatuain1TnitAszila
lpgn1smUsunaues TBARS  s181uluguves nmol
MDA/g FW Tnasnasulaueadlan (malondialdehyde;
MDA) \undsnaanujisediaesoandindunasly
Tun1susziliunsiinniziaseneendindu (oxidative
stress) lngnnzinseneendaduiinaineyyadasengy
29NTAU (reactive oxygen species) Wiluvianglusiu
1UsAu wagnsnilmasnluladie (Deng et al., 2016)
PNNITAATIZAUINIAL TBARS U99d15dAAA1NAINI
Fevatinusiunui asataannninnasiouatnusiu
U TBARS  1inAv 17.36 nmol MDA/g FW
(Table 5) Shirvani et al. (2016) 51891U31 LWAAABN
ANeslUINIM TBARS 111U 1060 mol MDA/g
sample #U3U104v99 TBARS denadosfuuTunames

asdnueuyadastiflegluwdn wisdflasdueyya

daszgeaviindfineTeondindunieliusua TBARS
#1 (Deng et al., 2016)
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10. Aanssunisaruteuledsann-ezluiaduas
oulaainiudu
ozluaadueulvivianisfianunsodosiuse
darlnala@anlunlslifivuavedluanaidnas vl
I8 8uhmauealea nglaa waziandniu arsduds
wulslerluaaayyiuthilunisiudinsinemuues
ulesiorluiad InsastisanUiuiamimaiiazgady
nszuadonls Tailanuddyannsdeiiisiuiminu
¥inft 2 (Vadivel and Biesalski, 2012) a1nn15ANWN
NaveIEnsAfnaINNINMATuaR R TuseRaNsIUNS
Fueulnidain-ozluaalunasannass Tnglduls
Huduansn wui arsafnainninandseuainungy
anunsadudenisianuveseuluisain-oyluaald
wihfu¥esay 37.26 Tuvazflayanslua (acarbose) (40
AIUANLTIUIN;  1me/ml) annsodudnisiinuees
wulgtioan-ezluaalanieiosay 69.28 (Table 5)
Fatuansafnannnatsieuatnisuiuss ans awly
gogmslulamsalatounitezanslua Reshma et al.
(2012) $1897U31 @15EARINNINNAAMNALTa Y
nsfudanisinauveseuledda-ezluiagsnn
Aspergillus  oryzae \fiesdeuay 16.95 finnnududy
0.75 mg/ml uagminwlaaglii asadnainninedl
Useansnmlunisdudanisvirauveseulesidaia-
arluaaieadniios Hano et al. (2013) $1891UIN
ansatnanwanuandiduasiidussansamlunis

v
Y

gudseulyddai-ezluaa Tnunansarfanssunis
Fudueuleddain-evluaawiiutesay 4570 (A
LWNTU 0.50mg/ml) Amutha and Godavari (2016)
189Ut asatranudnnsiinanududu 5 me/ml
wansensfudamahanueneulssidarin-ogluangs
gnAnduiosay 24.95 mﬂwamﬁmamﬁmmmaw
11 ansafmannnnmisieuaimisiuauisaannay
ﬁwmwaTuLﬁamquﬁaﬁaawwﬂs (postprandial
hyperglycemia) Tnenséiudsnsgosvasansiulawmsn
Hunalinsgafuvesimaitnginnmeanag
d1991ulnTuINIT 19U NIUTUBUETLInes
(trypsin inhibitor) ﬁmmmmm‘tumﬁué'qumsv‘mm

yaueulesinsuunltdeslusaulussuumaiuenng
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Tngasiulavuinisiinuantaluvinats wsedning
nsaady warnsilldusylevivesansenmsiusiu
(Klomklao et al., 2011) 21NAIFIATIZRAINTTUNNT
Frueuleinsvduvesansatnainninaddevare
drdunut ansatmeinnnediouataitulidnaniy
Aanssududseuledv3vdu (specific  inhibitory
activity) AU 0.74 units/g protein (Table 5) Wati
et al (2010) MEFnwanssudnmsvhaumeneuled
visuBuluwdnds 3 vlanuin wandezgRdananiy
ﬁ‘\]ﬂiiu‘&j’uéjdL@ul%ﬁ%%ﬂ%uzﬂ&ﬁﬁ@ (553 units/mg
protein) 5843110 §9913 (316 units/mg protein)
wazduae (205  units/mg  protein)  ANERY
Klomklao et al. (2011) $1891u31 dudendianianie
Aonssududfaeuledvivdusiitu 1172 units/mg
protein Pesoti et al (2015) 5189131 LWaAAITA
(quinoa seed) fiAanizianssudufuouladniudu
WU 8.56  units/mg  protein  WilawfisuAnany

Aanssududaaulydnsuduvesansainainningd

e

£ o A v oA

euainiduiuiivnssnadivseSyivaziiulain

o

€

o a

nnateulansAamzianssdudieuledniudu
sndimaans lneUsunavsuiududdmestuediu
il @reug Maasyivlafuiivesiiy nsndn waz

mstdanudeusiu Wudu (Benjakul et al., 2000)

A3UNaN1539Y

nnasfeuainisuduunawesanilulewmse
nsneeflufisndu ussng Sniadaiinsaladuyialyl
SusuBadou waznsaludulow (ewwin-3 Towfn-6
wazlowd1-9) Tuiuags nanaideuaiaiisfy
Usgnaufianseangnimadanin deszylaguiunm
ansTlusanmuaLazUSnamal e mn 3nvad
fivszansamlunisdueyyadaszgednie agalsh
AuNUAIIAIUlATUINIT (MIUTUBUETINeS) Tusesu
nilsfstumnaieuadaiituiivsdanumdullldgs
Tunsldduunasarsenisvseldiludiunauly

Handuaiamsgua Il
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a v 1 a LY L2 a
AnRnssuuUszniA UMWV NUAZURTINGS 8311159 UANUEU

Alanudiewdekaglinnuazainiunisinsaveld
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Cultivation of Spirulina platensis in Fermented Corn Feed Residues

Nuttaporn Chanchay* and Jutarat Sontirod

Program in Biotechnology, Maejo University Phrae Campus, Phrae, 54140, Thailand

Abstract

The cultivation of Spirulina platensis in corn feed residue liquid fermentation medium of low cost diet
with different ratios was investigated by a completely randomized design; CRD). The study was conducted on
fermented water from corn residue (corn husks, corn stalks, and corn dust) at 20% with chemical formula.
The study was found that the fermented water from the corn cultivar was the most suitable for use as a low
cost medium for culturing Spirulina with an average OD of 0.450+0.006 cells/ml., average number of cells was
81.440+0.497 cells/ml., specific growth rate (u) was 2.079+0.001 cells/day and average carotenoid content
was 79.943+0.043 micrograms/g dry cell weight with significant differences were observed (P<0.05). The
amount of fermented water from the corn stalks at 10, 15, 20 and 25% was studied. The results were showed
that 20% of corn feed was the best formulation because an average OD was 0.434+0.020 cells/ml., the
average cell number was 82.594+0.056 cells/ml., the average specific growth rate (u) was 2.015+0.016
cells/day., the average carotenoid content was 75.026+0.006 micrograms/g.dry cell weight and the average

protein content was 137.288+0.037% had significant differences (P<0.05).

Keywords: Spirulina platensis, Corn feed, Carotenoid, Protein and Air pollution
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(x10"cell/ml) uazdndenviinvetmsinainiAumnae
FnlnaomsdninaigaieAnyimieiudiunai
wanzaunoly

4. Anwrvsunawiavesininainawmnie
F1lnnesdnianuanisuaasstedl 3 Aiusuini
wansafulagyinnsideansvindisnandiu 10, 15,
20 way 25% lagUsunns (¥e9UsuIue1mITNINAL)
Lamﬁuﬁ'zﬂ?@mmﬁsJalU'géuwﬁlm"ﬁ]Wﬂsﬁ'aﬁ 1 Tuusiazgns
gnsar 10% vosU3uuems Gesamsedune 10
Ju Tnelduwasasnenaon 24 49109 ¥1n157n
Uszdnsnmnisiaseiuln Usuauualsiiuows (Foss
et al, 1984) AunuILUY (OD) 91uULYaa
(x10"celVml) wazUsurulusAudieds Keldahl
method (AOAC, 2000)

aNLmum‘imaauwuejmaam (Completely
Randomized Design ; CRD) Tngutsnsneasseenidu
2 MInnaes Ao n1snaaesd 131 6 gns UagN1INARDN
7l 2 5 gns wiavgnsutseanidu 3 41 weil
1. Msnaaasd 1 miﬁm-ngmmmsﬁmmzauiﬂa
Buthudnannrsmdadnalnnawnsdns

gsit 1 yanuRy + ﬁ’;L%@ﬂWﬁ'WﬁlUgﬁm
10% lngU3uns gasenmsmanil Ae

Tofgalumsuaiunvisonayl (NaHCO,) 6.0 ¢/L.

Talnuwnaeslalnsiaueaslisnean (K,HPO,)
0.5 ¢/L.

TgsReulumsn (NaNOy) 1.5 ¢/L.

Ue N:P:K (16:16:16) 0.6 /L.

Qmﬁ‘/’i 2 YARIUAN + ﬁu%yamm'walﬂgam
10% TpoUsanns + Smsinanuemded alnae1ms
&nd (dmsnanndudnalne) 200 laeUsanas

gnsi 3 yaAuAw + %L%amm'waiuﬁm
10% TpoUsanns + Smsinanuemded alnae1ms

o

&3 hudnanndudilnm 20% taeusunns
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gasfi 4 gauay + doamieallzaun
10% Tned3unns + vmsinannAwmaetalnaoms
&5 Wmsinanndadnalng) 20% TneU3unms

gnsdl 5 gnaauAy + Fudeaindiealusiun
10% TneUsinns + vmshanwmaedalnaems
&3 (hmfnannwaendalnm) 20% TneU3unns

gnsdl 6 gnrauAY + udeainirealusiun
10% TneUsinns + vmshanwmdedalnae1ms
&0l (wnandu+ e furdden) idadiu 111
20% lagUsung
2. Msvaaesi 2 MsAnwIUSNAsTestMnaNAY
Fralnaewinsdnifivanzausaufivenmsdansent

gnsil 1 yanIuAw + %L%Bamiwawgém
10% lagUSunnsansomnsmiaail fe

lodeuluasuaiuaviensy (NaHCO,) 6.0 /L.

lalnunadoulalasiausssisneainn (K,HPO,)
0.5 /L.

Tsieulumsn (NaNOy) 1.5 ¢/L.

Yo N:P:K (16:16:16) 0.6 g/L.

gnsil 2 yanIuAw + ﬁaL%amm'walﬂgém
10% TneU3anms + viavesmiinainmwmded alng
IMTERT 10% laeUsung

gasit 3 yaAuAw + ﬁaﬁamm’wa%gﬁm
10% TngU3uns + vlavesimsinanawmaed e
IMTANT 15% laeUsung

gasit 4 yaaauAw + ﬁaﬁamm’wa%gﬁm
10% TngU3uns + vlnvesimsinanawmaed e
DIMTART 20% lmeUsung

gasil 5 yanIuAN + ﬁ’mﬁgaamimawgém
10% TnU3anms + vlavesmiinainimwmaedalng
IMTANT 25% lmeUsung

‘L‘hﬁaL%uaaméﬂaaiﬂgﬁmﬁﬁm’]wmmeaa
\wad (OD) daud 0.8 AAMNB1IAAY 560 UIluLLAS
wnzidedduriananainlavuin 10 ans Ingldwde
aesogasewsTldiAssamidnad 1:5 Uiy
pH Tvaglugae 10.0+0.1 yinsguiSesvinnatadinla
winznIauudlikasaineanuaenlivgoaisaloud

paam 24 TIu9 waglwsyuvanegraminaialminnig

198 FEINYAITNISIFEU

muﬁauﬁwLLazi’Janﬁumﬁmnmmau azidsay
syevian 10 Su ndmnmnzdsadusyesian 10 Su
nI9TnnsesykartuduIuaiamsealusaun
Tneld Haemacytometer waginAtmnumuiniugessas
(0D) Tnawades Spectrophotometer fauETIRA LA
560 Wluiuns MAUSHuuAlsiusenlagiIsues Foss
et al (1984) uazUsu1aulusiulaneis Kjeldahl

method (LQW']S‘QG]ﬂ’li‘VIG]aENﬁ 2) ATUIDNTINTG

v
v

WIyvasamaluaw Asil
RTINTLATYINE (Specific growth rate; )
AualaN
M = Ln,, —Lng
t, -t

Wie x A9 NUILLYAR LAY t Ap IBEN

Ainsgianuuansiisvesdeya liud Aade
VOITIUIULLAS AIANUAUILUUVDUYAE 871TINTT
w3y Uinamalsiuesd uaglusiuililundazgns
AIUNTIATIERAMULUSUTIU (Analysis of variance ;
ANOVA) LagitAs1#Auuang1902835 Duncan’s
Multiple Range Test fisvdupinaniesiu 95% uax
99% selusunsudnsagy SPSS/PC

NaWATITUINANISIY

1. AmAansd 1 msﬁm«ngmmmsﬁmmzamiﬂa

Buthusinanremaadalnaansdnd
msﬁﬂmqmmmiﬁmmzammmsmm?ﬁ”m

Spirulina platensis Inensiisnimsinewmaedilna

mmié’miﬁﬂ%mmmﬂsmf'fui"mﬁuqmmmiwmﬂﬁ

= a

1TAEHNANTISANWITTAVDIUINITNINNLAYNA BT LNA

9MTANINANan UL NIEAgIEIIe el 10 Tu

Tavliuasainenana 24 92lus LA239%1n1970
Uszansnmn1sasguesamsne Jausunaualsiiuess

(Foss et al, 1984) JaA1AuuuILUY (OD) wastiy

° s 7 = o
Uaa (x10° cell/ml) FanIsvIeandLkang a9 Table 1
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Table 1 Mean cell numbers, optical density (OD), specific growth rate and carotenoid content of Spirulina

platensis in liquid fermentation from corn feed residues

Educational factors Chemical Formula 2 Formula 3 Formula 4 Formula 5 Formula 6
formula

Density(OD) 0.514°+ 0.015  0.406+0.001  0.450° 0006  0.446'+0.015  0.429°:0.006  0.422°:0.010

Cell number 105.350°+0.010  46.8300.010  81.440°:0.497  71.083%0.401  62.630°+0.010  51.000°:0.010

(x10'cell/ml)

Growth rate 7.900°+0.001 0‘279; 0.002

(b; cells/day)
62.854'+0.012

Carotenoids 109.432°+ 0.001

(pg/g cell dry weight)

2.079°+0.001

79.943°+0.043

1.779°+0.001 1263740002 1.023°+0.004

74.456°+0.005 71.574°+0.010  68.124 “+0.004

Note: Similarly, the horizontal

alphabet showed no statistically significant difference (P<<0.05) at 95% confidence level by

Duncan's Multiple Range Test (DMRT) : Supplemented with 20% of fermented corn extracted in the control medium (chemical formula)

Table 1 WAAIAIAIIUNUILUUVDUYAR (OD)
ﬁat‘qu'immiéquuﬁwmmfmﬁﬂsuaaLﬂ‘wﬁi’hﬂwmmmi
dnl nududazansiinnuuanaisiuegadidedAry
yn3adid (P<0.05) BsgnsruauliimamumuILugean
Wiy 0.51420.015 509831 Fo tnnandudnilng
20% TAumuILluYAY 0.4500.006 waztimin
INFIT1INA 20% TANUVUILLLLYINAY 0.446+0.015
fatignsmunudadugasevnamand T Promya et al
(2009) nanrildinaiusnesiuguisnduse
nasyvesamisuandugnsfidesldlunsmzies
amieIviiansaiuaudusiaeEuLlugnIT
gnsoMIdY 9

nsfnvduueadfinnzLassgnzems

'
o

suyuanndmdnveuawindet1ilnnomisdnd

WU udargasianuuanataiueg1eiidedidynia

a0# (P<0.05) Imﬂammmmmmuma Ej\'i?j(ﬂL‘Vl’]ﬂU

5

105.350+0.010 cell/ml. 998911 AD ummmwum

q

91nEuTIINAeMSERIT 20% FSuruead wirtu
81.440+0.497 cel/mLl LLazqmmmiéﬁunuﬁwmﬁw
wiinveadsd1alnndi 20% Hsrurutgadiviafy
71.083+0.401 cel/ml. Tngmsfi 2 Ao twsinaindu
Fnlnadvsunadiwiueadvesamsieifigainiu

16.830+0.010 celV/ml. sfiiilosningmsaruauiiu

Uit 15 atiuil 1 unAu - fquieu 2561

gnsomsmaniladnisfusigermsiugiunisndu
AONITLATYVOIAINTIY NUTENOUA2Y NaHCO;,
16:16:16) lag

'
a

NaNOs, K,HPO, wazdidaiadl (N:P:K 7
peRUsTnaUmETeTlRamsednsiius iy
wadldunduazdugnsomsidenlslunabes
@113518 (Choocherd et al., 2010; Seesooksomwong
and Peerapornphisarn, 2007) 5?11?1”’&114@14%?’31%1
a19agfiUsnaansomnsiidesdonisiasyivinves
A3y LwiLﬁaamﬂmiﬁﬂmﬂ%ﬁﬁéfaaﬂWiﬁﬂmﬁqqm
osfunuvesihminniavndedlnae s
dnfimutiemsiunusivesimvinandutinlng
9WNIENIT 20% (VosUSunmes) B auwadindy
ﬁﬁﬁamL:uamamummmummamau q 91nimsin
wmndedalnaemsdnd eswinludrdudalned
odndssemsvinliilisineinisdng q azaueylu
uTnudduanndtdu wWien 44 wazdudiilnag
(Chairinkum  and  Mikled, 2013) @onmasdniu
Chuenkramon (1987) ﬁwmimflugmamﬁ'walﬂgﬁ
uﬂuﬁmﬁﬂgaqﬂi Wiy Choocherd et al.

(2010) vhmsenzdesamsealusauludmdnduyu

sanuadndaing q uazug Weuminainyadaila

NsWeMITIINRYTdR AU lUgnulinuasdosaany

Jusmomnsfidnlusenisaseyvesamse lnsanie
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yaln 8nvadadenadesiu Seephanomyom et al.
(2007) dgsamsealusiun (S. platensis) luihiaan

Iﬁﬁmuﬂmu@'Lﬁmmﬂﬁwﬁqﬁnﬂéné’dﬁ@mﬁhmdmmi

@

NAAYADNITLATYVOIAININY

o

NAN1TANYITNTINITATEYIUNE () VOIDINIT

o & '

AUVUAIINNIIUIINVRAAYTINADIMTENT NUTILe

o aa

azggnsiianuuanssegiitedfnynisata (P<0.05)

17

a

lavgasAtuAuildnsIn1siasgiivingegaivinfiu
7.900+0.001 5098331 A UINAINAUT1IINADINIS
dn19 20% USRTIN1TLATYLUIAY 2.079+£0.001 Uag

wumdnandudialnnemisdnd 20% T8nnis

a o

LWASEYAIgALINAY 0.279+0.002 1A88NI1N15L238Y
AUIUAINTIUIULTAE %ﬂqmiﬁmﬁﬂﬁumﬂﬁu%ﬁ[wm
infldmneadasen waedvilvidaennmadsygdune

nsAnwAUSInaals oAz s Wae
ansomnnntmsiniawdnlnaomsdng wuiusa
gusiimnuunndaiueg1aited Aynieats (P<0.05)
Tngamsefiasduduinaingudnlnaomsdnia
Ysuaualsiiusedgagaiiady 79.043+0.043 pg/g
dminiaduie sesan Ae tinifnaindedialua
9 M15dRST 20% HUSuaualsfiuesdiviafu
74.456+0.005 pg/gimiinisaduiis LLasajmﬁmﬁﬂmﬂ

WaandInaemsanin 20% JUsunn  walsiiueen

WU 71.574+0.010 pg/gifmﬁmﬁnaéuﬁd ﬁgaﬁqm
muaudadugnsemnsmaniildfinisiiusinems
fugiisnidudenaaigesamielumsmziods
fimsliuasadnmann 24 Flus lunsimneidosdanalss
amseivsinaualsivessiiiniy wasiilesain
$nuwasiiiutunnIsilfinisaswalsivess
dusnnduaenndestuduiueadiigaiude fousii
ansmuauaziiualsiiuoedds 109.432 pe/e dhntn
waduie winsAnwifesmsAnwermsandmin
Funuindaiudiodunsinuusinanimdnvsngas
Tugnsemnsfuyushiadengasindnaindutilng

ansanivinunldlunisneass 2 ssly

2. NMAABsH 2 MsAnEIUSIAsYa NI NLAY
e vnsdniiuanzausuivanmsdansen
msAnwsumsvesiminanrwmaedalnn
p1M5ERITUSINAsTLANAsTY Tagsinnsiieansi
wiinangudlnaemsdnifisnsndiu 10, 15, 20
LaE25% lagUsung (UeeUsuNueIMITNILALl) wagyin
N5IAUSEANS AN YVDIENINY USuauAls
Aupen (Foss et al,1984) A1AIINNUILLY (OD)
Fruuead (x10 cel/ml) wazySunalusiu (AOAC,

2000) %awamﬁﬁﬂmmmﬂu Table 2

Table 2 Mean cell numbers, optical density (OD), specific growth rate, carotenoid content and protein

content of Spirulina platensis in liquid fermentation from corn feed residues

Educational factors Chemical Fermented Fermented Fermented Fermented
formula water at 10% water at 15% water at 20% water at 25%

Density (OD) 0.506°+0.004 0.444°+0.138 0.361°+0.185 0.434+0.020 0.504°+ 0.003
Cell number (x10cel/ml) 105.332°£0.012 80.026+0.023  81.3657+0.061  82.594°+0.056  64.030°+0.028
Growth rate (i ; cells/day) 8.510°+0.023 0.527"+0.006 1.770°£0.034 2.015"+0.016 0.270°+0.015
Carotenoids (ug/scell dry weight) 113.964°+0.002 122.021°£0.003 3.486°+0.005 75.026°+ 0.006 4.178"+0.007
Protein (%) 140.075°£0.037 11.053°+0.026  26.077°+ 0020  137.288°:0.037  4.294°+0.071

Note: Similarly, the horizontal alphabet showed no statistically significant difference (P<0.05) at 95% confidence level by

Duncan's Multiple Range Test (DMRT) : Dilution rate of fermented water from 10%, 15%, 20% and 25%

13

210 Table 2 NMSANIANANUNRUILUUVDITAE

(OD) fegnT1msuIninaIndud 1 lnne m1sdnd

200 FEINYAITNISIFEU

wudusiazgnsinuuandnsiuegaiidud Aynisaia

(P<0.05) lnggnsArugulAUnUILIUEIgA LYy
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0.506+0.004 593891 A Yvinandusalnae1ms
dnsfianududu 25% TasUsuing Saruvuiudy
WU 0.504+0.003 waztmsindudnlnnevnsdn i
ANNLTY 10% lagUSUIns TAURUILUULYINAY
0.4440.138 %4l Seenuansom (2007) na@121gns
muau?juﬁuqmmmimamﬁ ladnsuiNsI9e1ms
ﬁugmﬁﬁi’wLi‘]usiamiLﬁ]’%zysuaqams'wLLa:L‘fJuqmﬁﬁw
THlunsimzidssansned wnuizuinisinizLaes
awseluaniziiuisay Promya et al (2009)
nNa1I@Imse S, platensis dlewmnsidssUszanm 7
Ju 2gdAn OD Wiy 0.8-1.00

SN IuadTinzIAssdegn oI

a '

YIUINTNAINAUTIINADIM TER INUTUIRNTHS 9)

o w aa

wudusiazansinnuuansiuegaitudfgyniead

17

3 '

(P<0.05) laggnsAtuauddulugangagaiinu

Y 9
v

105.332+0.012 cel/ml 5898911 Ao Ymdinainau
Flnaermsdniiaududu 20% tneuiuinas 1
FIUIUTAE AU 82.594+0.056 celVml  uazgns
sunsthudnandudalnaermsdniiaududy
15% lagUsuns dauiulwadiniu 81.365+0.061
cel/ml  Chuenkramon (1987) ¥iin1siwizidss
awmealusdurlueimsgaseng 9 wulieady
Choocherd et al. (2010) ﬁﬁﬂ’liLWﬁzLﬁymamiw
alusdurludmdndunuiannyadn fuas e lile
smpnsisdudemsisiyuesamseiuiu
N13ANYITATINITLTYT NI (1) FI8DIUIT
Funusihveatmiinangudinlnaemsdninud ud
azgasiiannuunneegelidedfynieata (P<0.05)
1ggnIAIuANLBNTINITIITYAEAWINAY 8.510+0.023
sosawn fevminainfuinlnne msdnifiai
WUTY 20% lneuSuias T6nT1n19L93 61U
2.015+0.016 @oAAZEIRU  Seenuansom (2007) &4
WU 9IMNTENTVISIAUTUUSE (@1vnImnaadl) 18051
maaiesamiedlusiunnniigauazidesanddu
\Duduaranemaieddesemisuaznszangllg
dausing q vesdudsiiomsazauunniign dauTiad
sulinsazauneaneSageaonadonuiIuAneves

Promya et al. (2009) naaamsegaduleaneda

Uit 15 atiuil 1 unAu - fquieu 2561

Tuguvesdesu Orthophosphate l¢ififign damlaamesa
flogluguvadlovaufianunsnaraethléd wazamine
Ululduselowild #e PO,  HPO," wa H,PO,
amsredideannuiniiuasiniudesniseaneya
mm’jwa’m'ﬁwnejuﬁu famsevnveaneTaayl
natdudon1sasgLavle vinlnusuiuaisdvia
Chlorophyll-a, RNA W@z DNA anas dnavinliguss
yoagadiudsulunniiy
msfnwUTIuualsfiuesdiinzdeiegns
mmiéfuv;w‘i"lsuad‘j’mﬂﬂﬁ]’mﬁueﬁ'niwmmmﬁé’mi
nwui usazyngasiauuanssiuegelideddgng
@A (P<0.05) I@EJQG]iﬁ’IMﬁﬂﬁ]’Iﬂﬁu%’]’ﬂwmﬂﬁm‘ié’miﬁ
AMNLTUTY 10% LagUiuins dusuiaualsiiuees
geaminiu 122.021+0.003  pg/g dvtiniaduis
sesasun Ao nviingnsmuauivinauelsfiuoss
Winu 113.964+0.002 ug/g drondnigaduis WAEEnS
gnsiminandudalnnermsdniiaududy
20% lagUsuiasidsuraualsiusuntviidu
75.026+0.006 pg/e twiinaduis 89 Issa (1999)
Na1171 Usunaulalsfiuesaues Oscillatoria sp. MOF-
06 MU 604+0.44 pg /ml. Promya et al. (2009)
IaTzrUsiaualsiusuaues S, platensis wuid

Usunauualsfiuess 187.89 pe/e  unudnuwadua

\esnamhedifsaunuiiiuinisazausiaing

neluadetg
nsfnwUSinulusiufiongdesegnsems

Uminandud1alnae1visdad nudtuaazyanis

o aa

NAABINAIULANAIN URE1 L UBA A UN198DRA (P>

£

0.05) lnggnsadruAuiUTualusiugegaivinfuy

Y 9

v v

140.075+0.037% 5898311 Ao tmsinaindudnlne
p1msdasfianududy 20% Taeusuns JuUsuia
TUsAUYINAY 137.288+0.037% LLazqmmmiﬁmﬁﬂ
ndutrlneemsdnifianududy 15% lneusuins
fUsu1alUsAuLYnfy 26.077+0.020% 34
Seenuansom (2007) ladiAs1einmuAlaguIN1Tves
M3y S, platensis  wuINdlUsAY 31.94-55.44%
LﬁaqmﬂmmLmnsmmaﬁmqmsmmi 18n1599a09

Uldgnsemsyiladunuilumanigiies
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e 2.015+0.016 s2aa/3u 1UI1 USUauuAlsAiuaenvas

gosumdnandutlnaevsd@n inanuduty 10%

. . . .. lpgUSunsg asfianiniu 112.0210.003 pg/g Umin
PnMsAnsIMldUsElevdanniawmviotnilng . o . v
e e ) waduiie kazA1UTualusAuegasuIninaInsy
o msdniludiu wWaen au 49 waziudnilnadugns ) ool .. _
P , R r 1ilnaemsdninaududu 20% lnedsung a9
a1mstunisidesamsiealusdun nsveasd 1 P L.
. y oy Ngawiniu 137.288+0.037% 3 nNN15AN®IRea@1u190
nsfnwgnsemsimunzaulagiuiminainiey

., Y oed o o e ayuladnlunsidesamsealusiuiaseilaisldgns
wiaed Ao IMsaRililafansansAnunlaag iy ¥ . _ L.
i ¥ - o s s amsiiesamsealusauianimdndiinnens
ladndmdnaindudilnee misdniilugnsnangn } L o )
§ Fadludrudrdunnnududy  20% lagUsunns ved

We99NnLRTIANUNUILULYBTAa (OD) HA1Lad

. . . psansmnailunisinigidesamste  Spirulina
Wiy 0.450+0.006 cel/mliuiuleadiaiogedn

'
o

. o - platensis Wumsdunusinaziiign
81.440+0.497 celUmLan3s1n15L958YNW1E () U

S Co a . Toyafildainnisfnwaliiulsuiniuas
ARREWNAY 2.079+0.001 @ad/fu Usunasaaing

& P o 9 o A v
anudululanazihiudnanneewdadnlnne s

¢ a1 dl

wAlsyuesn AA1RAsINAY 79.943+0.043  ug/g

Yoo ey dad lagtanizag198aurndnainaudiilne 11
U ntiniwaduwi e vt

Uszanaldlunisimnesidesamsiedlusiun daduazi

]
¢

NMInAaesi 2 N1sAnwUsiinsvesdmiinain oy L . . .
ladnimdnandudilnaemisdadiidudnniauden

VAU NA BN SER IMAUNLFUTIUAUBIMTHIATIEN

v
a '

a1 saIvansunulun1swiziieda e wie

vy

nud dmdnanaudiilnafininududu 25% lag . R ) e
Wunisaadiununisidarsiadidsddunuadlunis

V31105 1 Jugnsninfigaiiesnniidnsiaumuiwiy

q

. a A e WNELAEIAINT1Y @a1N150anUTUIMYeLEENIS
Y99aa (OD) UAaagmInNy 0.504+0.003 cell/ml. -
v “ v o e a Msinens wagandymuaiiuni9e1n1AIINAITINLAY
gnsumdinaniawindet1ilnne1msdninuiunu ) . . .
oo ¢ 4 e WaRINNTUgNINIINAIMIHRIU91N¥ATNITIT
20% UINULLAGLAAYFIEALRAILYNINY 82.594+0.056 d L . o
ao o . a A e Junmsiiuyarvesawvdenianisinunslasniie
cell/ml. uazdORIINITATYIWNIE (1) UANRAUNINY
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Screening of Lipase-producing Yeasts from Canteen Wastewater:

Their Applications in Wastewater Treatment and Biodiesel Production

Kusumawadee Thancharoen

Department of Biology, Faculty of Science and Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand

Abstract

Total 74 yeast isolates were screened for lipase production from the oil contaminated in soil and
water in canteen of Rajabhat Maha Sarakham University using the enrichment medium supplemented with
olive oil as a sole carbon source. There isolates (CTWY29, CTWY11 and CTWY02) were evaluated highest clear
zone on Tween agar plate after cultured on the Tween agar plate, gave 12, 8 and 6 mm., respectively. The
lipid decomposition testing in synthetic wastewater and canteen wastewater were 1.431 and 1.261 Unit/ml
obtained CTWY29 and efficiency lipid digested 72.69% in canteen wastewater after 96 hours, Furthermore
lipase-producing yeast can be release 3 methyl ester was found that methyl palmitate, methyl linoleate and
methyloleate were 20.46, 5.22 and 9.30%, respectively. The results demonstrate that CTWY29 is interesting

for potential of lipase production in order to biodiesel at the optimized for laboratory level.

Keywords: Selection, Lipase, Wastewater, Biodiesel and Lipid

* Corresponding author: E-mail: Kthancharoen@gmail.com/Tel: 085-7711631

U 15 aduh 1 unsay - Aguiey 2561 FENNYATNITZITY 205

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 204-215

NI

oulesdlaila (Triacylglycerol acylhydrolases,

I3

EC 3.1.1.3) \uoulesififluvdmdnnainvians oy dad
i warqgdund Gedniazndneuluilawaldfifdudou
wulesllawannfiglfniesurezne wind118m
waziidnazvis nsuanoulusdlawaiaireangdunie

JamutioninaulesilatUaanniynasdn) w1y

pmid }

£
a a

aunsdiasqivlalaiSiuasiausine uenanids

2

ansaliinUunanandnlisnslagisuuuge
Wugnssuld wavanunsausuanglimuzausienis
wAaldie nsnenqdunidiianunsondnieuleslaia
aunsousnanunasnuiall Tseuileodnd unds
t1dntitennnlseemis wavsyuudadntiifieny
Uruseu (Pepper and Perlmem, 1976) toulwiilaia
finnnuninaulalunianisdn esnanunsathuldly
dugnavnssuiivanvaty wu Tetalewndl a1sdnmen
PRANMNTTUNTABUNTE gnavnssuvtladnd NMsuTms
ﬁ"mms?ﬂlmma”au Lﬂ%‘laqﬁwaw LLazqmammimﬁ’mau
ANAIMNTTUY LA waziieInasdanin (Rekha et
al, 2012) aunIdiaunsandneulusilaida laun
Aspergillus  niger, Bacillus  thermoleovorans,
Burkholderia  cepacia, Candida  antarctica,
C. cylindracea, C. rugosa, Chromobacterium
viscosum, Fusarium heterosporum, F. oxysporum,
Getrichum  candidum, Humicola lanuginose,
Oosporalactis  lactis,  Penicillium  cyclopium,
P. roqueforti, Pseudomonas aeruginosa,
P. cepacia, P. fluorescens, P. putida, Rhizomucor
miehei,  Rhizopus  arrhizus, R chinensis,
R. circinans, R. delemr, R. fusiformis, R. japonicas
NR40O, R. oryzae, R. stolonifer NRRL1478,
Rhodotorula rubra, Saccharomyces cerevisiae,
Staphylococcus hyicus, Thermomyces lanuginose

Fawuin C antarctica, C. rugosa, P. cepacia,

P. fluorescens, Rhi. miehei, R. chinensis, R. oryzae

v
a 1A

waz T. lanuginosa Yauvisdwmaniiiinisnanlaand

UsgAnSamuniandniuuisen nsuaiedanes-

206 FEINYAITNISIFEU

Fpdu (Transesterification) (Vasudevan and Briggs,
2008)  wasfundelesufivzUunnfuiiialseny
gaamnssudnain1siuemsiiuinendeduidy
Jymddgfidelfidnuantivdnindeesdadn
asnsmy desnluiuiivzUueenundusnindeudl
RamthvenifisiilfAnaalsiting uazasfunisln
fusnmiiliFernasudlunauiuily Seinase
dudiTanludnisuentnfundeleffusanainiiiia
a3 lananeds lawn 38n1snieniw snsed
uadetniw nadenl#ismssidnlutuiueg iy
99AUTENOUNAI8UTZNTT LTU USHIal dannalinves
dhsfuvelasiu msidnlutiuseiimenienmgy &
Fnlusfuduiitenldfuinn uwifneliindymaumly
Sowwasnnluiufinnanniswenlafusenaintinis
rolviAndgmaandenldnionds Jagtuszuuinte
5ﬁﬁqﬁ1ﬂumﬁﬂwﬁmﬁwﬁmmuLLazqmmﬂmiimmmi
dulngazldsruuthdamiiamedanmdussuuily
qaun3slunisdesaansansfivuitouluifiasile
UTaase9 ¢ antlowas wiluuneadanisthdaiie

a

Tnsendegdunidluinfafistegaferfliaiuise

aulesgrefiused@nsain veiliflesannluiiiad

a1sdunIdvatein win1stevaanglagdauvsdusiag

v

YUATANUT N ADANTDUNSTLANFAAY AIUMIND

€

n1sldaunidniluseansnngslunisdesaaiguniu
salviiuasluinagilunistiedeasulissuutdn
Mefifiuseansamasu nsldadunidgesaansuitu
= o -] A = v v o
y3alusiuluadudnmadenuils wazladinisloiuy
pgunsvaeluf1aUszma (Sombatsomphop et al.,
2011) n15UnUalutulasdndua8nsEUIUNITN
Fnmilgsuanuauladuegrannludagiuiieisnis

gavaarguuultornia Judunisenfenanssuves

'
a a

dunsdnudnuazlandassaulesilaivalunisdey

>

v
a

lodfunazinfulugUlasndiwelse udilandnduendu
ndweseatunsaluiufigdunidanusagaduiioldly
Aanssudie 9 veuwadn1uidiudieondinduy
(R-oxidation pathway) iieliléndsnueenuldlunns
WwiAule n1sidenldqdunidngudanidedivans

Usgns Ae Bantimnuaiunsatunissessunisuininun

Uil 15 altiuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 204-215

Mandansdunsdanududugs wazosdussnauiiiu

v

lufunagthifuangaamnssuemswazdu 4 1¢ Tag
arsdunidluifsasiudeuluogsuinnavesdania
thwiiniwadgs annsoanaznouldliomiuusdliudag
SeansunsausneenaInislddte wazanunsaluly
Uselgvsalunmailuemsiasulusiu uagdnnfiuves
&1l (Nonthirach and Puengratsamee, 2011) 210
51897U%09 Chigusa et al. (1996) laAnuandanain
thisvedlssnunamingiy warlseunEnenms wuii
annsouendedanls 9 lolwan 9nniseiaguuems
fflusfuduesdussnou Weneaeunuaiuisolunis
govaanslutuluifiedansen wvdu%@iugﬂwam
anunsnanusunaladulaunnnit 94% aegluan 7 Ju
wazlovndenausindnumeassfineinisdosaans
lysfuanlssnunanitudamdeslusedulssnuidu

o

van 1 U wudnanunsaandsunalediuain 10,000

1Y)

nSusedns Iwmdawies 100 Jadnsusedns be

pmid)
Zee DD

A

=% a

YuIdedafianuaulalunisAndendannd

e

3
Anuaunsatunskaneulesilawalagaininiials
9T UMTINBNEETBAYUMETAN Lt lgU1Un

Toduluihnasagltlunsnanlulefwasald

A5Afiun159e

1. madmdonidadadiinameulusflaadulgugs
Lm'%ammmil,?i”mL%aﬁamnluqmmmi YM broth
(Usgnousiy Dextrose 10 NSUADARNS, Yeast extract 3
NSuUMDANT, Malt extract 5 nfusedns, Peptone 5
nYusiodns wazinay 1 ans Usu pH Wiy 4 uag
WingUHBuslaufi@au (Anwdasain Thabet et al,
2012) lesuusldwananauin 250 faaans (Usuing
gnsiasaie 90 Nadans) iusedishunazinis
21N1590IMITUNINGIAEIIVAQUMIAITAINTIUIY 5
90 WWiuded1ediy 10 N3y waztifie 10 faddng adly
YM broth Usuua3eaagn sasanislifernia 150 seu
soundl gaumgdl 30 esmiwaida (uian 48 Falus
116198719189n15ULNT spread ULeNSIABLTD YM

agar plate (Usznaunay Yeast extract 3 nSumoans,

Uit 15 atiuil 1 unAu - fquieu 2561

Malt extract 5 N3UADANS, Peptone 5 NTUADANT,
Dextrose 10 NUADAMNT, Agar 20 NFUADANT wavin
ndu 1 ans) Uaiigamgd 30 esmiwaidea unan 48
Hlus vnsusniderie il iudeusanidemeda
Cross streak Uu YM agar plate Snmds ﬂmﬁ@mwgﬁ
30 psrnwadua WJunan 48 Halua iiulaladifien
(Single colony) lu YM agar slant (euugil 4 991
waldea) iielilunsinwdely

= a a a

2. nsfndeniesaninameulullaavuduniend

9
¥ v

wisugedasiidauenld Tnomiziaedly
9MNSLEBNTD YM broth U3uims 7 dadans Uil
WS TIiensIAINIEIseUN15WEN 150 Sausaud
oaumgil 30 eariwaliea lWuan 12 $alus Tadinis
@mﬂﬁuLLa&ﬁmmmmﬁ'u 660 UWUAT (AUUAAT
OD Fufuwihiu 1.0) hnsznunsesasnideduas

¥

Wwanuuly wathlunedivuaumiz@enienmisiaes

Dy

¥

130 Tween agar (Usgnounay Tween 80 USuiad 20

1a8anIM0ans WAy agar 25 NSUAPANT) UuLen

a

gl 30 ssrnadea Wuan 48 Falua wviudig

Y
lelofuaugudu 0.1 N Jufinnan1snaasdagnisin

USnallanindu mulmanvaunsalunisudneubey

v
v a

AU (Supajatturat et al., 2007)

sodioulesl = dushugudnanadla

wuuaugnatdlaladl

3. mswSsudisuanuaansalunsasraeulvdlas
3.1 nswseusindedan
wioudedad 1 loop adluewns YM medium
50 Hadans lunanadawin 250 Haddns uaUuTiAdes

o

WHINTTNT1ANULEITOUNSIVEN 150 SRURBUIT
4

gaumgdl 30 esmwadea Wunan 24 Falus Juwies
fingaseu 5000  seuseudt tHurian 10 unil
ntuisdlasenudaiutindy Sumivednadaiy
a1 10 undt udaAutinausnads ﬁmsﬂauﬁagjﬁ’u
aeaNaLnuansazanelufuumaslsAANMULTY 0.85%

(WA) TAINSAANAURENTIANETIAGY 660 WIS

MTENIINYATNISITU

Volume 15 Number 1 January — June 2018

207



Prawarun Agr. J. Volume 15(1) 2018, Pages 204-215

(fvunA OD 3udu wiadu 1.0) (Nonthirach and
Puengratsamee, 2011)

3.2 arsnedeunisdgagludunaznisnan
wulwdlawaluiisdaassi

w3entedaaseet (Uszneudae Peptone
0.6 N34, Beef extract 0.4 A3y, Urea 0.1 A1, K,HPO,
0.1 N3y, NaCl 0.03 n3u, CaCl, 0.014 n¥u, KCl 0.014
%, MgSO, 001 n3u, dhndu 2 &ns) dninde
Funszet 45 Nadans wauduintuuidailiuga 5

f0dans A1 pH = 7 udnAuidedanieieuluten

v v
o a

31 9w 5 daddns wavyinyantuRudund

#UAT129 90 Hadans wavurduuraunlYLas 10

fiaddns uwildifudelad yudeuwaiosugifidns
AINNSITEUNISIUET 150  Seusiewdl aamngdl 30
psrwaloa LN 4 0, 24, 48 wag 96 Fala
Wiodiasizheuledlaanasiivdnimadune
(Wattanaying et al., n.d.)

3.3 arsnedeunisdeslutunaznisnan
wulusilawalutifieass

Fusiegneinfeanlseenmsuniingade

[

FAYUMFTANNYININS 150 Uadans InA1 pH way

¥
a o A A ¢

gaun)il Lniedaddiuiy 15 daddns wazviye

2
aa o a

AuANNEUIe 150 Taddns (Liiuaedad) Uuden
gl 30 asrnwalua waaiudiegan 9 0, 24,
48, 72 uag 96 Hilus WiodinsgriUsunaluiunivie

Jrntinwadre waznanssuveseulydlaa

4. N1SAATITH
4.1 nMsaeszvinanssulawla

LY ' a '

fpg1aUsuns 0.1 fNaddns ldasluvaen
veaesiifiduainsnuiunns 2 fadans (e3euduansm
Tnelglulasifiaudadivm 0.03 n5u azanalulalnsiuea
10 fiaddns wazlulnsufeandlalan 0.207 NSU WEw
Auiuesida 0.1 nSu avarelunsdalelasrasdninines
50 fadluans (pH = 8) Y3uwms 90 Tadans) Uil
gl 40 esmwadea WWuiian 10 Wil wea
Ujnsersiensalalasnasinanududu 3 luans

USums 0.9 Tadans Junmieeiiainuiiiseu 3,500

208 FEINYAITNISIFEU

souRewdl gauugll 4 sarwadea WWuian 10 Wi
thawlaildnmsdumilssnifulndeunsslsiay
ity 2 lans Usina 2 fladdns SnAinisganduuasdi
AueIAdY 410 wluans udnhaildluduom
Mngasildnnmiasguvesiulasiidat duiiom
fvuelilaa 1 gin vuieds Usunweslawad
annsandnldneldianzaumnd 40 esmiwaidea 7
181 10 w19l wag pH = 8 (Thabet et al., 2012)

4.2 msnmesihwidnus

feens (mznew) aslunnezglifonovdfieu
uhilgaumgdl 80 eariwaidoa Wulian 24 Halua Lile
Sunmumiwiinveshedsiiuinidesldaunis doil

(Thabet et al., 2012)

Y1UNFeg1aLiase (NSY) =
huinsnegeanausu-indnesd) - (Uninsegng

paIU-Uninnesd)

4.3 n15AsIEluduNvasnazdseansnnw
nsgaguNanilvsiu
Imsrelvdunaeluiifeniuisves  APHA,

= '

AWWA, WEF, (2012) Lﬁaﬁwmmﬂ%mmlﬁuﬁuvigﬂaaa
wazdsvansnmlunisdeslutuandedasidndonls
Usransnnlunisgeeledumuinlaainainuaiunse
Tunseeeluiuvedasn muialaain
At = {(Bt/B0)-(Ct/C0)} x 100

dle At = auanselunistesluiunesdasi
nala 9 (%)

B0 = Anadpvesarumuisuludiuluya
nadousNRY Raduns)

Bt = AadsvesATUluTnelUly
ﬁgmmaauﬁnaﬂm 9 (Tadiuns)

co = ﬂ'wLaf?{waammwm%ﬂmﬁﬂuﬂm
MuANBLAY (ladums)

Ct = AnadsvesnurundLlufineluly
ﬁgmwﬂmﬁ'naﬂm 9 (Tadiuns)

Source: (Jitpirom and Sangaroon, 2012)

Uil 15 altiuil 1 unmau - Siquiey 2561

Volume 15 Number 1 January — June 2018



Prawarun Agr. J. Volume 15(1) 2018, Pages 204-215

5. nsuanlulefiwa

anflunisuanlulediganiuaiuugiiann
Hongpattarakeeree and Chiensin (2005) Tneiituneu
mssuduns fad

5.1 NSIASEULYAADER

Fetadfidadenldimeideddusimsiasaie
YM broth U3uas 100 fadans Iagldvhsfuiadu
31195 1 Haaans Anududy 1% (vA) Wuduamsn
Unuuedsaagraiios snsinisliernia 150 seuse
it gaumail 30 ssruwaldea unan 72 Flua du
\WadbaRnI8 Haemacytometer (AMWUAAMNLUNTY
deanThewhiu 1 x 10° waddefioddns) teieasly
gs¥RaRY USums 200 Haddns UnuueSeuuen
soiiles msnslionia 150 seusioundt gamail 30
ssrwadoa Wunar 72 $rlus tueediadsnads
(Frsumeuidiududogainewiniy 1 x 10° wadse
fiadans) vnstuwiesdfianusiseu 12,000 seuse
uil Wunan 15 Wit fguvindl 4 sseueaidoa g
dwlavenlinun wdnhludumisdnadaduna 2

a 1

uit gedrulasen uazdnwaditlaluldlunisi
UfRsemudoameiiiaduiieatansaludusanain
fegesell

5.2 maiufnsemsuiesinesiiady

ihifuudusans @ldnnnmsvinuiisenadeu-
Uiadu) U3u1ns 0.5 nSu maudumiueausuing
0.054 N34 (31w 1:3 Tua) 993 0.554 n3u iinasly
Microcentrifuge tube v 2 faddns Aifwaddad
a1 x 10" wadsdefiadans naulidntuaunseis
wadnsyanediegsaiaue awmﬁuﬂuﬁqm%gﬁﬁaa
VLA TITIENIIAN5ITOUNT9IE1 150 SaURe
Wil usegen 9 0, 12, 24, 36, 48, 60 wag 72
Flad iedinsnzivSunauufialeamesienies Gas
Chromatography-mass  spectrometer (GCMS-QP2010
Shimadzu, Japan)

53 Amszvniaiiaeamesdlgmadauia
Tasulans i-uua anlnsiliines

nsEInsgIuvesLfiaeamesunsgIulag

AMsFsiminAkdueuhuSsuiisuiuufateanes

Uit 15 atiuil 1 unAu - fquieu 2561

fndnlaluto 52 TnethdedefiwIoaliuvinsz
osdUsznavvanalusiuiadaiinmuazaunInge
\A309 Gas Chromatography-mass spectrometer
(GCMS-QP2010 Shimadzu, Japan) Ingldmaduiivia
Select Biodiesel for Flame, length 30 m., 320 um
ID, 0.25 pm film thickness @n11efld Ao fisnslua
vasufianindu 1 faddnsdeunil an1izdeud
oumnllisudy 210 ssmwaldoa Al 12 Wil wagLiy

= = a

paunnfiludnsn 20 ssAgaldsanauI7iaudsennn

9 Y 9 Y

o

250 arngalded Aafl 8 wnil asaindnanvetans
fefIns19inwila Electron lonization WaN1SNAABY
fnaldaniuildnsees peak daiumusana
wiawawmeslushednild Tnsmsiieuanitudildnsm
294 peak LuﬁaLaama%mmgmﬁ%’qﬁ’mﬁﬂﬁLLﬂJuauTu

UAAEAULLNTU (Samniang et al., 2014)

NALALIITUINANITIVY

1. HAN15IY
1.1 nansdnidenidedadfinanaulesilawa
5’1&1]231@
MsfaLenTafaniaogafukarifAvanlse
9INT WNINIRETWA UM IANLUTRATLANAN

AUTIWIL 5 9AAINITOARLRENEARTILIUTIILR T4

lolwian dugruinenvesdedadaniiiiauazauiiuing

Tran1ul399 1M1 50N dBTIVA QUM EITAIU AU

sl

Weobanildnuwarvedlalall uazsuiuwadiuansineiy

viaviun 74 lelwian TngBadnAnuanladiulngfisuuuy

13

lalailnay (Circular) yunsananaanies (Undulate)

9aUL58U (Entire) @A54 (Cream) RANANWMELSEU
(Smooth) Aulusakasduwuuliasnoukas (Dull)

wazilguawaduuunays (Ellipsoidal)

o ea

1.2 HANISANWINISARLEBNLTREAANNAR

a a

uludlaavuniend

Y

N el

Aadenedanniininuasandnouledlala
TAgN1TUIINAINAINTIUNTES 199k VUDIYNg

an3 Tween agar (Fig. 1)

MTENIINYATNISITU

Volume 15 Number 1 January — June 2018

209



Prawarun Agr. J. Volume 15(1) 2018, Pages 204-215

Fig. 1 Clear zone on Tween agar plate (A) lipase

producing yeast (B) non-lipase producing yeast

Table 1 Clear zone of lipase producing yeasts

No. Isolate Colony Diameters Colony
size of clear  size/diameters
(mm.) zone of clear zone
(mm.) (mm.)
1 CTWY29 7 19 12
2 CTWY11 5 13 8
3 CTWY02 8 14 6
il CTWY63 8 13 5
CTWY51 7 12 5
CTWY65 7 12 5
CTWY35 9 14 5
5 CTWY34 7 11 4
CTWY61 8 12 4
CTwWY49 7 11 4
6 CTWY09 11 14 3
7 CTWY16 9 10 1

2110 Table 1 uansliifudndodadid
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16 uwsvuaveaanielindesqganssed wuli danu

WANENG Wadandadsia  CTWY02 fvunnvaswas
Tuainin CTWY29 (Fig. 2)

Fig. 2 Cell shape of yeasts under microscope
(1000X) (A-C) and colony characteristics on YM
agar plate (D-F) of CTWY02, CTWY11 and CTWY29
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Aanssuveaeulwilaanagimtinuie (Fig. 3)
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Fig. 3 Lipase activity and cell dry weight of

selected yeasts in synthetic waste water
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Fig. 4 Lipase activity and cell dry weight of

selected yeasts in canteen waste water
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Table 2 Lipid content and lipid efficiency of

digestion of waste water

Isolate Lipid content Lipid efficiency
(mg/L) of digestion (%)
CTWY 02 14.54 23.63
CTWY 11 10.31 45.85
CTWY 29 5.20 72.69
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Fig. 6 Methyl linoleate content of CTWY02,
CTWY11 and CTWY29
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g. 7 Methyl oleate content of CTWY02,
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Fig. 1 A schematic diagram of the mixed-mode
solar dryer: (1) Blower (2) V-grooved solar collector
(3) Drying chamber (4) Data logger (5) Computer

and (6) Pyranometer.
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3. nvauniedslnadeiAiosauLTIna s

wag919ing

naaoseuLsslnuiiguiinermans umine e
FAYUNIEIIAN B1NBLETBY JInTaumasaty 9luu
U 5 kg dALTBanTTaBUUaIna UL wagldlnss
Tnumefudoutu Bunsneaeaia 09:00 U. UNTEI
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neluiosouuiayinnu 0.022  kg/s 581I19%1N1S
suuFaduiintmdnfuasuulasdeiniosteaimin
SEUUAINBaAINAELEYn 0.01 ¢ InA1Ssdeniingdaiy
\A3ed pyranometer (Kipp & Zonen SP Lite2) \Feuse
ﬁ’ULﬂ%aﬁuﬁﬂ%’a;ﬂa (Meteon data logger) Ingaungil
ameafisurdsmadn-een vessuiuiidendiag nane
NOIDUUAY 11908NTWOIDULIT LAZDINIAWINNDN A
aemesludulavin K \eusefuiadasiuiindeya
(Agilent  34972A) wazian1sldndsulniivesinau
Frewnsestandsnulnih (Fluke 1735)

4. UUUTNARINNAIAAITASNITOUUI
Toyan1siuasuuUaiinidnseninanise Ul
Aanevieglugudndiuaruduiiailag dwunisi
(1) (Sacilik and Elicin, 2006)
Mf B Me
MR=——— (1)
M —M
o e

e MR A9 8RT1d@WANNTU M, AD ANTUSUALY,

v '
=] a

M, Ao auduiialag wag M, Ao mm%uama
nseuLiIfIendunaserfindainnnutuauna
firsanlidauvifugud Wednnutuaugadaiiios
wndseguiieuiu M, waz M, (Midilli and  Kucuk,
2003; Vijayan et al., 2016) wazATUdITMEoIn e
5¥1919n150ULTKeinsIUdsunlasagreraiiles
(Akpinar and Bicer, 2008) FauANSRINAILANTY
anunsamualdfaunsi )

MR =—- 2)

ApTIERAUFUTUS T HIAERs @ LANLT Y
LIAINNTOULIAS AIELUUTIABINIALIAFAIEAS LERAIA
Table 1 Tngldmsinsgianaesuuuliidudaidunss
(non-linear regression) AMUAINITALUAITYIIUIBAT
SRS1EIUAINTUYDILUUS 1D IRINTUIDINAT
duuszansmssnaula (coefficient of determination,

2 ' o @ . 2
R") A1n1sanastlaindaaes (reduced chi-square, ¥°)
LATAISINTIEB9YD9IAIINAANALARBUNGIEB9LRAY (root

Uil 15 ativil 1 unsrau - fiqusu 2561

mean square error, RMSE) Auadlangaunis (3)-(5)
(Aghbashlo et al., 2009)

N 2
> R, —mR,,)
2 _ i=1 pre,i exp,i

R =1 L
Z_ 1(MRpre _MRexp,i)

=

N 2
E (MR_ . —MR__)
2 =1 exp,/ pre,i

N—=z

(5)

oA MR, AR 9NT1EIUANMUTUIINNITNAREY,

MR,e; A8 8M51d7UAIIUTUIINNITYINIUIEVD

WUUD1809, MRpe AD BRSIEIUAIINTULRALAINANT
MugretuuIaed, N Ao 31UIUTeyaINN1INAADS
Uag z A UIUAIAINIVOILUUTIADY

5. naAduUsEAnEnIsunIAINAY

nsunsANLtuUsuennsAdeuivesa L il Tan
spinsouwiluteiisnsinmseuuisanas finnsan
IFnaunisunsnungdefiassvesila (Fick’s second
law) Tneflaunfigruadutszaninisunsaiudud
A1nsiinaenliain1seuusie uazdmiuiagidsy
nasnszvendudedilvudiunsdlndifemssnszuen
awnsafnnAdulszaninisunsanutuldded
(Usub et al., 2010)

8r' | & & 1 Dt
MR = wo| —(A2+ 7)== | (6)
(12]2‘“%,828'0( (2 ’B‘)ﬁj

! J

a

~ = o £ | & 2 =
W9 Dy AD dNUIZANTNITUNIAUTU (M/S), r AD
sepzluwusaisalvy (m), | Ao aueaseluy (m), t
flo anauuia (s), A fe Amevvesiledduivaa

Susufigue (2.405, 5.520, 8.564) uaz /=1, 2, 3, ...

_(2]—1)7Z'r
20

B,

,Jj=1,2,3 (7)

Mnaunsi (6) Ssuaumenitlififiduganiseuuia
Frendsnuuasenindiildssaznatoniuiy fFausa
Uszanaualaegfansaanizimesisn (Doymaz, 2004)
annsadouaunisiulldsd
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32 2 2 Dejj‘t
MR = po exp(—(ﬁ,1 -i-,B1 )r—z\J (8)

1

NN (8) Wenegluguasn13iiu daaun1si (9)

ANEAUNTITN (9) FEUITOATUIUAT Do VD93 9L9AUINAN
AUTUTDINI LA UATY F9aun1sT (10) Favdu
ANMUFUNUGTEINS (N(MR) wagLaanlunisauwsa (t)

. o o tope = (57831+ ) o
In(MR) :m{/lfﬁzj_((ﬂ‘ + ) - ) 2
Table 1 Mathematical models for cocoon drying

Model no Model Name Model References
1. Lewis MR = exp(—kt) Kashaninejad et al. (2007)
2. Page MR = exp(—kt") Panchariya et al. (2002)
3. Henderson and Pabis MR = aexp(—kt) Akpinar et al. (2003)
4. Logarithmic MR = aexp(—kt) +c Togrul and Pehlivan (2002)
5. Midilli Kucuk MR = aexp(—kt") + bt Midilli et al. (2002)
6. Two term MR = aexp(—k t) + bexp(—k,t) Yaldiz et al. (2001)
7. Diffusion approach MR = aexp(—kt) + (1 —a)exp(—kbt)  Demir et al. (2007)
8. Verma et al. MR = aexp(—kt) + (1 —a)exp(—gt) Doymaz (2005)
9. Wang and Singh MR =14+ at + bt’ Yaldiz and Ertekin (2004)

6. NISANBIANTSAUZASDIOUMHING 9 UKEIDTing
Yaen15auuAeseluu
MTIATERELSTAULAT DO UL NS M LUA TR g

fdrureseuuislasundinuaindderindlaonsiay

lasuanusouandiAusedeniing anunsadwiale

sl (Usub et al., 2008; Chowdhury et al., 2011)
UsganSnniAuSsdending (Collector efficiency)

wldandnsdundinuiilaandivsdeiindse

WU TURAUSE Awalddaunisit (11)4(13)

/A = Acollector J. Sf(f )dt

collector ( 1 1)
W10 1A oty FID NASULESDARETIANUFLAUS
a X do o o a ¢ 2 =
U), Acotone, A8 MUAGIAUSEORE (M) way Srt) Ao
v a ed 2
AsadefindAnalag (W/m?)
Output,.,, = [ MOIC, T ~Talt (12)

(lector

Wlo Output oy 1D WaIIURLAINAUAUTE
ofing (J), m(t) Ao dnsin1sinasiniaiiiaila g
(kg/s), G, Aim AMToUTUNIZONA (K/ke°O), T, Ad

220 AMTAINPATNIZITU

AUNNU mmwmmmmmmma (°C) uag T, Ae
BRIV flomefioondifiusadeniing (O

Output

ollector
C

IA

collector

UszANSAINA1T9ULAN(Drying efﬂC|ency ) mlaann
Sasrdrundsnudildlunisse mamaaﬂmmamma
wduiidrueuuisldfuainisdending srualldds
aunsd (14)-(16)

A=A

dryer dryer

J-Sr(t)dt (18)

W19 Ay, AB NAWIUTIIDIDUWIILARINNTUH T
a & a & Adw v 2
9RY (J) WA Ayye, AD WUNTDIDULNY (M)
Output, = miL, (15)
Wie Outputyy., Ao wasuildlunisseivetiosn
nTae U), mr Ais WIavesfiszivgeananian (kg)
way L, fe ArAnueuusiilunisseivied Uzke)
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_ Output der
n,= (16)
A, ., T Output_,

dlry ollector

UsEANTAINITINVBINITOUNIAY (Overall  drying
efficiency) milgandnsaundnuildlunissemed
EJEJﬂﬁ]']ﬂifamiawé’wmﬁwmmﬁﬁuLﬂ%‘anaULLﬁq
funalldfaunsi (17)

Output

dryer

noveral{ = ( 1 7)

A ey FIA, FE

collector dryer
W8 B, fie wasnulnihiilviduinay O)

7. msanmadauslvu
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Sevaenisanieluy finnsanansuauadisslugs
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319 = 0.11 59
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aunnsf (18)

NS —UC —UD
reelability = —— X100 (18)
NF —UD

Wa NS e sruruseluufivhunans, UC fe S1uius
Tnudianlilean, UD As ruussluunvuasasalle
waz NF fa Suiuassideusalvy

8. msazsvuadulvudu
nsAnwnfsvuadulafvesfeluniendes
(Denier, den) ¥3BI3UNINIAUNUILUULTIEY T
A nanuduiusvesadulnulunuie ¢ e
Auerndulug 9,000 m EulnuAuiilaainnisan
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Aaudlasigvuiniiulsuagiduluufulaeiiu
dulnudvlusiesufjiinsiigungll 2542 °C  uaz
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TXR
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847 W/m’ Maa1Uszunas 12:00 w. AINE991
LA DTIRENaaNNITNAaeNIAY 19.74  MJ/m” 1A
prfusenideanie famdsnusaefindlaoadosed
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nseuniedslnuifiannudusudy 220 %db Tag
Surinisneaesiiiaan 09:00 u. n1siUdsunlas
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Fig. 4 LERIAEITLS ST WIS IuALTURY
Sn31N150ULRY NUd n1seuTelnudasiadacuiie
wasuLaefing taasusuniseusilvnazeglusas
Snsn1sounianed oniseuuiadniuluauds
SnsdruanuBuszaia 0.6 8MIINTOULTIAL DY
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Fig. 2 Variation in solar radiation and temperature

versus drying time.
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Fig. 5 Linear relationship between (n(MR) and
drying time.

2. NANFIATIZHUUUT 1IN SANAAIENS
HARLATIZINERARATAIAITIVEIUUUSIa09N19
ANAAIARSENRSUNIUI8AIDAIIEIUAITOULIIINN
ANSNAABY WEAIAY Table 2 WUTT WUUITI8DING
AfAAERIYDe Midilli Kucuk @1115avnuea1onsiay
Auduvosislnuszninanisouuisldddan fanns
ouwissilnuioiniomdsnuuaseniing fid R’ gean

Wiy 0.9993 A1 ¥ uay RMSE édm wirdu 0.0080
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way 0.00007 MINAINU N1TOULAITIINUAIENISANA
uan T R* gegawiniu 099941 e y” uay RMSE
daa LMIAU 0.0066 Way 0.00005 ALE1FU
LULABIAUNAI 9809 Usub et al. (2010) Wy
WUUT1a99v09 Midilli  Kucuk Hanunsnzanlunis
¥uneAsRsIdIuANTunseuLR s nud lradae
LA D9 UNEIIULAIDIANE FetuaNATITHIUIEAN
Sns1dInvaINITe ULl 8 LA 0 Ia UL NIy
LA nguarnITAINLAN FIaun15A (22)(23)
AUAIAU

MR=1.00028 exp(-0.00112t
MR=1.00614 exp(-0.00262t

1.32197

) + 0.00004t (22)
) - 0.00015t (23)

0.88561

3, AduUsEAnEnIsUNsANTY

AANTUYBINIIVLEUATIVDIANUAUNUSTE NI
(N(MR) iU 12810158 ULINAS (1) A9 Fig. 5 A1UIBIAT
FuUssansmsunsautuvesnseuRadaluy wuin
MsauwRSslruaeLASe UL INEUaeTing uaznis
ANLARTIANITY  9.50x10 WAL 3.82x10  m/s
AINEIAU 1NT1891UITEUBY Usub et al. (2010) A1
DULTKIFALA LU A1AS D90 UL ING I ULESD TN S
dudsyAvdnisundanutuiieioglutng 1.86x10 "
2.77x10"" m’/s

Table 2 Statistical results of mathematical modeling of drying curves for cocoon.

Mixed-mode solar drying

Traditional open sun drying

Model 3 ) 2 .
Name Model R RMSE )4 Model R RMSE X
constants constants
Lewis k=0.00590 0.9793 0.0439 0.00201 k=0.00171 0.9871 0.0310  0.00099
Page k=0.00125 0.9989 0.0100 0.00011 k=0.00069 0.9933 0.0223  0.00053
n=1.29372 n=1.14120
Henderson a=1.08343 0.9874 0.0343 0.00128 a=1.03052 0.9885 0.0292  0.00091
and Pabis k=0.00638 k=0.00177
Logarithmic a=1.15023 0.9874  0.0343 0.00141 a=1.19993 0.9989 0.0092  0.00009
c=-0.09627 c=-0.21254
k=0.00514 k=0.00119
Midilli a=1.00028 0.9993  0.0080 0.00007 a=1.00614 0.9994 0.0066  0.00005
Kucuk n=1.32197 n=0.88561
k=0.00112 k=0.00262
b=0.00004 b=-0.00015
Two-term a=0.54176 0.9931 0.0254 0.00073 a=0.51112 0.9885 0.0292  0.00091
k,=0.00638 k,=0.51923
b=0.54165 b=0.00177
k,=0.00638 k,=0.00177
Diffusion a=-1.28835 0.9992 0.0085 0.00008 a=-1.47543 0.9941 0.0209  0.00048
approach b=0.63040 b=0.76412
k=0.01441 k=0.00314
Verma et al. a=-1.49430 0.9912 0.0286 0.00093 a=-2.03045 0.9942 0.0208  0.00048
¢=0.00344 ¢=0.00248
k=0.00236 k=0.00307
Wang and a=-0.00451 0.9970 0.0168 0.00030 a=-0.00132 0.9956 0.0180  0.00035
Singh b=0.00001 b=0.00001
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4. FusIOUZIATasEULTINEILETing

NNINAABUANTIOULLATDIDULTINE 1A IR
Tngazimsousslug 5 kg aunszstaiauduwiniu 10
%db. 7T sinavesena 0.022 kg/s NANTNAADU
AUTTOUASBIDUNINE I LU0 InS uaness Table 3
nuI1 UseAnSamdaiusedensing UseAnsannns
UL WazUzANSAINTILYDINITOULIR IVINAU 37.37,
12.01 uay 8.85 % M1uafU Fanseuislnudienios
DULMINAWIULAI TN grTnSTUT @0 Nnduuunay
falvaflegnelureseuwsislauanuouandaiivied
91#ing (13.28 MJ) waznduiisadonfinddanuid
TR ULALALATY @NTOAANAIDULIIIINAITAIN
UARAINGTTUTIRLALABUTENU 2 TU HAN1TIV8UDY
Singh (2011) lé@nwreusslnudeiaiesouuiandsnu
wasenfindvlinsusidorfindlagden aaumniionnianiely
Viosauwiaaglugie 50 °C fis 80 °C wud naneusiluy
Wiy 16 89 19 Falus

Table 3 Collector efficiency, drying efficiency and
overall efficiency.

Parameter Value

Solar collector

Energy input (MJ) 35.53
Energy output (MJ) 13.28
Collector Efficiency (%) 37.37
Drying section

Energy input (MJ) 55.26
Energy output (MJ) 8.23
Drying efficiency (%) 12.01
Overall drying efficiency (%) 8.85

5. Wan1sEINAaUSI LY
ANNEINMENTANINILATIEIRNNNANSETINAEB U
$slufinunisounisnens o UL NS 1 UM NS
LAZN1SANNULAR FaliAaTuwindy 10 %db wWisuifiey
fussluuaniitinuguiiiu 220 %db Aedidudinng
andiouanasis Table 4 wud Selvuauuieiaaodsian
wWesudnsandeuinniniiluuanegeiiveddgmia
adR (p<0.05) wanslifiuiinisanssluuouuioiudy
lolnulivndreratedioanuilid wazseluuvansag
ponunaNIEisIutesndaningsluan

224 ATEAPATNISITU

6. vunduluufu
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%l 10 %1 Tngviunaeslisaududuiefuluduneu
nsalug dnaluuesdu)usearudulelnusindu
Wulnaieaty 910 Fig. 6 uansdnwazd@uluuau Wil
nsanlnuandslueunias lsdulnuAuiiannings
Tnwan Wiodasesruundulndlumbeiies wui @y
TuuRuiilaainnisannSeluufiouniseondosauni
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WANAIA(p>0.05) FefiAiniu 18.66 den wav18.32
den mudiv WewSsuiieutudulnufvaindluuan
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Inyan

(a)

Fig. 6 Morphologies of cocoon silk: (a) Fresh cocoon

and (b) Dry cocoon.

7. duvAdenaveaduluvufu

$ilnufishuniseunisiunarnielrledulnudv
sntutdulwdvimagevaudidanaldun Ay
willes wagnsiada a geu1a WunisfnwingAnssy
voudulnuniglannuau lnedaduluilidnenioan
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ASNAEIULARRT Table 4 Seluufithuniseuusiesie
LA3DIBULHINSIULAIeTInd anuan wazdiluuan
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29U waranusosafun U Asunlasguindldfindndu
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Table 4 Result of reeling and mechanical properties of silk.

Drying method Reeling results

Mechanical properties

Reelability Size of raw silk Force Tenacity Elongation
(%) (den) (cN) (g/den) (%)
Mixed-mode Solar dryer 92.20+1.78" 18.66+0.86"  68.39+5.53"  3.73+0.19"  27.41+1.49°
Traditional open sun drying ~ 90.60+1.14" 18.32+0.76"  64.89+4.21"  3.61£0.22"  28.50+2.55°
Control (Fresh cocoon) 77.67+1.24°  1520+1.06°  51.32+6.81°  3.44+031°  23.45+1.86°

Values followed by different superscripted letters in the same column were significantly different at p<0.05 (Duncan test).
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Design and Build of Popped Rice Separate Machine

Jarinee Jongpluempiti* and Ponthep Vengsungnle

Department of Agricultural Machinery Engineering, Faculty of Engineering and Architecture, Rajamangala

University of Technology Isan, Muang, Nakhon Ratchasima, 30000, Thailand

Abstract

The lot of big popped rice is ingredient in Kayasart which sort by separator that consist of 3 layers’
sieve dimension 600 mm x 1600 mm x 530 mm. The first layer is 6 mm of hole circle sieve which can move
the big popped rice on the surface to exit channel but the thing less than 6 mm will though on the second
layer that has 5 mm of hole circle sieve. The small popped rice and dust are separated pass to on the last
layer.to on the last layer. The sieve set are fixed on the frame's dimension 1000 mm x 1600 mm x 1000 mm
by belt that can transmission power by motor of 746 W. The variables of this study are sieve speeds; 5.80 m/s
6.08 m/s and 6.83 m/s, and the sieve inclines; 7 deg, 25 deg and 30 desg. It was found that, the variables are
6.83 m/s of sieve speed and incline of the sieve is 30 deg, which have popped proportions on the first layer,
the second layer, impurities and loss amount around 92%, 3.52% 4.65% and 0.33%, respectively. In addition,
the separation capacity of these variables is lower than other tests around 126 kg/hr but it has high efficiency

is 65.09%.

Keywords: Separation, Sieve, Popped rice and Kayasart
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Fig. 1 Popped rice separator
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Fig. 3 Experimental plan of popped rice separation
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Table 1 Properties of popped rice

Popped Mass Length Thicknes Width Incline

rice (9) (mm) s (mm) (mm)  (deg)
Layer 1 1840 11.48 3.95 7.20

31.05
Layer 2 19.54  10.49 4.13 5.38

Fig. 5 Fell grade of popped rice or passed

the second sieve

Fig. 6 Popped rice with husk
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Fig. 7 Separation popped rice by labor
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Table 2 Loss and separation capacity

Incline Sieve Loss (%) Separation
(deg)  velocity capacity
(m/s) (kg/hr)
5.80 67.19 0.29
7 6.08 578 0.99
6.83 99.37 0.02
5.80 17.17 1.82
15 6.08 0.24 5.58
6.83 78.15 0.22
5.80 7.19 4.67
30 6.08 0.12 0.61
6.83 0.33 1.26

Sns1dnulszansnmnsdaLeniadevesaie
gL USEUBUEREIUSE NI SALENAIELAS B
fumsfnneniousanuay  aziuldinfiyudes 30
deg dmsunnanuiinzunsedendusz@nininnisdn
wenlndifgariupeaglutig 60% -65% udusednsam
gaajmaamimamﬁqmﬁﬁaﬁmmﬁamLmiﬂ,sm 6.08

m/s B84 7 deg Gaflen 65.31% (Table 3)

Table 3 Separation efficiency ratio

Incline  Seve welodty Efficiency ratio (%)
(deg (MA) layer 1 layer 2 average
5.80 29.93 37.35 33.64
7 6.08 96.01 34.62 65.31
6.83 0.48 0.94 0.71
5.80 83.60 33.73 58.66
15 6.08 103.02 20.45 61.74
6.83 17.22 40.02 28.62
5.80 94.29 28.43 61.36
30 6.08 103.06 18.1 60.58
6.83 101.59 28.59 65.09
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The Performance of Moving Fluidized Bed Bioreactor - Granular Activated Carbon,

MFBBR- GAC

Rattapol Suksomboon* and Chaiyan Junsiri

Department of Agricultural Engineering, Khon Kaen University, Muang, Khon Kaen, 40002, Thailand

Abstract

The objective of this study was to study the moving fluidized bed bioreactor — granular activated
carbon (GAQ). The result of using MFBBR — GAC, a highly cylindrical acrylic tank with spiral flow connected
with waste water reactor, found that the optimal correlation of these variables are as follows: a dry weight
(Wpy,) of GAC was 4 kg., the initial height of bed (hy) was 0.55 m., the percentage distribution of bed (DB%) of
a flow rate of recirculation between 10 to 15 L/min impact nozzle jet water of Wheel fixed. The results
showed that the flow rate (Qg.) from 13 to 15 L/min had the percentage distribution of bed (DB%), higher
than 90 percent. The indicators of moving bed were the movement height of bed (hg) equaled 0.115, 0.124,
0.132 m., the movement time of bed (ty) equaled 12.06, 11.79, 11.55 sec., the movement degrees of bed (0;)
equaled 44.13, 42.66, 41.80 degree, and the bed's the stirrer speed equaled 25, 28, 31 rpm. This system can
remove COD removal efficiency, higher than 95% of domestic wastewater that is wash water, and the
hydraulic recirculation time (HReT) was 2 hrsand MFBBR - GAC purposely managed to utilize the treated

wastewater for agricultural use.

Keywords: Granular activated carbon (GAC) and Moving fluidized bed bioreactor - granular activated carbon

(MFBBR- GAC)

*
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Fig. 1 Processes of MFBBR- GAC system
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impact nozzle jet water of Wheel fixed

i

(A)
(A) Characteristics of the MFBBR- GAC
(B) Relationship between Speed of bed versus 3D Spiral Flow Direction
(C) Characteristics of Horizontal Speed of bed (uy)

Fig. 2 Hydraulic characteristics MFBBR- GAC
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Fig. 3 Experimental set-up of MFBBR- GAC system
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1.4  WaNIsN13AILINNISIAGBUTIvEITEUY
MFBBR- GAC

2ndeyalu Table 1 53UU MFBBR- GAC it
Yaaufngel (A)) Wiy 0.0165 AT.Y. HAN1TNAFDU
dondnusie (Wp,) Winiu 4 nn. wudn mmg_jqﬁf'w’fu
yestunsosdusa (nitial height of bed: hy) Wiy
0.55 4. fugnsistranyudeu (Qq.) 58Wing 10-15
ans/uli Lsﬁ'wmsmesqmmé’aﬁ’gamf’n,t,uuaww
(Impact nozzle jet water of Wheel fixed) 210
nsfnwmuingnsnisivanyuieu (Qq.) Faus 13 Ba

15 A05/UN7 TA1%N15ATLI18AIVDITUNT DI

(Percentage distribution of bed, DB%) 11An31 90
ATnanisindeuil Ao mmqqnmﬂﬁauﬁmaa%’umaa
(Movement height of bed: hg) wirdu 0.115, 0.124,
0132 u. nansAdoufivestunsos (movement
time of bed: tg) iU 12.06, 11.79, 11.55 Fu1il 4
aammwgmaﬁumaa (Movement degrees of
bed: 0;) WU 44.13, 42.66, 41.80 LagAUL5ITOU
Y04TUNTO (Stirrer speed of bed: Ng) WinAy 25, 28,

31 SOU/UM

Table 1 Performance moving fluidized bed bioreactor - granular activated carbon

WDry QRe ho hB ts eB he hWater DB Ng
(kg) (Lpm) (m) (m) (s) (degree) (m) (m) (%) (rpm)
q 10 0.55 0.090 13.05 50.22 0.64 0.725 88.27 16
4 11 0.55 0.098 12.68 49.60 0.648 0.73 89.04 19
4 12 0.55 0.107 1235 46.36 0.657 0.735 89.80 22
4 13 0.55 0.115 12.06 44.13 0.665 0.74 90.54 25
4 14 0.55 0.124 11.79 42.66 0.674 0.745 91.28 28
4 15 0.55 0.132 11.55 41.80 0.682 0.75 92.00 31
2. wamsvmaaumaé’qu@mmwﬁwmsxw MFBBR- GAC 100 - ..
ﬁwamiwmaauﬂﬂiLﬂﬁauﬁ%aaizuu MFBBR- % §§
GAC thehmiinusie (Woyy) 801U 4 An. Audnsinisivag g ;g
viuAey (Qu) 13, 14 uaz 15 Ans/uil (Fig. 11) 14 E jg
TriideguruforidedndnedaFusuiled 3,893 E i
fadnsu/dns nudn MinaA@ledlauinnin 95% ves 10
ihdsguruiedidednddldnardnifunismuden * 12 13 14 15 16

(HReT) wiritu 2 Falu Fawansly Table 2 Wievinns
Wisuifeuiuszuufsseivslunsdidamiidedield
yamanunsinfignuiutgsanminds  (Roongvisai,
2004; Sensai, 2004) fig3ududledidn (BOD,) 60
fadn3u/ans timunsUi1Unga85EUY MFBBR- GAC
anATlen (BOD) late 3 fadnsu/ans Jairluldnig

ASNBAT S
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Fig. 11 Performance comparison of MFBBR- GAC

with different flow rate of recirculation
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Table 2 Performance and standard deviations of N304 (Percentage distribution of bed, DB%) 11nni1
the COD removals activity comparison of 90 ﬁW%NaﬂﬂiLﬂﬁauﬁﬁa mmqqmﬁmﬁauﬁﬁuaa%u
MFBBR- GAC at different flow rate of n399(Movement height of bed: hg) AU 0.115,
recirculation 0124, 0132 1. Lansiedouiivesdunses

(Movement time of bed: tg) WAU 12.06, 11.79,

Qre Waste water COD (mg/L) Removal 11.55 Fufiyuesmnisvyuvesiunsas (Movement

(Lpm) efficiency (%) activity degrees of bed: 0;) WwinAu 44.13, 42.66, 41.80 uaz

Washing (%) AnuiSIsUTtunTes (Stirrer speed of bed: Ng)

0 3893 0 WU 25, 28, 31 59U/UN¥ @san1sidnA1Tlen e

13 69 98.23 wnnnin 95% vesindeuruie thidedndrdldiaadn

14 85 97.82 \Aunnsvuieu (HReT) witdu 2 9alus uag MFBBR-
15 154 96.04 GAC Urdimindeiieldvnsnsineasle

asunan1sIse AnAnssuUsznd

A1NAISAN®ISEUYU MFBBR-GAC U7 ﬂ’]iﬂﬂ%ﬁﬂiﬂ%l@iUﬂUﬂUUﬁHﬂﬂ’]i’ﬁ]EJ‘\]’]ﬂ

N

AuUEITELA309TNINANYATLATINEINITUAINITIAY

v &

ANUFURUSIVNNZURY 2 Fauds Anwidnuie (W)

vpanuiuuRvdagin (Granular activated carbon, W87 @IUNIAINTIUINEAT AULIAINTINAIAAS

GAC) Wiy 4 nn. Inugusufuvestunsodu HTIMENas TR
(he) +¥1177U 0.55 ¥. AUdnIIN1snanyuieu (Qq)
FaLA 13 89 15 ans/u9l JA1%N19NT2861997Y
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Effect of Various Oil Sources on in vitro Gas Production, Digestibility and

Fermentation Metabolites in Thai Friesian Crossbred
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Abstract

This investigation aims to study the effect of various oil sources on gas production, digestibility and
fermentation metabolites in Thai Friesian crossbred by using in vitro gas production technique. The oil
treatments included saturated fatty acid (SFA) contained tallow (TA), palm oil (PO) and polyunsaturated fatty
acid (PUFA) included soybean oil (SBO), sunflower oil (SFO) which added at 4 %DM in the diet. The diet
contained concentrate mixed with rice straw at the ratio 50:50. Gas productions (GP) and in vitro fermentation
metabolites were recorded and calculated after incubation. At 24 and 48 hours of incubation time, the 5
bottles of inoculum were stopped and determined for in vitro dry matter digestibility (IVDMD) and in vitro
organic matter digestibility (IVOMD). The results revealed that IVDMD and IVOMD were not different among
treatments (P>0.05). However, the rate of gas production (c) in SFO was lower than other treatments (P<0.05).
Furthermore, the effective gas production potentials (EP) and cumulative gas production at 96 hours (GP96) of
SFA were higher than PUFA treatments (P<0.01). Supplementation of PO was higher in vitro fermentation
metabolites such as GP and short chain fatty acid (SCFA) than other treatments (P<0.05), while ammonia
nitrogen (NH5-N) concentration was higher by supplementation SFO in the diet. Results indicated that PUFA
i.e. SFO inhibited cumulative gas production, the rate of gas production and in vitro fermentation metabolites.
Supplementation of SFA i.e. PO seems more effective to increase cumulative gas production and in vitro

rumen fermentation metabolites than other treatments.

Keywords: Oil, Gas production, Digestibility, Fermentation metabolites and in vitro technique
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Introduction

Lipid was very important to supply dietary
energy to ruminants and they can modify the fatty
acid composition in ruminant products (Chilliard et
al., 2000). Normally, lipid supplementation in the
ruminant diet includes saturated fatty acid (SFA)
such as tallow (TA), palm oil (PO); and
polyunsaturated fatty acids (PUFA) such as
soybean oil (SBO), sunflower oil (SFO). Jenkins
(1993); NRC (2001) who suggested that total
dietary lipids could not exceed 6 to 7 %dry matter
basis (DM) in the total diet. In addition, high intake
of dietary lipids were affected to reduce rumen
fermentation efficiency and fiber digestibility
(Palmquist, 1988). Consistent with, Van Soest
(1994) who reported that high proportions of PUFA
can manipulate rumen fermentation by inhibiting
activity and the growth of rumen microorganism.
Correspondingly, Wanapat et al (2011) who
reported that high level of lipids at 6% DM in the
ruminant diet was an adverse effect to decrease
cellulolytic bacteria in the rumen.Moreover, the
different source of oil supplementation in
ruminant diets showed the effect on rumen
fermentation (Wachirapakorn, 1988).
Supplementation of SBO at 4.3% DM in the diet
was decreased dry matter intake (DMI) (Piamphon,
2007). Similarly, Van Cleef et al (2016) who
reported that supplemented SBO at 6% DM in the
total mixed ration diet (TMR) resulting in a lower
fiber digestibility. In addition, Zhao et al. (2016)
suggested that added of SFO at 40 ¢/kg DM in the
diet decreased feed intake, total volatile fatty acid
(TVFAs) and inhibited fiber degradation. Never the
less, Abubakr et al (2013) found  that
supplementation of PO at 5% DM in diet

enhanced feed intake and ether extract
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digestibility (EED). Moreover, Hollmann and Beede
(2012) supplemented animal fat blend at 5% DM
infeed reduced DMI and fiber digestibility.
Therefore, the effects of lipids on rumen
fermentation and fiber digestion are related to the
lipid's chemicals and the levels of lipid in the diet
(Jenkins and McGuire, 2006). However, there is a
limited study of comparative effects of various oil
sources supplementation in dairy cows.

Hence, the objective of this experiment was
to investigate the effect of the SFA i.e. TA and PO
and the PUFA i.e. SBO and SFO supplementation
on gas production, in vitro digestibility and rumen
fermentation  metabolites in  Thai Friesian
crossbred by wusing in vitro gas production

technique.

Materials and Methods

1. In vitro gas production technique

The experiment was conducted using an in
vitro gas production technique at various
incubation time intervals. The experimental design
was a completely randomized design (CRD) with
five replications per treatment. The saturated fatty
acids (SFA) i.e. tallow (TA), palm oil (PO) and the
PUFA ie. soybean oil (SBO), sunflower oil (SFO)
were supplemented at 4% DM in the diets. The
substrates consisted of 0.1 g rice straw (R) and 0.1
g concentrate (C) on the dry matter basis (R:C
ration 50:50). The concentrate diet contained 12%
crude protein (CP) and 2.9 Mcal ME/kg DM,
meanwhile rice straw contained 1.28 %CP and
1.70 Mcal/kg DM. Feed samples were dried at 60 °C
and ground to pass through the 1-mm screen
(Cyclotech Mill, Tecator, Sweden) for chemical
analysis. The substrate (200 mg) was added to 50

ml bottles and supplemented with different oil
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sources. Feed samples were chemically analyzed
DM, OM, CP, EE and Ash use the standard
methods (AOAC, 1990), NDF, ADF and ADL
according to Van Soest et al (1991). Chemical
compositions were shown in Table 1.

In vitro gas production technique was
carried out according to the procedure of Makkar
et al (1995). Two rumen fistulated crossbred
Holstein Friesian cows (Thai Friesian) were used as
rumen fluid donors. Rumen fluid (1,000 ml) was
collected from cows fed with basal diet (14.0% CP
and 2.4 Mcal/kg, dry matter basis). The rumen
fluid was filtered through four layers of cheese
cloth into pre-warmed thermos flasks and added
with artificial saliva was prepared according to
Menke and Steingass (1988). The fluid was made
by the ratio of artificial saliva: rumen fluid at 2:1.
The bottles with the mixture of substrate
treatments were pre-warmed in a hot air oven at
39 °C for 24 h before filling with 30 ml of rumen
inoculums mixture. During the incubation, the gas
production was recorded after incubating for 0, 1,
2,3,4,56,7,8, 9,10, 11, 12, 15, 18, 21, 24, 30,
36, 42, 48, 60, 72 and 96 hours. Cumulative gas
production data were fitted into the model of
Orskov and McDonal (1979) as follows:

(-ct)

y=a+b(l-e7)

Where a =the gas production from the
immediately soluble fraction, b =the gas
production from the insoluble fraction, ¢ = the gas
production rate constant for the insoluble fraction
(b), t =incubation time, (a+b) = the potential
extent of gas production and y = gas produced at

a time “t”.

Uit 15 atiuil 1 unAu - fquieu 2561

2. The determination of In vitro digestibility

The 5 bottles inoculum from 24 and 48 h
of incubation were collected from the
fermentation condition. The content of the bottle
was transferred and filtered through pre-weighed
Gooch's crucibles. The DM of the residue was
weighed then measured ash before calculating for
in vitro dry matter digestibility (IVDMD) and in vitro
organic matter digestibility (IVOMD) according to
Tilley and Terry (1963).

3. Statistical analysis

Data were analyzed according to
Completely Randomized Design (CRD) by using the
General Linear Models (GLM) procedures (SAS,
1996). The means of all data were compared by
using Duncan's New Multiple Range Test (DMRT)
according to Steel and Torrie (1980).

Results and Discussion

1. Chemical composition of the diets

The chemical composition of  the
concentrate diet consisted of 90.16% dry matter
(DM), 11.94% crude protein (CP), 2.00% ether
extract (EE), 19.55% neutral detergent fiber
(NDF)and  10.96% acid detergent fiber (ADF).
Moreover, rice straw contained 94.50% DM, 2.67%
CP, 1.28% EE, 75.00% NDF and 49.17%ADF (Table
1). The results of the roughage chemical analysis
were showed that rice straw contained 2.67% CP
dry matter basis. This result corresponded to
Napasirth et al. (2012) who reported the untreated
rice straw contained CP 3.8% dry matter basis.
Furthermore, forage fiber analysis of this
experiment found that the rice straw contained

75.0% NDF. Correspond with Togtokhbayar et al.
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(2015) who found that wheat straw had more than
70% NDF on a dry matter basis.

2. Kinetics of cumulative gas production
Cumulative gas production was shown in
Fie. 1 and Table 2. Cumulative gas production
adding SFA (PO) at 4% DM in the diet was
significantly higher than other groups (P<0.01). The
rate of gas production (c) supplemented with
PUFA (SFO) was lower than those SFA (TA and PO)
treatments (P<0.05). Furthermore, effective gas
(EP)

production potentials of the SFA were

significantly higher than PUFA group (P<0.05)

(Table 2). This kinetics of cumulative gas
production might due to SBO and SFO contain a
high level of PUFA when compared with TA and
PO (Bauman et al, 2003). In accordance with
Palmquist and Jenkins (1980) who reported that
the level of PUFA had more effect on rumen
fermentation than SFA. In addition, Van Soest
(1994) reported that PUFA could affect the
permeability of the microbial membrane and

inhibited the growth of microorganisms.

Table 1 Chemical composition analysis of the concentrate diet and roughage used in vitro substrate

ltems Concentrate Rice Straw Concentrate

TA PO SBO SFO
Dry matter (DM, %) 90.16 94.50 95.50 95.50 95.50 95.50
Chemical composition (% DM basis)
OM 91.75 88.75 92.75 92.25 92.75 92.25
CcP 11.94 2.67 11.57 11.47 11.47 11.53
EE 2.00 1.28 6.00 6.09 6.87 6.07
NDF 19.55 75.00 23.00 23.33 24.16 22.5
ADF 10.96 49.17 11.00 10.83 11.67 11.67
ADL 5.00 5.00 4.53 4.17 5.00 4.33
Ash 8.25 11.25 7.55 7.75 7.25 7.75
TON ' (%) 79.93 47.10 79.88 80.07 79.13 79.13
ME' (Mcal/Kg ) 2.89 1.70 2.88 2.89 2.86 2.86

" NRC (2001), * Harris et al,, (1972)

TA= Tallow, PO = palm oil, SBO = soybean oil, SFO = sunflower oil, OM = organic matter, CP = crude protein, EE = ether extract,

NDF = neutral detergent fiber, ADF = acid detergent fiber, ADL = acid detergent lignin, TDN = total digestible nutrient and ME = metabolizable energy
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3. In vitro digestibility (IVDMD and IVOMD)

The effects of various oil supplementations
on IVDMD and IVOMD were shown in Table 3.
Supplemented various oils at 4% DM in the diet
had no negative effect on the coefficient of
IVDMD, IVOMD, metabolizable energy (ME) and
total digestible nutrients (TDN) (P>0.05). Wanapat
(1990) and Wachira pakorn (1998) who reported
that the optimum of oil to the diet ranged from 2
to 5% DM. In accordance with Jenkins (1993) and
NRC (2001) who suggested that whole dietary
lipids could not exceed 6 to 7% DM of the diet.
In addition, Shingfield et al. (2011) who reported
that adding oil at 3% DM in the diet had no effect
on the coefficient of digestibility. However, when
adding oil higher than 5% in the concentrate diet
decreased dry matter digestibility (DMD) and
organic matter digestibility (OMD). Furthermore,
supplementation oil at 4.3% DM in the diet
slightly decreased dry matter intake (DMI)
(Piamphon, 2007). Adding oil higher than 4% might
decrease the coefficient of DMD and OMD.

4. In vitro rumen fermentation metabolites

The results in Table 4 were showed that at
48 h after incubation, the concentration of NH5-N
by adding SFO was significantly higher than other
treatments (P<0.01). In the present study, higher
rumen NH5-N concentrations in SFO than other
treatments due to the toxicity of PUFA on
bacteria, which bacteria use less NH5-N for growing
in the rumen. Preston and Leng (1987) who
revealed that the appropriate concentration of
rumen NHs-N for conveying the growth of
microorganisms ranging from 5 to 25 mg%.
Similarly, Veen (1986) who suggested that the
concentration of NH5-N in the rumen fluid reduced
since the production of maximum microbial

protein synthesis. However,  the average
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concentrations of GP and SCFA from SFA (PO and
TA) was significantly higher than PUFA (SBO and
SFO) (P<0.05). Particularly, the GP and SCFA of PO
treatment were higher than TA, SFO and SBO
treatments respectively (P<0.05). High GP and
SCFA concentrations in the PO and TA (SFA) due
to the PO and TA contained a low proportion of
PUFA (Bauman et al., 2003). Polyunsaturated fatty
acid was more toxic to rumen bacteria than SFA
(Palmquist and Jenkins, 1980; Van Soest, 1994).
Moreover, PUFA could inhibit activity and growth
of bacteria, protozoa and fungi in the rumen
(Nagaraja et al., 1997). Additionally, in SFA group,
the PO was greater than TA since PO more
enriched with linoleic acid (C18:2, LA) than TA
(Bauman et al., 2003). The LA contained glycerol-
3-phosphate (G3P), this G3P used by bacteria for
the source of the glycerol backbone to produce
phospholipid (cardiolipin); the bacteria used
cardiolipin for producing lipid cell membrane,

dividing cell and growing (Moser et al., 2014).

Conclusion

The results could be summarized that the
addition of different oil sources at 4% DM in the
diet of an in vitro study had no effect on IVDMD,
[VOMD, ME, TDN, PFand MCP. Supplementation of
PO was showed high cumulative total gas production
(GP96), EP, GPand SCFA. However, supplementation
of SFO had a low rate of gas production (c)
meanwhile rumen concentrations of NH;-N was
high. The utilization of oil containing high SFA such
as PO and TA has a positive impact on rumen
fermentation rather than oil containing high PUFA
such as SBO and SFO. The use of PO in the diet
has a more positive effect on rumen fermentation

than other oil sources.
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Table 2 Effect of various oil sources on gas production kinetics in Thai Friesian crossbred

Items SFA PUFA SEM P-Value SFA PUFA SEM P-Value

TA PO SBO SFO

Fermentation kinetic values

a 1.97 137 0.11 0.09 224 1.95 142 132 0.40 0.34
b 53.23 53.30 0.51 0.95 51.93 54.31 53.00 53.46 0.79 0.23
c 0.064 0.060 0.003 0.42 0.065° 0.063° 0.061% 0.059° 0.001 0.02
d (atb) 55.20 54.61 0.40 0.54 54.17 56.26 54.51 54.78 0.72 0.15
Cumulative gas production (ml/0.2¢)

CG 96 h 58.87° 57.71° 0.24 0.02 58.13° 59.59° 57.77° 57.65° 0.26 <0.01
EP 32.01° 30.24° 0.10 0.01 31.92° 32.10° 30.41° 30.07° 0.15 <0.01

® Means in the same row with different superscript differ (P<0.05), SEM = standard error of the mean, SFA= saturated fatty acid, PUFA = polyunsaturated fatty acid, TA = tallow, PO = palm oil, SBO = soybean oil, SFO = sunflower oil,
a = the soluble fraction, b = the fermentation of the insoluble, ¢ = rate of gas production, d = the potential extent of gas production, CG96 h= Cumulative gas production 96 hour and EP = effective gas production potential

Effective gas production potential (EP) = a + [bc/(c+k)] where k = the rumen outflow rate of 0.05 per hour [Orskov and McDonald, 1979]

Table 3 Effect of various oil sources on in vitro digestibility in Thai Friesian crossbred

Items SFA PUFA SEM P-Value SFA PUFA SEM P-Value

TA PO SBO SFO

In vitro dry matter digestibility (%)

24 h 58.62 5591 1.16 0.15 58.56 58.69 57.61 54.18 1.58 0.20
48 h 62.77 64.25 1.39 0.25 66.85 66.69 66.38 62.13 1.88 0.56
In vitro organic matter digestibility (%)

24 h 58.35 58.10 0.14 0.27 58.23 58.48 58.15 58.06 0.23 0.65
48 h 64.21 63.64 0.42 0.38 63.72 64.71 63.69 63.60 0.64 0.61
Metabolizable energy (MJ/kg DM)

24 h 2.24 2.24 0.004 1.00 2.23 2.24 2.23 2.24 0.01 0.56
48 h 2.24 2.24 0.003 0.42 2.24 2.24 2.24 2.23 0.01 0.54
Total digestible nutrient (%)

24 h 60.30 60.30 0.02 1.00 60.27 60.32 60.28 60.31 0.01 0.66
48 h 60.32 60.29 0.001 0.17 60.33 60.31 60.30 60.28 0.04 0.61

® Means in the same row with different superscript differ (P<0.05), SEM = standard eror of the mean, SFA= saturated fatty acid, PUFA = polyunsaturated fatty acid, TA = tallow, PO = palm oil, SBO = soybean oil, SFO = sunflower oil,
Metabolizable energy (ME) =2.20+0.136GP (mL/0.2g DM) +0.057CP (g/kg DM) [Menke et al., 1979], Total digestible nutrient (TDN, %) = (ME+0.45)/0.0445309 [NRC, 2001]
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Table 4 Effect of various oil sources supplementation on rumen fermentation metabolites in Thai Friesian crossbred

Iltems SFA PUFA SEM P-Value SFA PUFA SEM P-Value
TA PO SBO SFO

Ammonia nitrogen (NH;-N), mg%
24 h 12.46 13.98 0.69 0.17 12.16 12.76 13.37 14.59 1.10 0.52
a8 h 16.41° 20.66 1.24 0.05 17.02° 15.80° 18.23° 23.09° 1.22 0.05
The partitioning factor (PF), mg DMD/ mL Gas
24 h 1.95° 1.89IO 0.04 0.05 1.95 1.96 1.92 1.87 0.03 0.21
48 h 2.12 2.09 0.05 0.18 212 2.11 2.10 2.09 0.02 0.56
Gas production (GP), mL gas/ ¢ DMD
24 h 388.94 376.22 8.21 0.11 383.31 394.56 371.02 381.43 6.36 0.22
a8 h 448.21° 430.00° 10.19 0.04 437.73" 458.69° 426.42° 433,59 3.49 0.01
Short chain fatty acid concentrations (SCFA), mmol/g DM
24 h 4.32 4.17 0.05 0.11 4.25 4.38 4.12 4.23 0.07 0.21
a8 h 4.97° 477" 0.05 0.04 4.86° 5.09° a.74° a.81° 0.04 0.01
Microbial crude protein biomass production (MCP), mg / ¢ DM
24 h 147.59 145.43 2.41 0.55 149.25 145.94 148.71 142.16 3.28 0.49
48 h 161.39 163.99 1.71 0.32 164.04 158.74 165.32 162.67 2.10 0.28

° Means in the same row with different superscript differ (P<0.05), SEM=standard of the mean, SFA=saturated fatty acid, PUFA=polyunsaturated fatty acid, TA=tallow, PO=palm oil,
SBO=soybean oil, SFO=sunflower oil. The partitioning factor (PF) =IVDMD (mg)/GP72 (ml) [Blummel et al., 19971, Gas production (GP) =Gas (mL/g DM)/DMD (g) [Salem et al., 2015]

Short chain fatty acid concentrations (SCFA, mmol/ 200 mg DM) =0.0222GP-0.00425 [Getachew et al., 2002]

Microbial crude protein biomass production (MCP, mg/g DM) =DMD (mg)-Gas (mL) x 2.2 (mg/mL) [Blummel et al., 1997]
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Efficacy of Mycotoxin Adsorbents on Aflatoxin B1 Decontamination and

in vitro Rumen Fermentation
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Abstract

This study was conducted by using an in vitro gas production technique to study the effect of aflatoxin
B1 and mycotoxins adsorbents on aflatoxin B1 decontamination and efficiency of rumen fermentation. There
were eight treatments, that assigned into completely Randomized Design: T1=the control group, T2= the diet
plus 1 pg/mg of aflatoxin B1 (AFB1), T3, T4, T5 = the diets supplement 0.5% of each adsorbent (activated
charcoal, montmorillonite, Saccharomyces cerevisiae) and T6, T7, T8 = the diets plus 1 pg/mg of AFB1
together with 0.5% of each mycotoxin adsorbent, respectively. The results were shown that the gas
production from the insoluble fraction and the potential extent of gas production in the diet plus the AFB1
were lower than the control (P<0.05). Moreover, montmorillonite and S. cerevisiae were effectively reduced
the negative effect of AFB1 on gas production. In contrast, the diet plus AFB1 and diet plus mycotoxin
adsorbents did not interfere the in vitro dry matter and organic matter digestibilities, volatile fatty acids and
ammonia nitrogen (P>0.05). In conclusion, AFB1 had effected and had decreased cumulative gas production.
However, montmorillonite and S. cerevisiae, as effective adsorbents, could be reduced the adverse effect of

AFB1 in this study.

Keywords: Aflatoxin B1, Mycotoxin adsorbent and Rumen fermentation
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Introduction

Aflatoxins (AFs) are secondary metabolites
commonly produced by Aspergillus flavus and A.
parasiticus. Aflatoxin B1 (AFB1) is the most toxic
and abundant aflatoxins (Jaynes and Zartman,
2011) contaminated in food or feeds in the field or
during storage. AFB1 causes several toxicity as
hepatotoxin, immunotoxin, carcinogenic and
teratogenic to humans and animals (Jouany et al,,
2009; Mojtahedi et al., 2013). Especially, AFB1
involved severe economic losses and health
problems in dairy production because AFB1 is only
partially degraded by rumen microorganisms. The
remainder is then biologically converted to
Aflatoxin M1 (AFM1) in the liver and eventually
secreted in the dairy milk (Meucci et al., 2011).
The carry over rate of AFB1 in feed to AFM1 in
milk were 0.01-0.02 (Jiang et al., 2014). Moreover,
previous studies reported that AFB1 decreased the
gas production by affecting the rate and
cumulative gas production (Jiang et al.,, 2012,
Mojtahedi et al. (2013). Aaflatoxinalso decreased
cellulolysis in rumen (Edrington et al., 1994).

As a result, various methods, including
physical, chemical and biological method have
been recently introduced to reduce or eliminate
aflatoxin contaminated in feeds (Nemati et al.,
2015). Moreover, the mycotoxin adsorbents
become the most commonly used to
decontaminate mycotoxin in animal feed including
clays, activated carbons and yeast. These products
are capable of attaching mycotoxins (Mojtahedi et
al., 2013). Therefore, the objective of the study
was to evaluate the effect of mycotoxin
adsorbents for AFB1 decontamination and rumen
fermentation efficiency by using in vitro gas

production technique.

262 FEINYAITNISIFEU

Materials and Methods

1. AFB1 Preparation

Commercially available AFB1  (Trilogy,
Catalog number: TSL-401, USA) was prepared as
stock standard solutions at 10 pg/ml using sterile

deionized water.

2. Experimental design and treatments

The experimental design was conducted by
using Completely Randomized Design (CRD). The
basal diet containing 40% of rice straw and 60% of
concentrate was allocated in eight treatments
consisting T1=the control group, T2= the diet plus
1 pg/mg of aflatoxin B1 (AFB1), T3, T4, T5 = the
diets supplement with 0.5% of each adsorbent
(activated charcoal, montmorillonite, S.cerevisiae)
and T6, T7, T8 = the diets plus 1 pyg/me of AFB1
together with 0.5% of each mycotoxin adsorbent,
respectively. The dried basal diet was then milled,
passed through a 0.2 mm sieve, and preceded to

further step.

3. Rumen inoculums

Rumen fluid was collected from three
healthy dairy cows, which were placed on a
routine basis for at least 1 week and fed by the
same basal diet for 5 days before sampling.
In vitro fermentation was used in this study
according to the technique described by Makkar et al.
(1995). The rumen fluid (660 ml) was added to
warm (39 C) and reduced medium consisting of
1,095 ml distilled water, 730 ml rumen buffer
solution (417 mM NaHCO; and 51 mM NH,HCO3),
365 ml macromineral solution (46 mM KH,PO,, 40
mM Na,HPO,, 38 mMNaCl and 2 mM MgSO, -
7H,0), 0.23 ml micromineral solution (505 mM
MnCl,"aH,0, 898 mM CaCl, * 2H,0, 42 mM CoCl, *
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6H,0 and 341 mM FeCl,” 6H,0), 1 ml of 4mM
resazurin and 60 ml freshly prepared reduction
solution (145 mM Na,S "9H,0 and 3.7 ml 1 M-
NaOH). The mixture was kept stirring and
continuously filled with CO,to ensure anaerobic
condition at 39°C on a hot plate. Approximately 30
ml of the rumen-fluid medium was transferred
into serum bottles incubated with feed samples

(200 mg) at 39 °C for 72 h.

4. Sample collection and analysis

Dietary treatments were analyzed for dry
matter (DM), ash, crude protein (CP) and ether
extract (EE) using the procedure of AOAC (1997),
while neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were also determined as

described by Van Soest et al. (1991).

5. Gas production

During the incubation, the gas production
kinetics were recorded at 1, 2, 4, 6, 8, 12, 24, 48
and 72 h. Cumulative gas production data were
fitted to the model of rskov and McDonald
(1979) as follow:

Y:a+b(1—e<Ct>

)

Where a = the gas production from the
immediately soluble fraction, b = the gas
production from the insoluble fraction, ¢ = the gas
production rate constant for the insoluble fraction
(b), t = incubation time, (a+b) = the potential
extent of gas production, y = gas production at
time ‘t’. At 24- and 48-h post inoculation, a set of
sample was determined in vitro true digestibility

according to Van Soest and Robertson (1985).

Uit 15 atiuil 1 unAu - fquieu 2561

6. Ammonia nitrogen and Volatile fatty acids
analysis

Ruminal inoculum fluid was collected at 24
and 48 h after inoculation, about 30 ml of rumen
inoculums mixed with 1M H,SO, was centrifuged
at 15,000xg for 15 min. Samples were divided into
two portions for ammonia nitrogen (NH;-N)
analysis by using the micro-Kjeldahl methods
(AOAC, 1990) and samples were then filtered
through  0.22-um nylon membrane (FILtrex,
Singapore) for volatile fatty acids (VFAs) analysis by
high performance liquid chromatography (HPLC)
(model RF-10AXmugil; Shimadze, Japan) according
to Mathew et al. (1997).

7. Statistical analysis
All data were analyzed as a Completely
Randomize Design using the SPSS version 19. The

significant differences were compared by Post hoc test.

Results and Discussion

1. The chemical compositions

The chemical compositions of concentrate
and rice straw in this study are shown in Table 1.
The crude protein content in rice straw is 2.5%,
2.1 EE % and 83.0% OM, in accordance with
previous report (Kang and Wanapat, 2013).
Moreover, forage fiber analysis for rice straw in this
experiment found that the rice straw contained
81.4% NDF, 50.8 % ADF and 59 ADL. The
concentrate was formulated to contain 22.1% CP

and 3.9% EE.

3. Gas production kinetic
Estimated parameters of gas production are
presented in Table 2 and cumulative gas

production profiles are shown in Fig. 1. In this
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study, there were no treatment effect (P>0.05) on
the fermentation of the soluble fraction (a) and
effective gas production potential (EP). However,
gas production from the insoluble fraction (b), gas
production rate constant for the insoluble fraction
and the potential extent of gas production were
significantly different among treatments (P<0.05),
of which the AFB1-containing diet was lower than
the control group. These depressions in the gas
production suggest that microbial populations are
altered by AFB1 was add. This result was similar to
previous studies (Jiang et al,, 2012; Mojtahedi et al.,
2013) where the asymptotic gas production
numerically deceased by increasing AFB1 dosage.
The gas production from the insoluble
fraction in the diet+AFB1 was lower than in the
diet + AFB1 + montmorillonite and diet + AFB1 +
S. cerevisige. In addition, the gas production rate
was the lowest in treatment plus AFB1. However,
montmorillonite and S. cerevisiae were effectively
decreased the AFB1 effect on gas production. This
phenomenon could be explained through the
detoxifying capability of S. cerevisiae cell wall and

montmorillonite. The adsorption capacity largely

depended on both yeast composition and
mycotoxin as well. Joannis-Cassan et al. (2011)
reported that the yeast cell wall from baker's
yeast could absorb up to 29% of AFB1. Similarly,
Desheng et al. (2005) also noted that the
montmorillonite absorbed more than 80% of the
available AFB1 from aqueous solution at pH 2 and
90% at pH 8, correspondingly previous report,
where montmorillonite could absorb up to 93% of

AFB1 (Dakovi et al., 2008).

4. Degradability and rumen metabolites

The in vitro dry matter digestibility (IVDMD)
and organic matter digestibility (IVOMD) were not
significantly affected by AFB1 and mycotoxin
adsorbents (P>0.05) (Table 3). Likewise, Pettersson
and Kiessling (1976) and Jiang et al. (2012)
demonstrated that addition of AFB1 did not alter
IVDMD. However, the result was opposed with
Mojtahedi et al. (2013) who reported that IVDMD
decreased significantly with AFB1 inclusion. It
could be explained that AFB1 could attributed to
compromise ruminal fermentation by reducing

fiber digestion and VFA production.

Table 1 The chemical composition of rice straw and concentrate

ltems Rice straw Concentrate
DM, % 94.3 91.9
Chemical compositon e % of DM basig-—----
oM 83.0 83.2
Ash 12.5 7.8
cp 25 22.1
EE 2.1 3.9
NDF 81.4 21.1
ADF 50.8 11.7
ADL 59 3.6

DM = Dry matter, OM = Organic matter, CP = Crude protein, EE = Ether extract
NDF = Neutral- detergent fiber, ADF = Acid- detergent fiber, ADL = Acid- detergent lignin
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Table 2 Effects of AFB1 and mycotoxin adsorbents on in vitro gas production of dietary treatments

Treatments
Items SEM P-value
T1 T2 T3 Ta T5 T6 T7 T8
Gas production characteristics
a 121 153 064 -025 -048  -216  -155 097 036 0.13
b 5077 387 537 4a2® 586 5097 562 495™° 154 <001
c 007 018 008 013 007 012" 006 011" 001 0.02
d 519 402" 530 440 581° 487" 546" 485 152 0.04

Effective gas production potential (EP)
31.9 30.4 31.5 313 33.2 33.2 30.1 32.2 0.53 0.82

P9\ teans in the same row with different superscript differ (P<0.05)

a = the gas production from the immediately soluble fraction, b = the gas production from the insoluble fraction, c = the gas
production rate constant for the insoluble fraction, d = the potential extent of gas production, EP = a + [bc/(k + ¢)] where k =
0.05 (@rskov and McDonald, 1979).

T1=Basal diet (the control), T2= Basal diet plus AFB1 at 1 pg/mg, T3= Basal diet supplement with 0.5% activated charcoal,

Td= Basal diet supplement with 0.5% montmorillonite, T5= Basal diet supplement with 0.5% S.cerevisiae,

T6= Basal diet plus AFB1 atl pg/mg supplement with 0.5% activated charcoal,

T7= Basal diet plus AFB1 atl pg/mg supplement with 0.5% montmorillonite,

T8= Basal diet plus AFB1 atl pg/mg supplement with 0.5% S. cerevisiae

)
g
a ——T1
=]
w
= —l—T2
[m]
o —d—T3
™
o
= —e T4
E
S ——T5
g
B —8—TE6
S
0 T7
©
[©]

T8

0 12 24 36 48 60 72

h-post inoculation

Fig. 1 Effect of AFB1 and mycotoxin adsorbents on gas production at different times of

incubation in dairy cow’s rumen fluid

T1=Basal diet (the control), T2= Basal diet plus AFB1 at 1 pg/mg, T3= Basal diet supplement with 0.5% activated charcoal,
Td= Basal diet supplement with 0.5% montmorillonite, T5= Basal diet supplement with 0.5% S.cerevisiae,

T6= Basal diet plus AFB1 atl pg/mg supplement with 0.5% activated charcoal, T7= Basal diet plus AFB1 atl pg/mg supplement
with 0.5% montmorillonite, T8= Basal diet plus AFB1 at 1 pg/mg supplement with 0.5% S. cerevisiae
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The results of VFAs (Acetic acid, Propionic
acid, and Butyric acid) and NHs-N are shown in
Table 4. In this study, there were no effects of
treatments on the VFAs and NH;-N (P>0.05).
However, some studies reported that the addition
of AFB1 in vitro rumen fermentation significantly

decreased NH;-N concentrations (Mojtahedi et al.

2013; Jiang et al., 2012). AFB1 maybe was affected
ammonia. Protein synthesis and increased the
microbial requirement for nutrients (Edrington et al,
1994) when the digestion of protein was inhibited
by AFB1, resulting in the decreased ammonia

concentration.

Table 3 Effects of AFB1 and mycotoxin adsorbents on in vitro digestibility

Treatments
Items SEM P-value
T1 T2 T3 T4 T5 T6 T7 T8
In vitro dry matter digestibility (IVDMD), %
24 h 48.9 49.5 49.5 47.5 50.7 48.9 532 52.2 0.64 0.42
a8 h 58.9 59.2 58.0 62.1 56.2 61.8 57.7 62.2 0.38 0.55
In vitro organic matter digestibility (IVOMD), %
24 h 54.8 54.2 553 53.8 56.5 56.1 58.0 56.8 0.52 0.58
a8 h 65.4 65.2 63.7 66.9 63.2 66.1 64.1 66.1 0.63 0.89

T1=Basal diet (the control), T2= Basal diet plus AFB1 at 1 pg/mg, T3= Basal diet supplement with 0.5% activated charcoal, T4= Basal diet supplement

with 0.5% montmorillonite, T5= Basal diet supplement with 0.5% S.cerevisiae, T6= Basal diet plus AFB1 atl pg/mg supplement with 0.5% activated

charcoal, T7= Basal diet plus AFB1 atl ug/mg supplement with 0.5% montmorillonite, T8= Basal diet plus AFB1 atl pg/mg supplement with 0.5% S. cerevisiae

Table 4 Effects of AFB1 and mycotoxin adsorbents on volatile fatty acids and ammonia nitrogen

Treatments
ltems SEM P-value
T1 T2 T3 Ta T5 T6 T7 T8

Total VFAs, mM

24 h 112.7 108.1 109.1 1259 111.5 91.3 122.3 126.3 3.28 0.07

48 h 1335 122.6 127.8 137.2 120.2 128.1 131.5 127.8 2.40 0.80
Acetic acid (C,), %

24 h 58.9 55.1 56.1 58.1 56.5 53.0 58.0 58.2 0.67 0.41

48 h 60.5 58.1 59.8 59.8 58.9 59.2 594 59.3 0.37 0.92
Propionic acid (C5), %

24 h 25.7 32.4 30.5 30.0 29.5 33.1 27.8 21.7 0.79 0.27

48 h 27.1 279 279 28.2 28.9 28.0 27.2 27.2 0.28 0.84
Butyric acid (Cy), %

24 h 155 12.5 13.5 13.0 14.0 14.0 14.3 14.1 0.27 0.17

48 h 12.4 14.1 12.2 12.0 12.2 12.8 133 13.6 0.22 0.10
C,:C; ratio

24 h 237 1.72 1.86 201 1.91 1.60 2.09 2.10 0.08 0.38

48 h 2.23 2.08 2.15 212 2.05 212 2.19 2.18 0.03 0.94
Ammonia nitrogen (NH;-N), mg%

24 h 17.6 17.0 18.2 15.2 15.2 18.2 17.0 18.0 0.29 0.39

48 h 18.9 29.1 18.8 18.5 19.5 20.1 213 21.6 0.36 0.20

T1=Basal diet (the control), T2= Basal diet plus AFB1 at 1 pg/mg, T3= Basal diet supplement with 0.5% activated charcoal, T4= Basal diet supplement with

0.5% montmorillonite, T5= Basal diet supplement with 0.5% S.cerevisiae, T6= Basal diet plus AFB1 atl pg/mg supplement with 0.5% activated charcoal, T7= Basal diet

plus AFB1 atl pug/mg supplement with 0.5% montmorillonite, T8= Basal diet plus AFB1 atl pg/mg supplement with 0.5% S. cerevisiae
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Conclusion

In conclusion, our study found that AFB1 at
1 pg/mg affected in vitro fermentation
characteristics by reducing the gas production from
the insoluble fraction and potential gas
production. However, the gas production from the

immediately soluble fraction, EP, NH;-N and VFAs
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Effect of Heat Stress on Bovine Embryonic Development
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Abstract

To determine the effect of heat stress initiating at the 4-8 cells stage on bovine embryo to blastocyst stage and sire
effect on embryonic development under heat stress conditions. Frozen semen from four Charolais sires were used to produce
bovine embryos. Four to eight cells stage embryos that were produced from oocytes collected from slaughterhouse ovaries
were submitted to two heat stress treatments. Experimental design in this study was the randomized complete design (CRD)
with 7 replications per sire. The experiments were conducted at the Faculty of Veterinary Medicine, Khon Kaen University. At
day 3 after fertilization, 4-8 cells stage embryos were selected and divided into 3 groups; groupl: culture at 38.5°C (control),
group 2: culture at 41°C for 8 h once (heat 8h), and group3: culture at 41°C for 8 h every day until day 7 after fertilization (heat
8h/d). Embryos developed to the blastocyst stage were recorded at day 8 after fertilization and were determined for the
number of cells by differential staining technique.

The results of this study were showed that daily exposure to heat stress (heat 8h/d) reduced development of 4-8 cell
stage embryos to blastocyst stage compared with control (P<0.05). When the% of blastocyst development from heat stress
groups were normalized to control (control = 100%) the total blastocyst development in heat 8h/d group from sire 3 (62.9%)
was lower than that of control group (P<0.05). However, the% of expanded blastocyst development in heat 8h/d group were
also significantly reduced (P<0.05) in all sires.The numbers total cell and trophectoderm of blastocysts in heat 8h/d group were
lower than those of heat 8h and control groups(P<0.05).The numbers of inner cell mass among groups were not different.

In conclusion, this study was suggested that there was no distinct effect of sires, within the same breed, on
development to blastocyst stage under heat stress condition. Heat stress reduced the number of total cell in blastocyst stage

through the reduction in the number of trophectoderm.

Keywords: Heat stress, Bovine embryo and Cell number
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Introduction

Elevated temperature has negative effect
on embryonic development causing embryonic
mortality and loss of pregnancy (Hansen, 2007).
Exposure to elevated temperature during oocyte
maturation at 41°C has also been reported to
reduce fertilization rate by reducing the
proportions of oocytes that can complete nuclear
maturation (Payton et al., 2004; Roth and Hansen,
2004) and increasing the proportions of abnormal
spindle formation./n vitro fertilization under heat
stress was resulted in lower the embryonic
development to blastocyst stage (Rivera and
Hansen, 2001). Heat stress during cleavage stage
reduced the  proportions of  embryonic
development to blastocyst stage (Block et al.,
2002). In bovine embryos, heat stress was more
detrimental to development when applied to
early stages (zygote to 4-8 cells stage) than when
applied to later stages of development (Edward
and Hansen, 1997; Sakatani et al., 2004; Bonilla et al,,
2011).

Various models in studying effect of heat
stress on bovine embryos have been reported.
However, to our knowledge, all studies exposed
oocytes, zygotes, or embryos to an only one
session of heat stress. Heat stress at 40-41°C for 8-
24 hours was given during oocyte maturation (IVM)
(Rivera and Hansen, 2004; Roth and Hansen, 2004;
Sakatani et al., 2012, 2013; Alves et al., 2013).
Heat stress at 41°C for 3-12 hours was given to
presumptive zygotes and 2-4 cells stage embryos
(Rivera and Hansen, 2001; Rivera et al., 2004;
Sakatani et al., 2004; Eberhardt et al., 2009;
Gendelman et al., 2010; Alves et al., 2013). Heat
stress at 41-42°C for 6-18 hours was given to 4-8

cells stage embryos, 8-16 cells stage embryos, or

Uit 15 atiuil 1 unAu - fquieu 2561

morulae (Paula-Lopez and Hansen, 2002; Sakatani
et al., 2004; Satrapa et al., 2011; Silva et al., 2013).
In this study, we used a daily exposure to 8 hours
of heat stress at 41°C initiated at 4-8 cells stage
embryos to study effect of heat stress on
development.

The heat tolerance ability of embryos is
profoundly affected by various factors, especially
the genetic variations of animal and stages of
development. In  general, Bos indicus breeds
embryos can tolerate to heat stress better than
Bos taurus breeds embryos (Eberhardt et al., 2009;
Gendelman et al,, 2010; Satrapa et al., 2011;
Paula-Lopez et al., 2013).In bovine embryos, the
(EGA) is
established at the 4-8 cells stage (Graf et al,

major embryonic genome activation
2014). Before EGA, the genotype of oocytes plays
a vital role in the ability of embryos to endure
effects of heat stress. Embryos produced from Bos
indicus oocytes and fertilized with Bos taurus
spermatozoa were able to endure heat stress
better than embryos produced from Bos taurus
oocytes and fertilized with Bos indicus
spermatozoa (Block et al., 2002; Eberhardt et al.,
2009). After EGA, however, the genotypes of
spermatozoa and oocytes should contribute
equally to embryonic heat tolerance. Therefore,
the influence of spermatozoa on embryonic heat
tolerance can be evaluated in embryos at later
than 4-8 cells stage.In previous studies, effects of
sires on embryonic heat tolerance were studied as
an effect of breed whether they are Bos taurus or
Bos indicus (Eberhardt et al., 2009; Satrapa et al.,
2011; Paula-Lopez et al., 2013) In this study, we

were interested in examine the paternal effect

from different sires in the same breed on
embryonic  development under heat stress
conditions.

'aﬁmimwmwsm@m
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The objectives of this study were to determine the
effect of heat stress initiating at the 4-8 cells stage
on bovine embryonic development and effect of
sires on development under heat stress

conditions.

Materials and Methods

Materials

All chemicals were purchased from Sigma
Chemical  Company  (St. Louis,  MO) unless
otherwise noted. Fetal bovine serum  was

purchased from Gibco™ (Gibco, USA.).

Oocyte recovery and in vitro maturation (IVM)
In vitro production of embryos was
performed using oocytes from slaughter houses in
Khon Kaen Province. Briefly, cumulus-oocyte
complexes (COCs) with at least three layers of
cumulus  surrounding  and homogeneous
cytoplasm aspirated from antral follicles were
selected and washed in TCM-199. Selected COCs
were cultured in TCM-199 supplemented with 5%
fetal bovine serum (Gibco, USA.) and follicle
stimulating hormone (Sigma Aldrich, USA.) for 23

hours at 38.5°C, 5%CO, and humidified air.

In vitro fertilization (IVF)

This study used frozen semen from 4 sires.
After 23 h of IVM, fertilization was performed with
swim-up prepared frozen-thawed spermatozoa.
Briefly, two straws of frozen semen were thawed
at 37°C 30 sec and deposited in 6 tubes
containing 1,500 pL of Tyrode’s albumin-lactate-
pyruvate (TALP-HEPES) and incubated at 38.5°C for
45 minutes. After incubation, sperm  were
centrifuged at 170 G for 10 minutes and

supernatant was removed. The sperm pellet was
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re  suspended and counted for sperm
concentration. Mature oocytes were inseminated
with 2x10° spermatozoa/mL for 18-20 h in 100
pL/drop of TALP-IVF and incubated at 38.50C,
5%C0O, and humidified air.

In vitro culture (IVC)

At 18-20 hours post insemination (hpi),
sperm were washed out and presumptive zygotes
were transferred to synthetic oviductal fluid (SOF)
supplemented with bovine serum albumin (BSA)
and incubated at 38.5°C, 5%0, and 5%CO,. At 72
hpi, only embryo shaving at least 4 cells were
collected and randomly distributed into 3 groups.

Group 1: culture at 38.5°C (control)

Group 2:  culture at 41°C for 8 h once (heat 8h)

Group 3: culture at 41°C for 8 h every day
until day 7 after fertilization (heat 8h/d)

Blastocyst development was determined
on day 8 after fertilization. To assess the proper
speed of development, embryos reaching
blastocyst by day 8 after fertilization were
classified into 4 stages of blastocyst; early
blastocyst, full blastocyst, expanded blastocyst,
and hatched blastocyst.

The data were presented as the% of
blastocyst development from 4-8 cells stage
embryos. The% of blastocyst development in heat
stress groups were also normalized to the control
group (control =100%). Some of expanded
blastocysts were used for determination of cell

number with differential staining.

Differential staining

The cell number of blastocyst stage
embryos was counted using differential staining
technique developed by Thouas et al. (2001).
Briefly, embryos were placed in 1% Triton X-100
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(Sigma, USA) in phosphate buffer saline (PBS) for
10-15 sec. Embryos were washed in TCM-199
before stained with 20 mg/mL propidium iodide
(PI) and 25 pg/mL bisbenzimide (Hoechst 33258) in
TCM-199  for 30 min (38.5°C). After staining,
embryos were washed with TCM-199 and fixed in
2% ¢lutaraldehyde for 20 sec then washed again
with TCM-199. Stained embryos were placed in
one drop of anti-fading on glass slide and covered
with  cover-glass. The stained embryos were
examined  immediately under fluorescence
microscope (Carl Zeise Jena, SH 250). The
numbers of inner cell mass (stained in blue color)
and trophectoderm (stained in red color) were

recorded.

Statistical analysis

The experimental design was completely
randomized design (CRD). Data were analyzed with
one-way ANOVA wusing the SPSS program.
Differences between treatments were subjected to
student Duncan Multiple Range Test (DMRT).

Differences of P<0.05 were considered significant.

Results and Discussion

Results

The results of this study were showed that
daily exposure to heat stress (heat 8h/d) reduce
the% of blastocyst development from 4-8 cell
stage embryos compared to control (P<0.05). No
different in blastocyst development between
embryos in heat 8h and heat 8h/d groups was
found (Fig. 1). The daily exposure to heat stress
(heat 8h/d) also reduced the% of development to
expanded blastocyst stage (Fig.2) compared to
control (P<0.05).

Uit 15 atiuil 1 unAu - fquieu 2561

When the% of embryonic development to
blastocyst stage in the heat stress groups were
normalized to control (control = 100%) in each
sire (Fig.3). The total blastocyst development of
embryos in heat 8h/d groups from sire 3 (62.9%)
was lower than that of control group (P<0.05). No
different within groups in sire 1, sire 2, and sire 4
were found. Additionally, the development to
expanded blastocyst stage (Fig.4) of embryos in
heat 8h/d groups from sire 2, 3 and 4 were lower
than that of control group (P<0.05).

The total cell number and numbers of
trophectoderm of blastocyst in heat 8h/d group
were lower than those of control and heat 8 h
groups (P<0.05). The numbers of inner cell mass
among groups were not different; data were

shown in Table 1.

Discussion

In this study we placed embryos into two
models of heat stress conditions; group 1,
embryos were induced to heat stress once,
represent an acute heat stress; and group 2,
embryos were induced to heat stress daily,
represent a chronic heat stress condition. Our
results showed that single exposure to heat stress
(heat 8h group) produced no effect on
development suggesting that these embryos were
genetically  tolerant to an  elevated
temperature.The 4-8 cells stage embryos in our
study were able to develop to the blastocyst
stage at a comparable rate to that of normal
temperature. This was in contrast to other studies
(Rivera and Hansen, 2001; Roth and Hansen, 2004;
Sakatani et al., 2012; Sakatani et al., 2015). This
discrepancy might be explained by the fact that

oocytes used in our study came from Thai native

cross bred (Bos indicus) cows while other studies
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used oocytes collected from Bos taurus breeds,
mainly Holstein.However, repeated exposure to
heat stress (heat 8h/d) significantly reduced the%
of embryos reaching any stage of blastocyst (total
blastocyst) and reaching expanded blastocyst or
more. This suggested that our model is suitable to
study heat stress in genetically-adapted to
subtropical climate embryos.

The influence from breed is one of several
factors contributed to heat-tolerance. Block et al.
(2002) reported that Bos indicus embryos had a
better heat tolerance than Bos taurus
embryos.The embryos produced from Bos indicus
oocytes were more resistant to heat stress than
embryos produced from Bos taurus oocytes
(Eberhardt et al., 2009; Gendelman et al., 2010;
Satrapa et al., 2011; Paula-Lopez et al., 2013).

The developmental ability to blastocyst
stage under heat stress conditions could be
affected by individual characteristic or genetic of
sire (Ward et al., 2001). In this study, oocytes from
Thai native crossbred cows were fertilized by four
Australia Charloias’ sire (Bos taurus) imported to
Thailand by Department of Livestock
Development. It was found that embryos
produced from sire 3 under daily exposure to heat
stress had lower proportions of total blastocyst
compared to control and lowest among four sires
in our knowledge, the influence of different bulls
in the same breed on heat stress tolerant ability
of embryos has not been reported. However,
when the speed of blastocyst development was
taken into considered the % of expanded
blastocysts were also reduced in every sire under
daily exposure of heat stress. This indicated that
there was no sire that gave rise to embryos with
highly resistant to heat stress. Interestingly,

embryos in our study were profoundly affected by

274 FEINYAITNISIFEU

chronic heat stress despite the good heat
tolerance from both maternal and paternal
genome.

The number of cells of blastocysts reflects
the quality of embryos.The numbers of blastocyst
total cells in our study were comparable with
other studies (Paula-Lopez et al., 2003; Sakatani
et al., 2004; Jousan and Hansen, 2004; Sakatani
et al., 2012). It was found that the numbers of
trophectoderm of blastocysts in heat 8h/d group
were lower than those of control and heat 8h
groups whereas the numbers of the inner cell
mass were not different among groups. In
agreement to other studies, the numbers of
trophectoderm and total cells were decreased in
heat stress group (Paula-Lopez et al., 2003;
Sakatani et al., 2004; Jousan and Hansen, 2004;
Sakatani et al., 2012). Although the numbers of
inner cell mass were not affected by heat stress
the pregnancy rate from heat stress could be
compromised. The trophectoderm plays a crucial
role in the pregnancy recognition process as the
source to secrete interferon-tau (IFN- 1), the
pregnancy recognition signal in ruminants (Bazer

et al., 1997; El-Sayed et al., 2006; Bazer. 2013).

Table 1 Numbers (means + SE) of inner cell mass
(ICM) and  trophectoderm  (TE) in

expanded blastocyst under heat stress

conditions
Treatment n ICM TE Total
Control 16 24.6+2.1  96.6+3.8"  123.1+5.1°
Heat 8h 16 24.9+20  97.9+¢32° 1229445

Heat 8h/D 12 206414 88327  108.8+3.3

*® difference superscripts were significant (P<0.05)
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Fig. 1 The% of 4-8 cell stage embryos
development to total blastocyst under heat stress
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Fig. 2 The% of 4-8 cell stage embryos
development to expanded blastocyst stage under

heat stress conditions.

*® different superscripts are significant (P<0.05)
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Fig. 3 The% of 4-8 cell stage embryos
development to blastocyst stage normalized to
control group (control=100%) under heat stress

conditions.

*® different superscripts are significant (P<0.05)
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Fig. 4 The% of 4-8 cell stage embryos
development to expanded blastocyst stage
normalized to control group (control=100%) under
heat stress conditions.

*® different superscripts are significant (P<0.05)

Conclusion

In conclusion, this study was suggested that
there was no distinct sire affection development
to blastocyst stage under heat stress condition.
Heat stress reduced the number of total cell in
blastocyst stage through the reduction in numbers
of trophectoderm.lt is interesting to study the
effect of heat stress on expression of heat stress

related genes.
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Abstract

The objective of this study was to investigate the prevalence and genetic profiles of Staphylococcus aureus isolated
from mastitic milk in dairy cows by conventional methods and multiplex polymerase chain reaction (m-PCR). Four hundred and
thirty-five quarter milk samples were recruited from 14 dairy herds in Khon Kaen Province, Thailand, and determined as
subclinical cases by California Mastitis test (CMT). Seventy-Six S. aureus isolates were then bacteriologically identified according
to culture and biochemical tests. The prevalence of S. aureus, coagulase negative staphylococci (CNS) and other bacteria were
17.5%, 32.4% and 12.4%, respectively. Genetic profiles of S. aureus were carried out by m-PCR using 3 specific primers targeting
16s rDNA gene (420 bp) for detection of the Staphylococcus spp., gene encoding coagulase (coa: 159, 240 bp) and factors
essential for methicillin-resistance (femA: 344 bp) for detecting species level of S. aureus. Genetic profiles were assigned to 6
different patterns based on specific genes detection out of the 76 S. aureus isolates. All of the isolates yielded an amplicon
with a size of approximately 420 bp of the 16s-rDNA. Amplification of the coa gene yielded two distinct products of 159-bp and
240-bp amplicons in 28 (36.8%) and 29 (38.1%) isolates, respectively. The fem A gene (344 bp) was highly expressed in 69
isolates (92.1%).0n the basis of genetic variation, DNA band patterns were divided into 6 patterns (pattern I-VI) and recognized
as follows: pattern | (420-344-240-159 bp), pattern Il (420-344 bp, pattern Il (800-600-420-344-240 bp), pattern IV (800-600-420-
344 bp), pattern V (600-500-420-240 bp) and pattern VI (800-600-420-240-159 bp), accounted for 25% (19/76), 43.4% (33/76),
5.26% (4/76), 10.52% (8/76), 3.94% (3/76) and 5.25% (4/76), respectively. The results of this study showed that the prevalence
of S. aureus is relatively high and distributed in several farms. m-PCR assay with 3 specific genes can be successfully applied to
assess the genetic characteristics of S. aureus isolates from different herds. Furthermore, the genetic diversity of specific genes

indicates the same or different clonal distribution of in several dairy herds in the nearby area.

Keywords: Prevalence, Genetic profile, Multiplex PCR, Subclinical mastitis and Dairy cow
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Tudminvauwnu Usemalng

1 v ¢ o a 1,2* a al [ 3 o & 1,4
unaa duwa , lvgwes sisseadnena , Tudvuz Aladnaan’, s Wenned

a a 1
way INsINTel LuuNYS

U

"nguiseimeluladqunmand paszdnaunmemans umaneiatveuun sunaules Simiaveuuny 40002
2 I a P o o 5 a o i o = o o ]
NQuIVIDNYTAIANTUANHT AAl AN NNEAITNT UM TN INEYOUUNY BUNBIIY 99%INYDULAY 40002
*nasznaiianIsunme unTImMeNsEYeuLAY UNIIMEIAEYOULM SunaITad SIinTeULnY 40002

4 1 a ad a o s a o g ° = YY) '
ﬁé?l/??f’/WE/']ﬁ’Zf??'V/E/'] AIEARIUNNEAITNT UV TINEINEIVDULUN DINDIUBN I9YIAYBULNY 40002

UNANED

Tagusrasdvesnsfinwiliiemanugnuazgukuunaiugnssuveade Staphylococcus aureus 9ndeg s Uiy
o o a an o s g o i3 5 Sy Y \
gniau fmewmalian1snTaidadeuuuninsgiuiay muiltiplex PCR (m-PCRiNUAIBEunuailasauniifusiuusniauwuulivans
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S. aureus fBmMAlANINTATIINMAzNAARUNTUAT ATNLA 76 1¥8 WUIIANYNTBNTR S, aureus, coagulase negative
staphylococci (CNS) uazigongudu Anduferas 17.5, 32.4 way 12.4 AUAIAU JULUUNWRUGNTINVOUTD S. aureus 1NNITATIIANIY
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Introduction

Staphylococcus aureus is known as a major
cause of contagious bovine mastitis in Thailand.
Althousgh, S. aureus is isolated low prevalent from
cows than CNS in Thailand (Kampa et al., 2010)
and some countries in Europe (Schukken et al.
2009; Tenhagen et al. 2009), S. aureus is capably
contagious to other cows within a herd and
occasionally to other herds, causing clinical and
mainly subclinical mastitis (Sindhu et al., 2010).
Currently, the mastitis pathogen identification is
based on a conventional culture procedure. This
method is also given a name of “gold standard”,
where the main clinically relevant factor is the
differentiation between the contagious S. aureus
and other Staphylococci (Karima et al., 2004).
Recently, molecular techniques such as PCR
methods (Shome et al., 2011; Anjali and Kasshyap,
2017), highly sensitive and specific approaches for
reliably nucleic acid detection, have been used to
identify and compare S. aureus genotypes (Saei et
al., 2009). The identification of the bacteria using
PCR at the species level is based on amplification
of a target mostly rRNA gene, which is highly
conserved in bacteria (Anjali and Kasshyap, 2017).
To improve the diagnosis, a rapid, sensitive and
specific multiplex polymerase chain reaction (m-
PCR) assay has been developed for early
detection of more than one mastitis-causing
pathogen in single PCR reaction. In m-PCR,
multiple pairs of primers specific for different DNA
segments are included in the same reaction to
enable amplification of multiple targeted
sequences in one assay (Henegariu et al., 1997).
This produces amplicons of variable sizes, allowing
the identification of targeted bacterial pathogens

in a milk sample. However, information regarding

280 FEINYAITNISIFEU

the prevalence and genetic profiles of S. aureus
causing mastitis in the small dairy farm in this area
is limited. Due to the limitations of conventional
culture methods, time consuming, routinely
requiring 48 hours to complete. Compared with
the conventional method and m-PCR assays are
less time consuming, rapid, sensitive and hence
reliable for the detection major pathogens causing
bovine mastitis from milk. Therefore, the
objectives of this study were to investigate the
prevalence and genetic profiles of S. aureus from
milk in mastitic dairy cows based on conventional
and multiplex PCR methods in small dairy farms in

Muang District, Khon Kaen Province, Thailand.

Materials and Methods

1. Milk sampling, Isolation and Identification of
S. aureus

The study was conducted on smallholder
dairy farmers in Khon Kaen Province, Thailand (16°
34" N, 102° 46" E), from October to December
2014. One hundred and sixty bulk milk samples
were initially screened for subclinical mastitis by
CMT (Kivaria et al. 2007). CMT scores > 1 were
used as the basis for further quarter milk sampling
at the farm level and resulted in 16 positive dairy
farms (10%) Second phase, at the farm level,
quarter milk samples (QM) were aseptically
collected according to the National Mastitis
Council (NMC) guidelines from 16 dairy farms (233
cows, 909 QMs). In order to ensure S. aureus
isolation, primary culture of milk samples was
performed on Braid Parker agar (BPA, Himedia®,
India), a selective media for coagulase-positive
Staphylococci. Black shiny colonies with clear
haloon BPA were suspected as S. aureus, picked

up for subcultures on 5% sheep blood agar to
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obtain pure culture, observe colony characteristics
and hemolysis types. Gram staining, catalase test
and coagulase test were used for the presumptive
identification of all isolates (NMC, 1999). S. aureus
isolates were then kept frozen at-20 °C in tryptic
soy broth (TSB, Himedia®, India) containing 15%

glycerol for further molecular processes.

2. DNA extraction

S. aureus DNA was extracted from overnight
cultures in 10 ml of brain heart infusion broth
(Himedia®, India) by using High Pure PCR Template
Preparation Kit (Roche Applied Science, Germany)
according to manufacturer instruction with some

modifications.

3. Oligonucleotide Primers

PCR primers were designed from species
specific regions of the DNA 16s-rDNA gene-based
identification, coa and femA genes reference to
previously published sequence entries available in
the NCBI-GenBank sequence database for the
detection of Staphylococcus spp. (16s-rDNA) and
S. aureus (coa and femA genes)availably. The
lyophilized powder of synthesized primers (Sigma-
Aldrich PTE Ltd., Singapore) were reconstituted in
Tris-EDTA buffer to a final concentration of 1000
pm/ul and stored at -70 °C as a stock solution.
The working concentration of 20 pm/pl was
prepared with sterile RNase free water, aliquoted
and stored at -20 °C. The sequences of 3 different
specific primers included 16s-rDNA (420 bp;
Strommenger et al.,, 2003) to specifically detect
Staphylococcus spp. (Forward: 5 CAG CTC GTG
TCG TGA GAT GT 3" and reverse: 5" AAT CAT TTG
TCC CAC CTT CG 3), coagulase gene (coa) (240,
159 bp; this study) to detect S. aureus-specific

(Forward: 5" GCC CAA CAC AAA ACA AGC CA 3" and
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reverse: 5 GCC CAT ATG TCG CAG TAC CA 3) and

factor A essential for methicillin resistance
(femA344 bp; this study) to detected S. aureus-
specific (Forward: 5 CAA AGA GCG TGT TGG CCA
CTA TG 3" and reverse: 5 AGG GCA CTG CAT AAC

TTC CG 3).

4. Multiplex PCR Assays

The PCR reaction was conducted in a
CFx96"™" Real Time System, C-1000 Touch Thermal
Cycler (CFx96™ Optics Module, USA). Each 25 pl
PCR reaction volume containing 12.5 pl of 2X PCR
Master Mix (Thermo Scientific, Lithunia), 4 mM
MgCl,, 0.4 uM of each primer and up to 25 pl of
nuclease free water were totally mixed in a PCR
tube. DNA ampilification was carried out as follows:
initial denaturation at 94°C for 4 min, followed by
40 cycles of amplification (denaturation at 94°C for
30 s, annealing at 55°C for 30 s, extension at 72°C
for 1 min), and ending with a final extension at
72°C for 5 min. PCR products were separated by
electrophoresis on 1% agarose gel mixed with
SYBR SAFE (1:10000; Invitrogen, USA) containing
0.5X Tris-borate-EDTA (TBE) buffer at 100 volts for
30 min and visualized under ChemiDoc XRS (Bio-
RAD, USA). To ensure that the amplified products
were the expected size, a 100 bp DNA ladder
(100-1000 bp, Solis Biodye, Estonia) was run

simultaneously as a marker.

5. Statistical analysis

Data on classification criteria included the
prevalence of S. aureus and the molecular and
genetic profiles. Descriptive statistics were used to
analyze the results and reported as percentage

(%) by SPSS version 17.0 (Cary, NC, USA).
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Results and Discussion

1. Prevalence of S. aureus using conventional
method

A total of 435 CMT-positive quarter milk
samples from 187 cows in 16 dairy farms were
tested and S. aureus was isolated from 76
samples based on the cultural and biochemical
properties. All the 76 isolates showed [B-hemolysis
on 5% sheep blood agar media. Gram-stained
smears of the pure cultures exhibited clusters of
Gram-positive cocci. The isolates also grew on BPA
media with shiny black with narrow white margins
surrounding by clear zone extending into the
opaque medium. The isolates were identified as S.
aureus by coagulase test positive and then
confirmed by the formation of curd like clotting as
compared to negative control (data not shown).
These colonies were found to be Gram positive
cocci in clusters in accordance with a report of El-
Hadedy and El-Nour (2012). Earlier reports in
Thailand have been conducted to assess the
prevalence of S. aureus microorganisms in the
infected mammary ¢land and transmitted from
mastitic milk attained from small-holder dairy
farms. The prevalence of S. aureus in this study
was 17.5% (76/435) of 14 small-holder dairy farms,
which was similar and moderately high as in
Aiumlamai et al. (2000), carried out in neighboring
populations and areas, (17.5% and 17%,
respectively) but was higher than that reported by
Kampa et al. (2010) (only 39%). However, the
present finding was lower than that reported by
Hashemi et al. (2011) (19.56%). The lowest &
highest S. aureus prevalence individaul farm was
4.4 and 62.5 % respectively (data shown in Table
1). Meanwhile, 141 bacterial isolates were

identified as CNS, with the highest prevalence of
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32.4% in 14 dairy farms. Contagious bacteria are
including S. aureus and Streptococcus agalactiae,
both types of bacteria are infected by cow to cow
during milking (Ajariyakhajorn et al., 2003). The
high prevalence of S. aureus is indicative of
poorhygienic ~ measures  during  production,
handling and distribution (Zakary et al,, 2011).
According to our investigation, indicated that the
management of milking hygiene in many dairy
farms these areas were still a problem. However,
the prevalence of S. aureus and others contagious
bacteria in this study was close to the previous 17-
year (Aiumlamai et al., 2000). This situation could
be explained by no improvement of milking
hygiene in the studied dairy herds, i.e. milking
management inappropriate.  Therefore, dairy
farmers should be aware of the problem and

improve the hygienic milking process.

2. Detection & genetic profiles of genes by
multiplex PCR

A total 76 S. aureus isolates were
genetically determined using the multiplex PCR
method including 3 specific primers. To
substantiate the m-PCR method, all S. aureus
strains were also primarily screened for the
presence of individual genes by singleplex PCRs.
The results of the singleplex PCRs corresponded
precisely with those from multiplex PCR (Fig.1),
demonstrating the reliability of the multiplex PCR
method. In the m-PCR, the detection of S. aureus
at the genus and species levels was accomplished
through the amplification of the genes encoding
16s-rDNA, coagulase and femA, respectively. As
demonstrated by our m-PCR, the primer pair
performed in the specific amplification of the 16s-
rDNA gene from species of Staphylococcus. In

addition, the coa and femA primers designed for
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this study were specific for S. aureus strains. The
16s-lDNA gene (420 bp) was detected in all
sample of isolates (100%, 76/76), indicating that
all strains were classified as genus Staphylococcus.
Earlier reports, Chotar et al. (2006) and Sindhu et al.
(2010) have also used 165-23S rRNA spacer-based
PCR assays for specific detection of staphylococci.
The identification of S. aureus based on their 16s-
rRNA is preferred because 16s rRNA genes are
highly conserved throughout bacterial evolution.
They consist of common regions of all eubacteria
and other regions, which are extremely species
specific and have been used for species
identification of S. aureus by many workers (Lange
et al., 2015; Zhang et al., 2004; Fan et al., 2008).

PCR amplification of coa gene from 76 isolates

generated five different types in relation to sizes,
ranging from 159-800 bp, which were recognized
as follows: coa type | (159 bp), coa type II (240
bp), coa type Il (500 bp), coa type IV (600 bp) and
coa type V (800 bp) (Fig.1, 2 and 3) and were found at
36.8 and 38.1%, respectively (remaining data not
shown). The majority of the isolates exhibit coa
gene type Il with 240 bp in size. The
predominance of a particular strain of S. aureus
might be the increased resistance to the host
immune response as compared to those with the
rare genotypes which could have a lower
resistance (Mullarky et al., 2001 cited by Lateef et al.,
2015). The result was compatible with the studies

of Abbas et al. (2014) and Lateef et al. (2015)

Table 1 Bacteriological finding in milk samples from infected quarters by mastitis in dairy farms of Khon Kaen

Province, Thailand

Farm ID. Dairy cow Quarter milk S. aureus Coagulase-negative Other No Growth
sample sample (QM) (No. isolate) staphylococci bacteria Bacteria (n, %)
(cow) (n, %) (n, %) (n, %)
F288 11 36 2(5.6) 3(8.3) 0 31(86.1)
F631 12 25 8(32) 7(28) 1(4) 12 (48)
F674 3 6 0 6 (100) 0 2(33.3)
FO49 23 72 8(11.1) 23 (31.9) 2(2.8) 40 (55.6)
F557 17 46 2(4.4) 27 (58.7) 2(4.3) 19 (41.3)
Fo41 22 a9 10 (20.4) 13 (26.5) 3(6.1) 30 (61.2)
F653 5 14 1(7.1) 0 0 12 (85.7)
F386 10 30 13 (43.3) 1(3.3) 0 15 (50)
F101 10 29 3(10.3) 15 (51.7) 16 (55.2) 5(17.2)
F043 12 26 2(7.7) 9 (34.6) 9 (34.6) 7(26.9)
F680 9 9 1(11.1) 7(77.8) 1(12.5) 2(22.2)
F602 25 33 6(18.2) 8(24.2) 9(27.3) 11 (33.3)
F163 7 16 10 (62.5) 1(6.3) 0 5(31.3)
F570 5 13 4(30.7) 0 7(53.8) 3(23)
F621 6 9 0 5(55.6) 2(22.2) 2(22.2)
F598 10 22 6 (27.3) 16 (72.7) 2(9.1) 2(9.1)
n=187 n=435 76 (17.5) 141 (32.4) 54 (12.4) 198 (45.5)
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<« 165-rDNA
- ¢ femA
<« Coa (240 bp)

<4 Coa (159 bp)

Fig. 1 PCR amplification of 3 specific primers S.
aureus analyzed by electrophoresis on a 1%
agarose gel. Lane M: 100 bp DNA Ladder, Lane (1)
Negative Control, Lane (2-4): PCR amplified
products of Reference Positive control (S. aureus
ATCC 25923), Lane (2) 420 bp of 16s-rDNA, Lane (3)
159, 240 bp of coa gene and Lane (4) 344 bp of femA gene

The reason for this polymorphism in the
coa gene among S. aureus isolates could be due
to this gene which consists of three distinct
regions: (i) the N-terminus containing the
prothrombin-binding site, (i) a central region which
is highly conserved, and (i) a C-terminal region
composed of 81-bp tandem repeated units, which
each encode-27-amino acid residue (Janwitha-
yanuchit et al., 2006). Therefore, the size of 3’
region of the coa gene is variable in S. aureus
strains (Shopsin et al., 2000). In the present study,
almost all isolated strains were relevant to 344-bp
band of fem A gene (92.1%; 69/76). The fem A
genes were suggested to be specific for S. aureus,
encodes a factor which is essential for methicillin
resistance and is universally present in all MRSA
isolates (Singh et al,, 2014). Therefore, it is
possible that some strains found in this study may
not be resistant strains. On the basis of genetic

variation, DNA band patterns were divided into 6
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patterns (pattern I-VI) (shown in Table 2) were
recognized as follows: pattern | (420-344-240-159
bp), pattern Il (420-344 bp), pattern Il (800-600-
420-344-240 bp), pattern IV (800-600-420-344 bp),
pattern V (600-500-420-240 bp) and pattern VI
(800-600-420-240-159 bp) (Fig, 2,3 and Table 2)
and were found 25% (19/76), 43.4% (33/76), 5.26%
(4/76), 10.52% (8/76), 3.94% (3/76) and 5.25%
(4/76), respectively. Pattern Il (420-344 bp) was
most predominantly distributed (43.4%) in 33
isolates of 8 dairy farms in Muang, Khon Kaen area.
Therefore, this pattern of S. aureus has the
potential to spread to other farms in the
neighborhood, if there is no adequate protection
and control of farm sanitation. Furthermore, the
minor predominant pattern was found a pattern |
(420-344-240-159), distributed in 19 isolates of 6
dairy farms. It was found that one farm (Farm ID.
163) distributed in both patterns, indicating that it
was spread from one farm to another. It is
possible that cows are infected during milking,
including  from the milking machine with
contamination from the animal’s skin, milk, or
hand of the operator (Bava et al., 2009). The
results of this study are consistent with many
reports by Abdulghany et al. (2014), Gao et al.
(2010), Fan et al. (2008) and Abbas et al. (2014). In
addition, the results of this study show the genetic
diversity of S. aureus in mastitic dairy cows in

Khon Kaen Province, Thailand.

Conclusion

In conclusion, the prevalence of mastitis-
causing S. aureus in milking cow of small holder
dairy farms in Khon Kaen Province, Thailand, was
relatively high. m-PCR assays can be used as a

rapid diagnostic method with high sensitivity to
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diagnose and identify the genetic diversity of
mastitis-causing S. aureus. In addition, genetic
variation of specific genes indicated a distribution
of different clonal in the nearby area where the
most common genetic patterns were distributed in
several neighboring herds. Simple dairy hygiene
such as dipping the milking clusters in sterilizing
solution between each cow milked would be a

very effective (tried and tested) control measure.
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Fig. 2 m-PCR amplification products of the 3 specific primers (16s-rDNA; (420 bp), coa; (159, 240 bp) and femA; (344 bp) gene) S.

aureus combinations were analyzed by electrophoresis on a 1% agarose gel. Lane M = 100 bp DNA Ladder, Lane 1 NTC =

Negative control (NTC), Lane 2 = S. aureus ATCC25923; Lane 3 = S. epidermidis ATCC29990, Lane 4-23 = S. aureus sample
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Fig. 3 m-PCR amplification products of the 3 specific primers (16s-rDNA; 420 bp), (coa; 159, 240 bp) and(femA; 344 bp) genes). S.

aureus primers combinations were analyzed by electrophoresis on a 1% agarose gel. Lane M = 100 bp DNA Ladder, Lane 1 NTC

= negative control (NTC), Lane 2 = S. aureus ATCC25923; Lane 3 = S. epidermidis ATCC29990, Lane 4-23 = S. aureus sample
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Table 2 S. aureus genotypes profiles distribution in small-holder dairy farms in Khon Kaen, Thailand using

m-PCR through specific 3 genes (16s-rDNA, coa and femA)

Pattern PCR product (bp) % (n) Farm ID
| 420-344-240-159 25 (19/76) F288, F631, FO49, F55, F101, F163
I 420-344 43.4 (33/76) F631, FO41, F386, F101, F602, F163, F570, F598
Il 800-600-420-344-240 5.26 (4/76) F386
Y, 800-600-420-344 10.52 (8/76) F386, FO43, F602, F163
vV 600-500-420-240 3.94 (3/76) F653, F598
Vi 800-600-420-240-159 5.25 (4/76) F101, F570, F598
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