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NAUBINTFLETNENUS" Schizochytrium sp. lua 1115 ba L
panistaslalsnguadlntus ANTIANINNITRAS

wazAAIWLRI b LA

Effects of Schizochytrium sp. Supplementation in Laying Hen
Diets on Apparent Nutrient Digestibility, Productive
Performance and Egg Quality

v o o @ ol a1/~ a 2/ a aa 1/
NUAUUT unsailuns aniyan thunas” uazaseam Nanns

Manatsanun Nopparatmaitreem, Anunya Panthong” and Warangkana Kitpipit"

(Received: 19 March 2014, Accepted: 12 December 2014)

Abstract: The experiment was conducted to examine the utilization of Schizochytrium sp. in laying hen diets.
One hundred and eighty laying hens (Hisex Brown®), 30 weeks of age were raised under ambient temperature
and assigned in a completely randomized design (CRD) with four dietary treatments and three replications per
treatment. Each treatment contains different levels of Schizochytrium sp. as 0, 5, 10, and 20 g/kg. All birds were
fed with diets containing 18% of crude protein and 2,850 kcal/kg (ME) of laying hen diets to meet nutrient
requirements of poultry according to NRC (1994). Diets were restricted (110 g/h/d) throughout the study in 3
periods (28 day per period) and drinking water was offered ad libitum to the birds. The results showed that
nutrients digestibility were not significantly different among levels of Schizochytrium sp. Also, yolk color score of
egg was increased (P<0.05)with increasing dietary Schizochytrium sp.In addition, supplementing
Schizochytrium sp. resulted in increased but different PUFA and LC- PUFA in egg yolk, mainly linoleic acid
(C18:2n6), linolenic acid (C18:3n3), arachidonic acid (C20 : 4n6), eicosapentanoic acid (EPA) (C20:5n3),
docosahexaenoic acid (DHA) (C22:6n3), docosapentaenoic acid (DPA) (C22:5) enrichment (P<0.01). The
highest amounts of n-3 fatty acid and n3 per n6 ratio in egg yolks were obtained with 20 g/kg Schizochytrium sp
on diets. Furthermore, the results also shows that four levels of Schizochytrium sp. has no effect on lipid

oxidation (TBARS). The results implied that Schizochytrium sp. could be used as suitable alternative feedstuffs

" pnsgdmamaniuazimatulagniainems dundngagAating MeARRITAUMANTILT ATAWTIT 76120

v Faculty of Animal Science and Agricultural Technology, Silpakorn University, Phetchaburi IT Campus, Phetchaburi 76120,
Thailand
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in laying hen diets and 20 g/kg of Schizochytrium sp. has the potential enhance omega-3 fatty acid enrich in

egg qualities.
Keywords: Schizochytrium sp., performance, digestibility, laying hen, egg quality

UNARED: NTANHINATBNNNIEINAMIE Schizochytrium sp. Tuanmslnla Tae 14 In laaneswig Hisex Brown”
QUL 180 Fn 8g 30 AUmid Feslulsarenlnneldan i nd onauss T TNUHBNTNAABIULILIAN
anysnd (Completely Randomized Design, CRD) tsgnaufiog 4 visniuus 3 0 fail naLduanving
Schizochytrium sp.luannslilafisyAu 0, 5, 10 uay 20 n3userlaniy TnelrldalEFuawnsuLLdndn 110 N5y
sefnsaduniianlnmusllsfumenumingy 18 wWesdus upesndseniis=lamdly 2,850 Alaunasisionlaniy
(ME) 1%%’11/1@@@\11/'13\1%34@ 3 9N TNAT 28 U LL@:‘lﬁﬂ”wmmmmmﬁmﬁ NANITNARBINLIINITETHATNINY
Schizochytrium sp. Tuanusinlaldinarerinsdeslirealnausluemsinldsmuislddemaseanssauznng
uanedleln (P>0.05) MsLEENAMINY Schizochytrium sp. Wenwst LS nasennafuA Az sedliung
(P<0.05) AV NaMIe Schizochytrium sp. Aasasianiafis Funaunsslasidlaausad et eunaznnlasiu
Tuﬂmquﬁﬁﬂﬂ’lqmmﬂu (PUFA ez LC- PUFA) A4 linoleic acid (C18:2n6), linolenic acid (C18:3n3), arachidonic
acid (C20:4n6), eicosapentanoic acid (EPA) (C20:5n3), docosa-hexaenoic acid (DHA) (C22:6n3),
docosapentaenoic acid (DPA) (C22:5) lulauad (P<0.01) Ineinsidinannsne Schizochytrium sp. Tisxs 20 5w
seadlansu i liiinsazannsslasuafinlenin 3 Wldunauastiafivdadauaednselauaialowin 3 de
Tawfin 6 gagm (P<0.01) uenaNAgmLs s HA Mg Schizochytrium sp. NnszAulidnasiaanasnwean
fidumadlasilulaln (TBARS) (P>0.05) mi'wm@mﬁ”m?ﬂdﬁmﬂ@umuéw Schizochytrium sp. A3%& 20 N3y
sarlansuluavnslilafidnanwlunsuanla lifinnsssanaeensa lauaiinlanii 3

AANATY: &4l Schizochytrium sp. dxssauznsuan nstieelld Tnld Aounwlaln

AN meﬁﬂﬁuwﬁmu%ﬂLﬁmﬁumilﬁumamzﬁumi
wslALTA99NTNR (natural  growth  promoter)

dswalnaiinsnaniladns alFislnalu (a330um2, 2557) @wnafiiazlaminasnanie (healthy
UszinAnarnisdeaananuwaunin Jaqiun1snan food) squivan sy laminannuansriinasly
dagniliimnfinaninatnsungnudnladas  ewnsdndiieliifininfoazanaisdifoysing 7 lu

ARAUNTIN UnuANaNanUAdRddalszaudoymn nandusiladndduinlilgnisnamilunandoet
BNUIANLANRARY Liie LT U LR A o 815410 (functional food) (Van Elswyk, 1997)
UAdndaunngeansslszima fofumansds Teglefudulnsusmdnafianieidninaumansli
Updnfreinaasfasliumlnaniainanafuer anwadlalasianzesinefenanladuangendlaiauem
winnssusing o wndsegnaf i lunnsimuinisuan \Tefeu (long chain polyunsaturated fatty acid: LC-
dadns ielilEnd A s iiinounn uazaann  PUFA) afialewwiin 3 (n3 LC-PUFA) uaz Tawfin 6
ANAATLANG W Avnntansaifitlszansrelaniu (n6 LC-PUFA) (Baucell et al., 2000; Li et al., 2009)
pezuuniuynifruguninuazliniinanla desannidlunaalaguifulszlamisainanie Ae

Tunnsislnpauisiietingesaniaunnau anidu  a1n1anszALIeIAeaaIAetes Jeeiunisiin
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NAURINFTLESNAUIE Schizochytrium sp. Tuanmsinldsansdaalalsinguaslngus

ANgFONMNMSRARLAsANWTadldlA

T3aiala (Gogus and Smith, 2010; Trautwein, 2001)
ﬂﬁ@QLLﬂzﬁ/@Ju’mum (Gogus and Smith, 2010;
Jordan, 2010; Yashohara et al., 2009) luifaqiulid
N12AUNLANIE Schizochytrium sp. %I\ﬁm Wl
Marine unicellular algae ﬁﬁ@m@uﬁﬁmuﬁ@mﬂiﬁu
dszunni 26 wlefidust (auasnl uazaniy, 2556) Anits
fafinnsazanaesiniuittsznandaansalasiuly
AusaiFsdieu (LC-PUFA) (Herber and Van Elswyk,
1996.) ‘1/13\1 n3-LC-PUFA uag n6-LC-PUFA i alfla-
linoleic acid (ALA), eicosapentanoic acid (EPA),
docosahexaenoic acid (DHA), waznsa sl
(essential fatty acid) ﬁu 7 (Barclay and Zeller, 1996;
Fraeye et al, 2012; Yamasaki et al., 2007) ﬁ\nfu
&W3ne Schizochytrium  sp. AufluAnuTlmnadend
hawlalumstinanszgneliluamnslildiendsla
riffin1sazan n3-LC-PUFA Uuaz n6-LC-PUFA duaz
inlulgnadiagas fifunansusuazaanduld s
41NN

ANINARBIAITNNT AN T AHATDINT
L@3NAWIE Schizochytrium  sp. Aifluuvasesnse
las Towifin-3 nelléTern@nsousinnsén DHA-gold”
slannstiasfuedlngus aNsTnULNIIHAR ADNINNNY
mannzesleln esdlszneunsalusis uaziadesnw
aandiaduaaslasiy ieflunuanialunistaly
Uszgnililunndeslilaiendnlalnganin 39
mmm%ﬁﬂﬂzjmﬂﬁﬁmmmmmmlummﬂﬁu
yastlsznaluenansell

o aa
AUnTluazIaNNg

1. dR7 217 UWATLRUMTNARDY
nsnaaeensell Ll ldanewug Hisex
Brown” @1glszanns 30 41avf A mau 180 5ia Tne
WAEBIUUNNFLUTNA IR 50 x 40 X 40 LIRS
nelinisdnnisuaziasassnanfulsaBeuuuuils
TuszndrapeungARNIEW WA, 2556 NNNATRUS
w.A. 2557 gulnlanpaasdiiuuunimeassiuugs
mugmi (completely randomize design: CRD) ‘V'l?\ms\lm
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A4 VIEVMINUE  VITVNUEAY 3 91 29NRIUNA 12 Miae
7NAADS UUIENAADIAT 15§ IMENINTLETHAN NI
Schizochytrium sp. N9N13A1 DHA-gold” 289131
al a e © o 1 1 £ 1 v dl
LIUAMADS Aie adluenunsin lszas 1 linnsn
Ay o A @ A | a =
mm‘lﬁwmmnmmmuﬂuwugmmﬂuLmumm
Fungnedt HenTilsRuneny 18 wlafidus Anaaans
Wselamiils 2,850 Alawnaadsanlaniy nw
AN U89 NRC (1994) satl
VIMMUWATN 1 81919 A9 LA N

a a

v
AldiRnansd
Aapmen

= el a' | a =
VINMUWATN 2 8 nnsAauANA lilANa93
Aupazi+anning Schizochytrium
sp. Nzs 5 nfusenlaniy

~ el a \ a =
VINMUWAN 3 8 nnsAauANA L LANA9E
Aupazi+a1ning Schizochytrium
sp. N9ze 10 nFusenlansa

~ el a' \a =
VINMUWAN 4 8 nnsAauANN L LANA9E
Aupazi+a1ning Schizochytrium
sp. Ngzs 20 nFusenlansa

2. marapmsdasglarasdnturluanmnslnla
Yaanisdealiaaalnausluainnsinld
melusadng (In vivo digestibility) Aaedsn1magdes
ﬂﬁieifailvlﬁﬂi‘ﬁﬂg (apparent nutrient digestibility) mel
I%Qﬁﬁﬁy(indicator marker) A8 lasRindeanlas
(Cr,0,) fisziu 0.3 iwefifusf mMauFaaes Fenton and
Fenton (1979) uanasluansln lineaas Mia1misli
eduns 2 akq (Win-161) Fuazilsrannd 110 nfuuay
vihazennetrafud Tnantamagaunisties|iayld
sxei1981 15 31 UL ieeniflil 2 T0annImAae Al 1o
7 1 A0 10 Fuusnifhugaa fudng (adaptation period)
uazdaedi 2 Aa 5 Tuganneilugauiufiet wnaaes
(experimental period) Tnevinnisgaiiugaaasinlaly
Lm'@:mifmwmmaﬂuqqﬁﬁ H,50, AYNMiNTY 3
wWadldus uRasususaetnayaluwsasiiannaes
anifusneiflguugfi 20 asrnmaidas anmiuin
Frathayail fanauuiiionunfl 60 esdaden
Lmzw"’mwumLLKQLﬁuizdr;qﬁumm%ywﬁma?;mmxﬁ
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el InedimsiAnesmdszneulnous luensinla
NARE ABANTRAGUIN (dry matter, DM), Ttls5iu (crude
protein, CP), laafu (ether extract, EE), Lf;l'a‘lf;mm‘]_l
(crude fiber, CF) Iag WAI9IUIN (gross energy, GE)
A1NATU89 AOAC (1990) 39 NNIILATIZH AN
asflsznaulntusluyalildnasas  Aadrimguiis
Telsiins ‘lasios e levieny uay Wasusm AuAFUeg
AOAC (1990) uazdnsziantasindeanlss (Cr,0,)
Tuamsuazyalnlinaaes muAsa83 AOAC (1990)
LLé’qﬁﬁ@H@ﬁ%’mnmﬁ AIITTRIATIINNSE B el
vivo apparent nutrient
2547) Ine/ldgms

TFaastnmuzilasng (n
digestibility) A1xATU29 (8115,

AU AT

nsdenlfitsngaesinguii (%)
(Apparent dry matter digestibility (%))

(%Cr,0, 44 - % Cr,0, Te1u1139) x 100
% Cr,0, uya

nsdetlfitsngaesinaus (%) 100
(Apparent nutrient digestibility (%)) -

% Cr,Q,r in diet

% nutrient in fecesl

{1OOX

3. NSIAANSTAUENISHARURIbA L
nn1aselilduunsesudanaqivadn

% Cr,O, in feces

aussnursARnelF naviaun 84 wafly 3
129N13M0A83 99T 28 T Tneltaunslnldsuas 2
v-m (¥1-1§11) qumﬂ?”mm 110 ndu wa it Al a5y
vhavenmetnafud amiuiinliunem sl
SruunanAnld uazinmin i luusaTunaenTas
N9MAa8Y LANLENIUNNT NN A IMNE RTINS
14 (hen-day production) v laiiede (average egg
weight) vimiinldsuiede (egg mass) {(egg mass =
average egg weight x hen-day production)/100})
ANNATURN Zhao et al. (2003) LAz Ragab et al. (2012)

% nutrient in diet J
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sond et asemnsfiiuldin A nmniun
n9nuld (feed intake) 1ssAnBawnisulasenns
dluld 1 Alanfu (feed conversion ratio per 1 kg of
egg) (FCR feed
Nopparatmaitree et al. (2014)

intake/egg  mass) AMNATURS

4. msdnanmwaasliliuazasalsznauaag

nsalusiululaln
Famnnsnmnienian el inluges 5 5u

qnvintvesusazdaInimaaes guiiusaeenglalnly

q
o

A1uU 5 WasdadululsasuiianaaeanIi Az
Aun g naasldln  Ae viwinld (egg
weight), Anuungeaaenta (egg shell thickness)
(ANean 3 Auvesiaenld Aeduuman Fnuding
wazdnuilng) fae micrometer (Mitumotoya, No.
044N, 0.01-5 mm), mm@l\ﬂﬂimq (albumin height),
AAzLuAra9ltum (yolk  color) Bneiaan e
AZLLUU 10-15 (Hoffman-la Ltd,
Switzerland) WAYATUITUNNAT Haugh Unit (H. U. =
100 log {Albumen height in millimeter + 7.57 x 1.7
Weight of egg in gramo'37}) A1N38 Laudadio and
Tufarelli (2011) waz Uuganbayar et al. (2005) @ﬁmfu
At usausanmetnelaunanfiuinen 13
GOUINNH 20 BeATALTHA ieTnesdilsznanaanse
lasululdln Tnanisinsaedeldunslundazniag

Roche Basal,

wmmuﬁmmxﬁmﬁﬂi:nfaummmmhﬁu

(Individual fatty acid content: GLC) ANNAT YR

Lepage and Roy (1986)

5. mesmadasnwaandiaduaaslusy
lutaaiuganinereenImaaeg i LA
lalnlundazuinanaaas Tnagafulalndiuu
9 Wasseuiaemaans ANt ML FeEn
lilrifignimnfities 32 +4 sspnuaaiden svaznanu
0, 7 uaz 14 51 Weasuimunszaznarlunisfiy
Fneudn Wisieg1eredlliuasanuau 3 Wassandoe
neaedliFinmzian TBARS et denmninmss
MSALTNENA8AT  Spectrophotometrically MINAE
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289 Buege and Aust (1978) was Yang et al. (2006)
AIuANTeY TBARS Tnelinsnuesnnnsgiuaiu
Windiureq malondialdehyde (MDA) uazuilanaliiag]
Tuvising mg MDAKg 284/92819muR 5289 Marshell
et al. (1994) wax Atchariya et al. (2011)

6. MAAATIZANNADA

findayadi i undinniAnAu s sou
(analysis of variance: ANOVA) BMHNLNUNITNAARN
LLuu@umugﬁaﬂLL@mﬁﬂuL%Uﬂmul,l,mnﬁmmlm?;ﬂ
sendngnieyalneis Duncan's
Range Test (DMRT) ANNATURY Steel and Torrie
(1992) Tl Tulsunsudniiagy Excel 1asHu 2007
AvunATed ARl lummagevT P<0.05

New  Multiple

o
NALLAZAIANTTU
1. WANSLEINANUSE Schizochytium  sp. lu
2 in laamsdeslauaslngus
NNIANEWANNTLETNANMINE Schizochytrium
sp. luanmslilafiszsiu 5, 10 waz 20 nfuseAlansy
wWheuwauiuemnsnguatuansansdes lfitsng
gaslnruzluerunslnle nudn nnsasuanvsne
Schizochytrium  sp. luanumslnlannszauliinase
ﬂﬁiﬂ@ﬂ1ﬁﬂiﬁﬂ{]ﬂlﬂﬁ§ﬂLLﬁx‘1 fele TsTuann waaw
394 ua=TlsFusan (P>0.05) Aauandlumensd 1

2. WANN9LEINANUGE Schizochytrium  sp. 11
2SN L ARENITAUSNITHAR
NTANEEANTIAT NI Schizochytrium
sp. Twawnslilafiszdy 5, 10 uay 20 n3usaAlaniy
WRELINILALEMNINGNAILANARANITOULNTUAR
gaqlild wudn 1Al A lAFun a3 nansne
Schizochytrium  sp. TuamnsynszAuliinasie
aussIuENINARAe tviinvledlaieas wlesiFudnig
Teisiadi uaald uay Usy@vannnisulasannadly
4 1
(P>0.05) Aauandlumnad 2 aNHANNINARBIATIL

AlanFunliuansaiusendnangunnaas

uaps liiuINgE@sNa MY Schizochytrium sp. i
mmﬁﬁiﬂsﬂﬁdwmm sUUNINARTATIN
Lu'ﬂm’]mﬂmil,@iu@’]m’m Schizochytrium sp. 3A1
mﬂmmmmﬂumﬂ‘%‘ﬂumﬂmmmmmmu
sANDNNTLETNAMINY Schizochytrium sp. lWaung
Inlannszavlsifinasiansdenlfivsngaesinauslu
@W‘MWSVLHVL‘IJ (P>0.05) AaAARAINIL NNHZIWIJUAY AUz
(2556) wmmammummw Schizochytrium  sp. 1/1
52610, 0.5, 0.75 uax 1 wefidud luswnslilang
‘]JZ\]’]EIEII/W')L‘ﬂuW”uﬂWu WU NNguNNIMAResHiEung
nsnuld wWesiduiuandan waz Used@nsninnng
waenenadluld 1 Alansuitlduansnaii (P>0.05)
wananilfailanuanaauisefiinimeansisiy
@918l Schizochytrium sp. Tuevnsdndriinay 1w
Uanfiagu fefinunsn uay neesendusdiu qaeimn

Table 1 The effect of dietary Schizochytrium sp. supplementation on apparent nutrient digestibility of laying

hens

apparent nutrient  level of Schizochytrium sp. supplementation in diets (g/kg)

digestibility (%) 0 5 10 20 SEM - Prvalue
dry matter 86.38 87.00 86.48 86.11 0.34 0.06
crude fiber 44.20 46.31 48.52 42.33 1.41 0.11
ether extract 88.91 90.02 90.84 87.89 0.64 0.43
gross energy 77.36 77.31 77.15 79.05 1.03 0.36
crude protein 84.20 86.31 88.52 82.33 0.78 0.10
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LAZATLY (2556) TANIN19L83NE U8
Schizochytrium sp. lugpsamstlantiagu s 0, 2.5,
5.0 ua 7.5 wleifud wudnuafiad 1 Fuenmsiady
@318l Schizochytrium sp. ¥4 3 sedURAntiviing
ﬁLﬁufu'ggqndqﬂ@:umuQu (P<0.05) LAENTLATH
@ mane Schizochytrium sp. 7.5 \aiifus asnasia
muﬁuﬁmmﬂwm’%tylﬁu‘ﬂmﬁﬂﬁu@;\mdﬁﬂq“mmu
(P<0.05) WNWANSWEIN Schizochytrium sp. YNTLAL
Tuamstantiagulifinasietlsz@vsnmnisliains
(P>0.05) daunanismaaadlufisinunsuinanisidia
@318l Schizochytrium sp. ﬁizoﬁ’mgq An 0, 2.5, 5.0,
7.5 uaz 10 wedidus lugnaamns wudfeinuns

NAFURMNTIETNEMIE Schizochytrium sp. 7.5 WA

10 wlafiius deuasian iuanIINIaRI LR Inse
FugandnguAILAN (P<0.05) ust lddAaauLaNsg
Audufisfinunsulifuaiuisiasuainsae
Schizochytrium sp. 2.5 uaz 5 \aiidus (P>0.05)
(ay@sn] uaTATUE, 2556) UANAINUIINNANINAADA
989 Mordenti et al. (2010) NlFNIN1INARRAULTN
@198l Schizochytrium sp. TWENMNINIZFNE WLN
nezsnef lEFueNnEENaINe Schizochytrium sp.

o 1 a o a a v Oaj v aaa
4 nFusedlaniu AArdFununisiuls dwminddas
wuingnd lduansieiuiungueaauax (P>0.05) us
nezsnef lEFuaNnEENaINe Schizochytrium sp.

o i a o a a 9 Aa
4 nfusenlaniu Ausz@ninnnisldanmsfanan
NQNAILIAN (P<0.05)

Table 2 The effect of dietary Schizochytrium sp. supplementation on productive performance of laying hens

productive level of Schizochytrium sp. supplementation in diets (g/kg)
performance 0 5 10 20 SEM Prvalue
hen day production %
period 1 82.72 82.39 82.47 83.13 0.74 0.98
period 2 94.82 94.00 93.00 94.07 0.73 0.85
period 3 93.40 95.02 91.88 92.59 0.48 0.20
overall 90.31 90.47 89.12 89.90 0.40 0.64
average egg weight (g)
period 1 59.47 59.96 59.79 59.27 0.24 0.22
period 2 59.12 60.36 60.02 59.56 0.31 0.55
period 3 59.72 60.66 63.88 60.06 1.63 0.41
overall 58.77 60.33 62.23 59.63 0.61 0.29
egg mass (g)
period 1 47.53 49.40 49.31 49.27 0.42 0.37
period 2 56.04 60.36 60.02 59.56 0.53 0.93
period 3 56.38 56.61 56.84 55.60 1.73 0.80
overall 53.32 53.92 55.00 53.63 0.79 0.88
feed conversion ratio (g of feed/g of egg mass)
period 1 2.31 2.22 2.23 2.23 0.05 0.93
period 2 1.96 1.94 1.97 1.96 0.05 0.85
period 3 1.95 1.98 2.03 1.98 0.05 0.31
overall 2.08 2.05 2.08 2.06 0.05 0.78

112



NAURINNTLESNAMSY Schizochytrium sp. Tuanmslnlananisdaslalsnguadngus

ANTTAMNMSHARLazAAWTaslalh

3. WAN1TLAINANUSE Schizochytium  sp. lu
s i lRanumMwnismManwaadldla
NNIANNANTET AN Schizochytrium
sp. Tawnslilafiassy 5, 10 uay 20 nFuseaAlaniy
WAL UL MIINGNAILANAR AININTNN
nraninzealdld wudanasaTua e
Schizochytrium sp. NnszAuluansinlannszavly
fuasiennnmnismanneeslali Ao wiiniien
14 fminlduns dwinlaens prugesedldeng fn
Haugh unit waz Anuvulaentd (P>0.05) Aeuana
TupnsneTl 3 ganAdeITLNNIMAABITRY Lemahieu of
al. (2013) AlEnnaeadu micro algae 4 THA A9
Phaeodactylum, Nannochloropsis,
Chorella Tamslila wudnlddanasionnininmia
Aeanaedlalilugnu sminla dminuaents

Isochrysis WAy

dweinlaena dminlauns wazaanumlaantd
(P>0.05) @apA&esnL Tallarico et al. (2013) ﬁiﬂmm
9N19L&TH Heterotrophic microalgae fisvsy 2
wefifus lidanaserinuinlaln (P>0.05) Anvianns
BB Heterotrophic microalgae ﬁﬁizﬁu DHA Tu
szsugeiuazaniulidinadenananldveslild
(P>0.05) (Cahaldora et al., 2005; Cheng et al., 2004)
yananianmsideiiavdanalidnnisidugivine
Schizochytrium sp. a3 ln T aReANAZLULET R4
LAY sl UAIIARIeALUNITIATNRAINT Y
Schizochytrium  sp. A LL@mﬂuﬁﬂﬁ"N‘ﬁl 3 Lﬁmmﬂ
A3 Schizochytrium  sp. {59A3RT) Aa ANFLIN-
uﬂﬂﬁﬁ'ﬁ@mmuﬂﬁ'lum?ﬁm@%@%mx (Parpinello et
2006; Fraeye et 2012) lpannaudan
Heterotrophic microalgae danaAan NI RN ITad
AFlsnuesFazanluldunadioe (Fredriksson et al.,
2006; Bruneel I
A0ARKaTLLATIaUTN TN LA NdTL micro
algae i@ uadluevnsazdesanansuAAILLA
ya9lluasulsiunseiusEAy micro algae ﬁLﬁﬁJf‘L&
(P<0.05) (Bruneel et al., 2013) Iaainnaid@3a micro
algae Tusza 5, 10 uax 20 ilafidust fuasanisiia
AAZLLLAT29 1 WA 29NDIANANNATN (lightness:

al., al.,

et al,

2013) TINANIINARDIATIL
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L*) ANAWA4 (redness: a) WAL ANALASY (yellowness:

b) a8<laiag (P<0.05) (Fredriksson et al., 2006
Lemahieu et al., 2013; Bruneel et al., 2013)
4. WAN9LEINEUS8 Schizochytium  sp. U

a9 ln lseasAlsenaunsalasiululduns
NIANEEANTIETNAMINY Schizochytrium
sp. Tuawns Tilafis¥a 5, 10 uay 20 nsuseAlansy
wWrauiauiuemnsnguacuanseasfilsznaunsa
lafululguas wudnllalungaitlifuenmnsiaia
aming Schizochytrium sp. NNsEAURszALINIAl3TY
Audn (saturated fatty acid, SFA) neelasiuliansn
lﬁ\'ilﬁlm (monounsaturated fatty acid, MUFA) Tulal
LLmhiLLmnﬁmr’fuﬁuiﬁiﬁi’oﬁ%’ummimjumuqu
(P>0.05) wanudNlAld7 1 Fua1nsLaduansng
Schizochytrium sp. Wszu HazsunealaTuladus
PUFA) way

chain

Tediau (polyunsaturated fatty acid,

nanlasiulaidui @ auanseng (long
polyunsaturated fatty acid, LC-PUFA) lulaumsganan
AR lsFuewanguaLaueteihltd fyneada
(P<0.05) Fauanslumnaned 4 mnfiansainAinae
2371 PUFA waz nemlasdu LC-PUFA usaztdin wud
197 185 uanvnBuaming Schizochytium sp. 7
syau 2 wlafidus JA0 linolenic acid (C18:3n3) Tuld
unsgenn IR lEFuemenguAILIAN (P<0.05) uaz
ALA (C18:2n6),
arachidonic acid (C20:4n6), eicosapentanoic acid:
EPA (C20:5n3), DHA
(C22:6n3), docosapentaenoic acid: DPA (C22:5) it
Taupagandnlnlafi i Fuemnsnguasupuuanseiu

A1 alpha-inolenic  acid:

docosahexaenoic  acid:

@fjﬁqﬁﬁﬂzﬁﬁﬁm&léqmmaﬁ (P<0.01) TaerlA 171450
NN9LETNANUTNY Schizochytrium  sp. Tupunslnldn
s2AU 5, 10 waz 20 ninsenlanfuiiszAuand ALA,
EPA, DHA, uay DPA luliusaiiisidumlsdumsasio
TLAUNTETUNTETNAININE Schizochytrium sp.‘171|
Lﬁﬁvﬂummi Lﬁmmﬂmwém Schizochytrium  sp.
fiBunnunnladuswiluazanedunn doiudelils
15uamsne Schizochytrium sp. Adinnsazanlasi
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Table 3 The effect of dietary Schizochytrium sp. supplementation on egg quality of laying hens

level of Schizochytrium sp. supplementation in diets (g/kg)

egg quality 0 5 10 20 SEM P-value
whole egg weight ()
period 1 57.14 58.69 58.97 57.84 0.37 0.34
period 2 60.01 59.70 60.76 59.96 0.46 0.85
period 3 60.76 60.56 60.81 59.59 0.25 0.32
overall 59.30 59.65 60.18 59.13 0.31 0.66
shell weight (g)
period 1 7.66 7.40 7.64 7.41 0.05 0.23
period 2 8.03 7.81 7.91 7.89 0.01 0.08
period 3 7.89 7.79 8.08 7.91 0.06 0.40
overall 7.86 7.67 7.88 7.74 0.04 0.27
yolk weight (g)
period 1 15.01 15.12 15.73 15.10 0.10 0.09
period 2 15.55 15.41 15.98 15.55 0.08 0.12
period 3 15.94 15.89 16.00 15.43 0.09 0.17
overall 15.50 15.48 15.91 15.36 0.07 0.11
albumen weight (g)
period 1 34.48 36.17 35.59 35.33 0.26 0.22
period 2 36.34 35.84 36.86 36.52 0.45 0.87
period 3 34.60 34.44 34.43 34.00 0.27 0.85
overall 35.14 35.48 35.63 35.27 0.22 0.85
albumen height (mm)
period 1 10.11 10.26 9.80 10.28 0.12 0.50
period 2 9.11 9.38 8.86 9.11 0.17 0.26
period 3 11.07 11.14 11.31 11.24 0.23 0.98
overall 10.35 10.26 9.99 10.21 0.13 0.80
haugh unit
period 1 99.51 99.81 99.70 98.07 0.50 0.98
period 2 96.35 94.37 94.79 93.85 0.48 0.34
period 3 98.62 98.57 97.08 99.11 1.03 0.90
overall 99.16 99.25 98.86 99.01 0.51 0.99
egg yolk color score
period 1 12.11° 12.48% 12.67° 12.63° 0.06 0.03
period 2 12.09° 12.39%° 12.48° 12.61° 0.05 0.04
period 3 11.86 11.95 11.98 11.43 0.70 0.07
overall 12.02° 12.27° 12.37° 12.23% 0.04 0.04
egg shell thickness (mm)
period 1 0.33 0.34 0.34 0.33 0.0 0.23
period 2 0.35 0.35 0.35 0.36 0.01 0.60
period 3 0.33 0.36 0.36 0.36 0.0 0.45
overall 0.34 0.35 0.35 0.35 0.0 0.48
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Table 4 The effect of dietary Schizochytrium sp. supplementation on fatty acid composition of egg

fatty acid composition of

level of Schizochytrium sp. supplementation in diets (g/kg)

SEM P-value
egg (g/100 g total fat) 0 5 10 20
Myristic acid (C14:0) 0.47° 0.67° 0.69° 0.76" 0.010 0.010
Palmitic acid (C16:0) 29.81 28.19 29.72 29.92 0.424 0.982
Margaric acid (C17:0) 0.15 0.16 0.16 0.17 0.003 0.588
Stearic acid (C18:0) 6.87 7.07 7.07 7.43 0.100 0.387
total SFA' 37.90 38.42 38.67 38.76 0.536 0.699
Myristoleic acid (C14:1) 0.11° 0.16° 0.18° 0.19° 0.003 0.020
Palmitoleic acid (C16:1n7) 3.22%¢ 3.18° 3.55° 411" 0051 0.003
Oleic acid (C18:1n9) 46.62 44.99 44.25 44.85 0.665 0.789
Eicosenoic acid (C20:1n9) 0.15° 0.16%° 0.17% 0.18" 0.003 0.002
total MUFA? 50.16 48.28 48.45 47.68 0.720 0.171
Linoleic acid (C18:2n6) 9.82° 10.86° 10.30%° 10.17%° 0.152 0.013
GLA (C18:3n6) 0.08° 0.07° 0.07° 0.09" 0.002 0.010
Linolenic acid (C18:3n3) 0.13° 0.16° 0.18" 0.18" 0.003 0.004
(C20:2n6) 0.07° 0.10" 0.10* 0.11% 0.002 0.010
DGLA (C20:3n6) 0.06° 0.09" 1.00" 1.00" 0.002 0.008
Arachidonic acid b c 5 A
(©20:406) 0.83 0.95 1.14 1.38 0.015 0.004
4an
Eicosapentanoic acid: b c 5 A
EPA (C205n3) 0.03 0.04 0.06 0.09 0.001 0.001
on
Docosahexaenoic acid: b c B A 0.009
DA (C22:6n3) 1.62 2.67 3.05 4.50 0.044
on

DPA (C22:5) 0.07° 0.10° 0.11° 0.14" 0.002 0.010
total PUFA® 13.99" 15.44° 15.85° 16.66° 0.216 0.045
total n3* 1.88° 2.87¢ 3.29° 4.76" 0.367 0.010
total n6” 12.03 12.87 12.06 11.76 0.123 0.287
n3/n6 ratio 0.16" 0.23° 0.27% 0.41° 0.002 0.005

a,b,c

Mean the significant difference among the same row (P<0.05),

A% Mean the significant difference among the same

row (P < 0.01), ' SFA = Saturated fatty acids, *MUFA = Monounsaturated fatty acid, *PUFA = Polyunsaturated fatty acid, “n3

= Total omega 3 fatty acid, °n6 = Total omega 6 fatty acid

agflasiuazgneloadion pancreatic lipase liuanswlu
naeseauaznInleiu AINtWINAIIe9RALATNIA
losfuaiiosing o) gedudiumiiaan lEanudaag
9 a rdy 1 ! !
fumavilasnaalsfaunnTuduazazgnaugalily
wadsne 9 Taedl  chylomicrons  1Hlusiann @9

) o @ , A A do g9
Chylomicrons qpilu lipoprotein  TUANUINNIUUIN
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“iadiivelia Metabolism seli] (Wall wazAnLE, 2543)
fetnAugaansenunsidndnaiiasing 7 azgnasiy
avanwlduasnnninsadau 1 ifesannliussaziiuy
me‘mmﬂmﬁq@'@ﬂumm:ﬁﬁqéﬂum’%mLﬁu‘ﬂmiu
wadld fariinmaaesnisd aaiunaiiAewineamy
HaBuasluawnsdndasinliiinsasaalasiluly
uadlutBanaufisie
TaellalAannlnleRlEsue @y micro
algae  7iRnselasiu PUFA uay nemlasiy  LC-PUFA
avanerguiniinazaunnladugapdngndaiuiy
lailEsusinflantuenvns (Melzzi et al, 2001)
Herber and Van Elswyk (1996) ldneaasadsy
menhaden oil 1.5 Wajifusa auriu micro algae i
ﬂimimﬁu@xmuzgqﬁi:ﬁu 2.4 48y 4.8 \Wadidus wudn
NN9LETN micro algae yagessALNAL menhaden
oil 1.5 wWefidus Mnlin1sasan18e n3-PUFA uaz
n3-LC-PUFA Tulaiupsgendnnguacunn (P<0.05) us
T TP LU C It AP REIF CIUL PPV S PY
WANANNAY (P>0.05)  48AARBINUNITNAARITRY
Lemahieu et al. (2013) ¥ 1430 micro algae 4 1lim
R Phaeodactylum, Nannochloropsis, Isochrysis
uaz Chorella  Wansnslald wudngnunsauinnig
AzaN109 n3-LC-PUFA  Tuldupsgandinguacun
(P<0.05) LL@:mmLﬁiy LASALY (2556) NARBNLETH
@38l Schizochytrium sp. fiszdn 0,0.5,0.75 uaz 1
Lﬂ@%l,%um‘sl,u@wmﬂﬁiﬁﬁﬂmﬂ%wLﬂuﬁ”ug’m WU
ANsaRNN9EZAL89 n3-LC-PUFA aila DHA Tuldi
WANGININNANAILAN (P<0.05) uananiitadinas
NAABNLATN micro  algae WA Nannochloropsis
gaditana TisxfU 5 uay 10 wesidus (Bruneel et al.,
2013) WAz 20 Lefidus (Fredriksson et al., 2006)
WY §NHNSOERNNNSAZANT9 n3-LC-PUFA Tulaiume

FANINNANAILAN (P<0.05) 4IUNNTLATNANNINE
Schizochytrium sp. Tuanunslnldfiszdu 0.75
iwloFFud aunaniinsedn DHA liunsld (P<0.05)
FaflulUliamadnfutunmaneses Li et al.
(2009) AU mine Schizochytrium sp. l1a1¥g
Uarnmawidniy (channel  catfish)  WL91 N19Lg3N
R/1UT18 Schizochytrium sp. slu‘mmi"ﬁlizﬁu 2.0
wlafifusf Minlfiinnsazana09 n3-PUFA uaz n3-LC-
PUFA ‘lul,ﬁ”faﬂmqmdqﬂzimmuam (P<0.05)

5. WANTSL@INANN9" Schizochytrium  sp. LU
amslaldsaadasninaandinduradlaguly
duma

NNIANBNANTIETNA MY Schizochytrium
sp. luamslilafisziu 5, 10 uaz 20 n¥useAlansy
WU LR UaMNINGNAILANGBLAT HINTNEBNT
wdureslasiululalnfd unnnfuinela iy
stesAn 0, 7uar 14 4 udavilalivianuaan
FnnimAeTasnmesndiadureslaiiluliung
WUI1 NANITLEINANNINY Schizochytrium — sp. b
ansllinnsziulifuaseruaiasnineandindu
vadla e linndeanaifusnenlsie 0, 7 uas
14 §u (P>0.05) Faudndlumsed 5 S9an1MARDS
Sl anansEusilEduditinisasanmadlusiuste
nenlasiiliidusndstaunasnanliullaidndaneenn
Fedeululduaeifinniniy usilidsnamonis
Andfiteneentinduadlaiululeiiideszazion
MsFLENERLE AN 0, 7 Waz14 94 a1n
7181974999 Cahaldora et al,, 2005 N9 NTLETH
Heterotrophic microalgae mmmmm@n%mﬁ&umm
oty dlesanamineriufissndngie aslsfiuens
Hanuam R lunsfiueysadass (Parpinello et al.,

Table 5 The effect of dietary Schizochytrium sp. supplementation on TBARS content in egg

level of Schizochytrium sp.

supplementation in diets (g/kg)

TBARs (mg MDA/kg)

SEM P-value

5 10 20
0 day 0.33 0.23 0.22 0.30 0.05 0.81
7 day 6.68 6.61 6.46 6.26 0.06 0.17
14 day 10.60 9.51 9.28 9.41 0.18 0.11
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AnssamMWNsRanuazAnnwtasiali

2006; Fraeye et al., 2012) e ERY Heterotrophic

microalgae danafan TANUTNNe9A T s UM

gvanluliunadas (Fredriksson et al., 2006; Bruneel
et al., 2013)

a7

sp. lu
amsliledliinasianistealilsngues dnguits
Tsmu Ty 1aly waznasanusan luaiunslnly

NNFLETNANIY Schizochytrium

suedNITIUENNTNARTedlnld win1slEduaINe
Schizochytrium  sp. luamslilaSnasenisidfisen
pruuuRresldunsuaznisazannsalasulid s
Fefauuaznnsiiunsalasidlidufanaenadeion
73im Aa ALA, EPA uaz DHA Tulduns Tnglidenasie
naAaUTeeendinduredadulaliissuinangu
NpaefiszznAaMfUSNEn 2 dilans aannns
yeaespraiirin i naming Schizochytrium sp.
Tuenslnlifssdy 20 nfusenlaniy Wenanlaln
fiinsazanveansalasilanin- 3 v ALA, EPA uay
DHA Tuldlnduastinlilgnsuasmiulalngunin nas
Wiy a AT und adeTkazinllgnisiind e
ANdnngnlunsudsiuaasdubnladndlnelu
pnAnsel

ANUBLIAN

AT IR VDUNILAULTEN 117U AR

wef AfanatuaL I LA eIATIETRAR DU

#11131¢8l Schizochytrium
191 DHA-gold” lunavinddelumian weeuAm
W Funnaes unaadndlln Anzdnadans nanas

a A - PR g !
nemsuaznalulatingsinayamsianuniaesli

lanaaes 2990uAnevl TR ARG IAT W
ﬁmﬂﬁaﬁmﬂﬂ uaztiatlfiRnsmsnzviansdnd

AoszdRamansuaznAlulatinisnees Nunananay
Aatng Mibeesn uninse 1ereuAinAnE

FoeAaE 3 VU AB WNATIENNId uALlsvAns

s/dll a o I
sp. N lFTANA AU
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Effects of Crude Glycerin Level in Total Mixed Ration on
Productive Performance, Chemical Composition and Fatty

Acid Content in Finishing Goat Muscle

<
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Abstract: The objective of this study was to examine performance, muscle chemical composition, and fatty acid
content of goats fed diets with different levels of crude glycerin (CG). A total of 24 goats (17.4 +2.8 kg of initial
BW) were randomly assigned to 4 CG levels (0, 5, 10, and 20% of TMR DM). The diets were fed for ad libitum
intake. Goats were slaughtered after 91 d of study. Hot carcass weight, and carcass traits were recorded.
Based on this experiment, CG level did not affect final BW, DMI, ADG, and feed efficiency (G:F). Similarly,
carcass quality and meat chemical composition were unaffected by dietary treatments (P>0.05). Also, no
apparent effects on FA composition were detected, except for C15:0, C16:0, C16:1, and C22:5n-3 were
affected (P<0.05) by CG level. It could be concluded that CG can be used as substitution for corn grain up to

the level of approximately 20% of dry matter in the diets of finishing goats.

Keywords: Crude glycerin, production performance, muscle chemical composition, fatty acid, goats
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UnARga: ANHIINKATENITALNALTEIUAL (crude glycerin, CG) Tugmnsanunsnania3a (total mixed ration,
TMR) ﬁimmmmwmm?mlﬁuim asftlsznatmaail wazaBunanaslusilunduitaresune d1uou 24 i
viwiiniede 17.4 +2.8 Alaniu 2uNUNIIMARBILILLABNANTT0I (Randomized Complete Block Design)
U lE50 TVMR 7ilssdy CG4 52U (0, 5, 10 WAL 20% DM) LULLANT (ad libitum) mmamm WWalae
ATUNIMUA 91 dU uuwnmuuﬂmﬂ@u LAYEFlsENaLTN HANTTNAAEY WUt AR RNy
1% aa309n9vianun (Imguite) dnanisasaAuls uazEnImslasamnaidurivinfiugesune laidanu
WANEINSiU (P>0.05) MUBAURLITL ATUNINGN Lmzmﬁﬂi:ﬂfﬂumqmﬁL‘f':fml,wzﬁ”\i 4 ngy wudn ldumnsineriu
luneadd (P>0.05) anught gluuvvenanlasiuzilasiig I lunénanifeduuanlifiaauuansneiu (P>0.05)
g8 N9 C15:0, C16:0, C16:1 WAz C22:5n-3 NAMNUANFAISAU (P<0.05) mnmmi‘wm@mﬁmmiam;ﬂiﬁ
d1@wmsnld CG dluuunaanassunaunudiainaluanmsuaniadasesiu 20 wWefidusd 1Hlugnsening
UNETL

=

ARNATY: NAIEIUAL ANTTONIWNNINAR  asAlsznaumiaeillundnaila nealasdis unwy

AN Waanle¥a uaznanzdu wuedluiliunns 4-163 ppm

(Thompson and He, 2006) Tatl CG Aifldnuilsznay

naudnunzielilfuananfidannin  209n3meIuLqNs 86.95% flAmasnusn (GE)
Sfludasiiamnmeny uazenaiuiiesmerisluud WMy 3.625 Mcal/kg DM (Dozier et al., 2008) i

annod wazamunan  widiunuardmnaun iy aannsadhanlEnaunudngauemedndilszinnli
doutlsznevluetmsdiudmiuunluniald  wu WA i dntneliuedau wene CG awnsngn
nandawaes uazdinatne Wusiu Hsapaudiege ag waaulihilunsalwsiitetia (propionic  acid, C,)
ufludeandngavaiingn 7 IRAmAminaur anelunszmnzgiu wanidluansdasiudiniunis
In&hesiu uaziisnagnnanunldvnauny i wa Funsnziinglaansulaeniunszuaunis
waaalfaingrarunssuananniulngs 1un nan gluconeogenesis (Krehbiel, 2008) mﬂma‘ﬂﬂﬁﬂu‘f,ﬂ
e lunanLaNtNsTU (paim kernel cake, PKC) way  1tda wudnanwnsnld CG Tugmsannsls 10% gty
= A a R @ v = A a

NALETWAL (crude glycerin, CG) lufiu ndasuiu  dsv@vsnimnisliennns uazliifinasieanssnninnig
(Co) Wunandsinaayliannnszusunsuanlule WItYALLR UATANNNTIN (Pyatt et al, 2007)
s (biodiesel) TaqiulFuasiunINIunIN aanpdasriun9Anlulaguee Elam et al. (2008)
Tsnaunisudnlulesaainindu lunnsuanlule  f191e97u97 Mauddn CG 92AL 0, 7.5 uay 15% il
= o v a = a a \ a a a a

AlraazinliiifianaeTuAy (CO) dszuand  waseanssannnsasnuln wazdss@nsninnis
10% visasznnn 0.3 Alanfusenisndn lwledma  Mewnsvedlagu adnlsfinin foyamiddaineniy

378 AM7  LAYAINNNIILATIZHRIAUTTNALNIGLAN msliselamdliines cc ineliifludngAunaunu

! ~ A o . | ! o v o Ao o
wudn CG Heavlsenaumilulasiu (ipid) agjisznin WnaanAU 1 daTnaluainsunsyudalanin
25-35% 209mnuiie nenladuinume Unduifn - Al neAneATRAdRgssasfine Ansnanes
(palmitic, C16:0) @fiean (stearic, C18:0) Taia@n CG 52U 7] lugnIRnvnIAeaNIsnNINNNINER
(oleic, C18:1) wazAluadn (linoleic, C18:2) Husnp WAZANEUENNEINTBUNE WA LATUNA T AL Ty

dl % | = = a A = <
vy 1Eun waa@ay Twunadan wunilides Toma DIUNTHNANLATA
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ANHUNIT4E D) Audidauarimundng
A IUAEN a0nTAdaLagEinnAauINARDs
nae 119 ALENINENNIEITNTNF NUNINYIALAITAN-
uptung tneliunzqnuaniuides-uesinayidon
50% WWAE angilsnnns 18 thau vwinied 17.4
+2.8 Alaniu Aman 24 F Hganinanysnd wiuss
AaRgRIdnAaeININ1INIAANENEN8WaNAE
ﬁlﬂm’mimnﬁu(Ivermectin, IDECTIN®, The British
Dispensary (L.P) Co., Ltd. (Thailand) AILANNEND
samnsaaailnagilud (Niclosamide, Yomesan,®
Bayer Co Ltd., (Thailand) wazninnsandaiuilesii
Tsamevan uazlsmnuazdin e wdanlsusnmuny
yanuariaunaaeaiuna 15 $u InemanaEeuns
TupendaRensni S 24 aen anglueeniien
¥ LAYINEINIUENEaNaNNTL

nnnsguune W RS uvisnmudauuaung
VlmmLL'Llu@:ﬂuuﬁﬂﬂmyjmi (randomized complete
block design, RCBD) Tagilinguvnaaes vizavisniuue
(treatment) 1uaNMNTHANIASA (total mixed ration,
TMR) gR35IN9 ] ABRIMTUANIATA (TMR) fift e
ITAL 0, 5, 10 WAT 20% MINARL YNgRIAuanslii
52AUINTUTATNANNFBINTURIUNG ANNATLUETIN
2849 NRC (1981) (lﬁﬂﬁ"]\‘i‘ﬁl 1) CG A unmaaednss
f‘flﬁﬁ*ummumwm:ﬁmn ya. T TuTefuma (New
Biodiesel Co., Ltd.) @“Wffngimgi’mﬁ NARANIAN
Y dudy (crude palm oil, CPO) fiAeasn
ALAY 1Hn99n Tlsfusan lesTuen wasndaanue
(GE) Wiy 8.07, 3.34, 0.01, 0.30% Az 3,989.82
kcallkg WATRANATETUIINIINGL 86.72% LWNUBA
0.64% n3aluiudass 0.71% ANANNNTA-ANG 9.48
ATNULNLUY 1.27 ANNONAUNE 1.25 LAZAIANY
wiln 10.06 T wazAnLz, 2557)
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NFINUAUNSNARDY LATITNITNANDY
M ununimmeassuuugulundenanysnl
1PELLNUNENAABIAININMINGY (Block) = 6 Block

v

Taeiusine Block fluny 4 fa efiviweinlng et
uhaduuns W lEFuamne TMR Aiflsssumaanindy
GC 92/ 0, 5, 10 Uaz 20% JARuia283a111s TMR
qugmmmiﬁl 1,2, 3, UAY 4 MNANAL TuuAazngu
naaadliunzanuan 6 Fa lasulenisamiunig
aaniflu 2 999 An d0af 1 Hevezioan 14 S fluszes
diusnaesunsliiduaaiueims taaliiais TMR
WALNENARBALLENT (ad fbitum) uLislfisuas 2
p%s lunan 08.00 uae

AN9AulA luwAassY

16.00 WIRN" wazdmLBuNM
dosfi 2
(experimental period) Mszazioan 91 du Tnaune
NARDITA 4 ngx 145081119 TMR SNUUNUNNIMARES

Wngzaznnans

fiandl Tufinnsulasuuastiomingann 1 14 Su
waztiuiniBununsnulfaeseims TMR Aaanszes
naaes  mswlAsuulastesiming  §asms
LRI TYLALTR uazdasmswasuenadutiwmiings
dle@awunzas 91 4 duuNENANAL 3 A9 iefnmn
anenuzmnaall

AmFumaivdieys uazniaiusietne &
Meazdeadal 1) thitnBinnnsiulizesens
TMR magasztnaaes lngnnsdainnin uasiiuiin
el wazemsimaeluiudaly  uda
wunAulTuneiuldluisazdn 2) Ay
AR NBIUNINN ] PR ANNsHENINS 41191 200
n3u ﬁwmmﬁqmuqﬁ 100 eAutaEea el 24
il LﬁamLﬂa%LsﬁuﬁmﬁquLﬁq uazHNILFy
B ldidasauludoasielyl 3) A9
871113 TMR %)NgAT 97143 300 N3N 90 7] 2 dUai
tineufignmnd 60 ssrmaidag iuaan 72 Falus
wdathlumsiuazunsene 1 Sadwas ieriil
AnziesAlsznaumiaadl lHun dnguite  Tushiu
losiu uazifin (AOAC, 1995) WAAATITHNIATAS

anlurtaglaa uaz@nfiumuds Detergent method
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Table 1 Ingredients and chemical composition of goat diets containing increasing amounts of crude

glycerin (% DM basis)

Dietary crude glycerin (% of dietary DM)'

ftem T1(0) T2(5) T3(10) T4(20)
Ingredients (%)
Crude glycerinz, CG 0.00 5.00 10.00 20.00
Ground corn, GG 46.00 41.00 35.45 24.50
Soybean meal, SBM (44% CP) 16.20 16.10 16.55 18.21
Fish meal, (55% CP) 2.00 2.00 2.00 2.00
Leucaena leave meal, LLM 6.00 6.00 6.00 5.65
Plicatulum hay, PH 25.00 25.00 25.00 25.00
Molasses 3.00 3.00 3.00 2.54
Salt 0.20 0.20 0.20 0.20
Dicalcium phosphate 0.30 0.30 0.30 0.30
Urea 0.30 0.40 0.50 0.60
Mineral and vitamin mix° 1.00 1.00 1.00 1.00
Chemical composition4 (% of DM)
DM 86.94 86.77 85.85 85.99
Ash 6.48 6.21 6.41 6.53
oM 93.52 93.79 93.59 93.47
CP 15.44 15.32 15.31 15.45
EE 2.62 2.12 2.25 2.15
NSC® 31.39 34.05 37.79 36.79
NDF 44.07 42.33 38.24 39.08
ADF 19.44 19.97 20.00 19.07
ADL 5.22 5.50 4.47 5.46
Fatty acids, % of total FAME
C16:0 23.38 21.42 21.58 19.68
C18:0 4.57 4.73 5.05 4.35
C18:1n-9 cis 26.97 31.39 30.78 30.50
C18:2n-6 29.67 35.48 36.99 36.52
C18:3n-3 0.21 0.30 0.31 0.32
SFA 27.95 26.15 26.63 24.03
UFA 56.85 67.17 68.08 67.34
MUFA 26.97 31.39 30.78 30.50
PUFA 29.88 35.78 37.30 36.84

T1 = Level of crude glycerin (CG) 0%, T2 = CG 5%, T3 = CG 10%, T4 = CG 20%

Contained 87.61% of glycerin, 8.07% of water, 1.24% of sodium, and 0.64% of methanol (Colorless, odorless, viscous liquid obtained from
Biodiesel Producers, New Biodiesel, Surat Thani Province, Thailand)

Minerals and vitamins (each kg contains): Vitamin A: 10,000,000 IU; Vitamin E: 70,000 IU; Vitamin D: 1,600,000 IU; Fe: 50 g; Zn: 40 g; Mn: 40 g; Co:
0.1g;Cu:10g;Se: 0.1g;1: 059

Based on analysis of composite feed sample, DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NSC: non-structural
carbohydrate; NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin

Estimated: NSC = 100 - (CP+NDF+EE+Ash)
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(Amulasann Van Soest et al., 1991) 4) WNLA2BENS
ansnsaenauliiamnaiiedallynefs thuneud
grunnd 100 avAgaldaa (unan 24 dalug Litesn
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Apineaay aRsINITEILELTR uadRmnswaey
awnadlutiming uay 6) NIIHILATTNNAZENN
Seldeanrufinuue 91 guunzan 3 Block (nelu
Block SAsLmnnegs) s ruuunsi iAnsamnwann
anuviaviun 12 69 (3 FFang) WINHT uazTIuua
NN AL AR (2528) Tnesarinuin
UWNENNFINDUBABINS R TV LIRPY P PRRIRr:
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Anslane il BuBaanisiansioniasianiuda
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e ¥ arannuuLaAuTiaq elanadanzanal
aan aniuds wazuiininuingesafaazdig y
ndaannifudaiiminganld s uazifin azld
‘Li’mﬁﬂﬁﬁ’mﬂ:u (hot carcass weight, HCW) uaatiulu
ﬁmtﬁu‘ﬁ'qmmﬁ 2+2  esAnmaidua unan
24 ol

NNTAALFNTINUAZTTLMASTIN WNTINUNE
aanandiacud udariuitniiminginifu (chilled
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tszanns 1 dalug vmsutiemnaaniflu 2 30 udads

weight,

Wuingniia 2 @n JaAanuNenaEInaInAuLied e
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wnedndne lnaldnseanuaanans N1d1 2 A5 LaD
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foatnauiaduuandaunilaniiunistnnaumugd
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AnAnn e 15w AA (color) Megoyi@eiinasn
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d’ ] a =&
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a* NN1LDI ANAIH LAY

ANLIIAALNLLLS NIN1TATIZT AL A

tj’luLﬁ'ﬂﬁmeﬂdim Warner Brazler shear force

(Texture analyzer, Stable M|cro System, TA- XTPIus

UK) aeq mmmmmmﬂm Lu‘ﬂﬂ@’]ﬂﬂ’]i‘LL‘ﬂ LEJ%?I'ENLLL'E]

v  a

mmﬁmﬂm Homckel (1987) d1alpadrude (2543)
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Tmﬂmmwammmﬂwnummm 1 ANUARIEUFALNAS 117
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FNNABNN3984 Folch et al. (1957) Taevinldiag/lugil
methyl ester udatnlAmmzinliunmnsaladulng
waATlA Gas Chromatography (GC) laaiafinlusiufag
Aaalsnadu: Wa1uea (2:1) (Lepage and Roy, 1986)
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LT84 GC Agilent Technoloies 6890N  Imeildisia
m3RIALLIL FID (Flame ionization detector)

MSIATIEALAYANWATA
ﬁw?-ﬂfaag@mﬁmnmimm@w%\mumm
ApmzivAulslauuny Analysis of Variance
(ANOVA) muuaunamaseduuugn luudananysnl
tmeld Proc GLM (SAS Inst. Inc., Cary, NC) uaz
L‘LG‘F;I‘LILﬁF;I‘LIﬁQ'WNLLﬁlﬂﬁi’N‘}J'ﬂQﬂ"]L’ﬂa‘lﬁl‘ﬂ'ﬂ\m@;mﬂmﬂﬂﬂ
fneA3 Duncan’s New Multiple Range Test UAZANEN
W TINIABLAUEITBINIANIZAL CG  Aeids
orthogonal polynomial uazuBenfleuAeaasyming
NANNARRY (0% vs. CG treatment) $neA3 Orthogonal

contrast (Steel and Torrie, 1980)
a 4
NALLASAANTTU

fulsznaumaANIa9aNMTNARRY
HANNIRLATITIEALsE N UNIIAN 18RS
a1 IRaNLaaf 1 lun1maaas flsznaudae
Fralnaua nandamaes udjnduanyauutie uaz
CG T2AUANN (mmqﬁ' 1) Wudﬂﬁmm?{mﬂﬁmq
Ut (DM) tfingasl (ash) Buvisadhg (OM) lasiu (EE)
wazldsAuneny (CP) IndAsariu tnad ldsfumey
a¢llut99 15.31-15.45% 20U ifalnad (neutral
detergent fiber, NDF) a¢/lut99 38.24-44.07% anlu
waglaa (acid detergent fiber, ADF) uaz@aniiu (acid
detergent lignin, ADL) 8¢/ 11194 19.07-20.00 ua
4.47-550% PNANAL deafiansanaaniiulanemi
a4 As9@39 (non-structural carbohydrates, NSC)
wudrflAiadumaszal €6 Miisdulugaseng
IULTAY NDF S1ANAAGS §9A2NUANAN S8 NDF,
NSC wazaddilsznaia I a1aLiiednnann Ay
LLmﬂ&iﬁqm@\afj”mqﬁummiﬁmiﬁ”l%Lﬂumum:ﬂ@ulu
gnaa1ns uazdadauiililuges Tosianz ce 714
naunudinanaLalunmaaeanien Wilesdlezney
asiiiale Wenlumadaanadediumeanuaes Gunn
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et al. (2010a) N3189N191 B9ALsenaUN1ARUR9NA
weasuliNeadlsznauansidels videnlamad i CG

Bunumsnula uaznmsiasaaulaluune
AINNSANHINATDITZAL CG Tugnsaning
TMR (0, 5, 10 uaz 20% mummu) ARANITNNINNS
WS TR LI BUNE YW (3197 2) memuuﬂamm
AInAand uaztmnAaRa LT A LaAnsina Ty
(P>0.05) TneiflAnaglutne 25.2027.44  uax 8.20-
10.88 AlanFN AMAIL atnglsfimu ianBeyidien
szvrinanguALAL (0% CG) Tungufidia CG lugns
27117 TMR S2ALIANN 7 Wudfm@imﬁm?u CG (5, 10
uaz 20% pNanAL) lugasanmsi wnTHaniwing
qummu (P =0.08) vizawinriu 1.88, 2.68 uax 1.96
Alanfu muansAL
dlefiansuniBuiunisiuldaesennns
Wanue wudnld S aanuuansfaiy (P>0.05) Tng
Usanmmsiuldvavaailrneglugas 06530738
Alanfudnguitesiasiasaduy nan1sAnEASaE
ARAARBINLITNENIULRY Terré et al. (2011) ﬁiwmu
MR uNATETTsEaU 0-15% TaifnareBuang
AaAWlEluLNE WA Gunn ef al. (2010a) HANHEHA
2995z AUNAETUAL UG ATRIMNINANLATARNNTY
(0-20%) WudNsTAUNAETUAL TUgRTANININANIASA
10-20% lTuamatFuninsnuld uazanssaniwnng
Wy ularesuny ueadaaiunisAne Tulagu
Mach et al. (2009) $1EM1U31 NTATNNALTETL (O-
12%) lulA Holstein bulls 114981 91 94 waz Bartori
et al. (2013) AEWIN MSLEBUNALTETY (0-10%) Tu
anslaguszezinan 251 du liflnaseFunninismi
Ttavmnaesle NueAai Ui U RN aEs oA LR
LazdnInis Asuevn iyt nreaune
wudn TfiAouuansingiy (P>0.05) tnadAna uta
0.090-0.120 Alanfusadi uaz 0.137-0.172 Alaniu
seRlaniu mudnsy agnglsfimna ey
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Table 2 Effects of dietary crude glycerin level on performance and DMI of finishing goats

3

Dietary crude glycerin (%DM) SEM Contrasts, P-value'

ftem 0 5 10 20 0vs. glycerin® L Q C
Average feeding period (day) 91 91 91 91 - - - - -
Number of animals 6 6 6 6 - - - - -
Initial BW (kg) 17.08 1752 16.76 16.76 0.42 0.96 0.75 0.87 0.72
Final BW (kg) 25620 2740 2744 26.96 1.17 0.26 045 0.39 081
Weight grain (kg) 8.20 10.08 10.88 10.16 1.16 0.08 0.16 0.22 0.92
DMI (kg/d) 0.653 0.674 0.738 0.654 0.02 0.43 0.70 0.19 0.27
ADG (kg/d) 0.090 0.112 0.120 0.112 0.01 0.06 0.14 020 0.94
G:F (kg/kg) 0.137 0.167 0.164 0.172 0.01 0.09 0.13 047 0.51
How* (k) 13.16 14.60 13.00 13.30 0.56 0.69 0.79 059 0.30
Warm dressing percentage (%) 49.04 50.25 49.45 49.32 0.67 0.45 0.99 0.36 0.41

' Treatment and contrast P-values; P-value for L = Linear effect, Q = Quaderatic effect, C = Cubic effect

: Compares the effects of 0% glycerin with the combined glycerin treatment

° SEM = Standard error of the mean (n=106)
* HCW = hot carcass weight

CG lugmsannsiuwnliindnanisasoiiuln  uas
ansnalasueaEluiInA N I UNIR NG
(P =006 wazP =

PIMTNAIAN Baz1BuNuNINLIFTINATaIUNE L

0.09 ANNANAL) TIADAARBITL

WalgduNAmaTUALIUgRTA NN THANLATANINNG Y
20%
ANTINNNNNTATYAL TR WAZAMNINTINTBILNY

(30-45%) N v un N wlaianum

ARAIANIEAUNATEIUALTANT WligATaMNT
(Gunn et al, 2010b) enaifiasinann mauia CG
naunudalnasziugellfinaldsuuasse
nazuaunaviln aanstlagliresiels nandnue

, wazilsznnauuadi e lunszinizging (Abo El-nor
et al,, 2010) FanAetuiiadingnezmzgimaunn
wasuuladld 3 e Ae 1) gnasdulldaszuy
AUBMIEUAN (Iower gut) 2) QNARTHE LN
nazinzguin uazgnilasudlunglaafisiu uwas 3) gn
uingeadunsalnsiesindenaliinonuiinduaes
nglaalunszuaidaniiiaiu (Krehbiel, 2008) Failu
e ngaudnAyidndin iUl lun s o la
109405 Geannndesiutiminmaiinzecuns
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u@nmﬂﬁyﬂ@ﬁﬂaﬁqLﬂumemmmwﬁﬁwﬁﬂ (lipid
precursor) ‘umi‘uﬂmmﬁ‘ﬂuﬂﬁmﬁ:@ 50-75% (Smith
and Crouse, 1984) Fuinlinaunmileado

HAYE9TEAL CG  lugneanns TMR
fmﬁnemnfdu (13.52 Atansy)  wazidefidusann
(49.52%) wudnladumansnaiulunsadian (P>0. 05) Al
AMAnesiiaenadestuseuiauniniluuny
(Gunn et al., 2010a; Avila-Stagno et al., 2013) wazlu
‘Emﬁ”@ (Mach et al., 2009) ﬁwud’m’ﬁm?u CG AN
dqina wazdnaunfadluaning  TMR seAU 0-20%
waza1113du 0-16% DM pua 1AL IdHnasianmunm
TN

)

AMAINNINTUINIG UASANTANINNILNINT DS
néaaduuanune

ANANIR 3 WAPNATUANN N INTUIN9TBY
n&uiedunanunenudn A uuAnsi1aiy
(P>0.05) 1a93mnudia tin Tulshu wazlasiu Tnad
mm?imglwm 25.76-26.45, 1.50-1.63, 22.09-22.42
uay 1.37-1.99% ATNAAL NIUBILAEINY
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Table 3 Effects of dietary crude glycerin level on chemical composition and physical properties of

Longissimus dorsi muscle of finishing goats

) Dietary crude glycerin, % SEM®  P-value Contrasts'
em T10) T2(5) T3(10) T4(20) 0vs. others” L Q C

Nutritional composition (%)

DM 2645 2576 2635 26.05 033  0.51 0.31 068 0.55 0.16

Moisture 7351 7424 7364 7394 033 049 0.28 064 053 0.16

Ash 162 153 163 150 0.1 0.81 0.57 0.58 0.87 0.41

Protein 2221 2209 2215 2242 023  0.79 0.98 059 049 0.98

Ether extract 147 137 199 172 016  0.14 0.31 0.12 0.66 0.09

Calcium 010  0.11 0.10  0.11  0.01 0.95 0.89 0.89 0.87 0.8

Phosphorous, %  0.67 063 0.63 069 004  0.59 0.67 0.77 0.26 0.99
Physical properties of meat goats

Drip loss (%) 15.10° 16.40° 10.30° 11.06° 0.85  0.01 0.04 0.001 0.77 0.03

WBS" (kg/cm’) 4.01 3.71 3.18 3.47  0.31 0.37 0.17 0.17 0.38 0.47
Colour of LM, (Longissimus dors/)5

L 39.76 3925 37.75 39.95 1.01 0.41 0.52 0.84 020 0.32

a* 12.61 1258 1211 1183 060 0.75 0.49 026 0.82 0.80

b* 1154 1146 1015 1129 057  0.30 0.36 040 026 0.13

“’Means within rows followed with different superscript letters are statistically different (P<0.05)

' Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

? Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=3)

* WBS: Warner-Bratzler shear force

5 . . . . . .
L* values are a measure of lightness (higher value indicates a lighter color); a* values are a measure of redness (higher

value indicates a redder color); b* values are a measure of yellowness (higher value indicates a more yellow color), by CIE

= Complete international commission on illumination (Hunter color flex)

1 = o 1 1 1 o
AuPaTeN uaznaanasa wudnluimnuwansneiu
(P>0.05) TnilAnadeae/lutad 0.10-0.11 uay 0.63-
0.69% MINAAL LaAd NN ALNTETHNA LD
Funuld@ninasanmamelnruinisreiiauny
NIUBLAEIAUNNIANE YD Bartod et al. (2013) #
919190 M CG (0-10%) lwamnslatu
seeizingn 251 S lTnasreesdlszneauaeann way
29AUIENaLUNNLANTR9LHD 91AEiedaIn N1INAARY

:/I d” 1 Yo v a o @
prsiunennng W lFFuinguy InAsaii uazfluune
Wufiagaiu atelafinnu wedifudladulungudn

1h5u CG Huuoliisnnanlugluuugulés
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ANdsa (C, P= 0.09) WalBaumesuiunguAsLAN
P = A @ oy Ao o
(0%) a1aiiasann namesuiluansieiundAyana
ma‘mrm’rmmim (glucogenic precursor) (Rémond
ot al., 1993) Faviu AsdanalifseAuaeaiinE el
mmmmuﬂ (intramuscular adipose tissue) 1i7e laaiu
wn3N (marbling fat) N1 inueAeaiuses1uaed
Mach et al. (2009) N3eanudn TaguinldFunamesy
(8% DM) wudnfitBxnnlasiuumsnlundnuilegandd
WanFauieuniungs AnmANaAINan a9enailng
Aliin1sazanaealaduinIy deaniaeiy
= ' o a = A o %
NNTANHIAUUTNT n1ndTunaLEeTuRliing
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Tnseailn memmﬁqﬁ?ﬂiumuwwgLuuLﬁ'ﬁyu
(Rémond et al., 1993) flasan nglaaifluuvasues
msmmumn (||p|d precursor) ‘IJ@QVL“IIﬁume‘ﬂsLu
nénuiite woued nanariRnNanduiuidosaiuayu
nnsdaArzingalasiu (ipogenesis) Tagannzlunng
m’éwLﬁ”@Lﬁ@hﬁﬂﬁﬁWﬁWﬁﬂﬁzgm (Smith
Crouse, 1984) AnMAaes ArlefE sy
UAZLENEININIIENULRY Beserra et al. (2004)1’71|
seruin st uazdnileunzishilan 8-10 eu
ATshu wazifingag 20.7-21.9 way 1.1-1.1%
ANNSAL uAT eSS udlasiuAngn (1.5-2.7%)
mm:‘ﬁLﬂ@ﬁ%umﬂmﬁuﬁﬁﬂmm%ﬁﬁmmnfhmm’m
PASLRANDITY (2552) fisneanudn WnzgnEANLIng-
Wit 50% x Mouileq 50% uazunsinaiod lasiy
1.35 U8z 0.90% ANATAL ANNLANANULTUNAaTN
AWNINARAITILANGANTL 1 FUNURMN T L 278 LAY

and

LA Lﬁ’ﬂx’i@’meluﬂ’]iwmﬂﬂ\‘ifﬁ?‘ﬁLLWZQHNZ@NLL@QIT]@H-
e 50% x Aadles 50% e linew 1FBanninig
avanlasiiluiledafiingendnunziugios e Evan et
al. (1976) $1eM1U91 mmﬁuﬁ:wz‘ﬁLmemrTuﬁmsi@
aafdsznaumiaiaizaaiiiouns Tnadndiug
FinaLlazine m@ﬁm@nmmmmmmvam”lfuuummﬁ
mmwuﬁwumm (Xiong et 1993) mﬂmmu
mﬂﬂi nauntaadfuansneiuaiaiiuug

al.,

Lummmnwuﬁmm gduuunislifenving any uas
FaunderidnslEsy TnaasRnanauausdiisudni
msavanlasilundnuiie sirelasuunsnlunduile
(Swatland, 1994)

HATBNTEAL CG Tigmn9ennng TMR Fiu
ﬁﬂﬁﬁﬂﬁ?@ﬂgLaﬂiﬂﬂﬂﬂﬂﬂﬂLﬁ”@LLWZ (drip loss) WL3N
HANUANGNATIL (P<0.05) TnanguALAN LLZ\lxﬂ@;N‘ﬁl
1550 CG 5% fAgendn (1510 uaz 16.40%) iile
L‘Lﬁ‘ﬂuﬁmz\jmﬁiﬁﬁ*ﬂ CG 10 WAz 20% (10.30 WAz
11.06%) ANNSAL a1aliiesnnann nalteseaall
LﬁNLLﬁTdﬁuﬂ’amIM%MuL”mﬁ(cell osmotic pressure)
AN Bnnsinnne lugad (intracellular) eyl
Lﬁ'mﬁmmummaalumiﬁuﬁwmLff@ (water

holding capacity, WHC) uazn11¥ieAn drip  loss,
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thawing Ioss 1N} cooklng loss mﬂmm (Mourot et al.,
1994) mmmmmLmﬂmfa@ﬂmmu@ummauwuﬁ
ﬁ”umwmmm‘lumsquuwmLu@ Fattu
mmmmmlnmsﬁm’fﬂmmLﬁ”@ﬁw:ﬁﬂﬁap&uﬁmfﬁ
aanlilunn deualfidnmnzanaiianaeuuadlil
Fananlia LL@ZLﬁ”ﬂﬁﬁ”J’mﬁN%’]@ﬂ@\‘i (Warriss,
2000) 4 WHC Lﬂuﬂ@@”ﬂ&ﬂﬁm&lﬁﬁmum@mmw
veuilednd %qzﬁ"uﬁuﬁ’ﬁuqmmuﬂﬁmmLﬁy@ﬁmf Vi
ﬂmmjwﬁﬂ (jujceness) LL@:ﬂ"ﬁlu LAZTATIRAUD
Hedns (flavor) (Warriss, 2000) Ineitfaqganaasnis
qryide WHC lunaunainnisanasaasaianuily
nsa-snaluiile uaznisAnaniaznisiniaianes
n&naiendadnsane (rigor mortis) %Qﬂﬁi@JQJLﬁﬂfﬁ
sanunndanaliideiidusedaiugadian
wanannil mmmLﬁﬂfﬁmmﬂﬁmLﬁymfuﬂ“mﬁméﬁm
futBunadamlundruiledeg  TnavialilAinis
ert.ﬁmfw waummﬁmmhwmwwu
memimwmmemmummmﬂmmu@
e (A9 3) wudndnaniiaduuen (Longissimus
dorsi) BaaunENNNEALEANL N ANLANF
fustediadfoynieada ledAnadaedlugag
3.18-4.01 Alanfu uansdnszaunaesuAulugns
ansguLES LT BV ENAs 0 AT LSRR H W 0T84
nénufiouny witlaliiuana (P, L= 0.17) usiqnls
mfmmmﬂmqnu (P>0.05) mnmiwm@@\irﬁmmﬁm
mummammmﬂummmmLmﬂuwmma "NW]LLN
AANIYU (shear force) UQU@ﬂ@ﬂmeLu@@NNm
(texture) mmm@umﬁmmmﬁ:@ (&oydel, 2543) o
mf}m;uLuﬁmmmLf:aqﬂﬁwﬂ%tﬂummﬂumi
ﬂ?uﬁummﬂﬁmmLf‘jﬂimmﬁﬁim (consumer
acceptance) haLAINHN L;L 1B L‘ﬁyﬂ (tenderness)
(Warriss, 2000; Miller et al., 2001) Faflanduiugiu
szwinepananraile wazladuunsnlundaile
%qmlmﬁmﬂhmﬁ”@ﬁLﬂuﬁﬂﬂﬁwmmﬂm@mmd@
AT ANTIaENN 4.00 AlanFu (Miller et al., 2001) da
Andveanduiiioduuenaeauny wudnseAu cG
awnslaifiuasadd L, a* way b* Ieandaiiiauny

TnadAdeglutdoe 37.75-39.95, 11.83-1261 uaz
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10.15-11.34 AMANSL FelndiReeiuaeuees Lee
et al. (2008) fise9nudn Andaeandnaiiiedunentes
unzgnas Boer x Spanish 7iaeslulssdeulaglisy
AVNIUANANTUTANE (L, a* uay b g luag
39.81-43.57, 9.34-9.89 WAy 11.09-12.45 ANNANAL
ANNANSANENAKIE WL BANE L* gendn usilend
a* uay b* é’i’md’]?m\‘num‘ﬂ\‘i Solaiman et al. (2011) ‘7{
Medn AR (L a* uar bY) sesndmiiiadinen
YauNzgnuaN Boer wazung HAnAiaidn 28.05;
29.91, 16.21; 17.35 WAy 15.44; 16.82 ANNAAL
agidlafimn ALUANANIRIANATIAA UL e
ANNANRUETUTadenanelsenng [ Wug a0 A
e daiu siandanileandausiig 1 184
$719n18 Bunuaesssadng lulalnadu (myoglobin
pigment) ﬁﬁﬂﬂﬂuﬁj@zﬁ“ﬂfi AaaAaLan1zAnile

NIA-AS UATANIITNITGIURLTNNTBINANTHE AR

vlfi (Warriss, 2000) %9 Dhanda et al. (2003)
P1e9ud8gunENNINnlwws A dgendnlu
dl v :/I Q‘” dld 1 v
ungnanytias Hallmezungidanguinndiinigld
a ~ , Ao o
wazazanaondaulu Buiigandunsnengtion
nfnuilleaelAdiundn Jedtyda (2543) Mawdnan
Ansunsaluanalundniia ina 1 eiieTnag
1§ tfleAndn 5.8 inlilUsAugrydaaninlunig
GHGYY
naNHadag annuan1maaadniall Tinumqny
uANFNTBNANA AN B NATaNsTAU CG lugns
81919 TMR 214118930 ungnaaasiang nfiaseiu
uzidingin Faiu AN NARINENMIMARBIR1NSUAN
Fveaile (L%, a* waY b*) warnIzulumTasuuLlaq
a v d’j o & o o o | ]
e lundnuiladninaudadndnneflulilasing
1np fasii A9kl denasaA@vaandnuidlawny

slunasnsalafulundsiifaduyen
HATRITEAL  CG lugmsanyns TMR - slg
sUuuvreInInlasiugiasing o lunéwiladuuen
(ma"m‘ﬁ' 4) WUI9EAL CG qugmmmsﬁwmi@mm
Tt ©15:0 lugdlunnlAerindsans (quadratic effect)

(Q, P= 0.02) InenuIN7Ld3HN CG Musest 5% azH

M lided lulalnaduluasanannwiad

130

n9m C15:0 §4n91 0% wiifleifinazsu ¢ i 10
WAL 20% TN C15:0  Avanad doutlsunninga
C16:0 vaanguitlallFFn oG azuanssTungu LT
CG (P<0.01) g 23.98 Waufiu 22.33, 22.09 UAZ
21.15% of total FAME 18nanfi fanudnsedy oG
NABANIA C16 0 Tua‘ﬂl,mumumq (linear effect) (L,

P= 0.01) AolilefinsyA09n151d3N CG aziinar
WiBinnsm  C16:0 AR I0usii C16:1 iy
(P<0.001) AUANAL 21aiTie9ann naLmeTuluansR
mummﬂmmmmimmmvmﬂaim (glucogenic

precursor) Sﬁ\‘m@TMLﬂul,mmmmmmqmu‘mn (lipid

a

precursor) ) gaclasuunsnlunduiile 1ousdl nas
ardRndanduiusdisaiuayunisdanzingg
95T (ipogenesis) nenamnnslunnsssnaiiie e lasiy
Iﬁﬁwﬁqmﬂ‘ﬁ'qﬂ (Smith and Crouse, 1984) W31
AuFuN"g

nenazdanifuluasad acetyl  unite

funrrzifitletieluiulfitiomis 70-80%  wnu
nglaaduunasres acetyl  unite  wANAIMILANS

Fupsetlasumenlunguiile 50-75% (Smith and
Crouse,  1984) LanneAnenlunianannndaqiy
FIENTUABN Avila-Stagno et al. (2013) ‘17{?’1&\1’114‘5’1
TmmulmmuuwmmeimumLsnm@@mu (0-21%
DM) §1Ansn C16:0 anas anudi C180 i s
nsANENUed Terré et al. (2011)1nmmmm guuuy
mmnmhmuhm@zﬁ“ummmLmvamvwmﬂuﬂﬂ
4 Flanvivasuenuu) LL@vmmuuﬂmm (245 0.4
kg) Wua sl ANLANA1eTIL andu AN C12:0 LAz
C17:0 ﬁLﬁm@;ﬁ”u anaifiesnann izﬂmmﬂquagu uaz
swingasm il WiiANLANGNTedLuLLNIA
93T uaTnA LTI s A UAN (0-10% DM) (Terré et
al, 2011) @wBuiunse C160 finaauluded
vhaulaimngznsa C16:0 (palmitic acid) fluavin 1y
A funmanudiaiiuaes cholesterol  luidangeiy
20uET C18:0 acid) tifuan11aAa99
cholesterol Lﬂ?ﬂlﬂuLLﬂ@\ﬂuNL}HﬁT uay C18:1
acid) "1 19 A1289 cholesterol Tuiaananaa
(Yu et 1995; Banskalieva et 2000)

TIANAAEIUIDY C18:0 + c18:1/ C16:0

(stearic

(oleic

al., al.,
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Table 4 Effects of dietary crude glycerin level on fatty acid (FA) profiles (% of total FA) in Longissimus

dorsi muscle of finishing goats

Dietary crude glycerin, % SEM®  P-value Contrasts'
fem T1(0)  T2(5) T3(10) T4(20) 0vs. others” L Q C
Fatty acids, % of total FAME
C10:0 011 012 018 012 002  0.18 0.22 0.34 013  0.12
C12:0 109  1.04 101 151 015 0.14 0.31 0.06 0.19  0.41
C14:0 310 312 281 308 065 098 0.92 092 088 0.80
C15:0 206" 322° 234 182° 030 007 0.24 024 0.02 0.09
C16:0 23.98° 22.30° 22.09° 21.15° 032  0.02 0.01 0.01 024 013
C16:1 165°  145°  212° 331° 005 <0.001 <0.001 <0.01 <0.01 0.31
C18:0 1416 13.87 1327 1427 040  0.27 0.55 092 017 024
C18:1n-9 cis 4471 4350 47.08 46.06 105 0.16 0.38 0.09 095 0.07
C18:1n-9 trans 165 174 168 193 016  0.26 0.24 020 090 0.33
C18:2n-6 497 506 521 381 062 042 0.68 021 020 053
C18:3n-3 014 015 015 014 001 045 0.76 0.36 0.14  0.64
C22:5n-3 (DPA)  2.30°  4.40° 205° 277° 028 0.0 0.09 056  0.08 0.001

““Means within rows followed with different superscript letters are statistically different (P <0.05)

' Treatment and contrast P-values; P-value for L = Linear effect, Q = Quadratic effect, C = Cubic effect

z Compares the effects of 0% glycerin with the combined glycerin treatment

® SEM = Standard error of the mean (n=23)

filsslamianunsnliesunenaresrinaeslasuiiil
mmumnﬁmﬁﬁm@ﬁfa@qmmw (Banskalieva et al,
2000) 1ANANE R1E C18:1 (oleic acid) lunam
”L&nﬁuﬁmﬂﬁqm“lwffﬂ‘ﬂﬂ (Turk and Smith, 2009) Waz
iauny (Diaz et al, 2005) Fanafinves oleic acid 1
AuANTLETUN s Nd weansaleTuTfiag vl
high-density lipoprotein (HDL) lumiéizrﬁ (Gilmore et
al, 2011) %qgﬂLLuumfmﬂmVLmﬁuEIuﬁﬂuﬂ%ﬂﬁ”ﬂ%m
fuisoaululaflEFundminndnwdnsoyie
(Daley et al., 2010) mewm’;ﬁﬁ stearic LA linoleic
acid

acid  WINN91 AU WARSTYRTH palmitic

. | @ = o Aa !
wnnd et wlafinnu Ananefadendinasiencis
sduuunsalasiuneglund e 1aun uansnsues
#AART Wi 8¢ N19IANIALNE BIMNT UATTHA
1% dlv [T | o o A
nanaiile sy Tnaanzemnsdluladananniing

siagtluuunsalasiunedlundnuie uasiflunaeniy
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Aulpeialidngduuunsaladuned lunduializy
ansnannaingtuuunsaladiuiegennns (Wiseman
and Agunbiade, 1998)

G

nameIUALA1NNIUNNN M T LA A
naunudinainaluanmsuaniadaseiu 20%  Tnelad
danansznusalFnaniuld maesoyiulnluune
ANBUZTIN mmmmﬂmmmi WaY mmmmq
mﬂmwmmmmmy Tl mmmmmﬂm@famm
Hearauilefiussiuraaningiu oG aaugtluuy
lasuaiingng o wudnlddaenuansnaiu andu
C15:0, C16:0 W@z C16:1 AAauwansineriis Ineanng
3YAL CG Hwasiansn C16:0 anadlugiuuiidumss
904E7 N3A C16:1 A aeinalafimy Aostinnsdne
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TAg9N13 NAT550288S) 1818 LAMNATARIANERT
wasAudIqE AR AR IAHLE 89TUNALEN
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pnvin TildawitinliomiasuildnSaqanslauri

LANAITANNDY

waNadTy guillen. 2552, aaddsznaunnuail ANl
NNENINLAETATIAT19NIINIENINTY
ﬂéﬁmﬁ:ml,w:ﬁ”w,ﬁmLL@:LszqﬂmmmLmﬂﬂ@
il 50% x Awiles50% Taneneld
suLuANAeTY. Anenfinuginenmnans
UMTUNH NUTNUIRUAIVATUATUNS.
A7AN.

e dszaninioyad. 2528, nMeAnHIANEUZTIN
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39(2): 105-109.
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Abstract: This research was conducted to study the effects of mealworm (Tenebrio molitor) supplementation on
reproductive performance, cost and benefit in hedgehog (Atelerix albiventris). Forty-eight of four-week-old
hedgehogs of both sexes (24 males and 24 females) were divided to 4 groups by completely randomized
design. Each group was randomly fed one of experimental diets as follow; group 1: commercial feed (20% CP)

as control feed, Group 2: mealworm, Group 3: commercial feed supplemented with mealworm at 50:50, Group

4: commercial feed supplemented with mealworm at 25:75. The results showed that age of puberty, number of

hedgehogs born, birth weight, number of hedgehogs at 1 week and weight at 1 week of hedgehogs fed
commercial feed supplemented with mealworm at 50:50 and 25:75 were better than hedgehogs fed only
commercial feed and mealworm (P<0.05). This result indicated that, the mealworm supplementation in
commercial feed could improve benefit than the only commercial feed and mealworm, the hedgehogs fed

commercial feed supplemented with mealworm at 50:50 showed the highest benefit.

Keywords: Mealworm, reproductive performance, cost and benefit, hedgehog (Atelerix albiventris)
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Table 1 Nutrient composition in experimental diets (% DM)

Items Commercial feed Mealworm
Dry matter 89.10 37.20
Crude protein 20.03 47.70
Crude fiber 1.68 5.68
Crude fat 7.60 34.26
Gross energy, cal/g 3,868.11 5,961.04
Table 2 Calculated nutrient content in experimental diets (% DM)
Treatments
Items Commercial feed Mealworm C:M C:M
50 : 50 25:75
Dry matter 89.10 37.20 63.15 50.18
Crude protein 20.03 47.70 33.87 40.78
Crude fiber 1.68 5.68 3.68 4.68
Crude fat 7.60 34.26 20.93 27.60
Gross energy, cal/g 3,868.11 5,961.04 4,914.58 5,437.81
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Table 3 Effects of mealworm (Tenebrio molitor) supplementation on reproductive performance in hedgehog

(Atelerix albiventris) production (mean £SD)

Treatments
ltems Commercial Mealworm C:M C:M P-value
feed 50 : 50 25:75

Age at estrus, d 147.00£9.17° 127.67+4.04° 101.33+3.51" 112.67+4.04° 0.012
Number of hedgehogs born/litter ~ 1.67+0.58°  2.67+0.58°°  4.33:0.58"°  6.00+2.00°  0.019
Number of hedgehogs born 1.67+0.58" 1.33+0.58°  4.33+0.58°  6.00+2.00°  0.019
alive/litter
Birth weight/litter, g 16.33+1.53°  13.33:0.58° 33.67+2.93° 47.33x2.62° 0.010
Birth weight/head, g 10.67+1.79"  5.22+0.54°  7.80£1.06"  8.18+1.31" 0.017
Number of hedgehogs at 1 1.33+0.58" 0.33+0.08°  3.00+1.00°  3.00+1.00°  0.037
weekl/litter
Weight at 1 week/litter, g 33.00+1.15°  6.33+1.97°  63.33+2.16° 68.67+2.95" 0.019
Weight at 1 week/head, g 26.00£2.81°  6.33+1.97°  22.56+1.70° 23.69+2.80° 0.036
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Figure 1 Aborted fetuses of hedgehogs fed mealworm. (A) Aborted fetuses at 1 d of age (B) Aborted fetuses

at 3 d of age

= Aborted fetuses

remain in uterus

—= Abdominal fat

Flgure 2 (A) and (B) Laparotomy of aborted hedgehogs fed mealworm



HRUBINTLATNUUBUUNADLTEANBNIWNNTRUWUS AU

LAZHARDLLNY AN ULASTE

Table 4 Effects of mealworm (Tenebrio molitor) supplementation on economic cost and profit in hedgehog

(Atelerix albiventris) (baht/litter) production (mean £SD)

Treatments
Items Commercial Mealworm C:M C:M P-value
feed 50:50 25:75

Fixed cost

- Depreciated breeder  40.85 +1.12" 60.24 +0.41° 19.93 +0.03° 19.93+0.03°  <0.01

- Depreciated equipment 17.50 £0.00 17.50 £0.00 20.00 £0.00 20.00 £0.00 -

Total fixed cost 58.35 +1.12° 77.74 £0.41° 39.93 £0.03° 39.93+0.03°  <0.01
Variable cost

- Feed cost 108.72 £0.94°  500.00 +10.95° 315.72 +1.02° 465.13 £1.31°  <0.01

- Medical supplies cost 25.00 £0.00 25.00 £0.00 25.00 £0.00 25.00 £0.00 -

Total variable cost 133.72+£0.94"  525.00 +10.95° 340.72 +1.02° 490.13 £1.31°  <0.01
Total cost 192.08 +1.96°  602.73 +11.36 380.65 +1.05" 530.06 £1.30°  <0.01
Income (Sold hedgehogs)  532.00 +11.27°  132.00 £10.39°  1,200.00 +50.00°  1,200.00 +50.00° <0.01
Profit 339.9249.43°  -470.73+21.46°  819.35+59.14 669.94+50.40°  <0.01
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Abstract: Callus induction from the rice ovaries of 2 backcross lines (BC4F3) of a cross Rathu Heenati/KDML 105
//Chai Nat 1 was performed on the N6 medium supplemented with different auxin and cytokinins combinations.
Results showed that N6 medium supplemented with 2 mg/L of NAA, 2 mg/L of 2,4-D, 1 mg/L of kinetin, 500
mg/L of CH and 40 g/L of maltose gave the best result for the ovary callus induction, 11.00 and 6.60 % of CH75
and CH71 lines, respectively. Green plantlet regeneration from ovary calli successfully generated at the rate of
7.46 %, when culturing on MS medium supplemented with 2 mg/L of BAP, 0.5 mg/L of NAA, 500 mg/L of CH
and 30 g/L of sucrose. Plants derived from ovary showed haploid characteristics. Chromosome number
counting and microscopic observation on epidermal peels of expanded leaf confirmed that these plants were
haploids.

Keywords: Rice, ovary culture, callus induction, plant regeneration, haploid plant
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waluladidann u 35namnziaesiela ovary  1eslimansiuggnuannduiui BC,F, Aldann Rathu
culture) @ngateanduRRRLazN LA NEN WU Heenati/KDML 105//Chai Nat 1 1ial%lunnsa319419
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Table 1 Callus formation percentage from ovaries of backcross lines (BC,F,) of a cross Rathu
Heenati/KDML 105//Chai Nat 1 lines CH71 and CH75 cultured on induction media

Callus induction media Number of culture

Number of callus Percent of callus

formation formation*

CH71 CH75 CH71 CH75 CH71 CH75
A1 124 129 5 4 4.08 ab 3.16 ¢
A2 131 128 7 9 533 a 714 Db
A3 137 129 9 14 6.60 a 11.00 a
A4 133 130 0 0 0.00c 0.00c
A5 133 125 5 4 3.81ab 3.16 ¢
AB 135 126 3 2 2.15bc 148 ¢
o1 143 136 0 0 0.00c 0.00c
02 130 135 0 0 0.00c 0.00c

*Means within the same column followed by different letters were significantly different at P<0.05 by LSD
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-

b

Figure 1 The development of callus generated from various shapes of ovary of backcross lines (BC,F,)

of a cross Rathu Heenati/KDML 105//Chai Nat 1 after culture on callus induction medium for

10-45 days from; a) green, b) white and c) brown ovaries

Table 2 Development of calli from ovaries of backcross lines (BC,F,) of a cross Rathu Heenati/KDML
105//Chai Nat 1 line CH75 on regeneration media

Regeneration Number of Browning calli  Proliferated calli Plant formation (%)
media culture ovaries (%) (%) Green plantlets  Albino plantlets
AR1 67 32.16 74.63 7.46 1.49
AR2 84 52.08 52.38 0 0
AR3 72 40.32 31.94 0 0
AR4 65 22.10 52.31 0 1.54

Figure 2 Shoot development from callus of ovary cultured on plant regeneration medium for; a) 4 days
and b) 7 days

149



M5/15LNAST 31(2): 145 - 153 (2558)

nsAnE1aIUINIASINITN LATATIARDUT U
annasNauaslu
anNN1IRadaUauIUlAsin N wazdueh
PSRRI L9 WUINF U A UM NLARAE
annnnnsiaseseldaesdnai aneaus il usune
& . d’ v e’dl ya o
naeYs (haploid plant) BafuLENABLFAN AR
Inslulauanasarauilaanngiudn@ (donor plant) Tag
FunanaassNatuulasinloy 2n=12 dqusudnAs
uaulasiulny 2n=24 1umpvesmad AN (guard cell)
2 & @ 1 dl = o Y a
YpafuwaNAfL A LaNNTNHaFau s UANL NG
o - , A& A v a =
LLmummulﬂJ@@Qumwuwmﬂmmuﬂﬂm (N 3)

500

ANNARBUNIZLA Tl 109819 LeNMn e
qasing ] NUIRWNIgRIRUgIU NG HilasAvanaw
mmhmmnuﬂwmmm@@mwmﬂﬂmmmq 2113
mmwuﬁfm N6 nﬂwmuwu‘ﬂma Chu et al. (1975) tita
I‘ﬂuﬂﬁTL‘W’].,,L@ﬂdiﬂiﬂ?@ﬂ’ﬂﬁ“’ﬂ‘ﬂx‘i‘ﬂ’]'ﬁﬂﬂ‘mﬂ?;l‘vmﬂﬂ’]i‘
fidnfinnes NH," luansiiuasiamsdniinlulag
adafresdalifiianisutefafunnada uay

nsanlEunns NH,” deuasianiaifinuaadaludin
BuANlERNINAY 9siamn Zhou and Yang (1980,
1981) WAz Kuo (1982) 1szaumanugndalunisiniin
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Figure 3 Characteristics comparison of plant; a) donor plant backcross lines (BC,F,

Heenati/KDML 105//Chai Nat 1,

) of a cross Rathu

b) haploid plant derived from ovary culture, chromosome

number of; ¢c) donor plant, d) haploid plant derived from ovary culture, guard cell number and

size of; e) donor plant, f) haploid plant derived from ovary culture (bar = 40 uM)

150



msdnirliinausanaaeflaanswiziaessldrasdinraneWuganuannay

Rathu Heenati/KDML105//Chai Nat 1

11.00 wlefidus ludinnanesiug CH75 naaanld BAP
$uAL NAA 4380151 2,4-D Weafiatfequuanmis
gn9 N6 Tamnsndnminliifiauaadaainislizesdiig
i

ngtntn lMAmsuA@ e (green  plant
regeneration) anLARRAYB9 Tl WULNANANAA
aaspanunazltinlafiufinudAnysanisuanasia
wazn s i usenvisasinannuaadauesing
17N (Raina, 1989) Bdnsdauaaslainlaiiugnda
panTuLAasaaziau ldilugenunndnsnuaan
dmandauanseandugeninlainlaiiu unadaazinng
W lliflusnuinndeen (wyael, 2524) Tunns
naaesilsraUAnuA 3 lunsnin iR aduA e
UURIMTGAT MS fifn BAP 2 TadnFusiodns uag
NAA 0.5 faAn5ureans TalenmdausmndILe
lanlatiugandteandu wiiflenpaecilatuTiinges
Tainlafinain BAP  undlu Iaiiiv ldwunnainéiv
AnuAARATRasel uananTganLdLAsdaansld
fddneusiunguaadinizifuuiu X
ANaNnTa lun s ldiflusennasfiud e
mnm’qLLﬂ@@T@‘ﬁ'ﬁ@TﬂHmuﬂumjuLmﬁm:ﬁqﬁu
2el19MAIN 7| (Toriyama et al., 1986)

anmsiudiuanlastuley uavasadeLdy
inesTiaresluinanudnduiifaannismnsiaes
selavianun R dnuou udiuuanaoss uandliiiugi
wAadaR IFanselashufinannnsuLiesared haploid
cell nelusalirnsding denpdaaiumenuzes Zhou

and Yang (1981 a, b) @ananql¥dnnnsutiuaas

= o & = . o ' I
AUWUGLWALNE (gynogenesis) neluseldeasding

vz aiatdefvladingseazundn s

@ﬂ"N@NH?Dj (mature  gametophyte) WANLATWLNNG
1A proembryos A nnsuLiaaguasla (egg  cell)
1Rnudulaeredlulasng (micropyle) lnenssin
Hadesdlarnsdnngamaia paraffin section Tz
wnzResnAnm mmeaesiudnaiigniudilag Kuo

(1982) warHuang et al. (1982) ludauniial

(Hordeum vulgare L.)
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Combining Abilities for Yield Performances of Chili Using

Maintainers as Female Parents
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Abstract: Prospective genotypes of chili varieties CA1441-J-8 and CA1442 were evaluated. They were crossed
with male sterile varieties PEPAC32 and PEPAC38. Pollen of F, hybrids were evaluated by using a fertility
scoring method. The study revealed that prospective genotypes of CA1441-J-8 and CA1442 varieties were B
lines or maintainers. Combining abilities of chili were studied by crossing female parents CA1441-J-8 and
CA1442 with 6 male parents; CA1446-8-2, CA1447-4-19, CA1448-5-13, CA1449-2-5, CA1450-3-6, and CA1451-
5-11. The F, hybrids, parental varieties, and commercial varieties were compared. It was found that yield of F,
hybrid CA1441-J-8 x CA1450-3-6 was not significantly different from most of F, hybrids, but the yield was higher
than female parents, most of male parents, and commercial varieties (Table 2). The F, hybrid CA1442 x
CA1447-4-19 showed the highest fruit weight, 75.61 g, which was higher than all varieties evaluated. The
female parent CA1441-J-8 showed positive and significantly different of general combining abilities (GCA) for
fruit length. The female parent CA1442 showed positive and significantly different of GCA for fruit weight. The
male parent CA1450-3-6 showed positive and significantly different of GCA for yield, fruit weight, and fruit width.
The male parent CA1447-4-19 showed positive and significantly different of GCA for fruit weight, fruit width, and
fruit length. The male parent CA1448-5-13 showed positive and significantly different of GCA for fruit length.
Some F, hybrids from these parents showed positive and significantly different of specific combining abilities
(SCA). Most of F, hybrids exhibited positive significantly different heterosis for fruit number per plant, fruit
weight, fruit width, and fruit length. The F, hybrids, CA1441-J-8 x CA1450-3-6, CA1442 x CA1447-4-19,
CA1442 x CA1448-5-13, and CA1442 xCA1450-3-6 have potential to be used as parents for chili hybrid

development.

Keywords: Chili, F, hybrid, combining ability, heterosis
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UNARED: N19LITHUNUGNIINIBININWUE CA1441-J-8 Uaz CA1442 Antiunislnananiugiuuiiug ey
T PEPAC32 unz PEPAC38 WiInT9aae LAY i3 nte s 1esqnuandaniuile wudn wug CA1441-0-8 uaz
CA1442 Fugnssuuuuiug inunwadundis wise B line Anmaninasnsnlunissusaveswsnineuanda
semanul g inE AU CA1441-0-8 uaz CA1442  AuweuginAiing 6 ving 1sun CA1446-8-2,
CA1447-4-19, CA1448-5-13, CA1449-2-5, CA1450-3-6 uaz CA1451-5-11 gnisBeuifiauitufanuandaiivibiy
WauHUg uaziugn19A1 wuadn @ﬂmmu{qﬁuﬁq CA1441-J-8 x CA1450-3-6 ”lﬁms@miﬂ&iwmnanmmumuium
uiliinandngendtuaiiug Werngdaulug) wasiugnisdin (191971 2) gruandafiuiia CA1442 x CA1447-4-19
Widwninuawade 75.61 i SegandmEnyniugTinaden wiug CA1441-0-8 Raauanansalunissansiaialyl
WANANIBEL NN THANATYNNATR LNLINTBSANHTUEANMNENING UNWUE CA1442 HANANI0 TuN939NE0
yialuunnsinsedadiiadndnmaadilumeuenesdnensdminaaieae WU CA1450-3-6 HANAINNID
SLumiiquﬁfofﬂﬂLLmnﬁhq@fjwﬁﬁﬂé’]ﬁmmmamumamﬂmmﬂ?ﬁmmm@mﬁm dwiinuaiede uwazANna
wewug CA1447-4-19 pnuanunanlumsmusavialunnsineasneiiladn fymeadnluneuanaesdnemng
swiinuaeAn ANKNEHA WATATIHENINA wewug CA1448-5-13 flpmuanansalunesusiaialiluansing
atl 19l T ANATYNINAD A TUN LN VAIAN BT A INENIUE zmmmumqmwimmﬂwmmwuﬁmmumu
mmmmm”lummuL@wmmﬂm\immnwmmLmea@m\muﬂmmmmmam”l,umqmﬂmsj QnuaNgIu
o) ugnepanuiisuresgnuasiiviiandiAairemie-ulresdnenizd e dwinuaiad Aw
NANNA LAZAITNENINA Qﬂmmm:mw CA1441-J-8 x CA1450-3-6, CA1442 x CA1447-4-19, CA1442 x
CA1448-5-13 uay CA1442 x CA1450-3-6 winnzdmiu 1 lunnswmuniugwangnuas

[ a o

AANATY: NIN NUFHNHAN  ANAINNTD UNEIINAL  ANINALYBINNAN
AN NNIFINFAIBNANHIULNANARTBINI T L LW UE TN
e Tl iNenAsiug I ngnuassiall
Win (Capsicum  spp.)  fudgluned
= 1o A v = a L4 aa
Solanaceae Hunasniinluianiauraaatemsni aUnsaluaglisng
(Purseglove, 1968) nisuamnsn ludsemedsly

Weanesanis3lng anatfzesduinnudmegia  nisUsziiunugnssuatunnansuzaiy
nanemstul 2554 dszmelnedndawinuiisann  wluaaawsn

pinaLlszimAiyarn 766,273,487 U Mslduaaiug vﬂ”uﬁ:w??ﬂqﬂmmu%ﬁuﬁqiéﬁmﬂmmmuﬁ’uﬁ:
anuandunmaienvisfiagBinuandageaunng  seudisudwuginafilunsiu PEPACS2 LAY
WAZATIAINANINABINITUBIAANA UALNARWUE  PEPAC38  AuWewuf anuou 2 Wug laun wug
gnUANHTIAIUN wanzfadliussulunimennas  CA1441-J-8 uaz CA1442 Ha9sendnaihaniinuieni

wafraunauinlfifununisnangs MmOl Aonew 2552 futlamaaesaiaiafiean nneden
wnaswafidundunamuaniuggnuaniiliild  Ramasfuasningnssssnef AnsinemsAans o
@ean aeunaswAluaztaaanfiununisuac b AudIdY a1Bauarilneusunisinensudiiias
(Meshram et al., 1992) nsAnnindanlszasdifie  awinendadeslm ulniadaiuggnuaudaiii
dszifwiugnesuaesnsnuazdAnwmnnainnmly  dgnilssfiuiugnesufioentmnsaaauanuiatnge
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‘umw'a‘nmmmwuqsnmLWﬁgLﬂuvmu

wogannafiand (Gulyas et al., 2006) AEIWNZINAR
Wufgnuandonuileguanas 30 fu lwheuunsax
2553 eEnesnaenguiivaanguiazuiuludi
dnld fuar 5eenfivls 1 Au udafiansnybi
a17azA80sElnATRY 1 wWesidud nageumINn
Fnveasngnielfindesqansseil 3 afsludasnisasn
AN HANNIAIAABLANNNTIFLDILITUBIGNNANTY
PUlAzLAAEANDINLENITHTDIWRLE ASTl

Ay A a o o P

n. gnuasnfiandnyladfindiis 30 fiu uana
dfiunanufaesgnuaniiEunAouANAN L
psiluiulutiowdsailu msms uaziignesaly
T tnwanda lsiflumdizatng (N)

2. gnuaNfian@LnyRnana 30 fiu uanedn
furanuiesgnuaniiaunpuanan Ay
wiiu iflu MsMs  uazriugnasnulainnanduenadu
1nB (N) viseflumdu (S)

Py = Y v a o
A. gnuannfiandisngunfiufionnngd uas
unfiufionlaifn@iuiu uanadnfunanugans

dﬂldd dl o [ o [~
gnuanNdidunauananriza s unduiu
Msms  uazugnassululainnandnenaiuilng (N)
vigelumsii (9)

ATNAINITD LUNNTSINAIURING D
aFraiugningnuandafinile luideu
Houien 2552 Tnenaniugsend U iug i
unalil CA1441-J-8 Uay CA1442 rUIWEWUWEIWAE
Unf A1uau 6 Wug l6iun g CA1446-8-2, CA1447-
4-19, CA1448-5-13, CA1449-2-5, CA1450-3-6 LAy
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WufnauNauiuNeanug LALNAAgNHANLAYLgN
B euiuggnuandafiviaTune-wdwug waz
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2554 9NUNUNNINARRILLILgNANY IRl luLAen
3119 3 91 9182 10 Hu TufnBunmmaRAR 411
waRaku viinuaean AINNHA LAZALE
ua Uszidiuadnannisnlunissandainedinenzit
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Line x Tester Analysis FneiRtuea Kempthorne (1957)
UWAZAUINIAINALALTIBNGNHAN (ALTL, 2545) A

AYNALALTB ALAREUBIYNNAN-AIRAY

o
QNHANT

UDINDLUAZLN
wilandn = — . . x 100
N - ANDALUASWALAZIY
WaN (%)

NANISANE

NM3UsT A URUENITNAYLANAN HIUT AN
dunsduaasnwingnuandannileanlfannnisnan
LI WNARUG CA1441-0-8 UaY CA1442 fuusliug v
fiilunalis PEPAC32  uazPEPAC3S fiand@istyfion
a cal ' a a v v
azdlnAnsiu wudn ldfednnsiv uarunafiuinis
tuileu Ae Hanwuzsopdumiuusiivoindung
tuagfoelaifiv 5 wlafidus Tusuusiununnsiaii
wanaliiiiudnfunaiugaesgnuaniitunasunu
anwnuzanuumiuluiowaeadu msms  uas
wugnasululalnwanduldidunduvsednd (N)
(A13199 1)
g oea L 4o
manfFaumeuRugwengnuandanuile iy

o o

Wauduguaziugnisfii 2 wug tun Wuguieuas
TB2008 UAzWUFUINAABI192 WLT1 gNHAN
CA1441-J-8 x CA1450-3-6  lHinanangagn winiu
3255 GUAENGANT 9R9ANIABGNNAN  CA1442 x
CA1450-3-6 uaz CA1442 x CA1448-5-13 THiHANAR
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wanFNgiUNWana Tsnameatiinugnuandaulug)
NWaWUG CA1450-3-6 LAaTWUFN1IAT WA LTHANAR
NINNIWHAUG  CA1442 gnNaN CA1441-J-8 x
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Table 1 Fertility of pollen and genotypes of F, hybrid and male parent chilies

Number of plants Genotypes
Variety
Fertile Sterile F,hybrids Male parents
PEPAC32xCA1441-J-8 - 308" S msms N msms
PEPAC32xCA1442 - 28S+2l S msms N msms
PEPAC38xCA1441-J-8 - 30S S msms N msms
PEPAC38xCA1442 - 30S S msms N msms

'S s sterile plants, | is incompletely sterile plants with less than 5% normal pollen

NNNILHRUTuAY Qﬂmau‘ﬁ'ﬁ CA1441-J-8 1luual
Wug gnean CA1442xCA1447-4-19 Uiiminua
L@?:'mnggmmw?ﬂﬁuﬁwmauwi'ﬁu 75.61 nFuFBNA
WiTuE CA1441-08  Minaiidpnandnegagn 6.01
IURLIAT ?ﬁqn%wndwv”uﬁfw?ﬂﬁwm IIAIHNAD
ANNANTIRY  CA1441-J-8 x CA1450-3-6, CA1442 x
CA1447-4-19 UacCA1441-J-8 x CA1447-4-19 %\‘i‘fl
ANNNANNA WINU 4.56, 4.54 uar 4.49 LHURINAT
PANAAL gnnasieEnaLETTAan e aisn Ty
NNADF WoWug CA1447-4-19  1HiAnuenINageqn
VRININWUTNARBL WL 19.73 LIURANAS R
meﬁiwmjwﬁﬁmﬁﬁﬁﬂ;mmﬁﬁﬁuﬁuﬁ:ﬁwm
909891170 Wau§inAgUNF CA1451-5-11 gnuan
CA1441-J-8 x CA1447-4-19  uazwanug CA1448-5-
13 TAuenaua 19.09, 18.60 UAT 17.45 URLUAT
PNANAL TeannEaNATEINENTL 3 WU AN
usneinafuaenliadAyneais (R 1 uae
9197 2)
mstlssdiupanuanansnlunissaadasialy
WUFT WNAUG CA1441-J-8 UanaAINaINsnlung
muﬁqﬁﬂﬂ‘ummmmqmmwmﬁqq@ﬂﬂqﬁﬁmﬁﬁﬁm
NNATA LUWNNLIN WA 0.66 LATLAAIAINAINIID
Tumasansarialreseeunineaaluneman g
CA1442 uanaparuamnsalunissandavallaes
ﬁfmﬁﬂmszﬁ'ﬂmeﬁmmjwﬁﬁﬂzﬁﬂﬁa&mqmﬁmu
NNUIN WAL 227 WAZLARIANINATINITD 1WNNS
sl ressaudauazswaunasefulunieuan
WaWug CA1450-3-6 UAAIAIINAINITD LUN39INAT
il aeanananuansinsetinadiedrAynieadily
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NNUINRAIWNGL 7.69 Wl CA1447-4-19 uaz
CA1450-3-6 uanspamanssnlumssansaialees
winuaedsiinnuuansinset 1 i Aomng
AT lUn9LINAAWINTL 13.63 Uaz 3.08 ANNRAL
AVFLANH AN NNANLL) WG CA1446-8-
2, CA1447-4-19 uazr CA1450-3-6 LAAIAINNAININ
TunnssansaialUunnsn e R AN Ay eadialu
MLANTAWANTL 0.06, 0.23 WAz 0.11 AMNATGL e
Wuf  CA1447-4-19  uaz CA1448-5-13
ArmaN T lun1TsanAaTiall1eeA NEana

LAAN

uAnsi e W TEA A Nat s lunsuandAnmianu
2.05
muﬁqLfnww:mmwmQﬂmmu{qﬁuﬁq WUIN QKA
%ﬁiuﬁwm@mu CA1441-J-8 x CA1446-8-2,
CA1441-J-8 x CA1449-2-5, CA1441-J-8 x CA1451-
5-11, CA1442 x CA1447-4-19, CA1442 x CA1448-5-
13 waz CA1442 x CA1450-3-6 HAIANAINIID I
nMTIINARNIZIANZAsLANANaE 9 TTE AN
aflumaanrasiminuawan AHAN CA1441-J-8
x CA1450-3-6, CA1441-J-8 x CA1451-5-11, CA1442
x CA1446-8-2 wag CA1442 x CA1448-5-13
ANNANNNID TUNTFNFALRNZIAZAUAN 5 19aE 193]

WA 1.34 AINAAL AIUANAINITD NS

=
N

UEA AN NATH N NLINTBIANNNANHA  ARAN
CA1441-J-8 x CA1447-4-19, CA1441-J-8 x CA1449-
2-5, CA1441 x CA1450-3-6, CA1441-J-8 x CA1451-
5-11, CA1442 x CA1446-8-2 wae CA1442 x
CA1448-5-13 fAauanunsnlunissausn
lNIzazaduAns 19l TadN Aty n1ad 5y
NWNLINTBIANHENING (mimﬁfi 3)



AMNAINNITO LUNTTTINAIUDIRNHULHANAR

a S0y 1w do v G| o
aaswsninldudwuginswagitlumiu

Figure 1 Fruit characteristics of chilies; female paren

- E

t varieties; (a) CA1441-J-8, (b) CA1442; male parent

varieties; (c) CA1447-4-19, (d) CA1448-5-13, (e) CA1450-3-6 ; F1 hybrid varieties; (f) CA1441-
J-8 x CA1447-4-19, (g) CA1441-J-8 x CA1450-3-6, (h) CA1442 x CA1447-4-19, (i) CA1442 x

CA1448-5-13, (j) CA1442 x CA1450-3-6

nMatiansiaraisuresgnuaniivilandd
ANlRAsUnIe- L (%Hp) WL ANHOUEHANAAUD
@:N’MJ CA1442 x CA1448-5-13, CA1442 x CA1450-
36 LAY CA1442 x CA1447-4-19 HA4aLvi1 iy
157.12, 110.51 uaz 103.34 iwedidus muaisu uay
ANAN  CA1442 x CA1449-2-5 ﬁﬁw‘iqﬁqm WA N
Auanlaiipauuans1set i dadAgynieaia
@:N@N CA1441-J-8 x CA1446-8-2, CA1441-J-8 x
CA1449-2-5, CA1441-J-8 x CA1450-3-6, CA1441-J-
8 x CA1451-5-11, CA1442 x CA1446-8-2, CA1442 x
CA1447-4-19, CA1442 x CA1448-5-13, CA1442 x
CA1449-2-5, CA1442 x CA1450-3-6 UarCA1442 x
CA1451-5-11 fiduaunasefufinanspanudisuses
QAN LR ETasE-w T AN LANssatnad]
WA 1ATYNINADA IUNNUIN AraN CA1441-J-8 x
CA1447-4-19, CA1441-J-8 x CA1449-2-5, CA1441-
J-8 x CA1450-3-6, CA1441-J-8 x CA1451-5-11,
A1442 x CA1447-4-19, CA1442 x CA1448-5-13,
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CA1442 x CA1449-2-5, CA1442 x CA1450-3-6 LaL
CA1442 x CA1451-5-11 iminuaiedeiuanspnn
AAuTesgnuANMedadnraee-ulTpaw
wANFAeat NN TEA1ATYN AT lUnNeuan fran
CA1441-J-8 x CA1447-4-19, CA1442 x CA1446-8-2,
CA1442 x CA1447-4-19, CA1442 x CA1448-5-13,
CA1442 x CA1449-2-5, CA1442 x CA1450-3-6 QY
CA1442 x CA1451-5-11 fipnnaniauaiinansnanu
AAuzesgnuduivilaAadtasna-ulatingd
HAAVIATYNINAT A UNIUIN AHAN CA1441-J-8 x
CA1446-8-2, CA1441-J-8 x CA1447-4-19, CA1441-
J-8 x CA1448-5-13, CA1441-J-8 x CA1449-2-5,
CA1441-J-8 x CA1450-3-6, CA1441-J-8 x CA1451-
5-11, CA1442 x CA1446-8-2, CA1442 x CA1447-4-
19, CA1442 x CA1448-5-13, CA1442 x CA1450-3-6
waz CA1442 x CA1451-5-11 flﬂ']’]NF_I’VJN@‘?]I AN
NN LTI HANT R AR BT Waiagned]
HadATuMeaA lunsuan (mmqﬁ 4)
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Table 2 Horticultural characteristics of chilies

Yield Fruit number Fruit weight Fruit width Fruit length
Variety

(tha) per plant (9) (cm) (cm)
F1 hybrid
CA1441-J-8 x CA1446-8-2 21.43 af" 14 d-i 58.93 e 4.28 de 14.04 |
CA1441-J-8 x CA1447-4-19 20.67 a-f 14 d-h 68.24 b 4.49 bc 18.60 c
CA1441-J-8 x CA1448-5-13 21.64 a-f 11 g-i 39.45 k 3.95h 1717 e
CA1441-J-8 x CA1449-2-5 19.25 b-f 17 b-g 52.78 g 4.30d 14.44 |
CA1441-J-8 x CA1450-3-6 3255a 20 a-f 54.51 f 456 b 16.64 f
CA1441-J-8 x CA1451-5-11 28.40 a-d 24 a 62.28 d 4.20 ef 15.69 h
CA1442 x CA1446-8-2 19.71 a-f 13 e-i 55.59 f 442 c¢c 16.35 g
CA1442 x CA1447-4-19 28.65 a-d 18 a-f 75.61a 454 b 16.47 fg
CA1442 x CA1448-5-13 30.51 a-c 16 b-h 61.86d 4.15f 16.48 fg
CA1442 x CA1449-2-5 14.28 ef 15 d-h 50.06 h 4.30d 11.46n
CA1442 x CA1450-3-6 31.96 ab 20 a-d 68.25 b 4.23 d-f 14.26 k
CA1442 x CA1451-5-11 25.77 a-e 19 a-f 52.01¢g 4.05¢g 13.921
Female parent
CA1441-J-8 15.56 d-f 10 hi 66.01 c 6.01a 10.79 0
CA1442 9.51f 7i 59.30 3.97 gh 8.30 p
Male parent
CA1446-8-2 16.99 d-f 10 hi 55.57 f 4.00 gh 15.50 i
CA1447-4-19 18.67 c-f 18 a-f 45.03 i 2.64n 19.73 a
CA1448-5-13 14.22 ef 13 f-i 38.77 k 2.75m 17.45d
CA1449-2-5 18.01 c-f 18 a-f 33.48 | 3.35k 15.59 i
CA1450-3-6 20.85 a-f 22 ab 41.16 ] 3.52] 16.48 fg
CA1451-5-11 18.72 c-f 20 a-e 32431 2470 19.09b
Commercial variety
Nang Nual TB2008 15.67 d-f 21 a-c 29.85m 3.191 10.68 0
Pak klong 192 15.50 d-f 15c-h 42.33 ] 3.72i 12.05m

38.33 24.7 1.77 1.32 0.71

%CV

"Means within column with different letters differ at P<0.05 according to least significant difference
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Table 3 Estimates of general combining ability and specific combining ability effects for horticultural

characteristics of chilies

Yield Fruit number Fruit weight Fruit width Fruit length
Variety
(t/ha) per plant (9) (cm) (cm)
general combining ability, GCA
Line
CA1441-J-8 -0.58 -0.21 -2.27** 0.01 0.66™*
CA1442 0.58 0.21 2.27* -0.01 -0.66**
Tester
CA1446-8-2 -4.00 -3.23 -1.03* 0.06* -0.29**
CA1447-4-19 0.09 -0.84 13.63** 0.23** 2.05**
CA1448-5-13 1.51 -3.04 -7.65** -0.24** 1.34**
CA1449-2-5 -7.80* -8.81 -6.88** 0.01 -2.53**
CA1450-3-6 7.69* 3.21 3.08** 0.11** -0.03**
CA1451-5-11 2.52 4.71 -1.15* -0.16** -0.54**
specific combining ability, SCA

Crosses
CA1441-J-8 x CA1446-8-2 1.44 0.46 3.93** -0.08* -1.81**
CA1441-J-8 x CA1447-4-19 -3.41 -1.64 -1.42* -0.03 0.40**
CA1441-J-8 x CA1448-5-13 -3.86 -2.57 -8.94** -0.11** -0.32**
CA1441-J-8 x CA1449-2-5 3.06 1.35 3.63** -0.01 0.83**
CA1441-J-8 x CA1450-3-6 0.87 -0.05 -4.60** 0.16™* 0.53**
CA1441-J-8 x CA1451-5-11 1.90 2.45 7.40** 0.07* 0.36™*
CA1442 x CA1446-8-2 -1.44 -0.46 -3.93** 0.08* 1.81**
CA1442 x CA1447-4-19 3.41 1.64 1.42* 0.03 -0.40**
CA1442 x CA1448-5-13 3.86 2.57 8.94** 0.11** 0.32**
CA1442 x CA1449-2-5 -3.06 -1.35 -3.63** 0.01 -0.83**
CA1442 x CA1450-3-6 -0.87 0.05 4.60** -0.16** -0.53**
CA1442 x CA1451-5-11 -1.90 -2.45 -7.40%* -0.07* -0.36**
SE GCA (line) + 1.92 0.97 0.22 0.08 0.03
SE GCA (tester) 3.32 1.67 0.39 0.14 0.05
SE SCA 4.70 2.37 0.55 0.19 0.06

*significant difference at P<0.05, ** significant difference at P<0.01
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Table 4 Heterosis of F, hybrid chilies

Heterosis (%H )

Variety Yield Fruit number Fruit weight Fruit width Fruit length
(t/ha) per plant (9) (cm) (cm)

CA1441-J-8xCA1446-8-2 31.69 36.85* -3.05* -14.58** 6.82**
CA1441-J-8xCA1447-4-19 20.81 -0.12 22.92** 3.85%* 21.84**
CA1441-J-8xCA1448-5-13 45.34 -6.50 -24.71%* -9.72* 21.56**
CA1441-J-8xCA1449-2-5 14.71 20.19** 6.10** -7.97* 9.51*
CA1441-J-8xCA1450-3-6 78.78 21.33* 1.74* -4.15%* 22.06**
CA1441-J-8xCA1451-5-11 65.72 58.59** 26.54** -0.77* 6.83**
CA1442xCA1446-8-2 48.72 54.01** -3.21* 10.72** 37.38*
CA1442xCA1447-4-19 103.34 40.99** 44.95** 37.23* 17.52%*
CA1442xCA1448-5-13 157.12 61.80* 26.15** 23.42* 28.01*
CA1442xCA1449-2-5 3.78 15.89** 7.91* 17.45** -4.04**
CA1442xCA1450-3-6 110.51 36.82** 35.87* 12.85** 15.08**
CA1442xCA1451-5-11 82.49 42.23** 13.39** 25.64** 1.66**

*significant difference at P<0.05, ** significant difference at P<0.01

%H_ is heterosis over mid-parents = ((F1 - MP) x 100)/MP
a L4
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Seed Morphology and Polyphenolic Compounds of Longan
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Abstract: Seed morphology and polyphenolic compounds of the different longan cultivars from germplasm
collection plot of Hari Phun Chai Longan Development and Research Station were investigated at the fruit
mature stage in July 2013. Comparative studies were considered in two groups of longan cultivars; 1) totally 8
cultivars planting in the north of Thailand and other regions, and 2) totally 17 cultivars of ‘Daw’ cultivars group.
Seed characteristic and polyphenolic compounds content in their seed extracts by high performance liquid
chromatography were determined. The results showed that seed characteristics of cv. ‘Phetyala’, ‘Thao’, and
‘Vietham’ had seed size bigger than the cultivars planting in the north. Seeds of cv. ‘Phuangthong’ showed the
smallest seed size in all traits. Shape of seed in some cultivars could be used as characteristic of their cultivars.
Analysis of polyphenolic compounds in seed found that the gallic acid was accumulated less concentration than
ellagic acid. Especially, the accumulation of both acids in cv. ‘Thao’ seed gave the least concentration when
compared with all cultivars. Comparative characteristic between ‘Daw’ cultivars group revealed that there was a
large seed size of cv. ‘Daw Auntasunuk’ but it had the least concentration of polyphenolic compounds.
However, the high quantity of gallic acid and ellagic acid in seed of cv. ‘Daw Kaankhaeng’ were 1.21 £0.14 and

2.22 +0.14 mg/qg, respectively.

Keywords: Longan seed, germplasm, phenolic compounds, gallic acid, ellagic acid
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Figure 1 Chemical structures of gallic acid and ellagic acid
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Table 1 Seed characteristics of the different longan cultivars

Cultivars Width Length Thickness WI/L ratio*
(mm) (mm) (mm)

Daw Kaan-on 13.34 £0.34 d 12.66 +0.28 ¢ 11.09 +0.35 d 1.05 £0.01 ab
Biaokhiao Chiangmai 13.77 £0.72d 12.85+0.57 ¢ 11.60 £0.70 ¢ 1.08 £0.02 a
Haeo 12.53+0.35 ¢ 11.76 £0.29 d 10.99 +0.21 d 1.07 £0.01 a
Chomphoo 12.34 +0.29 ef 1251 +0.34 ¢ 10.34 £0.25 ¢ 0.99 +0.02 ¢
Phuangthong 11.95+0.28 f 11.34 £0.25d 9.88 £0.04 e 1.06 £0.03 ab
Vietnam 15.17 £0.35¢ 15.74 +0.22 b 12.52 +0.19b 0.96 +0.01 d
Phetyala 17.78 £0.31 a 17.11 £0.31 a 14.74 +0.58 a 1.04 +0.01 b
Thao 16.92 £0.31 b 17.49 +£0.30 a 14.94 +0.21 a 0.97 £0.02 cd
% CV 2.77 2.39 3.15 1.77
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ABNITZANANLEY AEATN LATABHDAKAY HANHUE
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mmm?ﬁgﬂi’w‘umLmﬁm’lumiﬂ%ﬁLLuﬂﬁuﬁm@ﬁqmu
Wuﬁfj@aﬂmnﬁuiﬁ Imenflunuy elongated spheroid,
spheroid LA flattened spheroid Iuﬁuﬁ:mﬂﬂiz@jﬂmu
e AERIN UATABLBALAY AINAIAL AIURUEAD
B Bnewesdalaiuansinausnnin gaula)lu
nquWugnefiilglsendaiiuuuy  flatened
spheroid  Rifle 3 Wug e Wufmeludn aetinie
ABNTEANATUE e ALy elongated spheroid
Avenaldauimuaniudayalszaniugls lnad
v’fuqmmmuammmLuﬁmﬁﬁﬁnnmm@wqmmﬁuﬁ:
fuinufunlgeiugReAnemiues] (Sundaresan, 2005)
TumsAnsifBanuansilsznauInanuealy
wananly TmﬂfﬁmmﬁﬂLmﬂmmmﬁmﬂummq:
28941189 WU91 AnANdinduresaisazane
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Table 2 Seed characteristics of ‘Daw’ cultivars group

‘Daw’ cultivars Width Length Thickness WI/L ratio*
(mm) (mm) (mm)

Daw Auntasunuk 14.74 £+0.44 a 12.17 £0.46 a 14.33 £0.37 a 1.03 £0.01 bedef
Daw Donchai 12.83 £0.61 cde 11.41+041b 12.33 £0.63 efgh 1.05 £0.03 abcd
Daw Hom 13.562 +0.20 b 11.49 +0.19b 13.08 +0.38 bc 1.04 £0.03 abcde
Daw Taheng 13.16 £0.27 bcd 10.81 £0.15 cd 12.88 +£0.36 bcd 1.02 £0.01 def
Daw Baidam 12.57 £0.25 ¢ 10.47 £0.19 de 13.23+0.32b 0.95 +0.02 hi
Daw Khamlanng 12.69 +0.35 de 10.82 £0.39 cd 12.42 +0.36 defgh ~ 1.02 £0.01 def
Daw Namphueng 12.56 £+0.27 e 10.85 £0.20 cd 12.85+0.12 bcde  0.98 £0.02 gh
Daw Yodkhao Nan 12.89 +0.20 cde 10.93 +£0.25 cd 12.70 £0.33 bedef ~ 1.02 +0.02 ef
Daw 49 12.58 +0.52 ¢ 10.88 +0.36 cd 11.91 £0.43 hi 1.06 £0.02 ab
Daw Baanhonge 12.36 £0.58 e 10.83 £0.63 cd 12.07 £0.61 gh 1.03 £0.02 cdef
Daw Kradook Dansai  11.34 +0.41 f 9.84 +0.32 fg 11.94 +0.27 hi 0.95+0.03i
Daw Sukhum 11.562 +0.34 f 9.58 +0.18 g 11.48 £0.24 jj 1.00 +£0.02 fg
Daw Jae 12.90 £0.74 cde 10.33£0.73 ¢ 12.35 +£0.69 efgh 1.05 +0.03 abcd
Daw Yoddaeng 11.72 £0.71 ¢ 10.32+0.35 ¢ 11.02 £0.44 j 1.06 £0.03 a
Daw Yodkhao 13.30 £0.43 be 11.27 £0.33 be 12.59 +0.53 cdefg  1.06 +0.02 ab

Daw Kaan-on

Daw Kaankhaeng

13.34 +0.34 bc
12.61 £0.33 de

11.09 £0.35 be
10.30 £0.27 ef

12.66 +0.28 cdef
12.21 £0.33 fgh

1.05 £0.01 abc
1.03 +0.03 becdef

% CV

3.47

3.36

3.45

2.21

Means +SD within a column followed by the same letter are not significantly different by LSD at P<0.05

*>1 = flattened spheroid, 1 = spheroid, <1 = elongated spheroid
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Figure 2 Calibration curves of gallic acid (A) and ellagic acid (B)
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Figure 3 HPLC chromatograms of genuine substances (A) and longan seed extract (B) monitored at the

detection wavelength of 280 nm. (Arrows indicated gallic acid (a) and ellagic acid (b) peaks.)
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Table 3 Analysis of polyphenolic compounds content in longan seed extract of 8 cultivars

Gallic acid Ellagic acid
Cultivars
(mg/g) (mg/g)

Daw Kaan-on 0.77 £0.14 a 1.66 £0.42 a
Biaokhiao Chiangmai 0.66 +0.03 ab 1.62 +0.13 a
Haeo 0.27 £0.03 de 1.38£0.11 a
Chomphoo 0.37 £0.06 cd 1.32+0.18 a
Phuangthong 0.24 +0.11 de 0.93+0.23 b
Vietnam 0.50 £0.14 bc 0.63 £0.10 bc
Phetyala 0.61 £0.17 ab 0.58 +0.02 bc
Thao 0.10+0.07 e 0.43+0.27 ¢

Means + SD within a column followed by the same letter are not significantly different by LSD at P<0.05. n=3

nIALNAAN fmLquiuwuﬁmmmmmmmmmm
In&Aseiu danAdeeiuseenuLes Soong  and
Barlow (2005) l#ataszilundnanlenuinsawanan
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Wugpafiugeuinsaunaangengawiniy 0.77 +0.14

]
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Table 4 Analysis of polyphenolic compounds content in longan seed extract of ‘Daw’ cultivars group

Daw cultivars Gallic acid Ellagic acid
(mg/g) (mg/g)

Daw Auntasunak 0.34 £0.28 e 1.26 £0.17 e
Daw Donchai 0.3310.20 e 1.62 +£0.16 de
Daw Hom 0.4510.14 de 1.65 +0.27 de
Daw Taheng 0.38 £0.19 de 1.66 £0.13 de
Daw Baidam 0.42 +£0.08 de 1.63+£0.19 de
Daw Khamlanng 0.45 +£0.30 de 1.99 +0.28 cd
Daw Namphueng 0.46 £0.19 de 2.04 £0.18 bed
Daw Yodkhao Nan 0.46 £0.13 de 2.681+0.55a
Daw 49 0.51 +£0.14 de 1.98 £0.15 cd
Daw Baanhonge 0.45 +£0.07 de 2.24 +0.08 abc
Daw Kradook Dansai 0.47 £0.17 de 1.71 £0.06 de
Daw Sukhum 0.52 +£0.10 de 1.92 £0.11 cd
Daw Jae 0.881+0.49b 2.22 +£0.05 abc
Daw Yoddaeng 0.58 £0.18 cd 2.1040.13 bed
Daw Yodkhao 0.81 £0.10 be 2.5110.15 ab
Daw Kaan-on 0.77 £0.14 bc 1.66 £0.42 de
Daw Kaankhaeng 1.21+0.14 a 2.22 £0.14 abc

Maisuthisakul (2008) linana31 Wuﬁjlﬂuﬂ@ﬁwﬁﬁﬁ
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AANISLELTALAZAMNINHATAIRNTaNUENDIA

Effects of 3,5,6-Trichloro-2-Pyridyloxyacetic Acid and Glucose

on Fruit Growth and Quality of Pomelo cv.'Thong Dee’

oigasl wumsilseAng” g8 dusnswd” uasagal uawsun”

Nuttawut Netpradit”, Chuchat Santasup" and Daruni Naphrom"

(Received: 24 June 2014, Accepted: 28 August 2014)

Abstract: The study on effect of 3,5,6-Trichloro-2-Pyridyloxyacetic Acid (3,5,6-TPA) and glucose on fruit growth
and quality of pomelo cv. ‘Thong Dee’ was carried out at Wiang Kaen District, Chiang Rai Province, Thailand.
Experimental design was factorial (2x3)+1 in CRD with 3 replications. The first factors were glucose
concentrations at 450 and 550 mg/l. The second factors were 3,5,6-TPA concentrations at 10, 20 and 30 mg/I.
Foliar spraying was done at 15 and 22 weeks after anthesis. It was found that there was an interaction between
the two factors on fruit growth. Spaying 450mg/I and 550 mg/l glucose combined with 20 mg/l 3,5,6-TPA
enhanced percentage of fruit growth higher than other treatments but not different as compared to control.
Application of 20 mg/l 3,5,6-TPA showed better quality of pomelo fruit in terms of fruit weight, fruit pulp, pulp/peel
and rind thickness more than 10 and 30 mg/l 3,5,6-TPA but it was not different from the control. Total soluble
solid (TSS) contents were lower in all treatments than the control. Furthermore, limonin and naringin seemed to

decrease after spraying with 550 mg/lI glucose and 10 mg/l 3,5,6-TPA.

Keywords: 3,5,6-TPA, Glucose, Naringin, Limonin, fruit growth, pomelo
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045pm nylon filternautinlddmanzid Tnawmaiia
HPLC (Rouseff, 1988)

AANTITNANRY

M3 uLALlRUDING

annmasAnE L esesladeillf dutus
MU (interaction) N3nuNg laa 450 NaanFusiadnIuAY
550 HaanIuFaans SN 3,5,6-TPA 20 Haaniuse
ams M liiiedidudniadulnaesnaninndingsuds
Bu 7 uwtlslumnsineannnesdiaun Taad ilefidust
mﬂﬁuimmmmﬁ@mq 4 hiauwiniy 112.29, 107.17
uar 10562  lafifud mauansu u‘ﬂﬂ‘ﬂﬂﬁ”l,‘fll‘ﬂ@]
\BWIHATES 3,5,6-TPA WLGN NNsHL 3,5,6-TPA 71 20
Haanfuseansliilefiiudniniuinuesnagegn
PABANNTNAREY 709892 AB ATNENEW 30 uaz

10 HAsdniusiedns Tnadulefifuinisfulnaesns
deeny 4 Wewwintu 10062, 90.00 uaw 84.16
wefifus mudsu usiBunmunglaaiililiduase
madulaes (e 1)

ATUNINHARAR

NaN1INARBINUT1TedaaTade |l
Ujduiusiudennninnanas atrelsininly
m‘mﬁ%ﬁw'w%qm@ﬁm 550 HaAnTuARARITINAL
3,56-TPA 20 HadnFusieans Aanumuaan 1.25
ufiuns Geflun il Renunendnnemiitauny
fiflaammnilien 1.47 iifiune Weganiznazes
3,5,6-TPA WU NMINL 3,5.6-TPA 20 HAANTNABART
iriwinua dwiinile dadauszwinaidesianlden
WazANMWLLASN RAnNINANIINsNURat 3,5,6-
TPA 10 Ua2 30 NAANSNFAART (mm\ﬁﬁ' 2)

Table 1 Effect of 3,5,6-TPA and glucose on fruit growth after treatment

Fruit Growth (%)

Treatment

Month 1 Month 2 Month 3 Month 4
Control 48.56 AB 77.16 ABC 92.28 AB 105.62AB
Glucose 450 mg/l + 3,5,6-TPA 10 mg/| 43.58 A 70.04 BC 81.99 C 84.87 C
Glucose 450 mg/l + 3,5,6-TPA 20 mg/l 52.50 A 83.75 A 103.23 A 112.29 A
Glucose 450 mg/l + 3,5,6-TPA 30 mg/l 43.24 B 69.13 C 81.98 C 87.58 C
Glucose 550 mg/l + 3,5,6-TPA 10 mg/l 4353 B 66.46 C 77.79C 83.45C
Glucose 550 mg/l + 3,5,6-TPA 20 mg/| 51.69 A 81.34 AB 99.67 AB 107.17 AB
Glucose 550 mg/l + 3,5,6-TPA 30 mg/l 44.04 B 73.92 ABC 87.05BC 92.59 BC
Glucose 450 mg/l 46.44 74.30 89.07 94.84
Glucose 550 mg/l 46.42 73.91 88.17 94.35
3,5,6-TPA 10 mg/l 43.56 b 68.25b 79.89 b 84.16 b
3,5,6-TPA 20 mg/I 52.09 a 82.55a 101.45 a 109.62 a
3,5,6-TPA 30 mg/l 43.64 b 7153 b 84.51b 90.00 b
Glucose x 3,5,6-TPA * * * *
Glucose ns ns ns ns
3,5,6-TPA * * * *

A, B, C: Mean within column with different letters differ significant at P<0.05 according to LSD test(interaction)

a, b: Mean within column with different letters differ significant at P<0.05 according to LSD test(main factors)

ns: Non sigfinicant
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Table 2 Effect of 3,5,6-TPA and glucose on pomelo cv. ‘Thong Dee’ fruit quality

Fruit weight” Pulp vveight” Peel weight Pulp/pee Rind thickness”
Treatment Y

) ) ) I (cm)
Control 1062.0 637.77 363.68 1.77 1.47
Glucose 450 mg/l + 3,5,6-TPA 10 mg/l 884.0 482.92 344.79 1.42 1.50
Glucose 450 mg/l + 3,5,6-TPA 20 mg/l 1036.5 587.46 352.81 1.70 1.33
Glucose 450 mg/l + 3,5,6-TPA 30 mg/l 926.3 556.96 343.10 1.65 1.36
Glucose 550 mg/l + 3,5,6-TPA 10 mg/| 901.3 511.70 329.90 1.58 1.44
Glucose 550 mg/l + 3,5,6-TPA 20 mg/l 1030.3 639.20 327.42 1.95 1.25
Glucose 550 mg/l + 3,5,6-TPA 30 mg/l 861.1 512.24 333.84 1.53 1.45
Glucose 450 mg/l 948.92 542.44 346.90 1.59 1.39
Glucose 550 mg/l 930.90 554.38 330.38 1.68 1.38
3,5,6-TPA 10 mg/I 8926 b 497.31 b 337.35 1.50b 147 a
3,5,6-TPA 20 mg/I 1033.4 a 613.33 a 340.12 1.82 a 1.29Db
3,5,6-TPA 30 mg/I 893.7b 534.60 ab 338.47 1.59 ab 1.40 ab
Glucose x 3,5,6-TPA ns ns ns ns ns
Glucose ns ns ns ns ns
3,5,6-TPA * * ns * *

"Mean within column with different letters differ significant at P<0.05 according to LSD test, ns = non significant
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Table 3 Effect of 3,5,6-TPA and glucose on pomelo cv. ‘Thong Dee’ chemical position

TSS TA TSS/TA Limonin Naringin
Treatment

(°Brix) (%) (ppm) (ppm)
Control 8.24 A 0.68 12.69 31.67 206.70
Glucose 450 mg/l + 3,5,6-TPA 10 mgl/l 7.33BC 0.84 9.28 32.72 215.30
Glucose 450 mg/l + 3,5,6-TPA 20 mg/l 7.66 AB 0.77 10.92 33.81 223.28
Glucose 450 mg/l + 3,5,6-TPA 30 mg/l 7.83 AB 0.73 11.57 33.39 223.71
Glucose 550 mg/l + 3,5,6-TPA 10 mg/| 7.09 BC 0.79 9.46 28.45 163.76
Glucose 550 mg/l + 3,5,6-TPA 20 mg/l 7.46 ABC 0.71 11.21 30.18 204.19
Glucose 550 mg/l + 3,5,6-TPA 30 mg/l 6.77 C 0.82 8.89 35.10 226.24
Glucose 450 mgl/l 7.61a 0.78 10.59 33.31 220.76
Glucose 550 mgl/l 7.11b 0.77 9.85 31.24 198.06
3,5,6-TPA 10 mg/| 7.56 0.82 9.37 30.58 189.53
3,5,6-TPA 20 mg/| 7.30 0.74 11.07 31.99 213.73
3,5,6-TPA 30 mg/| 7.21 0.78 10.23 34.25 224.97
Glucose x 3,5,6-TPA * ns ns ns ns
Glucose * ns ns ns ns
3,5,6-TPA ns ns ns ns ns

A, B, C: Mean within column with different letters differ significant at P<0.05 according to LSD test(interaction)

a, b: Mean within column with different letters differ significant at P<0.05 according to LSD test(main factors)

ns: Non sigfinicant

(Mishra et 2009) @9Un13NU 3,5,6-TPA 20
HaanFusednsin Winaulazeswaiug lfingandd
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s aenARediunmAnesas Agust et
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B uFeINNMAaed 30 Tu wazlunimasases
Duarte et al. (1996) 31871497 NNIWUENT 2,4-D 17 D
20 Haaniuseansliinuds Clementine vinltidmsnis
Wulnrasnagendnssuisatuguatiglafiniu
waidudnisiulnresualiiaouuansieann
nesBauAilesnIzaznanasmHuansealsl
WMuNZAN ANnIsAnaeedyde (2532) wudn nna
Winunauanadnladinaiulaniesdiiuacnguas
WuhAusnaeeeinendaluges 12-14 dumasiusn
sfsaneenuy fafhussesd 2 vesmafulpees
4 A svaznnarenennasnesad Wuszesiinadl
mm?ftyLL@:LﬂﬁﬂuLLﬂmmnﬁm wazanadlugag

182

flansi 16-18 ‘Mmmnmﬂﬂmuslumuwm@muimLam
WENATIUIN MEIANABNLNY 15 FalaneT uazasen
aasie 22 dlai Fenswuanslusresinluli1Fdn
nadulavnasinM WA U TRNRTNANATID LA
Fathunadnenlunasellrsasriuansluszes 12-14
f&“ﬂmﬁmﬂ‘wﬁqmﬂm@ﬂuﬁudquluﬂiﬁuﬁﬁﬁvduﬂ@uiﬂm
nANinduTaNiL 3,5,6-TPA 10 Az 30 Haania
saans s lfefusnnAulnessaniniingsds
pauan dul1Edaadindiuilenalaimanzaaiy
MsfmLnaesdale F9pdneTUNNIMARDRY Saleem
et al. (2008) 2123 NNT LT 2,4-D 10 Haaniusaang
ﬁﬁiﬁi‘f’]uﬁﬂm@%mﬁ@ﬂﬂdmﬁﬁ%muam uaz Emer
et al. (1993) Wuin Sefnafiuanudisiiuaes 2,4-D
Auia 40 Raaniusedns nnlHiaunmaesd Valencia
LANAY ABAAAANALIN1INAREILRY Yildiim
(2011) $187U31 N7 3,5,6-TPA 40 RaAn5HADAMNT

et al



uaa3ngm 3,5,6-Insaaals-2-Iwinaaandazdnnuaznglag

pansiiulauasAuWHaTasdulanuiNash

v ldiarnAnsInsed e Valencia ANNNsINAT
AILIAN

ANUATUINTWEANRANLIAN N1INUAYE 3,5,6-
TPA 20 Hadniusedans slitinmiings siviinie
Fadauszudnailesewlden uazaauvunlaan o
ADANINANTINNINY 3,5,6-TPA 10 WAz 30 HaAniusie
ARTARNENUNIINAARIURI Erner et al. (1993) 3181714
1NN3UE 2,4-D 20 AaanFuFAeans N1 HinsRaANaLAas
PUNANATEIEN Valensia WAz Shamouti L‘Wlmgjﬁymﬁﬂ
WILAUNIINABAILAN UAZAINNIIIENIUTBY Stern
et al. (2000) WL N9lE 3,5,6-TPA 20 TaAniusie
ams ﬁﬁ‘lﬁi‘fﬁﬁﬁﬂmmm'ﬁvﬁlﬁuﬁ ‘Floridian”  Uaz
‘Mauritius' §1nnd1vnn3ssaset 9 lsfinalaisiieann
nesuAzAauan WullEdnaanudiiudenadals
mmmﬂum?ﬁmm@mmwmwi'r?ims N13ANEA
pfssinlilonaiinanadinduili 15 uay 25 Saaniu
AOART uanmnﬁyma?w'uﬂg‘llmm 550 Naaniuseans
$ouAL 3,5,6-TPA 20 Raaniumeans Nuudliils
wWaenuendngsndsacuax faenaiflunaresaan
FuganAfeeTUNIANE T8 A0y LarA3al (2553)
278971131 NI NAA ﬁu%uﬁuﬁmﬂ{ﬂﬁzﬁﬂﬁ
wlaanunandngssds AUl

AnsAnENsIAsuulasnsesdlszna
manRluindudatanuin naviunglaasINmiy 3,5,6-
TPA  ynnasds mliiBunnewdsiiazanainly
Fanun (TSS) rﬁ'mdﬁmiu?ﬁmuqm AEREITIEE
NAABITRY Saleem et al. (2007) WUINNTHE 2,4-D 20
AaanFurefansiudn Blood Red vnl#dUTuN0e TSS
FANAINIsAIBATLAN UA Saleem al. (2008)
129U NINUANT 2,4-D  AuLndw 10-45
AaanFusieansiudu Blood Red ML Funnuasuda

et

fazanenivl (TSS) Aandnnssidsanuaa Wula/lidn
nsldiinmanglagainmaueninazduasanisan
s 1SS It Lﬁmmﬂﬁﬁmaﬂ@jﬂmﬂumw
fanasanszuaunangla afudieRansseduann
m@ﬁﬂmﬁi@msm:ﬁumzmummmh‘lﬁLﬁmﬁ'ﬁ”u
Lmzmmlﬁi‘iﬁm@ﬂq‘imﬁmmumﬂwﬁn@ﬁqﬂLﬂ?}lﬂu
giiilunsn8uniadsing o) lnaiannznsadsisn (citic

183

acid) NARTWIENINIINTATLE (Krebs'
(Anyny, 2544) T9luaudqannudn lunssudsinu
anstluun il Bunounsaflnmenly (TA) 44041

cycle)

NITNIBAILIAN Fagaunilsenailunanianneanduiin
itﬁl‘lﬂ'ﬂLﬂﬂﬂ’]?LL@ﬂLﬂ@ﬂuIﬂiﬁlﬁ‘@u BRI YAk

Y a ) A o qu - A A
wivdnilunsngeu - e lifasaenaaunvisatio
Faatieganide (ANgns, 2544) wsaeialsfiniunig
vanfianmunndiusasis liRasuenizen
1Bunnaeadanazaratinlfizesunnnsai nmsm
Eiegasnunen wiAslEamnsdauseudnaliun

I Yy r

gaaudanazatstin ldvannaLaz3uinnsa i nmsm
Hluda@dn (aile waviiden,  2548) dluanulaad

Andausznd e TSSTA Tl asingiulunnessids
AULFNIUANTINNIA TN T ULA T U UAU b

o adl 1A Ao o oo ' PP
1AL NN9INAT LG ANTUEIW wsilunessdanniu
Aae nglaa 550 HaANTNsIRARNT uaz 3,56-TPA 10

v v

e o

a a

% 1 a =l v % aal
Jaansumedansiuualinlfdnsuanadannnssnns
AALIAN TAYANNZANSUTBUAL UNAR (2537) 918NN

dl a £ a v o‘dl Y o a
wWalnisldeanduwidnly wadnldfusandiuay
Uantass H Winldlunifamad luasnanduy H
wallunaldi pH anawinlfifinn1sranefiaresuiia
AR B9NANIINUE 1T UA AN A 811 FUAY
MR luan Wil pH A (Villa-Real et al.,, 2011)
anadluld1fannnsld 3,5,6-TPA tnazsinlif pH Tusin
Augnlaanad waznnlinanssnreadwlaiuisuawa
Raaneansu T UAuNNulF AT

G

nMsAnEASITinL 0 n1snunglaa 450
adnfusieansuas 550 Naanfuseans $9ufU 3,5,6-
TPA 20 Hadnfusednsiuunlfiuliiesiduinig
wularesnaninndInIsisau I ugnaniinsmia
3,5,6-TPA mmﬂnmu 20 fadniusionns irbwin
wa viniile dndauszinailerelden wazaan
wwaen Hauninandianudindu 10 waz 30
Haaniusiodns uslisneainnasnisaauan dounng
wunglagsanmiy 3,56-TPA sl Banmeaudad



AN5A5NBAT 31(2): 177 - 185 (2558)

azaneninly (TSS) anad Manieitiunnnsafinmse
13 (TA) dndausendng TSSTA  wazansanldfiaanu
AU u@m’mimiw'uﬂ@ﬂm 550 Nadnfuseans
$90AL 3,5,6-TPA 20 Raanfumeans Nuud il
waenuendnssiis LA

nnRngsNUsznIA

22U LAMANINMUNB UATLAINUASE
(@n7.) '1‘7i@ﬁuwu\mﬂi:mm“lumiﬁﬁﬁﬂ 22UDLAD
AT AN EASANGRS A ANeNge T el ik
AfinEiieaiuniamiiisy seseunmaiudalage
INEANIELNEIF IR SInTAEeaseTiaalile
a0 i lunnsvinie wazaereUAMiasliFnIg
1A ANZINHATANGRNS UNANandenT sl il
ANALYAINIZH IUNNTIRATIZAAN1INAAES

LANR15A9D
Asnyryn TToyryuiia uazagil WINsUN. 2553, HATAN
ansPauANNsEstyAuTnvasiasianisaan
ABNUBNEAUATATININEATBI AN UFANE
‘Li/’]ﬁ”\'i.’]’]i‘ﬂ’]ﬁ‘m‘]ﬂm‘ 26(aUUNLAR): 117-
125.
795 Ausning 451014 UL A WINTUN
AU BATNAIA LAY LNIANEIT SUNTUN.
2551 nadAnngUuumsranalaluiiug
mﬁmﬁ@Lmzm?ﬁmm@mmmﬁlﬂmi
dvaan. (sruveaulai). uuasdaya:
http://elibrary.trf.or.th/project._content  asp
?PJID= RDG5020010 (13 NS 2557).
avle ynueiesh way B Fawntuud. 2548, ng
UFRnausannfiuifsadnuazuald.
Aninfinilaineualng, ngamne. 236 i,
TEN9H A9EN. 2553, navBIMsWLTATlUsEe
anstoei luluuazniseannanuesduiug

ANHUING. ANUIANUEAINYNAIERT

184

Tudim. ivmanenae@eslvd, Feglud. 86
Wi,

UnAa ﬂ«uﬁ*m“uqm%r. 2537. geflNuNTUAZANIAILIAN
nswdyivlnaeie. dinfiniaden,
NN, 124 i,

Azt nesantn. 2529, gasluunTuasasdansey
wuannenslilssTanlludlssinalne. Ade
NN, NGINN. 196 wiin,

v

e WusleR. 2532, nsAnennEsoAL LA
wauinisaasdulaluaninuinian
MAWTHERRULY.  ANNANUEAINENANART
W Tudin. uunanended@eslud, @eelua.
127 .

anpn \enFedl. 2544, Msgnéute. Snweasnung
W, NPUNN, 112 uid.

anyny wreAoyodmil. 2544, @353NNU8IN.
ANUNANUANVITINL 1NN HATANART,
NN, 237 nil.

dunnis aedums. 2544 disinenmeiannniie.
Hafjudaudinlsesiniadauiuidnen,
NN, 665 niin.

Agusti, M., V. Aimela, M. Juan, E. Primo-Millo, I.
Trenor and S. Zaragoza. 1994. Effect of
3,5,6-trichloro-2-pyridyl-oxyacetic acid on
fruit size and yield of ‘Clausellina’ mandarin
(Citrus Marc.).
Horticultural Science and Biotechnology
69(2): 219-223.

Agusti, M., M. EI-Otmani, M. Aznar, M. Juan and V.

1995. Effect of 3,5,6-trichloro-2-

unshiu Journal  of

Almela.
pyridyloxyacetic acid on clementine early
fruitlet development and on fruit size at
maturity. Journal of Horticultural Science
and Biotechnology 70(6): 995-962.

Duarte, A. M. M., D. T. G. Trindade and J. L.
Guardiola. 1996.  Thinning  of  Esbal

clementine with 2,4-dichlrophenoxyacetic

acid influence on vyield, fruit size and fruit



ua2aINgA 3,5,6-Insaaals-2-ninaaandazdnnuaznglag

ransiulauasaumwRarasdNlanugnach

quality. Proceedings International Society of
Citriculture 2: 929-933.

Erner, Y., Y. Kaplan, B. Artzi and M. Hamou. 1993.

Mishra,

Rouseff,

Saleem,

Saleem,

Increasing citrus fruit size using auxins and
potassium. Acta Horticulturae 329: 112-119.
B. S, M. Singh, P. Aggrawal and A.
Laxmi.2009. Glucose and auxin signaling
interaction in  controlling  Arabidopsis
thaliana  seedlings  root
development. PLoS ONE 4(2): e4502. 13 p.

R. L. 1988. Liquid

determination of naringin as a detector of

growth  and

chromatographic

grapefruit juices in orange juices. Journal
Association of Official Analytical Chemists
71:798-802.

B. A, A. U. Malik and M. Faroog. 2007.
Effect of exogenous growth regulators
application on June fruit drop and fruit
quality in Citrus sinensis cv. Blood Red.
Pak. Journal of Agricultural Science 44(2):
289-294.

B. A, A. U. Malik, M. A. Pervez, A. S. Khan
and M. N. Khan. 2008. Spring application of
growth regulators affects fruit quality of
‘Blood Red’ sweet orange. Pakistan Journal
of Botany 40(3): 1013-1023.

Shaw, P. E. and C. W. Wilson. 1984. A rapid method

for determination of limonin in citrus juices
by high

chromatography.
Botany 49: 1216-1218.

performance liquid

Pakistan  Journal  of

Sheen, J., L. Zhou and J. C. Jang. 1999. Sugars as

signaling molecules. Current Opinion in
Plant Biology 2(5): 410-418.

Stern, R. A., D. Stern, M. Harpaz and S. Gazit. 2000.

Applications of 2,4,5-TP, 3,5,6-TPA and
combinations of increase lychee fruit size
and yield. Hort Science 35(4): 661-664.

Stewart W. S., H. Z. Hoed, B. L.Brannamann. 1952.

Effects of 2,4-D and related substances on
fruitdrop, yield, size and quality of Valencia
orange. Hilgardia 21: 321-329.

Villa-Real, H., A. J. Alfaia, M.R. Bronze, A. R. T.

Calado and M. H. L. Ribeiro.

Enzymatic

2011.
Synthesis of the Flavone
Glucosides, Prunin and Isoquercetin, and
the Aglycones, Naringenin and Quercetin,
with Selective 0-L-Rhamnosidase and B-D-
Glucosidase Activites of Naringinase.

Enzyme Research. 11 p.

Yildirim, B., T. Yesiloglu, M. U.Kamiloglu, M. Incesu,

B. Cimen and N. Yilmaz. 2011. Effects of
3,5,6-trichloro-2-pyridyloxyacetic acid on
fruit size and yield of Valencia oranges
(Citrus sinensis Osb.). Journal of Food,
Agriculture and Environment 9(1): 275-279.

185



N8N ﬂ’l'\NEI’YJfg{']udl‘Ll LRENULAZTZESLIAN LUNITLINAD

NISNRIUIANIANALAUA

Effects of Cotyledonary Petiole Length and Incubation Period

on Borassus flabellifer L. Haustorium Development
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Abstract: Studies of palmyra palm haustorium development from the cotyledonary petioles lengths (<8, 9-16,
17-24, 25-32 and >33 cm) and incubation periods were investigated at Faculty of Science and Technology,
Prince of Songkla University, Pattani Province, during June-September 2013. The results showed that the
lengths of cotyledonary petiole at 17-24, and 25-32 cm could yield no difference in terms of haustorium weight,
volume, width and firmness, although the length >33 cm could give more volume and width but the weight did
not differ significantly. However, at the length <8 and 9-16 cm resulted in the lower weight and volume than the
length 25-32 cm. The density, firmness and moisture content declinded when the cotyledonary petiole length
increased. Incubation period from 0 to 4 months had effect on development of haustorium during the period of 1
month. Interaction between cotyledonary petiole length and incubation period was found on haustorium width
and water content whereas no effect on weight, volume and firmness.

Keywords: Cotyledonary petiole, haustorium
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Figure 1 Structure of Borassus flabellifer seedling
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distal end WamEILama (haustorium) Rt
glasaraataaInnsaIneulngiil iy (Haris,1994)
g lunAnuasNTIm (DeMason, 1984) NIFRTINW
Judtaiunefndunen eI el
a1l5uldsadundn (Pinheiro,  2001) Farfuanung
m\mmqmm‘lmslummmLmu‘tmmmmqmaimmﬂu
1 A ndsanniiu mawanamaAsuladly
Tainnnen denalnitlinauuida anaidlumsznsg
SudenensanuuasRa Rl Suna i 1 ldannad
wsnniaAeulluga aunnresanamnalaiuansing
NNADA memﬁﬁumufu%wuﬁﬂgm‘imLL@;LLum
dinlivinaneiitaanmna Fliiuanananas douaany
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80.00 Lilu 68.14 1lafifus
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Table 1 Effects of cotyledonary petiole length and incubation period on haustorium weight, volume, width,

density, firmness and moisture content

Haustorium parameter

Treament Weight” Volume”" Width" Density” Firmness”  Moisture
(9) (cm®) (cm) (N) content' (%)
<8 14.68° 16.13° 3.79° 0.91% 15.60° 76.47°
A=Cotyledonary ~ 9-16 19.84° 20.53° 4.10™ 0.97° 16.71° 75.09°
petiole length 17-24 21.08"°  24.47% 4.45% 0.86° 15.95° 75.36"
(cm) 25-32 24.38° 26.90" 4.59° 0.91% 15.30° 73.20
>33 23.55 34.30° 5.07° 0.69° 13.50° 72.28°
Fotost o o . o o .
B=Incubation 0 8.31° 12.62° 3.07° 0.66" 14.41° 80.00°
period (month) 1 22.33° 26.93" 467° 0.83° 14.23° 77.29°
2 22.96" 27.25° 453" 0.84° 15.64%° 74.76%
3 27.49° 29.68" 4.88° 0.93° 15.68" 72.22°
4 22.44° 25.87° 4.85° 0.87° 17.11° 68.14°
Fotest o o o o o o
A*B ns ns * ns ns *
CV % 25.66 25.73 13.66 12.83 15.09 5.42
A = Cotyledonary petiole length (cm), B = Incubation period (month)
*** = Significance at P<0.05 and 0.01, respectively, ns = non significance
"= Means with the same letters in the column were not significant with DMRT
G ANRLAN

Turnisidanalaunsen dauaedluia
W fluaesdanae AluEenazanana aaed
douAnTnlwsania pameAnuluEeAdnase
AIWALIANIANA Imﬂmwmqwmmvmmummm
EnAeadt 17-32 |ufiums g91naenafiunnndn
33 [wuhAg LNBNAT UAINNE1918937911N
LLWfliﬂMﬁﬂ@’]’ﬂﬂLLMﬂﬁiﬂﬁﬁuﬁUﬁWJ’m&’m%’Nl}l/u e
FaAlLAeaLE PosLiLEasean 1 Fou Aarl
PNALRIAN AT AT LB
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Biology of Cotton Leafhopper and Efficacy of Insecticides for

Controlling in Purple Eggplant

A58 Anaeuna” Asaws nag1su” lad ugmwirilwug”
uazdsq Annls”
Jariya Seeduangkaew1/, Jiraporn Kulsarin”, Sawai Buranapanichpan”

and Siriya Kumpiro”
(Received: 17 November 2014; Accepted: 20 March 2015)

Abstract: Biology of cotton leafhopper, Amrasca biguttula biguttula (Ishida) (Hemiptera: Cicadellidae), and
efficacy of some insecticides for its control were carried out at Faculty of Agriculture, Chiang Mai University. The
cotton leafhoppers were reared on purple eggplants in cages under screen house at temperature of 27.80
+0.90 C and relative humidity of 59.32 +1.35%. The mean duration of incubation period and first to fifth instar
nymphs of cotton leafhopper were 6.50 £0.50, 1.60 £0.53, 1.30 £0.47, 1.25 +0.44, 1.40 +0.50 and 1.65 +0.478
days, respectively. The total nymphal period was 7.55 +2.06 days. The total life cycle from egg to adult
emergence was 21.95 +1.05 days. The adult male and female longevities were 23.40 +2.13 and 25.55 +2.39
days, respectively. The efficacy test of chemical insecticides, botanical insecticides and bioinsecticides were
conducted in laboratory condition using completely randomized design (CRD) with 3 replications. The result
showed that abamectin, carbaryl and cypermethrin insecticides were the most effective insecticides for
controlling the third instar nymphs of cotton leafhopper with 100.00% of mortality while Metarhizium anisopliae

as abioinsecticide was high affected with of 83.33% mortality.

Keywords: Cotton leathopper, Amrasca biguttula biguttula, purple eggplant, control
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v Department of Entomology and Plant Pathology Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand
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UNARED: NMeANEETANETeNAEsNdLEe (Amrasca biguttula biguttula (Ishida) (Hemiptera: Cicadellidae))
wazilsrAnninaesanszinunasiunisasua iy “i0xnlE A BN AN SR NGRS wﬁwmﬁm%m‘l,mi
TmﬂL@mLwammutlmium‘mm‘lmimLi@ummmmmmu 27.80 +0.90 BAANLTAITEIR ANLAUAINE 50.32
+135 wlafius svarlauassresingaudei 1-5 1eamagdndufined Aniaewint 6.50 £0.50, 1.60 0,53, 1.30
+0.47, 1.25 +0.44, 1.40 +0.50 uaz 1.65 +0.478 31 muansy Mnanluszasiagauunu 7.55 +2.06 314 244319
Faustszeldauiannduiauiusawintu 21.95 £1.05 5 FosindemAuazinAlaiens 23.40 £2.13 uaz 25.55
+2.39 U ANANAL A MFUNITNAGeULTLANENINTRIANTIANHIULNAY A1TATAANNNT LATA13T U 14
AHuns el fifinng Tnganununiamaaeawuy CRD  usaznssndstlsznaufon 3 1 fannsANE LN
anspizinunas azunau ANfuBe uazlmiweiuvisu HiseAnsnangean FinlfifngeussT 3 reanandndy
Hhanng 100.00 iwle5ifus vousfiansTafusidies Metarhizium anisopliae snansaipaunuinaednasitingly
Teliiilasiusnemeesieaumansndunawingy 83 33 wlesdus

(2 '
s a o

AdIAgy: WAEANAURe wziliaias nstlasiunidn

AN 2013) flagaugilsamdleutusasiude maaulvald

s9m139 AinafunssiFaduseitinuazaunlandn

nz1lea9 (purple eggplant; Solanum (Madar and Katti, 2011)ﬁﬁﬁQé@uLLﬂzﬁQLﬁmﬁ/ﬂLﬁu
melongena) Anat] 1A Solanaceae (HWuf, 2546) aandnufludunusayudanalidng (@nyoynel, 2556)
Lﬂuﬁmﬂmﬁﬁwﬁzﬁﬁﬁm Taqifudsaanlydalszmea dwunsilesiusnSamandnditing Queensiand
ilu uazliviu flsunndldannda 4,500 susies]  Government (2013) Wtk 2 uuu e nstlariu
(@fiwmal, 2551) luianlale aunsafunananle AdaunLU i aseR wazuuulfansai nnstlaeiu
59 dnduliinudugn Tlvung wazudnlu (wan1e Adauuulidldansed un naslddusnuasiv nns

wazinAl, 2545) uingAudrAnylunisuaneimis SNHIANNAZDIAUNAIASANUATUNAN LN SN UFD
Jivlugnenenieutuds mautlsplusdedingn  uuas meldiugdinunau g areiug SRT 1 uazans
Lﬂumﬂ,ﬁw@rﬁhmmmmam W M NA RN LA BN WG SWG 532 (WaKY WazAME, 2551, 2556) N3l
dnwuTgyuinisdininanauesunasdngiea 1Hun Farin Chrysoperla carea (Vennila et al., 2007) La
maelng nAssaw Assnduting wasmewans Faden 1y umdess Anagrus  flaveolus WAL WAL
panside Wudy  dwmLmassnduilng Amrasca e Stethynium — triclavatum  (Muniappan et al.,
biguttula biguttula (Ishida) (Hemiptera: Cicadellidae) 2012)  msRugAIUNIY wu gl e luauiug

LﬂumeﬁTmﬁﬁﬁﬁmmwm%Lﬂmx Nriland Tl “pn¥in 84-4" (Fryoyn wazrAny, 2555) gl
Wzidanng davaes daldan daaas AT NURZU mmﬂmmmmmwm (Srinivasan, 2009) uazns i
e Uawfia ﬂi"L%F;IUL%EI’J WAy Z’]LFJN”LLE” g (NTN Lﬁ'ﬂi’] Metarhizium anisopliae CKM-048 VlL‘]JLLi‘JJm
qmmim‘wm 2556) Wmvmmmiﬂuﬂivmﬂhﬂ ke Wean Aaonudindy 1.25x10° ades/ianmnf o
et 7 BINVALTILAS waesndihgaty  UssAvsninlumsilasiadalndidestunisldans
SAgsanfie i lfuAszunsy (nsATnsInERT, AN9ALNAY (Maketon et al, 2008) asnglafimu
2555) wWHanAulaasansunrianiliaen g ineRInslen A aNuaN ATz LA Hesannilida
wasuludiiaa Wieliaseudauasuiudsog fiazaanuaziiunasan’a a1siailsinuuasdisl

uazunalungn (Cotton Catchment Communities, Usr@anininlunisilesiundnmasdnduting16a
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o a = = g
posiluansal dunaslszinng A lesanna
o nl/ £ % 1 a b % = o U s
andutleagudnalilung vinliiasdszinngnaa
pesinldlaliua i liguanfacliarsaiilunng
PAUANARNTLREATY danaliiuaaninauitunIu
siaansadlainann uaztauiunadesiofnan fiislng
LAZASIAREN ANTANHILNANATNAS R RUIANT
815NN nINATINTNERT ke lunnstlaaiu
o o & o 4y A a oA
ANRANALANAUNNaN NS 2 1ila A flucyclozuron
waz cypermethrin - (NANANUATARIINGI,  2553)
ati9lafAn1TMARa LT ANTNINATIARN N WA
Ylasiunidmnasanaut e luilawugdsdnlse 60

‘ A PRy a a = % o
NUNE AR LN AN N9 AT A WA lunnstlaaiy
Aanmasanautng 1aun imidacloprid  10%  SL,
imidacloprid 5% EC waz thiacloprid 24% SC (gwail
WAZADLY, 2545) WananNRansANsnuNasin i lunng
Yaanuniamnassanautalunssiaauiaen wudn
ANTANHILNA thiamethoxam 25% WG, dinotefuran
10% WP, clothianidin 16% SG, acetamiprid 2.85%
EC, imidacloprid 10% SL LAZANIANAAZLAN 0.1%
Aza 8791 3, 10, 12 N3N, 30, 20 waz 200 HARAMATHE
1120 ams mnaay HlsrAninnalunisrauax
1/9201N3UNALINAUE NS (ANTE aTARLE, 2550)
vatinnslgnuz@asinaludssimalnadaiunglus
il ldddeyanaoiuunasidinniaauniieswe
fau A9lEN1N19AN TN warnAde
1s2@nsnmeedgnsaidnunadlunisilesiunidn

Py Ay o A A 0y @
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NAABNLLL completely randomized design (CRD)
31 3 91 utiadlunssiasing 1 feil

NInAET 1 geALAN vinau
azLUWINAY (abamectin) 1.8 WA
ECEm3 60 NadaR3 fiatin 20 Ams

993337 3

P
NITNITN 2

ANSUI3a (carbaryl) 85% WP
7131 40 N3 Fetin 20 Ams

N991337 4
35% WN EC 65191 4 HadaRT 6ati1 20 ARg

nenisn s Winsla (fioroni) 5% WA SC
#7191 20 TaRARs fatin 20 Ams

993337 6 %ﬁmimvﬁm (imidacloprid) 70%
WG 85191 3 mm mam 20 a9

Tainafiunsu ( cypermethrin)

N9AEA 7 @031 B. bassiana 61 80 N3N
ot 20 am9

NN S @en M. anisopliae 8731 200
N3 datin 20 Ams

N99MAIN 9 @19armanlan 8791 50
LaRanT FIatin 20 ang
N998AEN 10 @194 AAINAZLAN AH91 50

finAang fietin 20 Ams

fin1sAsatinNsANEfian 1, 3, 6, 9, 12,
24 uay 48 Fale ndeaniammageu Reuden
wefildusnsany vindeyadliudmseiaany
wilsts9u (analysis of variance) WRaLWEUAN

] ' a aa . .
WANFNa9ARAnTAYAT Least Significant

Difference (LSD) #3¢fuANN@a 95 wwlafidusf

(P<0.05) WATANMIRIMNAN median lethal time (LT,)
NANITNANRAY Llﬂ$aqqﬁ‘fﬁ

MSANENTIRNENUBINALANAWE e
= A a & o 4

NANITANHITAANE1URINA BTN U 18l
(A. biguttula biguttula (Ishida)) nal#lsaEeuntne
fguuniads 27.80 £0.90 B4ANTALTHA AYINTY
ﬁuﬁwﬁ‘ 59.32 +1.35 wafidus Wudfmfm‘m?mtﬁu‘ﬂm
PuNAEdnNdEe T 3 svar G4t svazld dadeu uas
fowindy i enela iWuuuuveaman o feegflu
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Watienadlune lidUseends aunauning 0.20
+0.02 HAAWAT AINENG 0.75 +0.04 Ranwwms 1UHA
=3 [~1 a d‘ 1 %
11918 uazannsanewinilugaduns 2 qailalalng
Anaanuflusneen scaldlnaniads 6.50 +0.51
54 4eAARBIALINENIUTDY Shivanna et al. (2009);
Madar and Katti (2011) waz Jayasimha et al. (2012)
o 1 dl ] ] o o [~ a a o
saseunneananlalva o asadnies Hanee
@) al 1 1 1 1 o 1 =
ludenala Tusauas aauu dousin uazdauand
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Table 1 Duration and size of various developmental stages of cotton leafhopper, Amrasca biguttula

(Ishida), on purple eggplant

Durations (days)

Body width (mm) Body length (mm)

Developmental stages

Mean £+S.D. Range Mean +S.D. Range Mean +S.D. Range

Egg 6.50 +0.51 6-7 0.20 £0.02  0.16-0.23  0.75+0.04  0.69-0.78
Nymph

Instar 1 1.60 £0.53 1-2 0.23+0.02 0.21-0.27 0.89+0.10  0.80-1.05

Instar 2 1.30 £0.47 1-2 0.27 £0.02  0.23-0.31 1.21+1.55 0.94-1.39

Instar 3 1.25 +0.44 1-2 0.43 +0.02  0.40-0.48 1.62+0.21 1.26-1.81

Instar 4 1.40 £0.50 1-2 0.47 +0.02 0.44-050 1.82+0.07 1.70-1.89

Instar 5 1.65 +0.48 1-2 0.57 £0.03  0.55-0.63 2.40+0.12 2.19-2.25

Instar 1-5 7.55 £2.06 6-8 - - - -
Adult longevity

Male 2340 £213 21-27  0.75+0.03 0.69-0.80 3.01+0.08 2.88-3.11

Female 26.55+2.39 24-30 0.76 £0.03  0.72-0.80  3.09+0.13  2.88-3.26
Egg to adult emergence  21.95+1.05 21-24 - - - -

P a L% % [ v
PAUNTNHINAININNAILNTN 1 m Audingluniin
% = v = v o a Yy

ATLANENTN9AT 1 A ANULKIRIEL (vertex) HiLEY
21907 | iluAzIrnan 2 29 Meluiqedn 1 qm
Wl pronotum  Uaz scutellum HqAAINIFTLIAL AN
AMBLLLAZIBLAUAN ANFANALNT19L9zH 0.75
+0.03  HAAWAT anfqe19tlszune 3.01  +0.08
Hafing szava1edfalANdanAE Uszannl 23.40
+2.13 JU wazaFWALNanA9sENN0s 076 +£0.03
Faawms afaen9lszanns 3.09 +0.13  NaALNAT
el NANURFALANS ALY Ugeunns 26.55 +2.39
o dﬂl d” o nl/ % = 4‘ a 1
Ju srasilasdandutnainnswmasulug wazduesing
39528 YNIUNIU ABAAADINTUIILITUDY 273
(2543) WAnssnwANHlHuANFN9aNINREANALE N
A a a e A o p =
nasnyAuTalunga unsau W die nevirauiaen
MURZIU TIUAY (Shivanna et al., 2009; Madar and
Katti, 2011;
2014)

Jayasimha et al., 2012; Singh et al,
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Table 2 Efficacy test of insecticides for controlling cotton leafhopper under laboratory condition

Mortality percentage of cotton leafhopper nymphs at various times after

Rate
Treatments application
(/20 L of water)

1 3 6 9 12 24 48
abamectin 1.8 W/V EC 60 ml 16.67b" 20.00b 3333bc 6667ab 83.33a 100.00a 100.00 a
carbaryl 85% WP 4049 60.00a 60.00a 70.00a 83.33a 86.67a 96.67a 100.00a
cypermethrin 35% W/V EC 4 ml 3.33b 3.33b 20.00cd 26.67c 43.33b 60.00bc 100.00 a
fiproil 5% W/ SC 20 ml 333b 333b 3.33d 3.33d 16.67c 50.00cd 80.00 bc
imidacloprid 70% WG 3g 46.67a 4667a 46.67b 50.00b 50.00b 76.67b 93.33ab
Beauveria bassiana 80 g 0.00 b 0.00b 0.00d 0.00d 13.33¢c 33.33de 73.33c
Metarhizium anisopliae 200 g 0.00b 0.00b 0.00d 0.00d 10.00c 50.00cd 83.33 abc
rotenone extract 50 ml 10.00b 10.00b  10.00d 10.00cd 10.00c 26.67e  80.00 bc
neem extract 50 ml 0.00 b 0.00 b 0.00d 0.00d 10.00c 23.33e  80.00 bc
untreated 0.00b 0.00b 0.00d 0.00d 0.00c 0.00f 0.00d
F-test ok . ok . ok . .
LSD 23.06 22.20 22.20 18.13 19.17 16.74 17.87

0.05

" Means followed by the same letter in each column are not significantly different at 95% confidence level by LSD

Table 3 Median lethal time (LT, )of insecticides against cotton leafhopper

Insecticides

Application rate

LT,, (hours)

abamectin 1.8 W/V EC
carbaryl 85% WP
cypermethrin 35% W/V EC
fipronil 5% W/ SC
imidacloprid 70% WG
Beauveria bassiana
Metarhizium anisopliae
rotenone extract

neem extract

60 ml 5.65
40 g 1.10
4 ml 14.37
20 ml 25.81
3g 3.82
80 g 31.77
200 g 25.69
50 m 36.01
50 m 32.16
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10 findanssiatin 20 Ans imidacloprid 5% EC @#91
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15 uax 20 TARANIAELN 20 AT LAT ANTIE LATATLY
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Geo-information Technology Application for Studying Species
Diversity and Distribution of Arabica Coffee Insect Pests in

Chiang Mai and Chiang Rai Provinces

Wl aneswen” waztlesassas gnailsewus”
Paothai Thayaping" and Piyawan Suttiprapanﬂ'

(Received: 24 November 2015; Accepted: 27 March 2015)

Abstract: Use of geo-information technology to study species diversity and distribution of arabica coffee insect
pests in Chiang Mai and Chiang Rai Provinces was carried out, in Teentok Royal Project Development Center
(RPDCs.) Pamiang RPDCs., Huaipong RPDCs. and Huai Nam Khun RPDCs, during May 2012 to August 2013.
Insect collection in arabica coffee plantations by CMU-C1 modified trapping and visual counting was
conducted. Thirty-five families in 8 orders were collected dominant families included family Coccidae (O.
Hemiptera), F. Formicidae (O. Hymenotera), F. Scolytidae, Anthribidae and Nitidulidae (O. Coleoptera), were
found in studied sites. The highest abundance of insects was found in the Huaipong RPDCs., and the lowest
abundance was in Huai Nam Khun RPDCs. The coffee berry borer (CBB), Hypothenemus hampei (Coleoptera:
Scolytidae) and coffee green scale, coccus viridis were major pests of arabica coffee in Royal Project
Foundation. The greater insect number was caught by trap during April 2013. The correlation between CBB
number and temperature was positive. From data, this study on geographical information system (GIS) present
in spatial data and mapping number of CBB outbreak in all studied. The result revealed that the lowest
abundance found during July 2012 - January 2013 and the highest was during February 2013- May 2013.
Finally, the model can be applied in warning monitoring insect pests of arabica coffee in management insect

pest in Royal Project Foundation.

Keywords: Coffee, insect pests, GIS
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Figure 1 Study areas of Teentok Royal Project

Development Center (TT), Mae On district, Pamiang

Royal Project Development Center (PM), Doi Saket district, Chiang Mai province and Huaipong

Royal Project Development Center (HP), Wiang Papao district, Huai Nam Khun Royal Project

Development Center (HN), Mae Suia district, in Chiang Rai province
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(st 1)

NANSANE LAV 8 SUSL 35 29
A §UFL Coleoptera WU 16 29A S1AU Lepidoptera
WU 1 29A duUAU Diptera WU 5 A duAU
Hymenoptera WU 5 294 8UAL Hemiptera Wl 5 99A
AUAL Thysanoptera WU 1 2A 8UAL Blattodea Wil 1
WA LAardUAL Mecoptera WU 1 29A TheinadTin
ﬁ%ﬂuquﬂ?mﬁmmnﬁqm 5294 usn Ae 294 Coccidae,
A Formicidae, 29A Scolytidae, 297 Anthribidae Wae
29A Nitidulidae (miwﬁl 2) AN AN

Table 1 The study sites in Royal Project Development Center in Chiang Mai and in Chiang Rai

provinces, presenting locations in Geographic Coordinate System, land use type and altitude

Royal Project Province District Sub-district Geographic Land use type Altitude
Development Coordinate (meters above
Center System sea level)
Teentok Chiang Mai Mae On Huaykaew 18.86519N Coffee / Tropical 1,225
99.29976E Evergreen Forest
Pamiang Chiang Mai Doi Saket Thep Sadet 18.95013N Coffee / Mixed 1,130
99.30817E Deciduous Forest
Huaipong Chiang Rai Wiang Papao Maejade 19.13568N Coffee / Mixed 958
99.43065E Deciduous Forest
Huai nam khun Chiang Rai Mae Suia Thakho 19.50673N Coffee / Mixed 1,250
99.35726E Deciduous forest /

Mixed orchard
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Table 2 Total number of orders, families and individuals of insect by attractants CMU-C1 modified trap and

visual counting in coffee Arabica plantations at Teentok Royal Project Development Center (TT),

Mae On district Pamiang Royal Project Development Center (PM), Doi Saket district, Chiang Mai

province and Huaipong Royal Project Development Center (HP), Wiang Papao district, Huai Nam

Khun Royal Project Development Center (HN), Mae Suia district, Chiang Rai province on May 2012

to August 2013
Insect individuals Percentage of
. Chiang Mai Province Chiang Rai Province Insects in
Orders Families
Teentok Pamiang Huaipong Huainamkhun coffee
plantations
Blattodea Blattellidae 0 0 7 (N 0.37
Coleoptera Anthribidae 85 206 231 98 12.87
Anobiidae 27 10 14 1.05
Apionidae 0 0 16 0.47
Bostrichidae 40 7 0 50 1.99
Coccinellidae 0 7 0 38 0.93
Carabidae 3 0 0 0.06
Cerambycidae 38 10 0 0.97
Chrysomelidae 7 4 10 0.53
Curculionidae 9 0 18 0.72
Elateridae 8 20 13 31 1.49
Histeridae 0 0 0 3 0.06
Lampyridae 0 0 0 1 0.02
Nitidulidae 241 156 96 60 11.46
Staphylinidae 75 50 101 51 5.70
Scolytidae*
H. hampei 693 679 1165 250 57.79
Diptera Tenebrionidae 23 1M 0 0 0.72
Culicidae 7 0 4 0 0.22
Chironomidae 3 0 0 0 0.06
Muscidae 3 0 0 0 0.06
Psychodidae 1 0 0 0 0.02
Lepidoptera Pyralidae 7 0 0 3 0.20
Mecoptera Mecoptera 0 0 0 1 0.02
Hymenoptera Apidae 3 0 0 0 0.06
Aulacidae 0 0 0 1 0.02
Formicidae >1000 >1000 >1000 >1000 -
Vespidae 0 0 3 0 0.06
Hemiptera Alydidae 3 10 0 0 0.26
Cicadellidae 0 0 0 1 0.62
Coccidae*
C. viridis >1000 >1000 >1000 >1000 -
Pentatomidae 3 0 3 0 0.06
Thysanoptera Thripidae 0 0 0 3 0.06
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Figure 2 Monthly number of Hypothenemus hampeiand average temperatures
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plantations at Teentok Royal Project Development Center (TT), Mae On district Pamiang Royal

Project Development Center (PM), Doi Saket district, Chiang Mai provinces and Huaipong

Royal Project Development Center (HP), Wiang Papao district, Huai Nam Khum Royal Project

Development Center (HN), Mae Suia district, Chiang Rai provinces during May 2012 to May

2013
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Figure 3 Regression analysis of temperature and Hypothenemus hampei in Arabica coffee at Teentok

Royal Project Development Center (TT), Mae On district, Pamiang Royal Project Development

Center (PM), Doi Saket district, Chiang Mai province and Huaipong Royal Project Development

Center (HP), Wiang Papao district, Huai Nam Khun Royal Project Development Center (HN),

Mae Suia district, Chiang Rai province

210



g0 ¥ B~ a a ]
msdszanaldnalulagnissaumaAlunisAnmanuuaintinuasnisunsnszans

adunasAngnunasinludanindasluluazidaese

Site 1 Site 1 Site 2 (HN)
B v T "

June 2012

February 2013

!“"’" N

March 2013 March 2013 March 2013

Legend Population of H. hampei N
Royal Project Development Center Road 0-4 w¢» E
4-8
8-1

Study area boundary Stream

)

Total of Hypothenemus hampei densities 13-18

LN L LR

Trap locations 18-22

Figure 4 Population and distribution of H. hampei in coffeea rabica plantations at Teentok Royal Project
Development Center, Mae On district (TT) Pamiang Royal Project Development Center, Doi
Saket district, (PM) in Chiang Mai province and Huaipong Royal Project Development Center,
Wiang Papao district, (HP) Huai Nam Khum Royal Project Development Center, Mae Suia
district, (HN) in Chiang Rai province On February-May 2013
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Abstract: Agriculture is the major occupation of Thai people. Yet, the initial study showed that there proportion of
farmers was decreased. However, there were increase of proportion in some provinces. Si Sa Ket province was
the one of six provinces in the northeast Thailand where the proportion of farmers were increased, so the
question is what are the conditions for entrance into farming as an occupation of farmers and their descendants.
This study were using rural appraisal and grounded theory as research methodology; selected from 4 groups of
the districts in Si Sa Ket province as study site, where are the difference of economic levels which include: poor,
fairly poor, fairly good and good economic districts. Then areas were explored and chosen one village of each
district groups for study site. Conducted sub-topics as the tool which was used for collecting data from the
headquarters of village, farm households such as adult farmers and their descendants from April 2012 to July
2013. The results of study found that; grounded conditions for entrance into farming careers by farmers and
their descendants = (contributing conditions + compulsory conditions) - (caveat or constraint conditions -
caveat or constraint conditions only descendants) by: (1) the essential conditions as a contributing or tendency
into farming career were that the sufficient farmland for farming, favorable water resources for farming, could
increase income from farming and money as found for farming, (2) the important conditions, which was forced
or compulsory to farming were that they need to living close to their family members or making happiness and
the warmth for family and some of them were received arable farmland inherited from parents. Another
condition was parents had aged or elderly, they cannot work farming or stopped the occupation at all and (3)
the essential conditions, which was a caveat or constraint or tendency route out the farming, included; surplus of
labor from household’s agricultural activities, the degree of compulsory education and the farmland inherited
from their parents or a few area of farmland per household or cannot buy it more; that conditions above had

effects on their route out the farming of both farmers and their descendants. Moreover, especially their
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descendants found that to receive obtaining social acceptance, the needs of beautiful body and the hardships
of earning a living; that conditions above had effects on their route out the farming. Therefore, in the extension of
farming as an occupation should consider based on grounded conditions for entrance into farming by farmers

and their descendants followed the study as an important issue.
Keywords: Career, vocation, agriculture, rural appraisal, grounded theory
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Copepod Cultivation for Larviculture in the Hatchery
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Abstract: Copepods play an important role as a natural food for aquatic animals, particularly in hatchery-based
marine larviculture. They contain nutrients essential for the growth and survival of larvae. This is an important
factor to be considered for the successful production of aquatic animal larvae of required market size.
Therefore, studying different factors related to copepod culture is essential in maximizing the productivity of
culture. This paper discusses the culture of copepods under extensive, semi-intensive and intensive system. In
addition, it also explores the influences of culture system, species selection, feed selection, the application of
probiotics in culture and storage copepod products in the process of developing a commercial scale copepod

culture. These information are useful for the development of copepod cultivation in Thai aquaculture.

Keywords: Copepod, aquaculture, larviculture, hatchery
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(diatom) (Hemaiswarya et al., 2011) tfuFu Tunns ﬂ@ﬂiﬂﬁmm:mﬁqLﬁuﬁﬂfumﬁmgjﬁ%mmuﬁﬁu
'mémmﬁ"mfifﬁLﬁuﬁfﬂéauﬁﬁmﬂmﬁﬁﬁ’fywmmwgﬁ@ aq GHﬂIﬂﬁW@ﬂﬂ@:N‘iﬁi’] epi-benthiccopepod ka g
esanndndinfugeutmswannsruunsue iy wuanlainanluana Tisbe AR
wazszuuneAuemnsdslianysniraiiudieaninly Lﬁ@l%@iéﬂﬂ@@ﬂﬁx‘i‘ﬂ"ﬂLLQuu’WVLN (de Lima and Souza-
NIRLNUUAZNNTEBEBINITIUTAUINUAIANBENAIN Santos, 2007) Qﬂﬁﬁ‘ﬁ?ﬁ (Olivotto et al., 2008a) Lazgn
8l (Yufera et al., 2014) wanLinlAfinenszesFvaaudl Uannfeu (Olivotto et al, 2008b) dqulainanlu
MnawINzaNAanIiuTesdATinfeseuidaunn nguAtauetduarltlaanasdsrasdalfiudad
Aot nAewdinadn (Doi et al, 1997)  guuuunisatssiwiduunasinen (planktonic
wazannrageslide luszuuniafue i sresdnd copepod) mﬁm‘g’u’?‘mmﬁqﬁﬁ uarlisnaAaienia
videgauangag (Payne and Rippingale, 2000) #35ax meﬁmmﬂzjuﬁdﬁ pelagic copepod TagiANAN
Falpfinendefiedszneuresninlufulidnsage  uesslafinenluana Acartia  sinvhanldifluawng
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o

= o~ = o ¢ & o
ﬂ']ilaw"lzl,@ﬂﬂtﬂww’ﬂﬂLw‘aﬂ'l‘i"ﬂ'l‘lu'lﬂﬂﬁ'?u'\ﬁlﬂl'ﬂ’ﬂuelutﬁﬁlw’lzﬁ’ﬂ

auLNagNUaINLde uartaingnauns (McKinnon et
al, 2003) dqultlnanasslafinenluana Oithona
A1N170UINIBYLIAgNUAINZNIT19 (Santhanam
and Perumal, 2012) LLWTWWWQMM Apocyclops an
1ﬁ@ummnmnmm (Farhadian 2007)
u@nmnu‘lﬁﬂwmmmmmmh‘lummummmm
m&ﬁ‘l’qmﬂmmqmeﬂ@‘lun@uﬂ (Jantrarota| et al.,
2004) smLﬂuﬂ@ummquﬂuivuumiw Fesfiennde
ﬂ’?ﬁ"méi_l’]@@jﬂwuﬂuiﬁ\iLW’lzﬁﬂﬂ’ﬂuﬂ’]?ﬂ@@ﬁlmmm
pia ussULUBRU (YT WazAnY, 2555)
ﬁmqﬂixmﬁmmuwmwaﬁu?ﬂﬁm&wﬁq
aTnraslATiNe AT a1 TN LLA e LA LA LLAEY

et al,

ranARN MiNen1sayLnadRduANitaan waniy
THfnsansaet1suidsmnaadiasiudadanis

g = = Y o a
wrziaasiaineanainisaldfiduuucdnlunis
diurlgeuasimuinisnanlainaniiarnunldidu
amsiddnluniseyuadnduidegenaeslszmea
Tne

gﬂLL‘LI‘LIﬂ’]ﬁ‘LW’]zLayENTﬂﬁWﬂm
TaealLdnEaue NN IR e uAZNN AL
Renuananiafineaaiuisautiaeaniy 3 giluuy
ﬂizﬂauﬁwmiﬁbﬂumuoﬁzﬂLﬁu (extensive system)
ﬂ’li‘LayENLL‘]_I‘LIfdilx‘iﬁmu’] (semi-intensive  system) LAz
m?ﬁyﬂ\‘nmuﬁ BN (intensive system) (Ajiboye et al.,

v
o

2011) Tnausiazgluuuianuuansanuisluisesaes
NNIAIUNIINARLAZL BN IHANRATLA LN |6
squianfsudleuidmalsalidnasiflunueii e a5
113915AnNA N7 AN AR B ad RSN BB aUNNINNNg
% = Y o :/j o d’j 1 =3 a

avunasaalafinenls Aniulwiallaznaniieniswads
Tafinanannamnziaesvia 3 gluuy Ainanawn
v b % o 1 d’l

F1951 mamaliln

(3
a

1.1 MSRNIANNAALLLAIAN

d” = n’/‘ a o |
ﬂ’ﬁ‘L@ENIﬂWW@@LLUUﬂQLﬁN@ﬂLﬂuﬁ‘ﬂLLUU
nsnantainenlneandeadesing ﬂumLLfm@@m
Wlunan IE‘WE]"Q“’LH‘LILﬂﬂQIﬁWWﬂﬁl“nﬂLLM@\TLL’]ﬁ?i‘N%W[51

mma‘miﬂimmmmqmmuwmnmau LL@"J“LA’]IV’]W
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dl =3 dl v % = P2 v
waanfiunaalfuwnwraunianlunisliayuia
dndundudeu vireerainlainaniiiuinad liuwn
FAANUNIZANN AN UARINANARFUTA
Taadiinddeuanangulidnissauinaaiunig
wnzidaslaineauuusuAnlwaanIniAede A9
A3AN®I8Y Toledo et al. (1999) Hnnslduszieamd
AnlANNeATULUAIUNE2IN TR IO WA AUBLNA B
d1vnfueyuiatdaincsiananung
(Epinepheluscoioides) JaaaulutlszimaNatlugd In
uBNALAAEgNINNZaRNEAINHa LN WE A Wa AT iln
Acartiatsuensis, Pseudodiaptomus spp. ka< Oithona
sp. Munaalanuunasinnses lusssutnmlnenis
N9AUNHIEYINTBIUNAITABUIUIART 400-600

d‘ o 1 1o = 1 % o
Tulaswms Saastimiauiiuglainensntlaes13lud
4 A 9y a = ) ! o
weanelindanuamasaneunislaeslaineianan
unsdaaauaslufafanang iwagaiu Dol al.
(1997)

Pseudodiaptomus annandalei WAL A. tsuensis A7N

et
Py Y @ A a = a
V]VL@]Lﬂ‘]_ILﬂ‘F_I'JN@N@ AlANNanailn

1pla8NUaNuIaIuNINELa (Chanoschanos) WNBHAR
u@Lwﬁﬂmﬁm%mmmgmmﬂmm%maﬂLLm (E.
coioides) TaiaaulullszmAn AUt udidunu
AR ULAgINaNARlARNNaAaINNT
Py & a o = % ~ =
wziatNLUUALANT NN samuiasiiasantail
wammmﬂmmiﬁﬁmmLmvﬂfv«mﬂ@ujwmmmmu
mimmmu‘im'lw,mmmm@mL@ma“mm TIAIHN
‘MmLLuummIﬂWWfamxmnm@u@mu@qnumm
'aqrfmmumn}nmmmiﬁﬁummmmm&ﬁﬁujﬁ@uﬁ
ariinaiunaqpaNanfaan1s e esNaatinadne
dl o U %3 Q‘O” o/ 1
Warun i lunseyunadndiidudeululsaniziln
sialil uset elsfmunananiainaniufenain
WAL E9INT A LA LIBIAE AR INaNaNN1TU Wl e
gasdalspndananiliinanisinma ludndundaaa
v al 1 Qlaj v a
ANN1TDAF19ANNREUNEFBNTINIzLAL LS Taed
$1ENNULRN Zhang et al. (2008) WLdNIARNeATRA
Nitocra sp. Hiuwmziin@alsalafaqna1a (white spot
syndrome  virus) ’lummmmmm (Marsupenaeus
japonicus) TullszinAan T mmnmawmmmm@nm
Agunszazinganian (post larvae) Foulaiineniing
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1%

dalafaqnanniinaliignfsidnsnismnatssunns 53

c & & A 9 ) P =
wefiiud  anuzignfistaaiunuiidesdaalafines
Uasadalafaldnmnisanaies 20 wedus uaz
A o &y o = P
Wavinnisuenige lhiaqaaaanipiinenifnimauin
ilandinndnitievegniialussazdagunudminlii
gnfjadidnanNImegana 73 wedidus anizignise
ARLANHARIINITANeLNEY 23 Llafidus winiluy

d’l = o [ o d’l a al
wananilainentseradunveingalsauuaiss
luana Vibrio uaz Aeromonas feuuANEaUTHalY
anasenaaniudenalsafioussuazaiisnaiu
Wennget19guussluszuunianiziasedmndin
(Austin, 2011) Taefisne9nn13@NE1289 Thomas
et al. (2008) WURaWLANEE Vibrio cholera Tulad
waadiulianuuaaiindaauneggnialulssme
(2007) 1&
Tu

Eurytemoraaffinis

fulAy TsdenA&eariu Rawlings et al.
S1ENTUNIATIRNUITARUAN 38 V. cholera
IARNaATRA Acartiatonsa

13108 1LLNNEATBINNANNIA LAY UaNANTLAT

LA

PeuWLTaLUA e luana Vibrio, Aeromonas uaz

Arcobacter Tulpinanaiin Acartiaclausi,

typicus,
Temorastylifera U3vindtnaflanziaiummasisileaudn
fngl (Gugliandolo et al, 2008) AINTIENNUEN9FU
waasliidiudnlafinaailugediiaafanalufanans
(vector) Aanunsounsnszaneidelaia LLZQULL']Jﬂﬁ Fedn
mlmﬂmmmwaummmiammmim muumimu

Centropages Paracalanusparvus WY

ReNAEARTA RN AR IR LA A ]
mmluudmmmmmum LAflAauLAesianns
duilewdalsafienadzduuriulafinanann
deuandenmauenuainllgnisiadeludndinge
BauIznINNIaULA lulsnIzin

1.2 MSLALlANNAALLLNIN AW
d’, = dJ o [
mimmiﬁwmmmumwﬁuml,'ﬂm‘ﬂl,mu
ﬂ’m@ﬂ\mumiwmu’miyuumi@mmﬂ,@mmm'ﬂu
mﬂmmﬂﬁm“ﬂ’m@ml,l,uummmummmimma‘
muqmﬂ@@“ﬂmmm&m 7 T nslfanniaeaLaz
N19ATLANAMAINUITENINaNITLR e LT uku
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wingnglafimugtunudsnanninuantainenls
TrunaudiogannnsiAei AN IuALEing B
ﬁqﬁqﬁmﬁm?ﬁuﬁmﬁuﬁqmﬁﬂmmmu@n‘ﬁ'ﬁmm
mmmﬂmiﬂmﬂﬂummaumﬂ LNANT AR WAzl R
mwmm@Lmﬂmammmqa@fauwaum@mﬂiﬁwwm
& (Ajiboye et al, 2011) Theseunisiaesled
WeALLLA SRRl s Anag A A ee Schipp
et al. (1999) mﬂummwmuwuﬁ‘l}ﬂwwamum Acartia
spp. ANN LRI R ene)
Ennuuananuamasaudotin il deyuagnilan
newsd LU (Lutianusjohnil) wazdannzwaumaatgng
VAU (Lutianusargentimaculatus) %dﬁﬂW@LLﬁiﬁuﬁTﬂW
‘Wﬂmﬁ:uLLﬁ‘ﬂ'ﬁlLﬁ‘i_lLﬁﬁlﬂfﬁm’]LWWZLayEI\‘iﬁWJ’mMuWLLiiu
50-200 Fa/ams ludaideauna 100-1 ,000 amg e
ALTUNNNTIA B AN AT A UTITHA N AT TR
LAy

8un  Rhodomonas sp., Tetraselmis sp.

Isochrysis sp. (ARF1E01 2:1:1) ARTIANNUUNLLL
2x10" “1ad/ans MeldnnsiaeantinI st inrion
il lunnsides nslings naslieandian nns
muqummlﬁmmﬁﬂ LL@zmsmmuQmuqﬁiﬂﬁ
pnvaNTLM At TATINe ATTiag WiaLvaRinng
Hesfuuazindpunasrnoudndaiodu - vt
Tafmes uasiageuvieldraaeiiuiianaudloy
wlusruunIsiasslafine auananninisdnmly
szinABuLAB289 Rajkumar and
Kumaraguruvasagam (2006) VL%]"Vrhﬂ’]iﬂimli’m?Lme
ﬁ”u‘ﬁ'ﬂﬂmL@uéﬁwqqmmLL‘wmﬁmwﬂmmm 158,
500 waz 190 TailAsiins AuAAL aLenuazings
dnsiaiiaay | izt v anilan qnfs Tednas
uazfeeneidiuduivaeiulninanaiin A.
clausi  svaslafinefnuasiifudeianunsasiil
AR N e u B daunasTaeuR ain
Isochrysis  galbana, Chaetoceros  affinis WaE
Chiorella marina ﬂ’]?;llfﬁﬂ’]?ﬁ“:!‘l_lﬂmﬂ@"ﬁ/ﬂﬂﬁﬂz{mLL@$
mimu@mmmfwmﬁu qrunnd 28-32 avAtalTea
ANNNLAN 30-34 dauluWuaau (part per thousand)

AMHLTUNIA-ANS (pH) 7-8.5 WALTNIMReNTIAY



o

= o~ = o ¢ & a
ﬂ']ilaw"lzl,@ﬂﬂtﬂww’ﬂﬂLw‘aﬂ'l‘i"ﬂ'l‘lu'lﬂﬂﬁ'?u'\ﬁlﬂl'ﬂ’ﬂuelutﬁﬁlw’lzﬁ’ﬂ

AYAI8NN 5-6.8 Nadans/ans e lduananlunng
@Lém@@ﬂﬂmmwww (Latescalcarifer)
azwidnguiunsmnziaeslaineauuung
W duiluszuuilailinsdudaiudanindas
mﬂu@ﬂmmﬁ’ﬂﬁﬂzgjmfrﬂwﬂaummL%farifa‘l:m‘l,uﬂ@iu
a Py o ANy v » o o
wuAT FeLasdalaFan linananndnadiuduaaa iy
ANTNNZLA LML LAIAN WBNANNTEINANNLREFD
& o A o & o a o v
Nsdui e ufAasauNTaRqA NI BUedlsdnnanaasng
AHLAsNe AR UER SN TWIs LN I A s AR s
NINITAANDAATLIBINAIMTATNABAAINEINAN
11734 (host) wazn13nlsdnlfadenzlunistainizise
feadliluiiaiEiavassodntinuaznalinauiauLLa
v a dﬂl a a = o dl
ANNAREN1TRALTaLLAT 3T la5d lusve s Naas
Gﬂﬂdﬁmiﬁmﬁﬂnﬁﬂqﬁ (secondary  infection) Tu
dndundeaau lnan1sdnmned Leaw et al. (2012)
a = a . .
e unLlsdnlaiwanatin Caligus rotundi
genitalis  \nzRnagiFIMAWluTeLTlAReN
a1F7 waziaaasdannswauns (Luanus
erythropterus) TuszLLNTNZIR eedRdrintesLssn e
P o ~ T o a a Ao
Wit Inalsdniannaniuanidludsdnniauaning
2¢19A A UNEN893 19N el umzaalE lunsEanng
RandeaANuuansanIg U89 ntinudnun i e
UaLHAFaTEsNansznUdsauAaniaas AL inuas
NNIABTBNANTINY (Fast, 2014) AaAARBALTIENTY
Tutlszimanadtiudans Cruz-Lacierda et al. (2011)
wudnlafinenaiia Caligus epidemicus,
Pseudocaligusuniartus Wae Lepeophtheirus  sigani
Hulsdnveslaradniiuqauna (Siganus  guttatus)
daulpiinentiin Lepeophtheirus spinifer \fluls@n
Ya91la1azaziianes (Trachinotus  blochii) Wi
darnzwaang (L.
epidemicus \uls@nnalAinunaiiles (erosion)
LATANTANASA  (hemorrhage) LTLAEMAYATGAA AL

calcarifer) wuanHNiafweaTiia C.

wazmn Tninldan liiven i suazimesTNgI AT
ausanisasyLiulnesdanNnagelsdnladi-
NAARINAN?
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1.3 MSLAENlANNAALLLIWNRIUN
AassiafneaLLUN U udnwEAng
N2 NANA A UL BN NN A8 RIINNTL AL R
AmmuLnAautineganelinisaauauladanig
d’l 1 )| [N | ai v
weasaflussuunuuwey tuanazluenunsin i
Py J A - & Ao
WAL ATUNINTN 17159 AUINZIALNNENNTAI LAY
N9INNTAENULILALANBAZLLLNAEN WY (Stattrup,
2000) LHARALAR IANNOAAINIELLNITNIZLA UL
Waurg uisasnuneqld luilBunaiunndnuway
ANNITDNINUAL9IRT9L8ZNTLA N T UAN AN
% v o o‘oq, o 1 a
finannslieuunadasundusaululsanwizin Tnantin
gaalainannin1sAmaanu Iz lusTIunIg
wnzasnuuRmundediulainassiaiainnsn
dﬁl v o ] = aa 09/1 %
wee i luszauauuuIniugs d99asdindu 14
HANAREY LATAINITONUNIUAaanInLInaaN 1y
d" dld o d" 1 =
sruuNaAeNninIzAruANTadEN9A IR E 9T
1l35@nTNN (Ajiboye et al., 2011) T9HN1IANENASE
nsizaeslafinen luguuunsia e LU UWE LN
WBaUIAINEDINITUR9 T2 N EWNERS1N i
nsANEAY Raju ef al. (2012) Tutszmaduaels
naaadtniziaglalnanaaflainandila
Oithonarigida  Aagunasrimeunavanesia tAud C.
sp.,
Dunaliellasalina  Waz  Tetraselmis sp. Tudaans
nanaudanialfinisacuANA NN LW ouun

marina, Nannochloropsis I. galbana,

26-34 QeANTAIT LA ANNAN 26-35 daulunugau
Aiflunsa-sng 7585 1Fnnieantiauazansrin
5.0-75 Nanans/ang lufu wuanludaeseasioan
eN 35 5u anunsondanlafinenlFieaeazanns 4.48
x10" fa/ans doululsznAeeansiagannnsAne
484 Payne and Rippingale (2001) fnsmaaedae
ANAUBEIR LANNEATTA Gladioferensimparipes Aol
nstasesageulafinanluninuvuwd 1 x10°6/
M7 UAsIAEN BN A TReuTITa | Galbana uAY
Rhodomonas baltica Tumanuviuidu 2 x10'-2 x10°
IAG AR/ M ULEIRENTLNN 60, 500 tag 1,000
A3 ANanInALReHANAR AT Az UR ALY
TutBunnuads 1.12 x10°82/an 3/ (srazinan
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58 1) 8.78 x10° Fia/An3/51 (328121981 420 F1) LAz
5.20 x10° Fa/ARg/34 (328121981 184 1) ANNAAL
luanuei Ribeiro and Souza-Santos (2011) @119

d’/ I'e a = a . . . .
wnzlaeansunainee AN wengtia Tisbebiminiensis
faelparmas (Phaeodactylum  tricornutum — Wag

Thalassiosira fluviatilis) IR P Y Vol INIgEY
A3agdnalfissuunadindunueendiaulusnatin
PAnuAn 35 douluiudou uazaruANa R
712832  aeATALT T9MANANAAUBINALIALAY
TafinenRmeas 2.80 x10° fa/ans/du ludaesyaznis
weraflnansranns 130 41
Tnenisnzasnaldunalainesluszuy
dal o % a [J =S K
ANTINIZLA LWL LW BN Fiaeln s AN e e E NN
o o Ao o Py , a
217 uiuAeaNIn1sAILANTAdENALIFNg 7 7
ganalinnnnsiaes wazuanlafines b ludiun
= :/I dﬂl o 1 = d’,
wnaniansnziaes lssuusanaialinisdudlew
& a 1 v v A a
wpqdanalsauazllsdnAeninetiesiaaannin1smng
= d” a a
genadFunalainenlussuunisiageuuutalinng
Audaruduandanniauantieandnguuunis
WWNZIARNULLEY °) Anananndinediu edelafianunis
da/ = o = d” a
mnzaesiafneALULWRNaal NNl euaedlsi
WadniiAa g UiReIEnd1NITALILAAINNTD
pauAnlisaanslden wu flubendazole Tuniseiue
nisasiAuinaeslsiinedusliluasanns
WwinyiAulnueslafinaniilass (Steenfeldt
Nielsen, 2010) u@ﬂmnﬁmiLWﬁ”LamTﬁﬁwamu;uu

Wmm@%ﬂumﬂwuwﬂumm@ [51‘1/] ﬂ@umqmmﬂ

and

UMM AABLLA RN LA ZIIL AR Hesann
fawdnlafinenluiunnminannsaedlugam
paILgeT Fasfinnsasuludauaese i
AMMINIMNNTANFaN ATty TuazdaNasiaAnIAY
nslnaunisesuananlafineauazsiasiin1sannig
AUARTLIANAMAN NN AULAZIZHI 9N LA e BT
nsaemuludaugedsaiteu fades sifegunsniaw 7
L'ﬁ'ﬂﬁfaqﬁ’uﬁ@f:{ﬂﬂwﬁyﬂqﬂauzﬁqmﬁi@ﬁunﬂuﬂw
uanlanan luszLuRAINaN9 (Conceicéo et al., 2010)
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2. mewaMsIzIaslaRwan Bt
Tuszuuninwnzidasaasdszmalned
enunmasesldiaineneynadnsindasanann
NIIANHITDIGNIA WATAMY (2556) M98
nansaqanislilafinenana Tigriopus lun1seyuna
¥ ° = v
ANNINAIAN (Penaeus monodon) Jualiiannngn
nezfunsasyiuinaesgnfiald Gsaanndaaiy
PENNUNTIREURT Jantrarotai et al. (2004) AHANEN
msldlafinantnansaniuaninialunisayunagn
U (Scylla olivacea) WuangN1HERINTEAINNGIT
uanaNidaas uazAny (2556) wuangniainiinu
14 ) . = 1% =
AN (Amphiprion ocellaris) NBYLNA foalannan
1 v aa v dgl I =3 %
ana Apocyclops aanaliigniaiddinauseinamiuls
dnlaannsAneddineWmuwInazfullgesyuunis
Py P P a a a
wnziaasiannenliddss@nsninuazausnnas
TafinandAnn e andINasaLaLARg NN ARSI
dow 4 o o R
gafudounianazilszaunaudzalunsaesdng
bl aunninaainiiesnisaasaaingiztnaly
gRAIUNITNNITINIZIAEN AR SN Tadszinalne
uanaNNsAnentiaseasiuiaeslainenid
ANHULLAUNNNZANADNITINNZIA LAY NIARATT
amsi i lunisiaes uaznisdsvenslildslulasin
(probiotics) FANMLNSRENATNIOAILAGIDATIAININ
Tnauinisaasnandntainen il auninmnnzan
mmmfmuﬁmm?m@qﬁmiﬁﬁmﬂmﬁﬂﬁ‘luma
memwmimmmuim aﬂmmmﬂmﬂ%ﬂauj 7
Fendesiunsides gy ATUN N YFAN1TRBNULIL
faRpuasiadeihuladaienfeieaudnsaly
n1suanlaiwasNa i uaeneUTu Nl
walael (Drillet and Lombard, 2013) wanainiinng
=3 o a = v vy v dl
wusnuanantainan g mnsn 1416 lusyaziaad
wnlugeniuniaiingaAnisananananlainen
lupaialfduiy Asiunisdneasaivawmuinig
dﬂl e~ a a 4‘
wnziaesiannanEan g luiEesresgluuunig
g o A o & P Aoy o
WAEN NIARRBNAERUE N19ARAaNaTYIN 1AL
mstszenaldlslulafndaniuniaiass uaznisiiu
fnemananlainan iudedAnluniatinunld
W aaasiaiwan luszuuniamnzid asdmdun



o

= o~ = o ¢ & a
ﬂ']ilaw"lzl,@ﬂﬂtﬂww’ﬂﬂLw‘aﬂ'l‘i"ﬂ'l‘lu'lﬂﬂﬁ'?u'\ﬁlﬂl'ﬂ’ﬂuelutﬁﬁlw’lzﬁ’ﬂ

westlszmalne taelidnsansaatinisAneideluy
o v 1 o 1 d’l

vindiasing - Aesialiy

21 sduuumsiaeslainan
% dqj = ¥
nstFutlganismnziaestainealiiaisnsn
@e i lundnaaumLLugINenaINNsNaIg
a Q; d’l 1% QI dlﬂl o KX K A

TUALAZAIMNINA LN LA AT FiaeAnTlaDsRaR NN
uwunzausenaasnyAuinesdainanusazadia
< Ao ° = My a 9y A .
Feddnwoznisansstinag H ludeuandasnunnsng
i1 Aeun1siansndeAMAINE U UNd ATy
U TTnueandianaratsin A ulungn-n1g

gruuni ANNLAN BuuansBuvise uazansaiiuviad

ﬂ'@ummmlﬁmmmmamimﬁwm (Rajthilak et al,
2014) uanmﬂummwmmmﬂwq mm‘llﬂwwammq
afasauiY Taufazalafldnenzn1IRNTeTng
WANANIAUAINNNIANENLRY Lee ef  al. (2013) 14
L‘JE‘F;I‘LILV]?;I‘]J‘Q“]JLL‘LI‘LIT]’]?L@FNIP]WW@@ 3 4ifla fAlenann
WEn L SN AN AT T AL T 09T LANFINg
ﬂuﬂi”ﬂﬂumfﬁﬂ‘WWﬂmum Paracyc/op/na
AMEAANLLIN e TR AL AR 10-25 gl

nana

wum’qu Apocyclopsroyi AN 199 LW’]:‘WHV]N AHLAN
ﬁJ‘ﬂxim 12-28 mu’luwumuu@v T/gr/opus japonicus
mﬂ‘mﬂﬁ\‘m L@wuﬂmmﬂum’a\m’l 26-34 daulunu
m’quimﬂ‘ﬁﬂwwamqnmm‘lmzum’mwm.@mLmumm
(monoculture) LALLUUTINUATLTUA (polyculture)

wudndalasslafinanaiin P. nana $A:NAU T.

japonicus NQNNIMNN@NQMI?\WW@ﬁ@\‘iﬂfJ’]ﬂ’]i‘L@”ﬂ\‘i
LLUUL@H’JLL@“’ﬂ’]?LZ\m\’i P.  nana $9ufU A. royi 819
fl9nnaN AN HILNNIAN 2T NLALNNT AL 7]
UANANSTUIRS P. Nana ignsedwiluunasinay dou
P.

Nana W8 A royi mﬁﬂ@ﬂum@mmiwmﬂu

T. japonicus A139dnIludnduniinfuluanzi
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Uadndisanisinemaaes Jeyaraj et al. (2014) nldiya
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a a o A
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AL 3 10 (SRdan 1:1:1) ﬁqmmmmumzﬁ“mf
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dszenaliyadnilunisaaslainenainnsadninli
~ a o a ~ o pry +
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PBINAT RaUN TN WeNMN9899HT R es AN e
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o o = Q; o = [~1 o 6 Y oa val v
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22 mMsAnRansEnuglainan
TARneAuAasTIRANeIAUsnauTea
A1991M1941A YN INTUINTUANFIITUAN A
pry oy o Vo I o A
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989 Yang and Hur (2014) Tutlszimaniuaninng
o A a ~ A o o o &
Andangiinaslainaniveiin i1 lunsayunadng
TJusausiaaniaFeuneuasAlssnaunialnguy
ge9lAapinen 81nm Ussnaumas
Pseudodiaptomusinopinus, Tachidius triangularis, T.
sp.,
Tisbeteuera, P. Nana Waz Apocyclops sp. wuanlaf
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' ~ P | Aaa Aoy o
gandnlafinentilngu o) wargandne sl innlinu
fiqldasinaidu a1 5Ale (Atemia  sp.) walshinas
(Brachionus plicatilis) wazwuanlanwantiia P. nana

japonicus,  Amphiascus Nitokraspinipes,
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ﬁﬁmmmmhﬁuﬁémﬁqqq (highly unsaturated fatty
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nivlulafinenafisdu - lsfilef uazensfif
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Nannochloropsis oculata W 8 £ Tetraselmis chui
mmﬁwﬁ‘u WAEWUIT9eNg (life
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AN sATtaN lasatannanTtin P.  nana lwn1g

anUnadnitndaseu nudnlaineandgsonanmg

NANTENINNAST mauUNT 2 10ia LA Tetraselmis

Galbana wa e T. Suecica U P.

Tricornutum VAadanladszunns 17 Wea/fa/du
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fauseAmautaTaquiuRnreunadafinge
daulael¥an st aszavua nAnai aunsamnzin
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Fdunnunsatiuayunis i laineadluansddie
@Hm@zﬁymﬁiﬁﬂ@iﬂu SRR MiLENEN
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sl (L. vannamel) HszazWnga (dormancy
stage) winiluannie 3 wew lwan1zpauaumAN
ufigounndl 4 asrnizaifies uazderinlalafiwanan
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