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stuuusadmanssulinmanssrasiuls
Tetragonula laeviceps (Smith) Species Complex
(Hymenoptera: Apidae: Meliponini)
lTuilszindAlnauazaniaidansiunn

Nest Entrance Architectural Types of Tetragonula laeviceps
(Smith) a Stingless Bee Species Complex (Hymenoptera:

Apidae: Meliponini) in Thailand and Peninsular Malaysia

nunassas Arganla’ Hans Banziger’ uas 351ws nag1su’

Kanokwan Khamyotchai", Héns Bénzigerﬂ and Jiraporn Kulsarin”

Abstract: Present study is the first step to explore the feasibility of using the nest entrance architecture found in
the Tetragonula laeviceps species complex as one of several methods to disentangle the taxa involved. The
research was carried out in synanthropic habitats of Thailand (provinces of Chiang Mai, Mae Hong Son,
NakhonSawan, Trang and Songkhla), and the Malaysian Peninsular (Selangor and Malacca), March 2013 to
January 2014. The surveys included trees and human’s construction such as pillars and walls. Careful notes
and photographs were made of each entrance and bees specimen were collected for dry mounting (euthanized
in ethyl acetate vapours) and for DNA analyses in the future (in 95% ethyl alcohol). Ninety nests were found.
Various shapes, colour and construction materials of the nest entrances architecture were discovered. The nest
entrances architecture were deliberately grouped into five types, viz. (1) long entrance tube with distal free, (2)
same but entrance tube attached to substrate throughout its length, (3) short entrance tube with slit-like
entrance, (4) same but with roundish, triangular or similarly-shaped entrance, and (5) entrance tube not
projecting beyond the substrate. Type (4) was the most common. The bees at type (2) were the most

aggressive in defending their nests.

Keywords: Architecture, nest entrance, stingless bee
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" Division of Entomology, Department of Entomology and Plant Pathology, Faculty of Agriculture, Chiang Mai University, Chiang Mai
50200
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Figure 1 Geometric shapes for describing nest entrance of stingless bee T. laeviceps species complex



AN5415N=AT 31(1): 1 - 9 (2558)

Fefulse lunsiindvietiunanuiaingiuzesan
Nadinge Win1n139amANe1N T8I afae WiaNAU
tunnasdlsznaunfnagiiznnnnadngs

3. WORANTTNNITAALAURITDITULSS
antsduatuoudulssfiagunmilin
i3 wardanadnruznisqlanaesdulsg
s nmiading lnstunnanene Aol
v e A A o v a
- flaw Ae Waetudngiinldusiuilan
Y o ¥ o v o A a
nadinFeuda dulsenasidilylui dn1sdueanun
Tmavdiaenisaunuasliifiae
- unane Ae Wetiudmguiinlluzin
dnniadinFeuda dulsseanuiqlanusiiiuanly
AN
= A A o o a
- w1n A Watudngudinldusiuian
n19dinFaudo dulsseanuiqlan nandswe dndn
auliamsoinnsidastielld

NANSANE

1. dayaansuzihnmatsetiulss 7. jaeviceps
species complex
1.1 Lmz\'qﬁlagl:mm"ﬁ'u‘l:ia
annsAnEntulss T. laeviceps wuFedulsa
Vamun 90 54 f%wu,uﬂmume%g’mﬁuiw inng
a3wFsenAungluiiznninsaldisssuead uazannns
?ﬁlm@m’éﬁwmwwﬁ (A3 1)

1.2 NUNNYnIsAnELNaanuansuziin
M5 URIT U5

wusetulae 7. laevicepsspecies complex

£
o

Vavan 90 5a luituitsing I fail szinalng Sanda
Wealud 56 FLAMTALNEANARY 2 §9 ANUIA
UATAITTA 1 59 AINTARITAT 23 §9 AINTARTS 3 59
UsuinANLaLge §3 Selangor 3 9 uAz3g Malacca 2 54

Table 1 Number of nest entrances on tree trunk and building or human structure

Habitats Number of nest entrance Habitats Number of nest entrance

Tree trunk Building or human structure

Ficusreligiosa 20 Cement trunk 15

Tectonagrandis 6 Iron pillar 9

Duabangagrandiflora 2 Wood pillar 9

Lagerstroemia speciosa 2 Brick building 7

Litseaglutinosa 1 Tile trunk 3

Pterocarpusindicus 1 Cement surround wood 2
pillar

Ficusbenjamina 1 Brick pillar surround 2
wood pillar

Ficusinfectoria 1 Log

Tamarindusindica 1 Electricity post

Irvingiamalayana 1

Non-living tree 3
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BN URIAWILNRANILN Araecerus fasciculatus (De Geer)
(Coleoptera: Anthribidae) lunszinanuazn1spuANlagld
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AgAsuaulaaanldn

Biology of Coffee Bean Weevil Araecerus fasciculatus
(De Geer) (Coleoptera: Anthribidae) in Garlic and Its Control
Using Carbon Dioxide

sauws laeds” uaz azasso gnallsenus”

Rattanaporn Chaisri” and Piyawan Suttiprapanw

Abstract: The research consisted of biology study of coffee bean weevil, Araecerus fasciculatus (De Geer)
(Coleoptera: Anthribidae) in postharvest garlic cloves, Allium sativum L. and its control using carbon dioxide
(CO,). The use of CO, for controlling coffee bean weevil in garlic was conducted in laboratory at about 27 °C
and 68% RH. The result revealed that the eggs were able to hatch within 6.60 £1.51 days. There were 4-instars
of larvae which took 46.40 £3.66 days, pupal stage was 5.20 £0.83 days and adult longevity was 29.75 +5.68
days. Total life cycle was 87.95 £37.83 days. And effect of CO, against coffee bean weevil was conducted in
garlic cloves. Egg, larval, pupal stages and adult on garlic cloves of coffee bean weevil were treated with CO, at
35% concentration for 72 hours. The highest mortality (100%) was found in adult stage, while the mortalities of
pupae and larvae were 32.50 and 27.93% and egg was significant lower (P<0.05) in mortality (0.50%) than

others. The result showed that egg stage was the most tolerant stage to CO, treatment.

Keywords: Coffee bean weevil, Araecerus fasciculatus, carbon dioxide, garlic
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UNAAED:  NIIANMITINNENVBIFIUNAAN N Araecerus  fasciculatus  (De  Geer) Wazn1s MR
pnfueulaeenlad (CO,) lunmspauan nammarasLBssmdnuidedesundunssiion Alium sativum
L. WﬁmﬂﬁuLﬁmiuamwﬁmﬂﬁu‘”ﬁmiﬁqmmﬁﬂ?zmm 27 peAnTATEa ATNTUANNE szanns 68
wlSiius wun Baeimdnnuniszerla 6.60 +1.51 Su szezvueuRvomn 4 58 Winansm 46.40 £3.66 Tu szaz
Fnudl 5.20 £0.83 T uazszazAaiATE 29.75 45,68 §u Aausszalidaindtlinanszanm 87.95 £37.83 4u
malifng Co, fimnadiadiv 35 wefidus frm”mLmﬁmmLM'lunm‘:mﬂwm?m&JLﬁu‘imﬁ?wmm 72 g wudn
i:ﬂxﬁf;Lﬁﬁﬂﬁmimﬂmnﬁ@mﬁ@ 100.00 wWefiius  douszuzAnusuazszaznueuiiladidusnismawindy
3250 uway 27.93 mwuaau lwszazldfiaununiuseiing  CO, mm’ﬁ'qmLLmnﬁiwq@ﬂNﬁﬁﬂﬁﬁﬁmmmaﬁ
(P<0.05) WUﬂ’Wi‘[ﬂ’]ﬂﬁ‘ﬂﬂ‘ﬁlqmﬁ‘ﬂ 0.50 Lule3uius

AEATY: FBan U Araecerus fasciculatus Anarnualaaands nsviie

ANUN neanandszmAiautinunalfdennasdyoyn
wANsALETeNTdaU (ASEAN  Free Trade Area,

*K A

AanNAANTUN Araecerus fasciculatus (De AFTA) Tagannztindinannilsymeaudeiisiangnnda
Geer) (Coleoptera: Anthribidae) Funaefidvinans nsueanluLlssmea (duineanunnaiadaandmimers
wasnuruazudauadululsafuinliifianann  2554) Insdiuumendmneziienduedfiszanm 5.8
Bevnesanianssiiaumdaniafuin (WaNeT LAy U seRlaniu fe4R1ndInsuannIsiauaedlng
Auz, 2548) unileludpgiiafidndymnaansgia  wanndawiga nsmifieninefsangendiasann

(Back and Cotton, 1922; Wintgens, 2004; Barrera, nandRnsfiaufianasannnizanliunuiud
2008) MnMsdanANTHfENTenfiewmatendt  inizlgnasaneas uaziinisldilauazansiad
PNtNIA LTI Azl fouudanunidinnianads {aausndnlsAuaziNasmNIY (FUFY UAT3a, 2557)
Auinszsiianegnieluinlivada damaiulszni nesifesudiadiataniuinem Bdnwuusas
Li1g nszieafufafidaeudndy aulnald  Angdivinans iy wenengu (cigarette  beetle,
nmﬁﬂuL'fluzﬁ'quﬂixnﬂmmmmﬂﬁ@mqﬂmﬁmLwru Lasioderma serricome  (Fabricius)) (4N3&uWs LAz
nnaaEeu nandndulun 1 ulsana dudniluivg  3lsaad, 2551) foastingin (pineapple beetle; Urophorus
megﬁ@ﬁzﬁﬁﬁﬂﬁmma Ailszannd 9,000 AuAall (Carpophilus) humeralis (Fabricius)) FiAedinatne
ANAALRAE 2,051 AlanFusals (NANENIAERTUAY (tropical warehouse moth, Ephestia  cautella
AN9AUWA, 2553) uavilyarnnsasean 8 Suunlu  (Walker) — WeAwwamenq (flat  grain  beetle,
7 w.a. 2553 uazifiaaulundn 16 &1unnm 1l wa, Cryptolestes pusillus (Schonherr)) WAZAMINAANTUN
2554 (@Juﬁmmumﬂmamwm, 2555) 91AN4928N (coffee bean weevil, Araecerus fasciculatus (De
Free on Board (FOB) sm@ubiidwen nivinie Geer)) (WITDUIWEY UATATLE, 2554)

usadarneseninalsena saludiennassendng nnstlesfuind Auua AN LR e 1
fdarufany AnnasiuazdaneuAufin i vindell A nuan8d® nssunARwakanfng
fuunliaesnsziionan siteudifin ludasding,  afueulaeenled (o)  Wludndsuienldlunns

2550-2552  Prinunn e udszmaluun e Adaunasdnglsadiu fing O, Wuanssnatianila Tl
< ~ o o P~ | PP a = ' P Py .

491 Tuangnaantidnnssieslugo 3wy fnlW Auaseunasiaansyfuinliigniela (spiracle)

fuuwaliiusangnas dielliflumantannnisinda weuuasdlanireuaziianisuaniaeuinauindu
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Foanguasntananniw Araecerus fasciculatus (De Geer) (Coleoptera: Anthribidae)

lunszfimauaznisaruaniagliingasuaulaeanlas

udaR szl uvnfiend@ianusin 19 lusannausasd
CO, AuAHAliLNAsI1AB8aNTIaY (Davidson  and
Pearis, 1966) H91enunsldfing CO, Auunaadmglss
BUMa8Tia [ 2189UNTAN AN TENLYBRNT
CO, Aednsasiinanudnfing Co, fisvsummudindu
10-40 1efidus Nuanilffaaeasdinanneld 100
wafidus luszaziaan 10 34 (NA317] WATAME,
2552) naneaaLiuNenuiluaziueuiide Indian
wudn R 0o, Fianuidiadiu 100

wafdusni lfiuuasisaesrtinnig 95 wWadidus waz

meal moth
TaliREAnAlNEaNT (Monro, 1975) Use@nanin
2] =< ] [~3 A v o
1099 CO, Tumsdununasmaaadinliiians
wHaiy azlUse@nsnnuansteniulludqusaiia
3 = a oq// d” v 1 o
VILHAANTTUAUY °] uananiinsld  Co, sanru
winaluslug lusmandow 50:50  Iaeinmin aznnli
fina CO, Wludataanw liimdiatus lusnszanaliiona
\ oy ' a Ao o
Nndaunldluntssuinaanizdautdinniniu
(Wainman et al., 1983) a1NN19NAANNTUDY Riudavets
et al. (2010) Tpeldfint CO, #Arnadisdiu 100
wadiuAAuAY 15 1az 20 1S szaziaan 15, 30
LAz 60 U AINBIFU NINNTFNNAAT LA
(Oryzaephilus  surinamensis) Fn9999d19 (Sitophilus
oryzae) Naaailan (Rhyzopertha dominica) Aagta
obtectus)  WNMilaAa

uazladnglaafiv

WA (Acanthoscelides
(Liposcelis bostrychophila)

(Tyrophagus putrescentiae) fdadnalne (£
kuehniella) NaARLLLI (C. ferrugineus) wamengu (L.
serricorne)  Tusverla Aaseu ANWE wardaLANSe
Wud’]ixﬂﬂ‘*ﬂmmmwﬁq%@LLazmmmquwumur}i@
At CO, NANAL 15 UF wsl CO, NAMNAL 20 LNF
FLAZINA1 60 WA AN1IaNIAnuNAS LAY NTHA
, o P o A A o % .

atnglafinnenaiifaduau o unngadesfion g
A NduIeeRNT CO, TUALALTHIBILNAY
dsza1nsresunad AnnauNeUNAR wazguun)l
b (guna, 2533) lunnsdnnadalidlidngsvasd
A = A a Y I = ~

WaANETInenrasRuNann LN lunaunssiney
UAZANENANNNUNNWFBT T CO, 19A29INAANIUNW

Tuszaizna
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o as
aUnsaluaglisnsg

nsAnETINenraIssuNaanuWlunssian
‘EmﬁﬁmuﬁﬂumLLﬁLLiqﬁqmmﬁ?de
110 4 -25 aeATaTaE WIu 2-3 5 e ALNA T
anaRanBat A g nug R duauminiy
gnmniities shnaunssieniisienElszann 300
50 I lunaaAELIAINA 11x11x6 1T 13RS 7
dhndesanzgilafastinndng Weszingenniduaz
YoariuunasiaLnil dnsRnderasdoauaanium 10
8 lunAeAeauNAII I 100 fa UdeslEilszanns
72-120 dalus i liidaflaanela aantusinnay
nsuiflendaf liresdnamdnnuniuandifusueen
wka wfufiguunifies (28-32 asAntaides)
ANAudunFlszinu 68 wwlefidus tnay
nevfaaiiliredasmdaniunlutaudeaiu @nis
Lﬁﬁ*ﬂurﬁTf;faﬂ'wﬁﬁﬁmmm@@@m:mm’%n&lﬁuimm
UWNASBENALNEN WD ﬁq@fjwﬁﬁﬁmma@@”l,aiﬁfma“um
1%8n) umsaaaaunniunieléindesqanssml
aunssyidlaiineenunuiauey fnud uaziadiude
Tuinenguazdnaunesnszeznsasniule

55z AUAM NN UM ULRIAINE AN D
s5ufing co,

WAnauaanun sregla srasuueude 3
Grovla-vueuds 3 10an 2326 Su) szazAnud
(sxaila-nudldnan 43-45 ) ﬁ@fgluﬂﬁmmﬁﬂu
WAZITETAANGE 818 3 TUNAIRINBENANANILG W
avsverduan 10 fn wWhennaunsyienfilHiflu
a1tz 50 n3u I8 luraufagUnseTay
(B3uNmg 2,000 HARARNT) WENNINITNARDILARZTEIS
naasryiuinlpatiifsamaaniuwiuiliuion  Co,
A1nd4U9sqfing CO, u?qm'é finanudindu 35
wWediud dnarndinduresinn CO, Fotisisesin
ANt headspace gas (BRIDGE analyzers Inc.)
wasaNsufing CO, tuan 72 il mm‘fwﬂmﬂ
29auRUAR28EH1119019 A9RULNNTANEUAIAIN
unaaluszazld srazinud uazsrazdafndy TRy
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CO, \flunan 23 u dauszzaeuininaanu
STETUUBY (23-28 1 UAIann9lal) ﬁ@gﬂiluﬂau
nezdien 10 Fa lunszifies 10 NALNINARALTNAD
CO, \luaan 72 aluatuiea i vasmi 7 5u
dnAunssiftenluusiaznemuiiiniguueu uewd
finnseaenlin Tudnfumeuiiselinng goufiudi
Tiiraeulvn uaziinay dudnfuwueuing nse
TudnuuNas sannnifeufugeeaunuEeem
anAs9INAn (A CO, Audindin 0.03
wefidus) wiazszaznin1mnaand 4 i 7182 10 #n
AN AN IS LA Ne azAuanutly
Lﬂ@iﬁ%uﬁm@mﬂlumﬁr:hum:‘:‘uﬁflﬁn Tneitinnn
AuanalfuA e uRnnImed uiase (corrected
mortality) #qel Abbott's formula (Abbott, 1925) lu
ﬂ@ﬁﬁwuﬁmquuumma‘m‘qmmuau (ladeinunnssu
Ae) mmfuﬁﬁ@g@ﬁ"lmﬂ% N EaP L PRI R Ere b
whauReuifsunnuuansnaedsnlesidusnisane
RauNaalneing Least Significant Difference (LSD)

NAWAZIANTOL

v [~ dl a = = =

faaudaniunaanylunaunsziian Anng
wentivinluanngunnidiesdimnng (28-32
AIANTALT ) TUNTLAUNN AN INT Y 59.9-61.64

c @ & 1 v =3 = 1 G

woefidus  wudnfauudaniunmaR szl flu
WaspanlunaunseianlanafounAllaasinn
nszinenlifidugudaondlauazaclingnillafonans
witlen TarNAnHuENaNT dousianasinauy (nm
7 1) 2xazlildnaean 6.60 +1.51 44 (AR 1)

flAnundnaean 0.31 +0.03 HAALIAT UAZAYNNEND
0.57 +0.03 fiadiumns iWenuauinaanainlzazende
agnelunAunsuiion svazaueuivionmn 4 5u s
¥ 19011938 46.40 +3.66 44 TrEILMUaLAZEANANENS
vaaiangivaneg lugad 0.20-0.82 HaANAT LATAIN
ninaresdFaisdy FAUUAUTEAATINEAZARNATIL
mev’ﬂw’fﬂLL@]’@fgmﬂ'luﬂﬁumuﬁﬂmwmmmﬁlmm
srEEANUAAD 5.20 £0.83 1
Fafnsenilananaindnudluszazuang
anduagnelundaunseies hl&lﬂ’]ﬁfL@W Lﬂ@@ﬂm
ﬂaumvmﬂuLumvmmem”ﬂvu@”ummmmm@
@@umm@:m@ﬂmﬂmmmmmzufgmmmm@mm
ﬁyuﬂixﬂmﬂﬁ‘ﬂmj usn v niudaamE AN Az Te
waennsziieanilesenunnieuen sinlinsuileuiing
ANNNTANETT A NNEIUN AN e T A LN Teas
aanunld (1w 2)  Fadndaildawiandnuasiiu
aanlfiuuiina@nens uuwas 3 ddasgainedlauin
Innyndnfesiy 7 Sdasenyiede 2075 £5.68 fu
2ATTARRIE A AN A sz A AT
%190 19Re 87.95 £37.83 §u (AN317 1) Feilszeiznns
LffﬁmLﬁu‘llmLfa?;ﬂslﬂéitﬁmﬁm'mmumm FAUINS
(2555) 1/1L@m'lumqiwmLmvua‘wﬂvmimmmuimmm
89.33 4 mmmu 28-32 BATAITEIA AINNTY
Aunng 70-75 wlafidus wisneesuaes Npumechi
(1993) LI LN PR T eI BT R T
TudsrmaludBe fszavnnasdyiivlneds 46 Su
guunAfiamnsnatyiulalifAe 20-33 e
wadad udfigouvndl 1112 esdngadag daali
Foamdnnunluszasly srasuian wavssasAnuLA

Figure 1 Coffee bean weevil, Araecerus fasciculatus; eggs (a) (circles), larva (b) (circle), pupa (c) and

adult on garlic clove (d)
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Foananuassranaantwi Araecerus fasciculatus (De Geer) (Coleoptera: Anthribidae)

lunszifisnuaznisaruaalngldingasuaulaaanlds

Table 1 Duration and size of various developmental stages of coffee bean weevil, A. fasciculatus reared

on garlic cloves In laboratory condition at 27°C and 68% RH

Age Body
Developmental Range Head capsule
Mean £SD ] Width (mm)  Length (mm)
stage (Days)  Width (mm) mean £SD
(Days) Mean £SD Mean £SD

Egg 6.60+1.51 (5-8) - 0.31+0.03 0.57+0.03
Larva 46.40 £3.66 (34-56) - - -

Instar 1 10.00£2.34 (7-12) 0.20+£0.00 0.27 £0.02 0.45+0.09

Instar 2 9.60+1.14 (8-11) 0.44 £0.07 0.77+0.12 0.99+0.18

Instar 3 10.20 £2.17 (7-13) 0.76 £0.04 1.67+0.16 5.40+1.39

Instar 4 16.60 £3.20 (12-20) 0.82+0.14 2.19%0.07 4.19%0.48
Pupa 5.20+0.83 (4-6) - 1.95+0.12 4.42+0.19
Adult 29.75+5.68 (24-36) - 1.80+0.18 3.29+0.31
Total life cycle 87.95 +37.83 (67-106) - - -

Tlansnsnanadinels way Jean (2004) $1e979
% I3 tzll dy 3 =
foatuanniwnMasslunann 1w tssazng
wanyiAuInAausszasldauisafindane 61-87 du
wanaINREI8UI NN RgIndn 37 a3
a [ vy [~ ] o aa v 4J
waidead N EamAn w liaNN30A39T M 14 T
A1a1119 uarguuund anatuavninliiscaznis
winyiuTauansnaiulnag uugRsiasmnnvanligs
Ao a o g o & =
viran1awnull TaduueanuTuduinsuazig
21M3inasaANaLsanUeIRNAANTU Sayed
(1935) Teuanfasudanunidadaninluninasey
uazrmn Tumandnwalazaunsma (nutmeg) 110
AN W IUANINANNTUGNANFNAING 60 1WaFidust
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Figure 2 Damage of coffee bean weevil in garlic bulb (a) and in garlic cloves (b) (arrow)

fuasian ANy RLInTesaamdaniu
g wAnaFuduing 90 wlefidus BUUNN 27-28
avrnuadea fananafinailiunasiiengeaunuiy
(86-134 1) 5’1@fgj‘luamwmm%”uﬁuﬁwﬁ 90
weidud uenanilaanagranaesdaamdaniu
st et iungAnssunenela mnuasnsliuen
frenemudnladuliansnsoindusamendls
AINNIINARBUTHAINUAAN N A8 NE
CO, Arudiadie 35 wafidusf 7 72 Falue wud Fag
wianunluszazlafipununiusiedina  Co, un
nan

=®K a

EINEY

b

TnedlAeanlafidusnisanamingu 0.50 +0.58
ANLANFNITwed 1NN Tad A yn19an A
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(P<0.05) 784A4N1TLEZUUY LAZIZEZANWLA |
WesiduAnismewmniy 27.93  +£10.05 Waz 32.50
+0.95 AuAAU d9laiTl A NuANANNISET A dau
srazpndaidefidusinnsmiewindy 100 +0.00
wefidudRedanununiudefing co, fiasfiga
(mmq‘ﬁ' 2) Inenafidusinnsaneanasas ey seey
Fud uazsvavifusaannninszeslenaiiiasann
srezlifinanelatiasndnszezay Il faganndasivl
NM9ANE1224 Davidson and Pearis (1966) ﬁwudﬁ'ﬁj
CO, Huasiaunas Inanszéunnliigniala (spiracle)
yasunasiafluadindAny luunaszasruauuay
sraeAAndelnaguielaiandnquaziianag
wanAeuRafissnnio fainlifng co, 7ildlums
s luunufieandiausinliluinemauasdl co, ge
dasna T unueendiaulunseiyiuinanasuas
ﬁﬂﬁuummﬁluﬁzgm ”luﬁumxﬁa?:m“lfm\ummﬁg
wela (aeropyle) 2AANNIN B1aiTluawin sz
lafnns¥ufing Co, litlaendn Redenansenuivszey
laitiaeingn (Chapman, 1998) u@nmn‘ijautam et al.
(2014) 7e973n TAsasEneTiuaa sl uanulaenannie
rnuraragaeasliunas 1Eun aeropyle Faiflutas
Elarunadngunsauanilaguineiuussenniels
uaz micropyle  a4ifluteaTlailalElunnssuailsu
WU ﬁ@”@m@u Ephestia elutella (Hubner) Waz 1am
serricome  (F.) LﬂuLLNmﬁﬁ
aeropyle  AMUAUNIN (17.4  +0.79 waz 291,200
+13,145 3 ANATAL) Fuiuanilaguennieuin
(20.71 +£1.39 uaz 990.1 £180.4 MeluATAU (Um?)

84U Lasioderma

ANNRAL) LAAIAYNE AULBFABNNTTNAI-ANT sulfuryl
fluoride luanuedt Fasiindn Carpophilus hemipterus
(L) Wunnaefinianuau aeropyle Winfiu 2 £0.0 3 uay
FAWIAL 216 4019 melunseu Tedduy
aeropyle tiRENINAAeENgLUUATIANENGL WLUT1Hes
%R sulfuryl NN lunniapatng
anysnl

fluoride

#RAARBITLUNIANEIY8Y Davidson and
Peairs (1966) finudnAngansualneanlasiluasia
unas TnenszsiuinWiguala ( (spiracle) dlansnauay
LA mmiuamﬂ@ﬂummwmmﬂmu [an 1R
afueulneanlodiinllunufieandiausialily
swneunasiianiuaulaeanlafgs danalidEunon
aandaulunRIFELInaAAILAZTI iLuasae Ty
fign uenanniinisdnulszdnininaesfing
miuaulneenlasseunatuarlsdnglulsnfv 9 alin
Hud neaudes (O. surinamensis) NAARAALLIU (C.
ferrugineus) NaREINQL (L. serricorne) £2999947 (S.
oryzae) waaviailan (R.  dominica) Bnafiaund (A.
obtectus) Bidedatne (£, kushnielia) wnuiisde (L
bostrychophila) W@ AL f:vlgcl:i\ﬁ Wiu (7. putrescentiae)
lunnszaznisiasgifule flaanuidadiu 100
wlafidus muAwR 15 way 20 U3 9¥a1z0an 15, 30
WY 60 U ANATAL wudnsrerldaeamnmiede
waznanenguuusienigaiueulasenlaiaan
Wi 100 wleifus Rranasi 15 105 (Riudavets et
al., 2010) %ﬂﬁgq@’mmﬁ’mmwum Annis and Morton
(1997) lEAnHss@nsnnaesAneg

Table 2 Mortality percentage of coffee bean weevil, A. fasciculatus in garlic cloves exposed to 35% CO,

for 72 hrs.
Developmental stage Mortality £S.D. K
Adult 100 £0.00 a'
Pupa 32.504+0.95b
Larva 27.93+10.05b
Egg 0.50 +0.58 ¢

" Means followed by the same letters in the same column are not significantly different at 95 % by LSD.



FoAnenvassaaNanniwn Araecerus fasciculatus (De Geer) (Coleoptera: Anthribidae)

lunszifinuaznisarunalagldingasuaulaaanlds
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Synthetic Sex Pheromone Trap Designs for Controlling

Diamondback Moth in Cabbage Production on Highland

21901 NavApa”’ 35S naR1sY” uas (a7 ysauwrdanug”

Artitaya Tongkamkul1/, Jiraporn Kulsarin'” and Sawai Buranapanichpanz/

Abstract: Attractive effects of synthetic diamondback moth (DBM) sex pheromones (Z-11-hexadecen-1-ol (alc):
compound A: compound B by 0.1:1:1 mg) mixed with the solid paraffin as evaporation retardant using 2 trap
designs; wing spin trap and delta spin trap, were done in Mae Tho Royal Project Development Center, Hot
district, Chiang Mai province. The results found that after trap establishment for 7, 14 and 21 days, wing spin
trap with DBM sex pheromone attracted 19.56, 19.11 and 10.78 moths higher than in the delta spin trap with
DBM sex pheromone at 12.67, 13.94 and 8.89 moths, respectively. The result revealed that wing spin trap was
more effective in attracting higher than the delta spin trap. The effects of position to place DBM pheromone trap
played an important role of catching DBM. Among the sex pheromone establishment positions; inside, outside,
and both (in and outside) cabbage plantation area, wing spin trap with DBM sex pheromone placed both in and
out of cabbage plantation area showed the most effective to catch DBM.

Keywords: Diamondback moth, pheromone trap design, sex pheromone

" pneRrnigineuazisaiie AnsineRsAans aaneaadeslud 2. @eelud 50200
K Department of Entomology and Plant Pathology Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200
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Figure 1 Wing trap preparation

Figure 2 Synthetic sex pheromone trap design (a) wing spin trap and (b) delta spin trap
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Table 1

Effective of trapping design with synthetic sex pheromones using in different positions of

cabbage plantation area at Mae Tho Royal Project Development Center by 7 days

Average number of male diamondback moths

Design trapping position o
Total
out in combined
Wing spin trap with synthetic
9 spin rap Y 17.83 ab" 20.83a 20.00 a 19.56 X
sex pheromones(alc + A + B)
Delta spin trap with synthetic
7.33 bc 14.33 ab 16.33 ab 12.67Y
sex pheromones (alc + A + B)
Wing spin trap 0.00 c 1.67c 1.17c 0947
Delta spin trap 0.17¢c 1.33¢c 0.50c 0.67Z
Total” 6.33B 9.54 A 9.50 A

" Means followed by the same letters in area are not significantly different at 95% confidence by LSD

2/

3/

" Means followed by the same letters in the same column are not significantly different at 95% confidence by LSD
Means followed by the same letters in the same row are not significantly different at 95% confidence by LSD

Table 2 Effective of trapping design with synthetic sex pheromones using in different positions of

cabbage plantation area at Mae Tho Royal Project Development Center by 14 days

Average number of male diamondback moths

Design trapping position o
Total
out in combined
Wing spin trap with synthetic
g spintrap Y 13.50 be" 18.67 b 2517 a 19.11 X
sex pheromones (alc + A + B)
Delta spin trap with synthetic
9.67¢c 13.33 bc 18.83 ab 13.94Y
sex pheromones (alc + A + B)
Wing spin trap 1.00d 0.33d 2.00d 1112
Delta spin trap 0.50d 0.00d 1.67d 0.72Z
Total” 6.17 B 8.08 B 11.92 A

7

' Means followed by the same letters in area are not significantly different at 95% confidence by LSD

% Means followed by the same letters in the same column are not significantly different at 95% confidence by LSD

3/

AINNANITINAABINTZHZLIAN 14 51 WU
sUuuuAuANUUL wing spin trapganiuansiistuu
WAZIAZS (alc + A + B) ARNWMIN13791en

v o = =l dﬁl
udasnFaniuaneluulasannsnpgaiidevuei
lerinléigean 25.17 da Tluanseiuiudnuuy delta
spin trapfanfuans N isTuwmAdaAz (alc + A +
B) NANwniantsuentlasnianiuanenie luulas

=& = d’/ o/ % o 1
amnsnasgaiidavueuladnls 18.83 n usilanu
unnsneiuee1elisdAynNais (P<0.05) Auiu
AngUuuuaulumumidy

26

Means followed by the same letters in the same row are not significantly different at 95% confidence by LSD

waziflonfianfieunlazdnd nmluniefage
Rdevuenlednuestugnus azgluuaInNaanlun
AUMUINIINALAN WUAALANWLL wing spin trap
saufuans s luumAdaamed (@lc + A + B) @i
PmpidevuenlodnlFion 1911 ¢ uAnsnatuasing
Alad Aty eadd (P<0.05) Auduangtuuy delta
spin trapganfiugns sTuumAgamsz (alc + A + B) i
ansnmniag el devuenleinlie 13,94 § wanmng
Ausnidemenlemludui 14 vdsannmsnetusng
wnTiurdenaatunndigag 7 54 (e 2)
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Table 3 Effective of trapping design with synthetic sex pheromones using in different positions of

cabbage plantation area at Mae Tho Royal Project Development Center by 21 days

Average number of male diamondback moths

Design trapping position o
out in combined Totel

Wing spin trap with
synthetic sex pheromones 10.33 ab" 10.83 ab 11.17 a 10.78 X
(alc) +A+B
Delta spin trap with
synthetic sex pheromones 8.50 bc 10.50 ab 7.67cC 8.89Y
(alc + A+ B)
Wing spin trap 0.50d 1.67 d 1.00d 1.06 Z
Delta spin trap 1.17d 1.67d 0.50d 0947
Total” 513 A 6.04 A 5.08 A

7

2

" Means followed by the same letters in area are not significantly different at 95% confidence by LSD
" Means followed by the same letters in the same column are not significantly different at 95% confidence by LSD

¥ Means followed by the same letters in the same row are not significantly different at 95% confidence by LSD
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(alc) : compound A : compound B 87514914 0.1:1:1
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Use of Waste Material from Seedlac Production for Producing
Organic Fertilizer I. Effects of Drying Temperature and

Storage period on Properties of Lac Organic Fertilizer

Aol thnilsslau” uae 1918 dusning”

Sirirat Pakprakon" and Choochad Sam‘asupm

Abstract: The aim of this study was to evaluate the potential of utilizing waste material from seedlac processing
as organic fertilizer. In this study two experiments were conducted at the Faculty of Agriculture, Chiang Mai
University during May 2011-May 2012. In the first experiment, different drying temperature that ranged between
35-65C were applied to fresh lac waste sediment to find an optimum temperature that affected minimum
nutrients loss. Physical-chemical analysis of dried lac waste sediment, referred to as lac organic fertilizers (LOF)
obtained from drying process and the fresh lac waste were performed for comparison. For the second
experiment, The LOFs were stored at room temperature for six months and samples of LOF were taken at one
month intervals for their properties analysis. The result showed that the optimal temperature for lac waste
sediment drying was about 45-55C. The loss of organic matter and nitrogen content after sediment lac drying
was observed at temperature higher than 55 C lower than 45 C. Ammonium nitrogen was the main nutrient that
loses 47 and 72%, respectively, but phosphorus was only slightly affected by drying. Six-months storage of the
lac organic fertilizers (drying 550C, 10 +1% moisture content) resulted in a decrease in pH, 1.4-1.9 pH unit in
comparison with the beginning. Results from this study indicated that the dried lac waste sediment had a high

potential for agricultural utilization.

Keywords: Lac waste sediment, Lac organic fertilizer, properties, effect of drying temperature, storage
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Table 1 Effects of drying temperature on properties of lac waste

Properties of lac waste

drying total N i
Treatment oC CN PO, KO NH,-N NO,-N
time pH N
(%) (%) ratio (%) (%) (mg/kg) (mg/kg)
(hour) (%)
1. FLWS?(67.40) 0 6.96 3592 6193 346 1038 042 020 6969.17 0.26
2. 35°C (10.96)” 108 6.44”" 2913 5023° 251° 1161 0.34° 017 1912.17° 013
3.45°C (11.58) 60 6.08° 30.99° 53.44° 2677 1161 033° 017 3030.10° 0.14
4.55°C (11.36) 36 6.54° 31.05° 5354 268 1159 035 018 3041.80° 0.13
5. 65°C (10.00) 24 599" 2943 5074 254° 1159 0.30° 018 3297.25° 0.14
LSD (0.05) - 0.03 0.52 091 050 ns  0.03 ns 63.40 ns
%CV - 0.32 1.14 114 117 000 6.07 694 146  11.92

" Means within same column followed by different superscript are significantly different at P<0.05

? Fresh lac waste sediment without drying
“Moisture

ns N e
non significant

iusnen SeasiulFFnauannmsasulases
pH uaz NH, -N Tngifin pH Buinnawlasuunladesing
WliFaauluiend 3 aunssisanasngaluieud
6 AWt 467 AnsanasarnAnEuEuAely
Saeay 29.88 AMFULINIMNH, N Deufiszeznis
Lﬁuﬁ*ﬂmﬂﬂ%um‘?ﬁﬂ?\wzzﬁ'ﬁNmi@mmmwmﬁmm
NH, N atiqlifidadiAynieads usatnelsfiaw
30104 NH, N a1nn193 nziEufinafeuulas
ashaiulFdmanludend 3 @um:ﬁmmmﬁﬂzﬁmh
{Beud 6 TaRAWINAL 344754 mg/kg HnN3aAAIANN
pEnuAnuSasn 10 uazszazaasn a1y
denaieidntiagsiaanifunslsenises]e@unad
piaflefisufupnantfdauniafuine Fud
311W OM, total N, C:N ratio, P,0,, K,0, NH,"-N
way NO,-N (mmm’ﬁ' 2)

NALAZIANTOL

nATRIgU RN dauLTIRan uaNtTA
rasiladuvidfade  anmseuuimznouaiaiie
mamﬂuﬂﬂ%uﬁﬁﬂ?q é’wqmuqﬁﬁ' WANFIeAY
IHdenansenusie

FYUIN 3565  AANLTALTEA
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Table 2 Effects of lac organic fertilizer storage on chemical properties (moisture 10 +1%)

Properties of lac organic fertilizer

Period n )

(Month) ’ oM total N C:N P,O, K,0 NH,"-N NO,-N
on P

(%) (%) ratio (%) (%) (mg/kg) (mg/kg)
0 6.66"  37.70 3.76 5.82 0.69 0.41 3817.71 0.22
1 523"  37.16 3.76 5.79 0.64 0.40 3785.64 0.21
2 523°  37.24 3.74 6.09 0.61 0.40 3670.25 0.21
3 472°  37.70 3.73 5.87 0.60 0.40 3518.33 0.22
4 471° 36.61 3.74 5.68 0.62 0.41 3473.88 0.20
5 470 36.78 3.73 5.72 0.61 0.40 3406.99 0.21
6 467"  36.63 3.71 5.73 0.60 0.40 3447 54 0.20
LSD (0.05) 0.04 ns ns ns ns ns ns ns
%CV 0.48 6.64 9.83 14.99 11.60 10.36 7.90 60.10

" Means within same column followed by different superscript are significantly different at P<0.05

™ non significant
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Using Electrolyzed Oxidizing Water in Controlling Bacteria for

Prolonging Storage-life of Organic Vegetables

TJUIRT LATENA WA INIAY ABIANAINA"

Wanwisa Techawong" and Kaewalin Kunasakdakul”"

Abstract: The purpose of this study was to examine the effects of electrolyzed oxidizing water (EO water) on
reduction of rot disease in organic vegetables. EO water was produced in various concentrations of NaCl at
0.00625, 0.0125, 0.025, 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 percent. Then the free chlorine concentrations and pH
values were measured in the range of 0.40-137.00 ppm and 3.65-4.11, respectively. While the electrolyte
conductivity (EC) showed in the range of 0.49-6.23 mS/cm. Erwinia carotovora, bacterial pathogens of soft rot
disease were isolated from Chinese cabbage and were used for inhibitory effect trials of EO water. Bacterial
suspension cells were soaked for 1 and 5 min into each concentration of EO water. After incubated on NA
medium for 24-48 hrs., results showed that the bacterial growth was completely inhibited except the trial of EO
water at concentration of 0.00625 percent which was found very few colonies grew up. In addition, magnification
observed on the bacterial cell size, revealed that those the EO treated trials showed smaller size than in the
control (distilled water) treatment, except in the concentrations of 0.00625 and 0.0125 percent. Applications of
various concentrations of EOQ water for reduction of soft rot disease were done on organic vegetables (Chinese
cabbage and Cos lettuce) and the results showed that the 0.3 percent EO treatment was the best to reduce soft
rot incident. Then, soft rot inhibitory effect of EO water at 0.3 percent was compared to other disinfectants;
Ozone water (0.02 percent), potassium permanganate (0.05 g/l), sodium bicarbonate (2.5 g/l) and chlorinated
water (0.02 percent). The results revealed that EO water could reduce soft rot disease and prolong shelf-life of

organic vegetables (Chinese cabbage and Cos lettuce) better than other disinfectant solutions.

Keywords: Prolonging shelf-life, electrolyzed oxidizing water (EO water), organic vegetables
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conductivity; EC) wuaniianeglutag 0.49-6.23 mS/cm Setnmagunuaentesdewuniiae Ewinia carotovora
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Figure 1 Safranin-O staining and decreasing in size of Erwinia carotovora cells after soaking in

electrolyzed oxidizing water at various concentrations of sodium chloride
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Figure 2 Rot incidences of 3 organic vegetables after wiping by disinfectant solutions comparing with 0.3

percent electrolyzed oxidizing water (EO water) and untreated control prior to store at room

temperature (28°C) for 3 days
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Aflatoxin B1 Inhibition Using Atoxigenic Aspergillus flavus
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Abstract: The inhibition of aflatoxin B1 (AFB1) production by toxigenic strain of Aspergillus flavus was examined
in the laboratory tests using four of atoxigenic A. flavus strains including A. flavus UPAO1 UPAO2 UPAO3 and
UPAO4 isolated from maize crop producing areas in Phayao Province, Thailand. The experiment was conducted
to find out the colony radial growth rate (Kr) of fungi on solid medium using Potato Dextrose Agar (PDA) and
incubated at 30 C in the dark. The results showed that the Kr values of all A. flavus strains did not appeared
significantly difference between A. flavus strains. The average Kr values of all each A. flavus approximately
showed as 0.7 cm/day. For the quantities of aflatoxin, A. flavus spore suspension at concentration of 1x10°
spore/ml was inoculated in modified yeasted glucose sucrsoe (mYES) at 30C in the dark for 7 day. Toxigenic
strain of A. flavus NRRL3357 produced and showed AFB1 value as 5.361 +259.10 ng/ml but all four atoxigenic
strains of A. flavus did not produce aflatoxins (AFB1, AFB2, AF1 and AFG2). When A. flavus NRRL3357 was
co-incubated with each four atoxigenic A. flavus strains in modified yeasted glucose (MYEG), all atoxigenic A.
flavus strains significantly greater inhibited AFB1 from toxigenic A. flavus strain with more seventy percentage of
inhibition. The kinetic parameters were expressed by Monod’s equation. The specific growth rates (u) of all A.
flavus were similar. On the other parameter including specific glucose consumption rate (q,), toxigenic strain of
A. flavus NRRL3357 was the highest g, value (0.22 mmol/g cell/hr) but it strain was reduced in q, value when
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co-cultured with atoxigenic strains of A. flavus. The results indicated atoxigenic strains of A. flavus inhibited
AFB1 produced by toxigenic strain of A. flavus NRRL3357 with competitive exclusion of substarte (glucose)

consumption.
Keywords: Aspergillus flavus, aflatoxin B1, aflatoxin inhibition
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Figure 1

Kr pattern of A. flavus strains on PDA incubated at 30°C in the dark
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Table 1 Kinetic parameters of A. flavus cultures

Single culture*

Co-culture with A. flavus NRRL 3357*

Kinetic parameters

3357 UPAGOT  UPAGO2  UPAGO3  UPAGO4 UPAGOT  UPAG0O2 UPAGO3  UPAGO4
Dry weight (g/L) 6.75" 6.67” 6.90° 7.38° 6.48° 7.25% 7.46%° 7.49%° 7.91°
Glucose (g/L) 38.21° 41.27° 40.82% 41.00° 40.60%° 40.08° 39.23° 39.55% 40.42°
ph™ 0.0084°  0.0069” 0.0076° 0.0086° 0.0070° 0.0083*  0.0080®  0.0090°  0.0084%
Moo (07) 0.0152°  0.0067°  0.0077°  0.0128" 0.0099” 0.0075°  0.0087° 0.0081*°  0.0103°
Y, . (g cell/ mol sub) 38.71° 46.10° 53.28" 66.33" 57.19° 63.06 57.64" 51.90° 57.04°
a, (mmol/g cell/hr) 0.22° 0.15° 0.14° 0.13° 0.13° 0.15% 0.16™ 0.17° 0.14%
Y., (mg AFB1/g sub) 0.427 0 0 0 0 0.044° 0.039" 0.061° 0.049"
a, ( Hg AFB1/g cell/hr) 3.52 0 0 0 0 0.43° 0.32% 0.61° 0.44°
*Significant level (p=0.05), sample (n=3)
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Ehrlich and Cotty, 2004)
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Factors Affecting of Successful Implementation

of the Royal Project Development Centers

UNIWG A" 7 uags 35VAYE DUNSAANNS

Napaporn Tangtis”’  and Wallratat IntaruccompornZ/

Abstract: The Royal Project Development Center (RPDC) has been supporting for highland farmers by using the
concept of empowering communities as a mechanism to increase income and enhance the well-being of the
community on the highland area. The objectives of this research were (1) to study pattern of implementation in
promoting knowledge to farmer in RPDC areas, (2) to study farmers knowledge and understanding after they
have been involved with RPDC, (3) to study results of the Royal Project’'s implementation to farmer in RPDC
areas, and (4) to study factors that affect to the implementation of RPDC. The populations of this study were
150,019 farmers in total in 38 Royal project areas. The accidental random sampling were apply, two farmers
selected from each study site. The total of population were 76 farmers. The instrumentation used in this study
was an interview with the close-ended questions and open-ended questions. Data analysis were used
descriptive statistic such as percentage, mean, standard deviation, maximum, minimum. The analysis pattern of
implementation and result of implementation of the Royal Project were asked farmers’ opinion in each issue by
using 5 levels measurement of Likert scale and weight mean score use to explain the meaning. More over, test a
hypothesis was apply multiple regression analysis.

The result found that, there were 3 parts of operation model in promoting the knowledge for the farmers
which were (1) the number of promotion, (2) support/provide facilities to farmers, and (3) quality of RPDC
officers. In overall, the average of those operation models found there was high level. The perception for the
quality of the RPDC officers found very high in level, as well as promoted quantity and support/provide facilities
to farmers found high in level. The knowledge and understanding of farmers which promoted of 3 parts by the
RPDC found high level in overall which were career, social promotion and environment development. The
perception to environmental development part found very high in level as well as the social promaotion part. The
perception career part found moderate in level that was because farmers having specialized technical

knowledge in production, such as tea, coffee, flowers and crafts. The overall results of the Royal Project

" AR ANRUTGS (R9FNTHM) 65 311 04U BL.eww 8.lee A, el 50200

K Highland Research and Development Institute (Public Organization) 65 Moo 1 Suthep Road, Amphoe Muang, Chiang Mai 50200
Thailand
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z Department of Agricultural Economics and Agricultural Extension, Faculty of Agriculture, Chiang Mai University 50200, Thailand
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Development Center's implementation to farmer in the Royal Project areas that found in high level were
economic, social and environment. There was indicated the successful of the RPDC performing in development
in 3 parts simultaneously. The factors that effected to the PRDC found number of farmer in household, the

number of promoted and quality of officer in the RPDC were positively.
Keywords: Implementation, the Royal Project, success
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Table 1 Multiple regression analysis of factors affecting the operation of the Royal Project to the

farmers, including the economy, society and environment

Variable b t Sig
1) Age .000 -115 .909
2) Number of farmer in the households .100 2.269 027+
3) Family income (Baht/month) 1.344E-5 1.283 204
4) Farmers Debt (Baht/year) -2.176E-7 -.548 .586
5) Number of land holding (Rai) -.002 -.397 .693
6) Promoted quantity .365 4.163 .000***
7) Support /Provide facilities. .017 234 .815
8) Quality of officer in Royal Project .365 3.164 .002***
Constant 0.630 1.051 .297
R°= 0513  SEE =0.4435 F=8.837 Sig. of F =.000

** Significance at 0.05 *** Significance at 0.01
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Growth Performance and Carcass Composition of

Native Chicken Reared by Germinated Rice

auan Ny’ FUARY TIMUSTTH UAs NUAT 95ng”

Tanom Tathong”, Santisook Worrawattanatam” and Montree Worrakot”

Abstract: The aims of this research were to study on carcass quality of Thai indigenous chicken-reared by
germinated rice. The three groups of chicken randomized initial weight between 460-540, 541-620 and 680-760
g. The experimental design was randomized complete block design (RCBD). Seventy two chickens with two
treatments, three block and two replications was raising and fed with germinated rice, paddy and water
ad libitum. After feeding trail for 84 days, they were slaughtered in order to determine carcass compositions
respectively. The growth performance in terms of FCR and FI of chicken supplementation with germinated rice
was letter than chicken supplemented with paddy rice (P<0.05).

The result showed that the carcass composition of chicken supplementation with germinated rice had
breast, pellet, drum stick, thigh, wing, wing stick, bone, shank and neck were lower than chicken supplemented
with paddy (P<0.05) while percentage of head was higher (P<0.05). The gut composition showed that gizzard
and intestine of chicken with paddy were higher than with germinated rice (P<0.05) while the other gut were

similar between group (P>0.05).

Keywords: Growth performance, carcass composition, germinated rice
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Table1 Crude protein of Kokor 6 rice
Kokor 6 rice Crude protein (%)
Paddy 7.08
Germinated rice 8.24
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Table 2 Growth performance of native chicken with germinated brow rice

Type of rice
Trait Sig
Germinated rice Paddy

Initial weight (g) 561.67 689.00 *
Final weight (g) 1,001.53 1,103.68 *
Feed intake (kg) 3.34 3.07 *
Average daily grain (ADG) 5.24 5.28 ns
Feed conversion rate (FCR) 7.58 6.97 *
Weight before slaughter (g) 900.27 1005.67 ns

*

within the row means bearing the same superscript differ significantly at P<0.05

"™ within the row means bearing the same superscript differ not significantly at P<0.05
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Table 3 Carcass composition of retail cuts from native chicken

Type of rice
Trait Sig
Germinated rice Paddy
Carcass percentage 82.46" 85.74° *
Breast meat 10.69 11.51 ns
Fillet 4.39 4.60 ns
Drum stick 13.90 13.99 ns
Thigh 15.89 16.62 ns
Wing 5.89 6.64 ns
Wing stick 6.18 6.51 ns
* within the row means bearing the same superscript differ significantly at P<0.05
" within the row means bearing the same superscript differ not significantly at P<0.05
Table 4 Carcass composition of external organ form native chicken
Trait Type of rice Sig
Germinated rice Paddy
Bone 21.66 21.59 ns
Shank 5.74 6.10 ns
Head 5.14° 6.10° *
Neck 8.19 8.63 Ns

*

with difference column was significant at 95% (P<0.05)

ns with difference column was not significant at 95% (P>0.05)
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Table 5 Guts composition of native chicken

Type of rice
Trait Sig
Germinated rice Paddy

Liver 3.80 3.30 ns

Gizzard 5.65" 6.49° *

Heart 0.67 0.64 ns

Spleen 0.56 0.66 ns

Intestine 6.80" 10.11° *
* with difference column was significant at 95% (P<0.05)
ns with difference column was not significant at 95% (P>0.05)
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Product Development of Reduced Fat Chicken Holy Basil
Sausage Using Konjac Flour in Combination with

Xanthan Gum

Asan lnsanan”

Sirilada Kailomsom"

Abstract: The research entitled development of reduce fat chicken holy-basil sausage product using konjac flour
in combination with xanthan gum had the objectives (1) to study and develop reduced fat chicken holy-basil
sausage product using konjac flour in combination with xanthan gum, (2) to study consumer acceptance of
reduced fat chicken holy-basil product using konjac flour in combination with xanthan gum and (3) to study the
quality characterictics of product changes during storage while kept for 28 days at refrigerator temperature (1-4
degree Celsius). The optimization of a formula for the product was studied. It was shown that chicken breast
was used as main ingredient, and pork lard, sugar, salt, chili, garlic, holy-basil, mixed phosphate, fat replacers
and wheat flour were added as minor ingredients. The optimum amounts of minor ingredients were 10.00, 2.50,
1.50, 5.00, 5.00, 7.00, 0.10, 8.00, and 10.00 percent of main ingredient, respectively. Prague powder was also
added in the formula at 0.05 percent of main ingredient. The product was stored at refrigerator temperature (1-4
degree Celsius) and its quality characteristics were monitored for 28 days. The results presented that the water
activity (a,) was stable for the whole storage time, whereas TBA values increased until day 24 of storage and
decreased until the end of storage time. For texture analysis, the storage time had no effect on hardness (p >
0.05) but springiness, cohesiveness, gumminess and chewiness significantly changed (p < 0.05). Total count of
bacteria gradually increased during storage time, so it indicated that the shelf life of product was not longer
than 16 days. Anaerobe thermophilic bacteria and anaerobe mesophilic bacteria were not detected at the
whole shelf life. The consumer acceptance was evaluated by consumers aged 15-50 years old using 9-point
hedonic scales. The reduced fat chicken holy-basil sausage product using konjac flour in combination with

xanthan gum was accepted from consumers at moderately like to very like.

Keywords: Reduce fat sausage, konjac flour, xanthan gum, fat replacers, chicken product
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" Food Science and Technology Faculty of Science and Technology, Thepsatri Rajabhat University, Amphur Muang, Lopburi
15000, Thailand
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Table 1 Level of factor that will affect side to quality in optimize formula to reduce fat chicken holy-basil

sausage product using konjac fluor in combination with xanthan gum

percentage ratios of main compound

Factor
Low (-) High (+)
A pork lard 10.00 20.00
B sugar 2.50 3.50
C salt 1.50 2.50
D bird chili 5.00 8.00
E garlic 5.00 8.00
F holy-basil 7.00 10.00
G mixed phosephate 0.10 0.30
H fat replacers 6.00 12.00
| wheat flour 10.00 12.00
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Table 2 Ratio score of sensory characteristics the chicken holy- basil sausage basic formula

Ratio score

characteristic

Ideal Basic formula
brown color 1.00% +0.01 0.92°+0.18
homogeneously™ 1.00 +0.01 1.00 +0.22
holy-basil odor 1.00° +0.01 0.89° +0.33
spicy 1.00% +0.01 0.93° +0.18
firmnes 1.00° £0.01 0.86° +0.33
smoothiness 1.00° £0.01 0.88° +0.28
overall 1.00° +0.01 0.68° £0.19

* The difference letters in the same row are statictically significant different (p < 0.05)

"™ The letters in the same row are not statictically significant different (p > 0.05)
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Table 3 Ratio score of sensory characteristics the chicken holy-basil sausage basic formula compare

with the reduce fat chicken holy-basil sausage developed formula

characteristic ideal Basic formula Developed formula
brown color 1.00" +0.01 0.92° +0.18 1.02° +0.24
homogeneously™ 1.00 +0.01 1.00 +0.22 1.04 +0.19
holy-basil odor 1.00” +0.01 0.89° +0.33 1.00" +0.17
spicy 1.00° +0.01 0.93° +0.18 1.08% +0.25
firmness 1.00" +0.01 0.86° +0.33 0.94° +0.14
smoothiness 1.00° +0.01 0.88° +0.28 0.96° +0.22
overall 1.00% +0.01 0.68° +0.19 0.97° +0.23

** The difference letters in the same row are statictically significant different (p < 0.05)

"™ The letters in the same row are not statictically significant different (p > 0.05)
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Table 4 Chemical quality of the chicken holy-basil sausage basic formula compare with the reduce fat

chicken holy-basil sausage developed formula

Chemical quality

Basic formula

Developed formula

moisture content (%)
protein™ (%)

lipid (%)

fiber (%)

ash™ (%)
carbohydrate (%)
energy (kcal)

ns

a

A

66.59°+0.70 67.92° +0.62
10.82 +0.50 10.42 +0.30
13.96° +0.43 12.86° +0.45
0.15° +0.02 1.12% £0.02
1.32 £0.04 1.27 +0.04
7.90° +0.76 6.41% +0.61
7.42° £0.05 6.82° +0.05
0.98 +0.01 0.98 +0.01

* The difference letters in the same row are statictically significant different (p < 0.05)

™ The letters in the same row are not statictically significant different (p > 0.05)
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Nutritional Management for Nursing and Culturing Pacific

White Shrimp (Litopenaeus vannamei Boone, 1931)

LT WAL WD

Pichet Plaipetch”

Abstract: Replacement of Chaetoceros spp., with Schizochytrium spp., or artificial feed containing highly
unsaturated fatty acid (HUFA) for nursing Pacific white shrimp larvae has been partially achieved. However,
integration of with these feeds with Chaetoceros spp., has increased survival rate compared with using this
phytoplankton alone. Supplementing HUFA to various zooplanktons i.e. water flea and rotifer has made total
replacement for Artemia nauplii possible. Total replacement with artificial feed can be done if its nutritional
values are similar to Artemia nauplii supplemented with HUFA. Feed for grow-out shrimp should contain protein,
lipid, sums of EPA and DHA, lecithin, cholesterol and astaxanthin at levels of 30-40%, 6-8%, 0.25%, 3.0%, 0.4%
and 50 ppm, respectively. Total replacement of dietary fishmeal with another protein source for grow-out shrimp
has been possible if its inclusion level is low, i.e. 8-15% or natural feeds have been involved such as culturing in
earthen pond. Replacement of dietary marine fish oil with another lipid source can be achieved with total or high
replacement level if dietary ARA, EPA and DHA are still sufficient for shrimp requirements. Also dietary marine
fish oil can be reduced by using Schizochytrium spp., and Mortierella spp., served for DHA and ARA sources,

respectively..

Keywords: Nutritional management, nursing, culture, pacific white shrimp (Litopenaeus vannamei Boone, 1931)

" anniAdumamnzidesdndiinan dinddauasimuntlssaatinian nauissae A nssuasATag e 13290
" Inland Aquaculture Research Institute, Inland Fisheries Research and Development Bureau, Department of Fisheries,
Phra Nakhon Sri Ayutthaya 13290, Thailand.
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arsTuilesudeuliiman ansfinsunuiidanennadn SagliiamafanansailBiguiumneimsilnmen
malnmnnsfiindidesiueniideseseniiiuiannsalasiu HUFA a1vnsdnSagUdmsuninaesfannoua
wludaguauivaunanainadsilissiu lasiu nasmuaes EPA uaz DHA 1aTAY ABIAGLABIEALAZUAAFUTTY
Winiu 30-40%, 6-8%, 0.25%, 3.0%, 0.4% LA 50 ppm ATNANAL anansnlfumasllsurfnauumuiidany
VL&WIV%\WNm‘wm@[51ﬁ“mﬂ’ﬁﬁﬂ‘ﬂﬁﬁfjﬁﬂ’]?Al%ﬂ'z‘ﬂﬂuﬁ@ﬁl v 8-15 wefidus sidedenssssuafifeadios wu nng
AgeLieAu Mewnuitinsudame L@mﬂmehuumum@ummmmimlu@mwmm@muummnfmmimmu
nanlastfus il iy ARA EPA uay DHA Mifleanesiananufiasnisgesiia Bnvsansnsnaninsfuameialu
@lmmmﬂmimmﬂ% Schizochytrium spp. Wae Mortierella spp. %dLﬂumemm DHA Az ARA ATNANAL

ﬁ’lﬁ’lﬁ'{g: N139AN1IN1TATUINNT N17AULA NN9LALEIN ﬁwmmuuﬂm (Litopenaeus vannamei Boone,

1931)
AU Uszautlyuinisinduaziinlsaszuinlédne
d”y Ny A |
wananiifsrowouunluddedvaailsznig idu
flesnauauunlal (Litopenaeus  vannamei  \W3nyiAnTnis Aeslduuuly fesnistisiiuann
Boone, 1931) hufwmzasfeuifiuiniaiom  e1wnsan nudelsa Anufuazgmun i s

pedinziusanteumaynsuiindudreusie  saieanansnauysbugiiluienuuasaeuduas
gastszmainginldauimeumtevelszmanly  sanisfudlgeiuglén (Funge-Smith et al, 2003;
(Sookying, 2010) ﬁmﬁmﬁﬁz’hﬁqummﬁmq PANIGE Briggs et al, 2004) dwusunlszmelneldZubunis
MIARLAY (Uszany, 2543)  Aosuuaaniiilauay Lﬁyﬂqﬁwﬁmfhﬂ w.A. 2540 Tpanisdnaautindingn
ﬁﬂwmxmﬂu@ﬂﬁ\mdﬁqﬁﬂﬁﬁmiﬁ%ﬁ@mﬁmmmﬁq f’quwmmLﬁymLwiﬂimuﬂavmﬂa\iﬁmmmm%u
DTN Pacific white shrimp 1aa7AleNdn White HARAR (NedNAednTinmadla, 2546) uazsiesn
leg shrimp Fafluietieausilag FAO (nen, 2549) 1 "Lﬁ‘wmmlﬁym%ﬂﬂ%ﬂﬁ%wiﬁ]mwg%mﬁ‘luﬂ WA
nmasesdnefeini e dunfuniitszma 2542 wiinsideefeniiailulszinalnadanld

AaLTludszmingdl A, 2521-2522  wiiladilszay WNTVaNe wﬂi”mm@m@mwmnmwmmﬂmmimmw
Anudn5a antilEinnmaaedanaiaritssmea N@m:mmﬂmqmwmmwmnm@vgﬂa‘zﬂ@umm
1 we. 2531 Tnelfszoznamanewies Tas  Wesdesiugaavnssunininzidasfanziazes
QLA A BTN mTelE anntiunndadly UstmAlng (Tae uasnaldd, 2547: wiaeAdeiiie
uwnsvanellssldudunaznfininiu ) ludesl wa. acmidlwiamelulaffanonde, 2547; SEAFDEC,

2543-2544 191 UszimaNaUTug aulaiiide Ramunu 2005) ﬁ\nfumuﬂ?mﬁqwa&mmlﬁﬁm?ﬁﬁLgﬂww'mm
Tng JML@LGHF;ILL@JH‘L!L@EI auvgusniinennsly  ufanauuunlufideeslsafausinasann e
ﬂa‘”mmuuwﬂs AR | @u%n’m‘mmmmumu wnszunau lsaviaidesuaslsenesdulas endn
ilesannnisides fla193u (Fenneropenaeus u@Lwﬁma?m%umimm‘?ﬁumﬂ,ﬁ”mﬁmﬁm?fluﬂizmﬂ
chinensis) ~ WAZfNNA1A1 (Penaeus  monodon) e Lﬂummiﬁmﬂﬁ”mﬁwﬁmﬁﬁluLLwéumﬂmﬁyu

90



NM5AAN1ININLNEUINSAINTLMTAYLIARAE MR eIz IUININ LN

meﬂwﬁumwmnﬂmLﬁ@uﬁwm (99 wadidus)
@esfetiad (FAO,  2013) atnglsfinnuiidasann
&y A by oa o o 8 v p
ansnsaaenfisaiailineuialaninliinemnensd
e e X A aaus 4 &
rasauwniligain Auiuielilfnaneuunungaau
=3 ° | v 4 a > v dl
nemsnsasailufiosansiuyuniananiilsunngs
TnaanizAramsteanilu 40-60 Wafdusd  aas
F1ug9n (Tan and Dominy, 1997) wsiiluing uriug
dnasiinalnansaAaninasAuindnsanuas
HANARYRIAN NI (NAWAA uATADLY, 2556)
anmﬂmmmmiwimnmamwﬂummmmuim
wmwmm‘mmuwumm@mmwuaﬂmmumﬂ v
unpauilaiifaglsrasdiitasusndeyaiiiy
dselamidviunisdnnimmelnanisluniseyuia
uaznIsiaENfsIauauU i W nsunuunasiaeu
Aauaznsununeniiilededeud miuniseyuagn
fladuaau ANFieIN1Ta1981Ms Nsunuilantlu
wazidutameialugrsemsfoadngiuaiingu
° o d’l ¥ U ¥ aa// o
Amiunadesfialiflfauanain sanianisiudss
Usz@Ansninnislidsylemiavnsvesiisisdeenis
&y quny v & A
ayuranaznaeafsliliaunnanalingau
nsseynildaonsgmaniiinazdanaliitnuemsns
ansnsanziaesiisaiinilfednallsy@nsnanann
Ein

MsAIMSUgNNNIIKINU LN Eaau
feed)

(larval

N15WNUN Chaetoceros spp. A2ER1NNTH
TAntdnauwaranmsdniagy

Tneninliinsmsnsfianeyunagnfisnziaann

=2 =
7)  audarzerluda
(mysis, M) FslUNAIR MAUNTNZLA 11 Skeletonema

seeclusinlanide (protozoea,

spp., Chaetoceros spp. WAL Isochrysis spp. aeigls
BN Chaetoceros spp. Fuunasineuiaine 1
ﬁumnﬁ@mﬁﬂuﬂwﬁﬁm%uLLa:ma“wmm wiidnd
AENENEL TN U unas TR U T a T Bt
sp.
szaumnndnida (Knojasteh et al., 2013) viatiana
iAmann Tetraselmis sp. Haw1avajndn Chaetoceros

WA MAUNTTNARLY 11 Tetraselmis Wi bad
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sp. sligniisiulennsaieilastutienndndein i
anfivarawnaunsaladuantiu uazudan
Chaetoceros spp. A Lﬂumma‘m mmmmmmmn
ma‘”ﬂ”um unasimeviaiiniansnlafis i
docosahexaenoic acid (DHA, 22 : 6n-3) Hiag (Harel
et al., 2002) Teenailiisasannsresgnisian
wistlsaumnamuAmninguInIsaeUNas T na N
Tian

v
o K

FaiAalpnunenenamaneslannsiiy
UVAY DHA ﬁluj W Schizochytrium
WUA LN Re U TT AT TntNAN1INAADITEY
(2551) WUIINTUNUR

Chaetoceros sp. RAE@NINLNLATRATNERT 20-25

limacinum
NINTNE UWAZADLE

wefiius A miuniseyunagniianauaunluszes
Z1-M1 inliigniisienansanandanisli Chaetoceros
sp. WienagnaAen izans i sansEming Chaetoceros
50 wefidus s
(2553)
WUdINIeULNAgNAsIIMILI lszar Z1-PL15 @

sp. fugusetiailugna 50
AAPFAITUNIINAADIVDINTT WAZADLE

E =b_

NN NAIUIUNY mumuwﬂmnmu@mw@mm
ndnglaildsu LL'Z\Jyf\\ﬂﬂ\‘l?vF;ly PL15 mum@mﬂmi
UAIENAT AT AN LA AN A e
ANNIANDE AR LUNAULATAMNNUUFaNE FUNRL
Andnmsldidiy anAeniunnsuniiunass aevi

Adaunanes C. muelleri Wz I. galbana Fa8181103
4331 tin microencapsulated feed fitinaalasiu
a1 Highly unsaturated fatty acid (HUFA) ﬁfl
1sznavaed DHA Waz Eicosapentaenoic acid (EPA,
20 : 5n-3) SN AWTLAZE TunisayLg
anfiamnaunnlaszes 71-73 dudslignunsawn
nsliunasrimeuiinldviomn Lwifﬂ”mmﬁﬂmnguﬂf’jqﬁ
fnslunasipauiasoniuaiisdniagiangs
ndn s unaaineuNTLieeesinafeq (Sangha et
al., 2000) uiidnenvnsvaeanasE Anannialy
nslisaunuunasineuitdmiuniseruagnimn
wanunluannszesTsTntnd gaufiasverlada aensls
AN WNITIEeITTATIN AL INHATN TN
Faenn Fufunsmsnsenaidenifemnaidluumses
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n9a k31 EPA way DHA 1w Uanilu visenanenuishi
= 1 L3 o v I'd 1 o+ d‘d
H3argnndnduiuldieslunafa i ladund
ANUNANTIUNTUANERTNZLA WFAATLAYTEN 13
2NIMa NN AN TN LI ATB9g NTeuAL
A Il B nammnzinet aaiuinds

NSENUNBISNLN LTI AUAIIDINTH
%’?amﬁﬂﬁuuazmmsﬁ%%gﬂ

v o ca o 1 [~ d‘a

wid1a15nleduseuaziduainisnfiaw
AmFuniseyunagnifanziaainsearludaauna
Tnasand1iiiesannind edneuazaantssaes
SR Ll,[ﬂ'ﬁ'wﬂ/ui’]ﬂ’]v[ﬂ’a’]i‘wLNHNLLHQTHNLLWQ%H
py a \ e A Y a o A
Weasainuandnldenindalulssmagnanuanaa
anigeuing fadeuazauanaailuatnenn (Gervais
and Zeigler, 2013) muuum@mqLﬁéwmmu‘lﬂjmma
TFAnmnaudviLwmUTiens il iy Tafiwas T97-
waf latinnses lauma saaewlémew (Focken et al.,
2006) @tinglaARINAIUNUNASN e Taaausiae
ANMNINTIMUAN NN LAFNTANLANANABBAZNLGN
dnulvndelianunsonaunuen e lfveun
aun90 g lsrinnses Diaphanosoma celebensis #

WwenAa T, gracilis wnuianindleld 100 wlefidusd

51%5Uﬂ1i@u‘1.|’m@ﬂﬁx’iﬂ@ﬁﬁﬁﬁwﬂ;’ PL1-PL15 (WWnH,
2546) whl ryFend uay ASFNA (2546) wudnnslfls
LLmLmLmLmuwma‘wLummmemmhma‘@um@
gnianaianszas PL7-PL23  Mnliignfialidnansen
anad o flenauAderagesiastinudianm
wazAnAMN NI IR EIRT WANsNe Ty
anarnlinsunuiilszaupnudnGaisnaty lnans
Wlsrinseauuuidiminazingnisanannduiu
1% aeissioitasansiins i lsunauduiennaauinga
nignfisduiuldienn  asarfesiunimeasiaes
Martin et al. (2006) finudnaansalflsuns Moina
micrura WL AUNuRan TS edaeeulitszann
50 wlefiiusd  lwnnseuunagniia L. schmitti Il
nIenuFanIfRs AL e

HBNANTB1AT ANHUANFNTBIA DA
TnTNNsve9evNadestiatl iesanlstinnses]
AR e F AU AT A UR TN LA FarTuA e LT
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ansewnslulunafinnnndnlsuasdaaianiznss
lgsfu HUFA  damsidsuenvnsliiunlsunsenaifly
Famsvilefigaslfiaunsnllsunsunuiensiifasy
gaulunisayunagnililugnaniigedu ided
puNnanelidngnnsalflsune M. macrocopa'?ll
FunsdEudaenindulanuiindanmAn e wud
anfniadaaenls 100 wWefdud duFunisenung
gniisinunaulaglinssnusiednnsen @eianl uay
T3ns0l, 2548) UBNANNTINTETNANTRIMNT 1T 190
lasiu HUFA  Wiunéoalsimesiazeiniledaseau
A mFunnsenunagniesses Z2-PL1 uay PL1-PL10
mfma"'}ﬁu nliignfisidnsnsanuazdnsndonaesgn
mmmmvw PL1 gandiniseuunasoslsfimaiuay
'mi‘wLuﬂwiumimmimmﬂumu (Naessens et al.,

1995) daunmaneaeulneFlaTmasiusniiuas s
T3nld AN TN IE I AUN LT e ST e de
daulunisayunagnivaauwauun lussey 72-PL1
nuInudienIsenas lluwanstesiuwins i aiwansin
Iﬁﬁmﬂmmm@unﬁqﬁLﬂ’ﬁﬁ@jizﬂ: PL1 tiaendinisld
afladuaeulszunn 4
20006)

win (DAbramo et al.,

uidreniiifleseseuazfuanms iz
AmFuniseyunagnfisuuunlusinnd1anmsiai e
afipau aehdlafmanEnsnIatadnsnfingamsen
we9gnialifiaanisadunanlasiuaily 1w EPA uay
DHA Wiurienfiidlarewinluidasgnis iaiiiesan
15N dugeul EPA  avasiigadniiesuas i
DHA (Naessens et al., 1995) aaAARB9TL Sangha
et al. (2000) ﬁwudwmiwm@qﬂﬁqmqLmuuﬂmmz
MI-PL1  Bneensiiledesauiiddunsslasiu HUFA
finlqnisdsnsmsanandnniseytnagnen il
laiigFunsalesii HUFA atnslsimunisidiunse lasiis
WunefdlafesAnileanedndiuees DHA way EPA
Boel iasannnisiinsslasuafinlaaiamianniill
a1ansznusaniaasyAulnld lnadmsndiunes
DHAEPA  Tivanzaupasildnagludas 0515
(Naessens et al., 1995) wazdapqssziaanilsznis Ao
ansleanansnldse Teminsa s i fudnl



M5anNIsNtATUIMsAUSLIMTaYLINALAz MR eI LY

Wlnemssdenamlfivdensalasdumaniitesriougn
derinuellfegnifs dniudspanineninidiel@es
gNATIUANAINITETNAIIRIMNIUIU 24 1iT8 48
dalus vdaiusnignmniianndd 10 esniaidas
wazmadinenenasinludasreufieniiflaaziing
se8l Instar |l (SeaIzingan 12-24 %Tmﬂﬁqﬁﬂ) athite
Tl e smdenasnisaiugnsarnisiiauinlug
il (Sorgeloos et al., 1998) uaﬂ@’mmil,ﬁu@mm
mq‘immma‘umm%ﬁLﬁﬂimﬂn’m‘t,@?‘ummf]msl,tﬁq
mm@mmiwmemmmnmuwmum Dunalliella
salina iewinlUideegnis iesmnunasimeusiing
filiafiu lafuuazansddasinualsfiufidaafingng,
samuazNIastyALInue9gnfisls (Hannah et al,

2013)

k4 o o A Aaa a A

A nfiedainreanisldeusliinatingu

: : Sy Y dny

v A matngne liaunsarauanling g
A ' o a = [ % o v
wannliazaanlunisdnwEenseadnn il
nsWmLIaIsdFagtineununaninladasau
uazszauanudnFalneianiziun1sauuIagnis
grauontnluszer PL vialliideangunsnnmue
AAnelnguInsliwazgnisnauouun lusaus
zely PL5

a1vnsdnagulfdnean (Gervais and Zeigler, 2013)

= @ My P o & A ea
LRTHAINN Lﬂuvlmmﬂﬂﬂﬁislﬁ'a’]ﬂ’]i‘m’] L?""Qgﬂ LNUNAITN

i" aa o a d" 3 ¥ o
auldifddaiueunsuuiuin lfaaniy

Hesusenluniseyunagnieriiaiiléuinndn s
wafiiud Taelinsznusiaanudiiaseiniseyung
TunIwgan (Wouters, 2008) @anAAR9rILIINEN11T8S
(2011) ﬁwudmwwa?ﬁmmm’hG‘@gﬂ
wnuiensTlels 75 wefidus dwFuniseyunagn
flaanauannluannszes PL5-PL10 uasuidaa gn
ﬁuﬁudﬁmmm‘hL‘%@gﬂﬁ”ummt,ﬁumul,uummﬁ'ﬁ

Giguere

nstiudpennuAnialnauinisiisenndesiunnidi
Malnaunnisreeansnilaniddudounsa lusi HUFA
gunnldununeninde s 100 wesdusd dmsunng
% d’l ==& & 1
auunagniesrecldsinlaiaaaunszacinaiandn
(Gervais and Zeigler, 2013) agnglafimunisaen’li
o @ = A A A o o = =
219119811397t iaunune il e dudaunasAIena
PUNAYBIDIMNTHAZAIINANNTD LUNNT LB 72D
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1%

anfie At nsenLagniawatios Fenneropenaeus
indicus 528 PL1-PL11 Tneildarnsdndagindaun
1/323794 100-200 lATRY wnunansRHe luamsn 50
waz 100 weddusd  vinlidnansenreegnianas
(Hoseinifar and Zare, 2013) T9&1WANHN@1AAAAIN
= & o o Y aal |
amnsiauaaninliignfisniauialugsousau
217 lAeNnL
laqiiufinisanuiraaiisdzagldmiu
ayuagnisnawun lndtdeunanuanaaiinuas
wrawnansAuazdaulug) Innenvuallshiuuey
o o I o o o
lasiuluseiuge  Melliaiuilsziudngnifsasliisu
A3 IUANMAN LN NN F A NEAIN1T Tael
AYNNFIBNN9819079T TN INeINTRIgNTNTRIsaueNa
BNBIAFN ] PINAUTINTEY FAO  (1987) 11w
a o = o ['%
anurAnsisvaulisfy Ty A5lulamem laamis
ADLAZLADIDA LAALTENLazNaaNeFan 1hse TamIlH
Winfu 45-55, 12-14, 15-25, 1.0-20, 1.5-2.0, 2.5-3.0
uaz 1.4-1.8 Wefidusl ANAIAL wazulInazeyLNa
anflanawanun i lutnpnuANnAusdsl Ao
s o Ay e 4,
Afunsiesdiuussnasliluamnainatdaniianig
wanyALInlaydnsnsan (Davis and Saoud, 2004)
@m\ﬂ"l,inmummmm%‘ﬂmmum?@ummnm
nzLaTNATIATLNG muumuwwmmummm
avnadmiLlF eslur fuiudwind eviieiinaula
TneviadianisfnmnanspsauAquiiesyALANIa 960
Ngan linsznusanas AL lauazdnsen 10
NG R bV IV P EL PRI LR R R IR TR oYl MR R
ATUANHIUZIBNBIMNT LU AYINAIA U

amsduFuiRaeienawauunluiaduauds
AUIRRAIA (grow-out shrimp feed)
ANABINITAITRINNG
muﬁfai“mﬁm‘llmummm‘mmﬂ’]s@ymf’jmq
wnn lndaguanivawanandaulngiiiu 3 tsznis
Gl maﬁm:mmmﬁmmamifawma nsunfiantlu
Lmvnfmmumumuﬂmm wlugmsanssaeing iy
u | ‘Emmﬁm@ﬂmumwmmmmwmmmu
muwuufamwmmﬂummmqwumuw WNSATE
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linausiatan aannissausandeyalae National
Research Council (NRC) luil 2554 wudnaaw
4 % Qlld v
flasnnsansanmnszesiieanowauun ki Ansudod
19in 1Eun ladu nealadusiia poly
unsaturated fatty acids (PUFA), ARLAALAATEA
unnilien Weanle¥s Tefjsriintifieanisludnan 1.6,
0.25-0.50, 0.13, 0.26-0.35

o o = o Na o o
FNNRIAL AUENANABININEILAL TAHEN AINTA
AU A, E, B, uaz C HAwiriy 16-32, 0.2-0.4, 15,
14, 100, 80-100 &g 50-100 ppm ATNATAL
(Kaushik, 2012) Tnsawmuiisenaiiasannisuis
armednusufesiaindiuanlfenddeyananm
f94N13A1781MNTTRITNELA B 7] i flanatAIviTe

Wiea 12

ﬁqqgs\h Marsupenaeus japonicus (Akiyama et al.,

1992) Heilna Wifvntntiasoyiulalfiluesineg vl

a % L . . Aaa
B1nAANTaMANLEIW omnivorous shrimp NRiEE
ﬁuzﬁ”mfmﬂﬂdwﬁuﬁm wueifeanawauunludy
omnivorous shrimp mumﬂﬂu‘wm (Perez -Velazquez
and Lawrence 2004) muumm?mm@m\‘immm
41991997 Aunwedmiufisaiiai [ Inannsdnelu
iveyLfammmﬁmﬂummmqwumummﬂ’]ﬁﬁmu
= @ & d’ k2 1 v $%
Wien 30-40 wedidud Tatiaandianusiensresi
nanauasfienzdn (Conkiin, 2003) wwmeaAwiY

P a o @ a A =
ANAaan1sngeesiuailu s alla ANAN9ANEN
wia 1w faatiaifieaniawinletiumingu 0.45-0.66
wasidud 19991179 ANATRENAEB1MNIN AL
T1/sRu 25-30 Wefdust (Fox et al.,, 2010; 2011) AN
% = a 1 o & & &
FaanslatulAwingu 1.64 wWefidusd aese1ung

ANNITRENAfEaNUNIN NsvaulisRy 40 1Wafidus

(Xie et al, 2012) ANARINITRNTARUNAWINAL
196 wWasfus 18981913 ANNNAENEERMNITE
seaulsiu 41 Waesidusd (Zhou et al, 2012) A
faannsvislefiudAnwingy 1.18 wefifusuesenms

NSRRI NsraulisR 43 WeFidus

(Zhou et al., 2013) WATANNNABINITAVTUR AL
237 weafifufuaaa11s ANNFAENAEANININ N
vauTalsfn 41 wWasidus (Liu et al., 2014)

Waz 0.3-0.7 wasidus

94

'
a o

winnAsNszsulUsiuluanunsvindy 25,

' '
oAl

30 uay 35 ilafidus e NieNdmEUNTNAReIuNg
Herilail Anudiesnslatuanadldwinty 2,62, 2.19
waz 1.87 Wefiiude9811s ANABIN1TRNSATU
a1alAINAL 321, 268 WAy 2.30 iwlesifufuas
811N ANNABIN1TITleTUea N ANWINAY 2.03, 1.69
uae 1.45 Wefidusueee1vng LazANNAIN1TATU
p1alAWNALY 3.89, 324 uay2.78 Wefidusuas

v v

BINT ANNAFL FAHATAINA191sTHUANNAN
Wafidudanufiaanisnsaesilukazsesulilsfiu
o dq, a
819117 ANgrenal [(Usmuluamsainnimeaes /
svaullsPundednng) X wefidusimusiasninsnas
Aluannimeaed] WeuFeueUAINIIMAADIYD
% PO a e o =
ANNARIN1INIARsdlua L 5 dHalngzaullsmu
luanus 35 wWefidiusd fuAuuetinlag Akiyama et
al. (1992) wudnielnAvAeaiy Aasiuudaseli
HayanNaeNFNuAANFiasnITnInas i a1y
= P a A ala A A aa
an 5 alsNwae Aa lalaactu Wiaezaniiu FaRAY
al a 1 v a A
MaukazUinmy dnazanuiradedavizetssunc
nsldannANuetinlag Akiyama et al. (1992)
douanufiasnisladuaasisanouauunly
warfimziaatingu - ninddadaulng)uusindmng
JAndszunnu 6-8  wesidud  wazlimqaiiu 10
1lasifus (Perez-Velazquez and Lawrence, 2004;
Smith, 2006) wazudidngalinisAnEIAINABINTT
neo lusfluisazaiausanaldAiainnislsyaunnd
N19184 Perez-Velazquez and Lawrence (2004) 15
$1891149181119A2s R NIm lasTunle Linoleic  acid
(LOA, 18 : 2n-6), Linolenic acid (LNA, 18 : 3n-3),
Arachidonic acid (ARA, 20 : 4n-6) WA NATINUDY
EPA uar DHA 1gzunnl 0.1, 01, 0.2 uwar04
wafidus  muatsy T A usiasniange i
o | 1 alyd 1 o 1 o c < g v a
nflumantiiAsanAwwingy 0.8 wWefidus IndiAs
AUALUEINTEY Akiyama et al. (1992) N1sz31871s
flanziamasinealaduimafidszunn 051.0
wasidusd  wazdelndiAsadunanimaaadung
Gonzalez-Félix et al. (2002) Anuqngzeu DHA T

s lilAniiu 0.25 Wafidus visarnAnllunaTmu
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989 EPA kaz DHA Aluan9iiu 0.25 wefidusibun
MtunszAunsa lasiumantigauiulianansgnusie
nswastyidnlenesiiald (Smith, 2006) atnglsfiniu
nadsnnaaladuiuiuwmaBliigendnszduaniu
% a = o P & A
faanistnfAaraianswduminiaesisluding
PYNLANEA L1 30 ppt Bl (Hurtado et al., 2006)
uananladuuaznanlasiuudafinziadad
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Table 1 Achievements of fishmeal replacement with alternative protein sources without adverse impacts

on growth, survival and feed conversion of the Pacific white shrimp (Litopenaeus vannamei

Boone, 1931)

Size Experimental Dietary Protein/
Ingredient/ % Replacement Reference
(9.) Condition Control
0.37  Laboratory, 42 days 32%/ Menhaden Co-extruded soybean/poultry by- Davis and
FM 30% product meal, or flashed dried Arnold (2000)
poultry meal / 80% of FM protein
0.8  Laboratory, 100 ind. m?, 36%/ Norwegian Meat and bone meal/ 25% of FM Forster et al.
Feeding 8 times a day, FM 24.5% protein (2003)
56 days
1.13  Shaded outdoor tank, 32%/ Menhaden Co-extruded soybean/poultry by- Samocha et al.
30ind. m?, Feeding4  FM 30% product meal supplemented with (2004)
times a days, 42 days egg powder/ 100% of FM protein
1.7  Fiberglass tank, 1.3 40%/ White FM Meat and bone meal/ 60% of Zhu et al.
ind. L, Feeding 3 22% dietary FM or poultry by-product (2004)
times a day, 52 days meal/ 80% of dietary FM
0.88 Fiberglass tank, 6.5 41%/ Anchovy FM  Meat and bone meal/ 60% of Tan et al.
ind. L, Feeding 3 40% dietary FM (2005)
times a day, 56 days
0.031 Earthen pond, 35 ind. 36%/ FM 9% Soybean meal + wheat gluten/ Amaya et al.
m” Feeding 2 times a 100% of FM protein (2006)
day, 126 days
0.45  Outdoor tank with 36%/ Menhaden Poultry by-product meal/ 100% of Roy and Davis
recirculating system, FM 10.1% dietary FM protein (2009)
33.4ind. m”, Feeding
2 times a day, 63 days
- Fiberglass tank, 6.5 39%/ Anchovy FM  Poultry by-product meal/ 70% of Shuyan et al.
ind. L™ Feeding 3, 30% FM protein (2009)
times a day, 60 days
0.3 Fiberglass tank, 2ind.  39%/ Peruvian FM  Soybean meal + canola meal/ 75%  Suarez et al.
L, Feeding 5 times a 15% of dietary protein (2009)
day, 95 days
2.7 Fiberglass tank, 75 34%/ Peruvian FM  Poultry by-product meal+ blood Tacon et al.
ind. m® Feeding 8 8% meal, or only poultry by-product (2010)

times a day, 70 days

meal/ 100% of FM protein
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Table 1 (continued)

Size Experimental Dietary Protein/
Ingredient/ % Replacement Reference
(9.) Condition Control
0.8 Laboratory, Feeding  44%/ FM 30% Cottonseed meal/ 24% of dietary ~ Wang (2010)
4 times a day, 56 FM
days
0.62 Laboratory, Feeding  42%/ FM 30% Canola meal/ 24% of dietary FM
4 times a day, 56
days
0.66 Laboratory, Feeding  43%/ FM 30% Cottonseed meal+ canola meal
4 times a day, 56 (1:1) supplemented with
days methionine and lysine/ 30% of
dietary FM
3.37 Fiberglass tank with ~ 41%/ China FM Peanut meal/ 30% of FM protein Liu et al. (2012)

recirculating system,  30%
4.3ind.L", Feeding
3 times a day, 42

days

mMsunuiinduandamzia
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138138091 stearine a1113001 1Ha1an1 1A 100
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