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Mancozeb Resistance of Phytophthora palmivora, a Causal Agent of
Stem Rot and Leaf Blight of Durian in Eastern Thailand
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manguseniiuunasugnySouiidrfuessemealne Tuundsgninnunisunsszuia
29415ATINLU @1AULUN LLaz’LUWﬁﬁﬁmmamm% Phytophthora palmivora egiase 3sinlviin
nsgapdenandmdusiuiuinn Wumglhinwnsnsimsldaaaddosiumdaideannm i
sordendunannu fenmvilidoamalsaiauninnnudumuty swideiinguszadide
npdeunuaTalunsnelsavesdeavlsaluniiey Suunvlavendedeisiilmana uaz
Anvnsmeudussende P. palmivora Giamimﬁl,muimm ImaLLEmL%aﬁmm%uﬁlﬁuiiﬂmﬂ 3
Favin 1¥un Sunys szues wawana wuide Phytophthora spp. 40 laleian laeynlaleianaunsn
relsafididnunrlulniadisernsdiih Sowausadud 1 wufunstuly Weynlelaanldsunis
FuduluseiualddlasAnudduiaedlelnduina TS 98y P, palmivora :1nMsMadeUANY
Frumurendosinandeasiaiivuomadsads nuit 3 lelsanain 40 lelewan léun CTT3,
CTT4 way RKT2 innudumusioansidiundaen Tneflen ECy, 103.4 - 109.86 ppm daduie
flFndainduny3 uazszees luiuoaferfudenasouarudumuuuiodeluySeu wui
Frunuloluaniisounaseasiaivuomsidsnde idn ECso 13.29 — 15.64 ppm @1usauny
lolwaniidumusiearsiefivuemsideads fe ECs >1000 ppm Fagnaneglunguoeuusuay
Frumusousulagy muddy wudsduuuemsidsade muu%mamlmmmwm%m z19u
Usslewilumadenldasiadngudu ilevaunuasiadlungu Dithiocarbamate Tunisaaunulse
vomidsuiifianmgainde P, palmivora luknasgnnieny Tussnvesssimelnesioly
Adaey: Triveuses niseu lalslemsuiun msnevaues

Abstract
The eastern region is a vital cultivation area for durian production in Thailand.
In planting areas, the outbreaks of root rot, stem rot and leaf blight caused by Phytophthora
palmivora are persistent, and they cause a large number of yield losses. Since the growers

have continued to use the same fungicides for a long period of time, the pathogens have
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developed fungicide resistance. This research aims to study the fungal pathogenicity, identify
the pathogens using molecular techniques and investigate the pathogens resistant to
mancozeb. The pathogens were isolated from diseased durian parts obtained from 3
provinces, Chanthaburi, Rayong and Trat. The results revealed that 40 isolates of Phytophthora
spp. caused leaf blight-like water-soaked symptoms with more than 1 cm in size. All isolates
of pathogens were confirmed based on nucleotide sequence in the ITS region as P. palmivora.
The evaluation of fungicide resistance of the pathogens on culture media was found in 3 out
of 40 isolates, including CTT3, CTT4 and RKT2 isolates that were resistant to mancozeb with
the EC50 values of 103.4 - 109.86 ppm. The resistant isolates were predominated in
Chanthaburi and Rayong provinces. Additionally, in the resistance assay on durian leaf tissues,
the mancozeb-sensitive and mancozeb-resistant isolates had the EC50 values of 13.29 — 15.64
ppm and >1000 ppm, respectively. This phenomena were classified as the sensitivity type in
the culture medium assay. Thus, the information from this study will be beneficial to choosing
alternative fungicides for dithiocarbamate fungicide replacement in controlling P. palmivora
diseases of durian in eastern Thailand.
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AN

unulaLgy (Mancozeb) uansiadidostuidnidosannglsafivvinduda (contact
fungicides) finalneangninuugadudinignaisga (multi-site actions) Sy lunguansiadl
Dithiocarbamate Tnefivfinvesaisiaifi oglunguifsadu ldun u1iuy (Maneb) loiuy (Zineb)
Tnsfiuy (Propineb) waglsusa (Thiram) Wusu Sadunquansiefiifenuidssiiiveshlmdosia
ANNAUNIL 9813l5ARN Sijpesteijn (1984) 5189711437 answiluulamuiianuiodesiunsduds
ny sulfhydryl vasnsnerilunaievlmineluwaduouios dsdmadenszuiumsumuoadues
lusfuuaznismelavenead laehluud ansiedidestiusrdadoamalselungy Oomycetes il
arsiadiuniuanda (Metalaxyl) \esnnduansiefidifinalndudinsduaseiuaznisviauves
toulesl RNA polymerase | s'z?laaaﬂqm§ﬁ1waxm'aL%yaiuﬂq'u Oomycetes lan3agnn3nansiad
wilaigy uddemeiiaisadiunuandaduansidaudsgeivilddelungudna uinanu
gauntuladne (Wu et al, 2011; Kongtragoul et al.,, 2021; Chacén et al,, 2022) GREINGE
wlawudsgniunldaduivansiadiunuandaioniugulsadsnainegsieiios Famuiransiad
wulauiivszans mwlumsenuaulsafiiAaarnidelungy Oomycetes TdAuetaamu o1
lsadduvemiseu du axlinila fin1nida Phytophthora palmivora was P. cinnamomi
Tsalulvsivosfudfauazuzifowma fiinnnide P. infestans (Ramirez-Gil et al,, 2017; Chi et al,
2020; Ivanov et al., 2021) Iiﬂi”l‘l}’lﬁw‘uawau ﬁLﬁmmﬂL"ﬁa Peronospora destructor (Aradjo et
al,, 2020) uazlsAs1uAwvesaqu Miinanide Plasmopara viticola (Wong & Wilcox, 2001)
faudansefunulawuasiivsrdnsamlunismunalsaldvainuats wifnuidideavelse
Ursvdadianuliseaisiafianas (Gullino et al, 2010) Fawu W Wes1 Alternaria alternata iy
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anuglsalulndvesugifome wazduinliiinanuduniudiy (cross resistance) foa154All
lelnsladia (Cyprodinil) wagimylaunlea (Tebuconazole) (Malandrakis et al., 2015) wuLiigafiu
Yang et al. (2019) 91691u1 1031 A, altemata vislelewan idaaudumuseasieduslaigy
wazannsainnuiiunuiearsiadlafiiulautlea (Difenoconazole) Fsaudumudiuiiay
dwmansznudentsmuelsaivlngldasiadsnedaniaduesiamnn ioswnandunsdaaiilinge
navlseilomaunuseasiafivindu o Alsuvdeldaduiuiaulamuls Faililiannsa
AruAuMsTEUInYedlsald uanandsmunissenuiivssinsvead et Colletotrichum
acutatum anglsenaniveseyiaineudumugwiomsiedunlasuiosas 25 wasdienu
Frumuunansdosay 50 vaslelelaniitumaaeusiavan (Moreira et al, 2019) wagiosan
wunleuiduasniiiviilidesfmuanudumulda Seililunuidedlsmmsinwany
Frumuaaiedsnlamurente P, palmivora awslsadiuinarluludivesy Seuluunasgn
71 3 $invesniany Tusenvesussmelng 1dun Smindum szees warnstn Tuduuvasgniid
nslansiadiuuulaguinegsdoiies uasddlifsenuinnudumurenteviaisoasiad
Fanan ieUszifiuvssansamussasaiuulaulumseunilse wagidunumdunsdentd
armedliimnzaunarivssansamdonisdanislsavesmssuiiinnide P, patmivora My
Yaglusioly

BNsAn

1. iiiuetamidouiiiulsn wenileuiqnsuasiigainisrolss

fumegnamBouiiulsannuvagnmanyYusen 3 Sawia liun Sunys szees wazasn
Tneduiuietdlsaiiinainide P, palmivora wu emsdiduuaziai senuuarlulul S
av 2-3 ulas (Table 1) théhegisidulsauueniesaes tissue transplanting Tnedaiifolde
UShasessessniusakaziodounilildvmaussuas 0.5x0.5 wuRies sndeusnaituiseu
uangay 10% Clorox® Wunan 57 Wil dradethnauileinie 2 a% Advuidluanmiaonde 1
Fudhufitn eI wg carot agar (uAsEN 200 nfuuaziu 15 n3usedng) euszneuse
pentachloronitrobenzene 100 ppm, pimaricin 10 ppm, ampicillin 200 ppm, vancomycin 100
ppm, nystatin 25 ppm Wag hymexazol 40 ppm (FAuUAIRN Jeffers & Martin, 1986) Ul
gaungivios (25-30 esawandea) unan 2-4 fu Widudedauasdulsveadedielunuemis
half potato dextrose agar (half PDA) LLaBLLUﬂL%@IﬁU%?jw%‘IWEJSL%mﬂ‘aﬂ hyphal tip Wiuidel3lunaen
919889 (slant agar) \lenlunaaeunisielsnseds detached leaf TnedinluyFeuluszes
waaauariandsliazenn Al LLaquﬂL%aﬁLLaﬂiéiuLwiavaaImaw TneAnusiuveulalall
voadelngld cork borer Ttufuiivuiaidurinuguinans 0.6 loufiuns Sredufulgnuulundeudivh
unaluay 3 90 TUKLNITARDILUY CRD S 5 91 U'aﬂ:uvgL’%‘auﬁﬂqm%auﬁﬂunéaawmaaﬂ%uﬁ
gumniivies 1Wunan 5 Fu Tuiinvuadusihuguinansiardnvazensvesinaiusing Ussiiu
seuAuguLsIvedlsn nalinsuuu 4 sedu laun - = ldfiaune, + = unaliduruaudnans <1
WURAT, ++ = UWHATEURILAUENATY 1-2 WuURWeS wer +++ = unadiduiiugudnan >2
wuRues Mntusndentelaandidelsalifnuludunousteld
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Table 1 Diseased parts of ‘Mon Thong’ durians collected from growing areas of eastern

Thailand, Chanthaburi, Rayong and Trat provinces

Fungal isolates Diseased Location
parts
CKKB1, CKKB2 Branches Khao Khitchakut District, Chanthaburi Province
CKKL1, CKKL2, CKKL3, Leaves Khao Khitchakut District, Chanthaburi Province
CKKL4, CKKL5, CKKL6
CKLB1, CKLL1, CKLT1 Leaves Khlung District, Chanthaburi Province
CTT1, CTT12, CTT2-1, Trunks Tha Mai District, Chanthaburi Province
CTT3, CTT4
RKT1, RKT2 Trunks Klaeng District, Rayong Province
RWL1, RWL2 Leaves Wang Chan District, Rayong Province
RWT1, RWT2, RWT3 Trunks Wang Chan District, Rayong Province
TBA1, TBA2 Shoots Bo Rai District, Trat Province
TBL1, TBL2, TBL3 Leaves Bo Rai District, Trat Province
TBT1 Trunk Bo Rai District, Trat Province
TKT1, TKT2, TKT3 Trunks Khao Saming District, Trat Province
TKL1, TKL2, TKL3 Leaves Khao Saming District, Trat Province
TMB1 Branch Mueang District, Trat Province
TML1, TML2, TML3, TML4 Leaves Mueang District, Trat Province

2. affa DNA uaznsaadeualddvoadoauvnlsn

Bidefiuenldusarlelmanunidosuuonms half PDA Hunan 7 Fu antuilidestu
9NTWEAIeY half potato dextrose broth (half PDB) tHuaan 3 Tuuwedeaugn 240 seusoundi
Yiduloanarin DNA #1838 CTAB (faudasann Doyle & Doyle., 1987) Inshudulevoadiosuam 100
fiadnsuldlunasnvunn 2 fiaddns Tdgnivdinuunn 4 fiadwes Sruu 3 gneieviaen uddadu CTAB
buffer [2% CTAB, 1.4M NaCl, 100mM Tris (pH 8.0), 20mM EDTA, 2% PVP polyvinylpyrrolidone,
0.2% Beta mercaptoethanol] 600 lilpsdns umduleliazidenderdosfidulodunan 3 wi
hluduiigaumad 60°C Wunan 30 unit shludumissfienanda 10000 rpm unan 10 it gadu
Ta 500 lulasansldluvasnvun 1.5 fadans Wy Chloroform : Isoamyl alcohol (24:1) 500
Talasang welidntu diludusiesiirnuids 10000 pm Wuwvan 2 wiil andula 350 lulasing
Talunaeslval i Chloroform : Isoamyl alcohol (24:1) 240 lalasans welvidniu dludumies
Junan 2wl geaaula 200 lulasdaslalumaenival wiiu isopropanol 200 lulasdns uax (1:10) 3M
Sodium Acetate (pH 5.2) 20 Tailasans tluvafl —20°C W@uan 15 wiit Wiludumies 10 uidt w
dalaiia iiu 70% ethanol 200 lalasans Suwieaiinauuds 12000 rom 10 Wil mdsuladts an
avnou DNA liuwradunan 1 $2lus avanenynou DNA e Nuclease-free water (Omega Bio-tek,
Norcross, Georgia) 9101t DNA AldluInUsinauazaunndeiaies BioDrop (Biodrop Ltd.,
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Cambridge, United Kingdom) uagifiuansazany DNA @ ~20°C anniuvhmsifisinas DNA Lite
psIvdeUaInUTIAalelAUILIM ITS (Internal transcribed spacer region) lngldinaiia Polymerase
chain reaction (PCR) Tuufjisenusznausie 375 ng/ul DNA template, 1X FIREPol® Master Mix
(Solis BioDyne, Tartu, Estonia), forward Wwag reverse primer LA 0.1uM forward primer ITS5 (5°-
GGAAGTAAAAGTCGTAACAAGG-3") ey 0.1uM reverse primer T4 (5’-
TCCTCCGCTTATTGATATGC-3) anntuthidniados PCR Tnsserndfall initial denaturation 94°C 5
Y19, MIuRY 30 58U VB4 denaturation 94°C 1 U1, annealing 48°C 1 Y7, extension 72°C 1 U7
wag final extension 72°C 5 w1 Lﬁaéuqmﬂﬁﬁ%mifhmamamﬁ%aﬁuﬁmwﬁimﬁ% Agarose gel
electrophoresis Tu 1% Agarose gel Tu 0.5X TBE buffer wau RedSafe™ (iNtRON Bio, Korea) lng
Tdeushedng 120 Taad 30 w1l asaaeutu DNA nelduas UV SsagUsinguau DNA wuaUseanm
754-834 ALua HANAATITe13dsUTEM U2Bio (Thailand) Co., Ltd (Bangkok, Thailand) Lite3iAs1e+
Suihedlelndse BT sequencing wazidduiadlelnafilsuniuseudisuiugudeyaly
GenBank (https://www.ncbi.nlm.nih.gov) Iaele Nucleotide BLAST &Lugmﬁayﬂa NCBI sitefusuie
Tuseaualad
3. nagauAd U des Al safiu AU ITNIEB AT
edeUANFILT YRR raaaIATiFeTE poisoned food lneideadeavelsaunems
half PDA fifidunanvesasiaduuulamuiiseduanuiduduuansistiu (0, 10, 20, 30, 40, 50, 60, 70,
80 wax 90 ppm) fnveulelaiiveaidose cork borer YUALFUHUALENAT 0.6 LBURLIAT ’m%u"éu
voudefinsnananilnseiduiifidulsaswuioniiems dndefigaumgives Wuna 6 u Sufin
Gushugusnandalativoadenaaou  uasAnnmeiiduidudiniastauendeluuiaseududu
Wisuideufugaauey  (dthndufisendeunuaned) Tagldgns wWedduidudinsaiyveado
yadou = (@uhugudnandlaladveatonnaouluganiunu - uhugusnandealadveatonnasy
vuesaNaaAll / dukugudnandaladvesdonaaeulugaaiuay) x 100 nduduaua
duduvesansiniludarslafiannsadudinsasavendald  50% (half maximal  effective
concentration;  ECy)  lngldaunisasni3vinvesnnudunusseninennududuvesasiaiiuay
Wesduriudinisiasyeade (v = a x InK) + b) ilevsziiuaudumurendensaeusioansiad
(Lu et al,, 2010) ImaLLU'amjumimauauawaaL"ﬁuaeiamimﬁu‘;lu 2 Ny A9 BauLe (sensitive, S) =
ECso <100 ppm waza1unIu (resistant, R) = EC5, >100 ppm (finwdasain Malandrakis et al., 2015)
4. vasauAuduuvaadesmalsaemsafiulauuuiloidoiv
dnluniFouiugnuounedlusrogmanaandundifieny 10 Weu fululumsazats 10%
Clorox® funan 5 wifiiiesniFousinaiseuuen dradaethndu 2 af Adsiuis dalunFeuliild
fiuit 2 ssaeuiums shusalaelfifieg 1 wavinunansiuly ndulugsedfaesuumaa
wlpwuiienanduduwansiatu (0, 0.1, 1, 10, 100, 500, 1000 wag 3000 ppm) ﬁUiif\;aaﬂumu
NeaeIlung 25 fadansneanu (Faudadninidnisues Zhao et al, 2013) wAAISWUILADY
sporangium  vewunulelgiannguay 2 lelaniidnidenanideiicouse (loloian CKKLL waz
TML2) uazdunu (lelean CTT3 way CTT4) seansiafiusndawulute 3. fanududu 1x10°
sporangia / fiadans U3ums 20 lalasamsasuuuna vuilgumgiivieaduna 4 fu duiinanuguuss
vodlsn Tnedsuduesidusiiuiifiuanternsvedsa (@msthiddng) uasimumesidusiuds
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anuguussvedlsaiUioufiutuganuey (dihnduisndounumaad) Tngliges wWeddudsuds
AugULIwedsn = (WesiWudanuuuswedlsalugamuay - Weosidudnuguuseedsauy
asiadl / Wesidudnnusuusawadlsalugnaiuan) x 100 AWINAT ECs, Ingldaunisaaniiiiuves
arwduiusszrisenududuresmaeiuanefduisudsausunssweddsa (y = a x (n() + b)

a <
Nan1sAnYILaZITA
g @ a o de q a £ a ¢ :
1. iiudregenEsunidulsa Leneusgvsuasiigatinisnalsn
nmssenidenndiegrmiseuiilulsaiiunainuagnaianziueenis 3 Jmin
lown Junys szees wagasin wudl Wwevia 40 leleaviwenldnindiusing q vemEeuidulsn
(Table 1) Tanwaglaladiludvn dulewidndosuasiinsasaluduuuems half PDA dau
sporangia #3Us19AEHAWNS (pear shape) TnguSiiudiutaie 3 papilla waguSiagiuay nely
sporangia U339¢138 zoospore Faluavesluszezduiuduuuliendewna (Fisure 1) Taaenadosiu
n15Anw1ves Prommate et al. (2019) wag Suzui et al. (1979) NTENUIANBULFUFIUVDNTD
manangnszuiiuiie Phytophthora spp.

Figure 1 Colony characteristics of a representative isolate of Phytophthora sp. obtained from

a diseased durian part on half PDA incubated at 25°C for 10 days (a) and sporangium
shapes (b), scale bar = 20 um.

9nnsiide Phytophthora spp. sia 40 leleaniiuenls smaseuauausalunisie
TsruuluyiFouiugnuouneaiieds detached leaf wuiwnlelaananunsanelsald lnsFudsng
91BN 2 i’uwé’qmiﬂqm%a %a@iammmaamLﬂul,ma?ﬁfwmammdwg Toloandiulugdruau
32 laleanann 40 lelgannelifnunaiivuinduriugudnaisinndy 2 wufwes (Table 2, Figure
2) Fsdenpdesfusnesures Koohapitagtam (2018) findide Phytophthora spp. Twenlain
nssuluunasgnaangiueendiuiu 15 lelaan anunsaneliialsauuluniSeuiuguueunadla
Wiy
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Table 2 Isolates of Phytophthora spp. causing blight symptoms on ‘Mon Thong’ durian leaves

obtained from artificial inoculation after 5 days of incubation.

Isolates of Phytophthora spp. Disease
severity"

CKKL2, CKKL5, CTT1, RKT1, RWT1, RWT3, TBAZ, TML1 ++

CKKB1, CKKB2, CKKL1, CKKL3, CKKL4, CKKL6, CKLB1, CKLL1, CKLTZ, +++

CTT2, CTT2-1, CTT3, CTT4, RKT2, RWL1, RWL2, RWT2, TBA1, TBL1, TBLZ,
TBL3, TBT1, TKL1, TKL2, TKL3, TKT1, TKT2, TKT3, TMB1, TML2, TML3,

TML4A
Y+ = lesion size <1 cm, ++ = lesion size 1-2 cm, +++ = lesion size >2 cm.

Figure 2 Pathogenicity tests of Phytophthora spp. causing blight symptoms on ‘Mon Thong’
durian leaves obtained from artificial inoculation after 5 days of incubation, lesion size

1-2 cm (a) and lesion size >2 cm (b).

2. maszyiinvaadaamndaeiduiandlalnduiiom s

nmsamadeunlin (species) voadora 40 TolwianiuenldandunZeuiidulsalae
Wisuidlsuaduiaadlelnauiion TS dugiudeyaly GenBank wudn vnlelatanuanAiaing
ademdwedsuanalolvsiniu 100% fude P. palmivora isolate Ppa3-Wera-leaf (GenBank
accession number KP183963) Mfuanvnlsafiuenlinnnizoululsuinadulafide dsaenndosiu
M358 Kongtragoul et al. (2021) fSeuifisudduiandlelndudim ITS uay 5.85 rDNA
wuindefiduamalsadduniuasnanivemSeulunmelivonsemelnesuou 17 leleanan
sravun 20 lelsiangnszysiiadu P, palmivora wWuideniiu
3. nadauaiuuvaaTademanfiulauuue v RAsTe

MNMsNAdEUANLEIUYNUYBEa P. palmivora W 40 lelmandeansiaiiunlawuuy
oMsaENTe wutil ECs, Kaust <10 - 109.86 ppm Feanunsautadu 2 nau oA naugeuwe
(S; ECso <100 ppm) & 37 lolaan lnedldn ECs, <10 - 93.21 ppm wazngudiuniu (R; ECs, >100
ppm) &1 3 lolatan Ae CTT3, CTT4 wag RKT2 lneilAn ECs, 103.4, 106.53 uay 109.86 ppm AILa16U
Fadudofuenldnnunangnlusinounas Tminssees warduneviln Smiadunyd (Figure 3)
wnilawuduasaififinalaniseongriuuugedudimenatsye  Swdmalideruardditinnde
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iwﬁL“T;Jumma‘liﬂﬁmmLf?%‘smsi"m'ammﬁmmmﬁmmm’amimﬁ (FRAC, 2022) %sdonadesiiu
MsANYIVee Rekanovic et al. (2012) finuinde P. infestans s1uau 12 lelsianiinaila (sensitive)
soansiadiuuvlaey Tnedien EC, 3.9 - 5 ppm Wuiisafiun1sssanuues Puig et al. (2021) finuin
@8 P. palmivora 9101AlA S1uau 7 lelaan finrulseansindiuuulamy Tnesin EC., 29.5 - 41.5
ppmM Wsa1NN15ANYIT09 Malandrakis et al. (2015) Wui \$o31 Alternaria alternata $1uau 42
Telaanilsseunauasfumuseasiniiuundaw Tnefidn EC., 2.34 — >100 ppm sausedanuin
\Te51 A. alternata Minanudumuseasafifananduinanudunuduseansiadl 2 4dn fo
Cyprodinil ez Tebuconazole

20

17 (a)
=] [ Chanthaburi  §
o 15 14
2 @ Rayong
@
B 10 [ Trat
]
o
E 6
Z 5
2
|
0 0
S R
ECS50 £100 ppm EC50 >100 ppm

Figure 3 Sensitivity types of P. palmivora to mancozeb obtained from durian growing areas in
eastern Thailand (a), CKKL1, a representative isolate sensitive (S) to mancozeb (b) and
RKT2, a representative isolate resistant (R) to mancozeb (c). The pathogens were
grown on culture medium amended with different concentrations of mancozeb at 0,
10, 20, 30, 40, 50, 60, 70, 80 and 90 ppm, starting from the left plates of the upper

rows, respectively.

4. maaummﬁ'ﬁumwmﬁammqisﬂﬁiamimﬁLmuiﬂwwmﬁalfiaﬁ‘*u

nnnsnageurudumuvessaulelwanide P, palmivora figeuneuariumusio
mmﬁLLaJuImsuwuLﬁaL?ia‘Lwﬁau wuin Telatan CKKLL™ wag TML2™ AN EC,, 13.29 - 15.64
ppm dadneglunguseuneseuuulainy dwleluan CTT3' uag CTT4"" fiAn ECy, >1000 ppm s
froglunguinumusisusulaiy (Table 3, Figure 4) laglolmianvaatovi 2 nauiliinsmouaussdie
asedituiiuinageuutemsdeade fuulunsmeadeurnudunuweads P palmivora
seansiaiiuaulay Seennsaliisnisedeuldne 2 38 edndlsinu 9nnsiian EC,, vosloluan
CTT3 " uay CTT4 ™ finpasvuuiiowdolufiviian ECs, gaﬂdﬂﬁmmaawuamm?ﬁ”mL%@Lﬁuﬂi”u 10
vty enafiawmunonaseiiuuulawuliannsadudinaaiyronteaimglsnld  Juiliide
Fenamausaiyuazielsauuiedeiivld viooradnnnuuulawuluamaivssnnduda So
mmsaLﬂ?}lauﬁwvﬁwﬁﬁaL%mﬂumaaﬁ‘tﬂﬁ (FRAC, 2022) %ﬂa'amaiﬁlsiamwmmuegmiiﬂléfm/hﬁﬂﬁ
mndesmsnandsimsiineudunuressznsde P palmivora  ¥aSEUARANTLA
unulaulusuian  AIsldasalinusnTLuztheguasensn  wisaaulUldansiaiiussinvdudalu
naudu 1wy uAUmY (Captan) 3o Aaslsnilada (Chlorothalonil) usu
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Table 3 Sensitivity type of P. palmivora isolates to mancozeb on durian leaf tissues.

Isolates of Logarithmic regression R? ECs, Sensitivity type on
P. palmivora® durian leaf tissues®”
CKKL1Y® y = 9.65n(x) + 23.46 0.89 15.64 Sensitive
TML2Y® y = 3.54In(x) + 40.83 0.84 13.29 Sensitive
CcTT3™® y = 4.55n(x) + 16.21 0.98 >1000 Resistant
CTTa"® y = 29.12In(x) - 151.99 0.94 >1000 Resistant

Y'MS = mancozeb-sensitive isolates, "R = mancozeb-resistant isolates obtained from culture medium

technique

¥ Sensitive = ECsy <100 ppm, Resistant = ECso >100 ppm

Figure 4 Water-soaked symptoms on durian leaf tissues obtained from artificial inoculation
using sporangium suspension dropping technique of CKKL1, mancozeb-sensitive (a)
and CTT3, mancozeb-resistant isolates (b). The durian leaf tissues were floated in
mancozeb solutions at different concentrations of 0, 0.1, 1, 10, 100, 500, 1000 and
3000 ppm, starting from the left side of the upper rows, respectively, scale bar = 10
mm.

a3Unan1sAnNY
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lawn dunus szeetuaznsng 1815 ® Phytophthora spp. s1u7u 40 lalwgian lngyn
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viiam TS by P palmivora 1 enaaoua i 1unugeud ennleleiand oaisiad
wnlawuuuenadsnts wui Telwan CTT3 wag CTT4 fusnldandminduny? uaslelaan
RKT2 fuenldanndaminszesainausunuseasiaiivlaey dadulvluwhusaferduiunis
naaeueuiuurentevuiaiBelundou Anuimunulelaaniseutesoaainiivueims
Aeoude Adeunerearsiefivuiedefiudis uasdunulolaanildunuuueomndsade
Adumusieansifivuiodefinduioty anmiseeditivdleinge p palmivora fikenléan
uwiasgnuSeulunany fusenvesusuimalne furdleluavondesuimuauiumusoasiad
wnilawuuds wivsssnsveadednilugidsounedemaaiiog  fufununsnsdsaunsoldarsed
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Y03UsEANTde P. palmivora seansindiusndlaiguludnnufiinniy
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Effects of Utilization of Cavalcade as Concentrate Diet Substitute on

Performance and Economic Return in Growing Sheep
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7i 1 sgden (T1) nquil 2 vidsTan wWiwemnstu 1% vesiwmiing (T2) nguil 3 wdhgan:
AALARER 50:50 % Tnetiwiin (T3) nauil 4 wdhsdanaiudinanaan 1% vesimiing (Ta)
KANIAREINUI nduTiaiue sty 1% venindng Sdhwiinfidiudu uardnmaiydulase
fatugefign (P<001) nauieludaaien 1% wssiminga  SUSnmnisiuldinguits
(&/kgBW*™) gafian (P<0.01) daunguillésumeisd:danainn 50:50 % Tnsuwiin fusinamsau
Igvedlusiusangsiian (P<0.01) uazfidnSmnansivldveadelasiiign (P<o. 01) ) nauitlaFumegh
isammEJLileuImLﬁ]uiuLaammmam (P<0.05) ﬂ’1UNaGIEJULWluVl’NLﬂ‘i‘Hﬁﬂf\]WU’J’]ﬂam/lLﬁim@’]ﬁ’]i‘ﬂu 1%
Yosmiingy wanduiliadudnmaien 1% suaqm‘wunm mmuwummmimamimmumuﬂ 1
Alansu Wiy 58.13 ey 60.77 LM/ (P>0.05) faifu naieduiannaian 1% wosiwiing
Swfunghgdlunyiusgnaemeuindua  aunsafumadenveauvastusiulumsmaununsly
astula
AdNATY: fIA1NALAR LNE AUTINNTWANTHER NANBULYIUNALATYERY

Abstract

The objective of this study was to evaluate the effects of utilization of cavalcade as
concentrate diet substitute on performance, and economic return in growing sheep. Eight
male and eight female Santa Ines crossbred sheep with the initial weight of 16.5+2.0 kg. This
experiment used randomized Completely Block Design. Four dietary treatments, were 1) ruzi
(T1), 2) ruzi plus concentrate at 1% of body weight (BW) (T2), 3) ruzi : cavalcade 50:50 w/w
(T3), and 4) ruzi plus cavalcade at 1%BW (T4). The results showed that the sheep fed with
concentrate supplementation (1% of BW) had the significantly highest weight gain and
average daily gain (ADG) (P<0.01). In addition, the sheep fed with cavalcade supplement (1%

LA 39ndmuna AnEnEng MWILEY WN3INeaenunseans IMgunimunalany o.Munawan 2.uAsugy 73140
! Department of Animal Science, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University
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of BW) had the significantly highest total dry matter intakes (g/kg BW®') (P<0.01). The sheep
fed with ruzi : cavalcade 50:50 w/w had the significantly highest total protein intake (P<0.01)
but the significantly lowest NDF and ADF intake (P<0.01). The sheep fed with ruzi had the
significantly lowest blood urea nitrogen. Regarding the economic return, it was found that
the sheep fed with concentrate supplementation (1% of BW) and cavalcade supplementation
(1% of BW) had feed cost per body weight gain of 58.13 and 60.77 Baht/sheep, respectively.
It was concluded that supplementation of cavalcade 1% of BW in ruzi roughage diets could
be an alternative protein source as substitution of concentrate diet for growing Santa Ines
crossbred sheep.

Keywords: cavalcade, sheep, production performance, economical return
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NaNTIATIERsAUTENoUMAATTvo g 13Tan wudn TlUsAusan 3.35% el NDF
77.06% \doly ADF 50.72% uaz Anilu (ADL) 8.6% (Table 1) GafliUofiduslusium uazidelugs
ilerFeuiiisudu DLD (2002) 5189131 nei13d dlusiu 7-10% 1dele NDF 60-74% 1iele ADF
35-37% luvauzdl Pholsen et al. (2014) wuin nef1387Ugnlngldifissonenludas 4 du/ls &
TUsfiu 8.57% Liesannsdnuwadsd Lallalieind Tsoradsmadenisavaulusivlungtionas
waznggEfiengn1sinmInnd 60 fu shldaudmalnvuzremahsdanamuogiiuiy

HaNTIATIEiBsAUsENeUMAATvasiaaAadn w1 TlUsAuT 18.78% Hely
NDF 51.67% \fJela ADF 44.39% uaz nflu (ADL) 11.45% (Table 1) Namsele et al. (2003) 18911
31 Menaeadaiieny 60 u fUSainquisrsuitsh fie 26 - 27% TUTualusiureuiiegs
fio 15-16% Fadunusiindevesin daduonsverunuamd DLD (2004) 51991ui1 faAiAn
wisilusAuveny 14.5% 1ele NDF 60-74% (8ely ADF 35-37% fin1seesldreudnagada 55-70%
Tnonghomnsdnififigannd astisedulusiusanlisndi 79 el NOF laisnnnin 60% uaziile
1 ADF laisnnndn 35%

NaNTIATIERRIAUTENOUNIATTRID M TTUIBNNSAN Uit USRI 16.30% Tadl
Weddudlusiuiilndifsatuinnainnanililunismaaes (Table 1)

Table 1 Chemical composition of experimental diets.

Fresh Ruzi Fresh Cavalcade Concentrate
Dry matter (DM) 46.56 25.65 89.86
%Dry matter
Organic matter (OM) 94.91 91.63 91.76
Crude protein (CP) 3.35 18.78 16.34
Neutral detergent fiber (NDF) 77.06 51.67 40.59
Acid detergent fiber (ADF) 50.72 44.39 26.33
Acid detergent lignin (ADL) 8.60 11.45 5.65

HUTIANINNTHER

navesMslFMIMNAAALLD NI TURRELSIAA AIKERTBSIAETY WUT ungnguitlasy
wesdanuanaiudeemst 19 vesthuting fhiwiinduan whiu 2039 Alany dwindfsdy
Wiy 3.58 Alan3u wae Smsmsiaiayiuln Wity 59.66 ndu/s/u Felrngaianetadideddnd
yaadia (P<0.01) Weifieuiungudug uaziiszdvsammsasuewnsiwnliufifign (P=0.0523)
Wiy 20.40 Iusumzﬁﬂajuﬁiﬁ%’uwﬁﬂﬁamLﬁmaﬂmﬁm LLaxﬂejuﬁié’%’wﬁjwﬁam . femalanan
50:50 % Tpeuwiin fuszAvBnmniawAsuewnsiuuliusiiian Wiy 5874 wae 61.01 uedl
wlthilsiwnnsnatunguilasunghsdieiudmnaian 1% youiming wirifu 48.05 egilsfinm



240 MIEATNYATNIZIVUNE 2565 : 40 (3) : 236 - 245

wirvasunglaidvEnasuseanssnnmnsan Iudimiindugn dwiinfidutu sasnmaaiagiule
sofu uagUszavBamnsiuasuens (P>0.05) fauandlu Table 2

nHanInaes nauiléuvgisdan : famaan 50:50 % lastmiindu Jaussanm
nandnlndlAssiunguitldsunghsBaniiosedadoy  Wosnnghs@ildlunismeassensasiiony
wn hliaudmalavugiias nmstufamaaslutiiasnn e1eiinslidsslevdnnlusiulsl
Wil ilesndaameiivinamdsnuseudisi (2.13 MCalKe) (Cheva-lsaraku et al., 2001)
fedu  milifamaeadedednimsinaaduisemdsnuiliveslonine Wy s
dpvds  leteuSuanaveslusiuasndsny  shilvinsliusglovdannlusiulutamaian
HuluaghadivszAvEnim (DLD, 2004) drunduillésungsdanaiuewnsdu 1% vesimiing &
ausInnMNSHARATan Lesnemnstuillusiu 16.30% wagideled viliungldusslomian
ansewnsleidud Ssunygusioanistusiudl 14-16% seu (NRC, 2007) usioedlsfimy nauillssu
yehanaEuinIaea 19% Yesiwiing faussanmmswanadiusesasnannguiilasungnsd
anLaiua Ity 1% vesinind enadesnivinadamanafivangay Seilidaussonm
nakaRRnIInguilldsusTanegiaien uaenduitldsundsiandarmnaien 50:50 % Tnsvwiin

Table 2 Effects of utilization of cavalcade as substitution of concentrate diet on

production performance of experimental growing sheep.

Parameter T1: T2: Ruzi+ T3: T4: Ruzi+ P-Value
Ruzi Concentrate Ruzi:Cavalcade  Cavalcade TRT Sex
19%BW 50:50 %w/w 19%BW

Initial weight (Kg) ~ 16.74+0.89  16.54+0.92 17.07+0.92 16.90+0.89 NS NS
Final weight (Kg)  18.19+0.38°  20.39+0.40"  17.99+0.40°  18.93+0.89° <0.01 NS
Weight gain (Kg) ~ 1.38+0.38°  3.58+0.40" 1.18+0.40° 2.12+0.38°  <0.01 NS
ADG (g) 22.94+637°  59.66+6.63"  19.59+6.60°  35.32+6.37° <0.01 NS
FCR 58.74+9.06  20.40+9.43 61.01+9.39 48.05+9.07  0.0523 NS

"® Means in the same row with different superscript differ highly significantly (P<0.01)
NS = Not significant (P>0.05), ADG = Average daily gain, FCR = Feed conversion ratio

Vnasgmnsiiny

navesmsldinanauue s useUFNMe s TIAL Wuin unenauililesuvisTan
desosnafien wasunenauildsuvdhandanmnaian 50:50 % Tasviwiin SenFinamsiuldinguis
finftan (P<0.01) usunenguillésundsBaniaiudnnaan 1% veniwiing fusiunsilde
dhwifng 96 dwiinin) uazUFimamsuldumuee” gufign (P<0.01) druunznguiléuiive
sTanifiesesafeiiFinumsiulduedusiusm 1 wasdniusiiian (P<0.01) uenantl wnengud
I#$unggBan:dannnainn 50:50 % Tnerimiin frnUSnamsiuldvedusiusiugsign (P<0.01) uag
fAUFinaunsiuldveadele NOF uazifele ADF ffign (P<0.01) druunznauilldsunggdaniadui
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amalAn 1% wesimting flaSnamsauldueadn, el NDF, Wels ADF LLazaﬂﬁuqaﬁqm
(P<0.01) uananil wud1 wevesng ifiBvEwatauseUTinunsAuld (P>0.05) fuans Table 3

unenduiilésungnstandaamnainnan 50:50 % Tnsvwiin Suunmnisfuldrodmn
(% i) anas eraiRnnnURnudeaeadiiinty Tnediaandinumuiiush
Auiige FellnadeaugueInseizyiliviinaunisiuvesinganas (Snitwong et al, 2003)
aonAdaafuNIsANYIYBY Mertens (1995) IBaudt Uinandelluomsiinadensldusylow
yasens Wedsleluemmsunndwaliusnaunisiuldanas wudenfunssenuves Mungman
(2007) Tenuileusivinunsiuldanas eiusziuiamaieaurilugasermsnandise
winguilldsundhsdaniaiudanmnaien 19 vesimiing wuth Suiinunsauldedintng uway
Usinanmshuldiunmueda®™ sty wiegndlsfinu nquiivdisiandaanaianan 50:50 % lag
il warnguilldSundhstanaiudiaraian 1% veshntnd wdviinunsiuldvedusiu
Aouthegs wififlaussanmmsdedisnninguitldsundstietuemnstu 1% voniming a1
wrenaEsudnmaen liidaniufigiu madesldveslnruruaruTinunishuléiinag
@onAdDItUNIIBNUTEY Vearasilp (1997) fistenudn  andussidhluduifueaglaauas
wlwaglaa  iieuledvenfunidiindeswaglaauasieiiwagladlitosasdmarilinistesla
anas vilFannsaldlsslevdaniusiuldanasiae 9 NRC (2007) s1e91udn ungazezu thwiin
20 Alansu AifdnmnsasdulnTuay 100 nfu/u Saudesnisiusiiu 68-73 n3u/fu

Adaiiluidan

navasmsldimnaleauusmstusiensiuasuudasiduailuiden wuin Anglasly
nszuadeniidalueil 0 uag 4 ndsiuems daunnsnsfusgslifideddymaada (P>0.05) Tuyn
ngunsnaes dumgFelulnsialunszuaidonditalud 0 uay 4 ndshuevng wui nguitlddu
vgdanfivsetnadien fidgSelulasiulunszuadonsniinguitldiunghsdan:dannainn
50:50 % lngthwiin wasnguiildsundgnstanaiudnmaien 1% vesiwmiing (P<0.05) uild
unnansfunguitldsungstanaiuenmady 19 vesthwiing sgndlsfiniy inavesunslaifidviwa
Swsemsiasuuasidafluden (P>0.05) dauandly Table 4

Angleaalunszuaidenvesinynnnaumsvaass aglutng 61.26-76.88 mg% Tsaonados
fiu Anonymous (2011) fis1eui unefianglaglunszuaden 48-80 mg% drurgiielulasiou
Tuiden nuimnngunismaaes fiangSelulnsiouluden oglutaa 7.24-12.27 mg% sniiungul
isunghsBaniiosodnador dgdollanavluden ogluts 4.21-473 me% Tsninsesiud
Wanapat (1990) l#menuhssduamuduturesgdelulpsalunszuadonvesdnifisndosey
Tur9 6.3-25.5 mg% FstuogfuuTinauazmuannsalumsteslfvesusiuiignilésude win
weuluflelulasiaui wansdeUnauenludellasaulunssimnzgunlidfiome Jufnansedu
Tsdulupmnsladiesne (Jindaniradool, 2013) miﬁmgﬁaluimt,au‘l,u%ﬂmﬁ 0 HAuenanenu
fu oinandemanaiviinuaeunuituiu (8.4 n3u/Alanduinguiy) (Pootaeng-on et
al, 2015) Faduseiuianzau (5 - 55 ndu/Alanduiquiie) ffAainazannsansoglsly
nszimnzgiuy uaghigndeslunszimegn wikusndinsznzlosndunazaldidn iegneesuas
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Table 3 Effects of utilization of cavalcade as substitution of concentrate diet on daily dry

matter and nutrient feed intake of experimental growing sheep.

Parameter T1: T2: Ruzi+ T3: Td: Ruzi+ P-Value
Ruzi Concentrate Ruzi:Cavalcade Cavalcade TRT  Sex
19%BW 50:50 %w/w 19%BW
Ruzi (g/d) 1,151.20 1125.60 683.48 1086.12 - -
Cavalcade (g/d) - - 425.28 304.06 - -
Concentrate (¢/d) - 179.72 - - - -
DM (g/d) 1152.72+26.88° 1313.20+27.98" 1101.42+27.87° 138832+2689" <0.01 NS
%BW 6.35+0.16° 6.46+0.17" 6.19+0.17° 7.35+0.16" - -
go/kg BWO™ 131.01+3.08°  137.24+321°  12682+320°  153.13+3.09" - -
OM (g/d) 1094.02+25.49°  1240.52+26.53" 1031.57+26.42° 1307.72+2550" <0.01 NS
CP (g/d) 38.74+1.14° 68.15+1.19 101.74+1.80"* 9326+1.14°  <0.01 NS
Ash (g/d) 58.70+1.40° 72.68+1.45° 69.85+1.45° 80.60+1.40"  <0.01 NS
NDF (g/d) 888.69+22.53°  94759+2246"  756.89+23.36°  992.19+2254" <0.01 NS
ADF (g/d)  585.01+14.96™ 62355+1557°  541.81+1550¢  684.50+14.96" <0.01 NS
ADL (g/d) 99.23+4.06° 99.65+4.22° 107.65+4.21°  127.90+4.06" <0.01 NS

DM = Dry matter, OM = Organic matter, CP = Crude protein, NDF = Neutral detergent fiber,
ADF = Acid detergent fiber, ADL = Acid detergent lignin
"D Means in the same row with different superscript differ highly significantly (P<0.01)

NS = Not significant (P>0.05)

NANBUUWNUNNIATEEND

navessldimnaleauuemstusienansuumaasygianui  nguiildsungnsd
anuiissagnaiien Tfumueesimansiian (P<0.01) whity 74.18 v/ waznduiildsund
staniaBue sy 1% °uaaﬁmﬁﬂﬁaﬁﬁunummmﬁﬁgwmqqﬁqm (P<0.01) WU 205.06 UW/6
duenmssedmindafifintu 1 Alandu wuh nnnguNseaeliaunnaaiuegalifiduddny
yeadi (P>0.05) wrasdiuinguiilduvdsTanietuomnsdu 1% vesndnd waenguillsy
nehgianaiudaeman 1% vesimiing Seewnwiedwiindafidutu 1 flansulndifesiu
Wiy 58.13 uaw 60.77 Uw/6d muadu dauansly Table 5
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Table 4 Effects of utilization of cavalcade as substitution of concentrate diet on blood

chemistry of experimental growing sheep.

Parameter T1: T2: Ruzi+ T3: Ta: Ruzi+ P-Value
Ruzi Concentrate  Ruzi:Cavalcade  Cavalcade TRT Sex
19%BW 50:50 %w/w 1%BW
Hour 0

-BG (mg %)  69.26+558  71.03+5.01 65.80+4.86  65.93+4.73 NS NS
-BUN (mg %) 4.21+1.64°  7.24+1.47% 12.14+1.43"  991+1.39°  <0.05 NS
Hour 4

-BG (mg %)  76.88+5.67 70.17+590  62.44+587  61.26+567 NS NS
-BUN (mg %) 4.73+1.59°  7.55+1.66 12.27+1.65°  10.20+1.60° <0.05 NS

BG = Blood glucose, BUN = Blood urea nitrogen
% Means in the same row with different superscript differ significantly (P<0.05)
NS = Not significant (P>0.05)

Table 5 Effects of utilization of cavalcade as substitution of concentrate diet

on economical return of experimental growing sheep.

Parameter T1: T2: Ruzi+ T3: Ta: Ruzi+ P-Value
Ruzi Concentrate  Ruzi:Cavalcade  Cavalcade TRT  Sex
1%BW 50:50 %w/w 1%BW
Total feed cost  74.29+1.95° 205.06+2.03"  92.01+2.02°  105.40+1.95° <0.01 NS
(Baht/sheep)

Feed cost per  63.07+12.24 58.13+12.74 84.45+12.69 60.77£12.24 NS NS
gain (Baht/kg)

"® Means in the same row with different superscript differ significantly (P<0.05)
NS = Not significant (P>0.05)

ayunan1sAnen

naasuiaansluUinaimeiy  ienaunumsldemnstulunnzgnaausiugoush
Buua wuh nslidamaaiadiluuiinasnn mdhgdan : daemnaenan 50 : 50 % laetuin)
yhlusinunsRulduasnaasydulnreunsanas duyudeniafsimindunggety luosi
mslddamainasulusedush (mﬁwg%ﬁmﬁ%m%mmama 1% vastmiing) shlUsinansiu
Tuaznaiydulavounaduty funusomadiudwiingungsias ddialndidestunsaiy
pwnstusedu 1% venimidnga feu naiedudamaeniissdu 1% vesimiind annsady
madonvoumadusivlumamaununsldennstu usstieasdunmilunadeunsls
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HAYRIYaUNTY Lactobacillus ingluviei C37 sUuwuuwaan1eluams Aadnue
#n auamiile wazguamaildvaslidefildsuauaienamnanuiou
The Efficacy of Dietary Dead Cell Lactobacillus ingluviei C37 on Carcass
Characteristics, Meat Quality and Gut Health in Broilers Subjected to
Heat Stress

a a ¢ o 1 a an 4’1 ¢ o/ '3 o 1 a < 1%
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v

vilan sudadsemalng 9idedifngusrasdifioussidulssansamadunie L ingluviei C37
sULUUL@adANY (DC-LIC3T) seodnumeann Auamiie wazdunindldvadliidoneldnig
aruiessnanautou MWliidewmadmeiussoa 308 (01 1 fu) S1um 360 2 wiadu 6 ngu
A% 6 91 MuLHUNIIAABsLUANANYSA 1) nduAuANAsIneldanefiagerisauns gamgl
21 + 1°C wagl#Fuomsfiugiu (control) amefingu 2-6 1dsaneldnneildsuanuiaionain
ATIFDULUUFDS gaumgfl 32 + 1°C Yua 5 Falug ff?ﬂLLGl'Eﬂq 153U au%uqmmwmaamaﬂﬁ%’v
omsngulangumilafadl 2) nquauauauldsuemsiiugiuiiusiaanarsiaiy (NQ) 3) ndy
ANl UM U LLARIESY Zine bacitracin fi5efU 0.05 n./nn. 813 (PC) 4-6) N
yanosldsuaTMIRugULazESH DC-LIC3T 58U 1x107 1x10° waw 1x10° Fianlgy/nn. 0193
AUEIRU WAN1INARBINYIN DC-LIC3T mmmﬂ%’uﬂsﬂﬁmﬁﬂﬁ%% 910 Lioon ila funagdu
vosliilelunnizamuadsnninaudeuld uenani DC-LIC37 Ssiwanuanssnuainnisie
UneenBiadu (TBARS) iiuAnuannsalumssueyyadasy (DPPH) TuiloasTnn YFuusednygu
Anenveadild waruiuidsulsernsaunisludld wanismaassusdan maaiu DC-LIC3T Tu
9ISz 1x10° Flovig/nn. 8193 anansauiuUssdnuazen @mﬂwwﬁa wagaun e ldluln
dofdsamelfnnueisnnnaudeuls

Fddey: L. ingluviei C37 suuuuigadme aruneionanufou quamaild e

Abstract
Heat stress (HS) is a serious problem affecting the worldwide poultry industry,
especially in hot and humid countries like Thailand. The aim of this work was to evaluate
the efficacy of dead cell L. ingluviei C37 (DC-LIC37) on carcass characteristics, meat quality
and gut heath (gut morphology and cecal microbial population) in broilers under heat stress.
Three hundred and sixty male broilers Ross 308 (1-d-old) were allocated into 6 groups with

6 replications each in a completely randomized design (CRD). 1) the control group was raised
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under thermoneutral zone conditions at 21 + 1°C (TNZ) and received basal diets (control).
In contrast, the 15-day-old groups 2-6 were exposed to chronic HS at 32 + 1°C for 5 h daily,
until the end of the experiment and received one of the following 5 diets: 2) the negative
control group received basal diet without any supplementation (NC); 3) the positive control
group received basal diet + Zinc bacitracin 0.05 g/kg diet (PC); 4-6) the treatment groups
received basal diet + DC-LIC37 at levels 1 x 107, 1 x 108, and 1 x 109CFU/kg diet, respectively.
The results revealed that DC-LIC37 can improve live, carcass, breast, liver, spleen, and heart
weight in the HS condition. In addition, feeding DC-LIC37 in broilers subjected to HS can also
mitigate the negative effect on lipid oxidation (decreased TBARS), activate the antioxidant
activity (increased DPPH) in the thigh meat, and improve gut morphology and cecal microbial
population in HS groups. The results indicated that DC-LIC37 supplementation at level of
1x10° CFU/kg diet has the potential to improve carcass characteristics, meat quality and gut
health in broilers under HS.

Keywords: dead cell L. ingluviei C37, heat stress, broilers, gut health

Al

HagtuhlanmdsszauiutigmaniglanfounasnsudsunlasanineIn1mes19guLss
FanngfnanliuilidndiAaanueisaanaudeutarainsendemesoszuugaamnssy
nandadaidnduaaniie lnsangegisdnmananlidelugiamaniouduegssindlng
(Renaudeau et al., 2012) mana3saanauoueliiineyyadasiifnasuniussuugiduiu
wadanlduavaunavesqdunidluald dwalinnuaunsalunisgesuarlduselovilavedaus
PouUsransnImanas aussaurnIsasyLAulnanal dnvuzlaresAlsEnougINAnAURAUNR
(Mujahid et al., 2007; Quinteiro-Filho et al.,, 2010) wdsnammidonazmaidsedismai
1NN9Anadneondiadu (Cramer et al., 2018) Faitsuandnsldeuiugluseduiidiniing
Snwniteldumsnssdunmsaiyfulanaginwiguainmaiuems (Rahimi & Khaksefidi, 2006)
uioehslsfimunislilutimnasnnuasszesnafiuasidliannsanéduiewsssdndasiua
gavilfideqaunidiinnsfionn (Shazali et al, 2014; Odore et al, 2015) thlugmsUssmeatig
TondiTusvesamamelsuuazdnvans q Ussinadeud a.e. 2006 (Van Boeckel et al., 2015)

aun3dnsluledn (live cell probiotics) Fuduasiaiudnvianisfiinaila 1osind
AaNURluNsUSUUTIguNmaine s kaznseAunss vl lun1ie LA EAIINAY
§ould Jahromi et al., 2016; Sugiharto et al., 2017) uapghalsinunslainsluledniidoinauas
Adudulsudiuanideslunisdsanefunosn (Shazali et al, 2014) 1uddasinlIosnua
FEMINTTUIUMSHARLa NSAUSvIraInszUUuNINEn e sdnd TulagUudinsimunldlugy
vaslnalulofin (postbiotics) tieanmnuinanazdesidadanan wu nmsldlugunuuveseadld
FAnvdelwadae (dead cell probiotics) Insnslinuieu Ganudeuasiasniigaduazinig
UanUaeyosAUsznauuosadnonul 817U Exopolysaccharide (EPS), Lipoteichoic acids,
Peptidoglycans, Surface layer proteins saudisansiuunuslanisng 9 aﬁﬂazﬂauméﬂﬁﬁamauﬁa
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annsonay nszAuiiduiu lasuadanuuduswazUiuugguamaldldliunnansiuwadd
3% (Adams, 2010; Piqué et al,, 2019; Zhu et al., 2020)

ydun3glnsluledin L. ingluviei C37 Lf]uqéuw?éﬁlﬁ’mLLEJﬂlé’mnwwﬁummmaﬂd
Tas1v delguautfddyrednslulefin wWu aruanansolunismunsawazindeddlunaiu
o3 analresufiiug arwannsalumsdanmendsdild uazanuansalumsiudadens
Tsa Bnviadsdinmantidunizunausens 1wy auasiRlunsnssfunisadiegiduiu warauaudh
Tunsannetaainesea n1sld L. ingluviel C37 wuulwadmelumadusualasavemyiignnsssuli
Ann1ssniausglalulndusaailsd (ipopolysaccharide, LPS) fildainuiiaswadues £ coli Taua
MU L ingluviei C37 Adanenls anunsnannisvasansiinszdunszuiunssniay (TNFq
hay 1L-6) LLazﬂisé’umiwﬁnmiﬁaﬂmié’mau (IL-10) 1@ (Tsukagoshi et al., 2020) Sniadlaananse
iiunsuanseenvesBuifstestunraudauss anmsdniauuazusamaudeeveadsdild
Iulﬂ'LﬁaﬁgnmsﬁuﬁaﬂlﬁiﬂiwﬁLLszmmlmﬂlé’ﬁﬂﬁw (Sirisopapong et al., 2021) egslsinunislyd
Pdunidinslulednluguuvuiwadaelunmsansansenuiiiinainauiaionainannuou §alud
nsfine Usznaudusziiunmuainen aunmideuazguaimmedildfidulssiuinanled
avviounanouumMuATYgie fiturAfediingusrasifeusuiiulsyaninnesdeqdunie
L. ingluviei C37 SUwunIwadne (DC-LIC37) sednuauzenn auamidle uaraunmaldvesliie
melannzanuasenainauiou

BnsAne

nsinTeuideqauns DC-LIC3T Tngueesuidoadluens Lactobacillus MRS Broth Tu
§31du 0.5 ml sieewns 400 ml iluvufigamail 37°C nudieaasa 200 pm uaziad
ODggo 11 9 3 F1lua 9UA1 0D,y 18 2 Favsiidiuruinawaddusiiianududuldtosndn 108
CFU/ml (sgogiianussunn 24 %“ﬂm) mmﬁuﬁwlﬂfjum%ﬁmwm% 8,000 rpm ﬁqmuqﬁ a°C
WWuan 15 Wil uaziiy PBS ledauazinwanimead s 3 sou udnhdwiidiamediead
uUlmnuoufigungd 80°C Wuean 30 wift Mnduthluyuiuuudenuds

nsnaaesliiunsinnsan eylid wagfoamungsufoviinuznssunsiiuguanis
6?1Lﬁumwiaél’m’imaadLﬁamumﬁmmmam‘ umAnedealuladgauni (U1-02000-2558) ) A
omeadaoiugsoa 308 01y 1 Tu $1uau 360 f1 wUseandu 6 Nau 9 Az 6 91 AILLALNTS
nasosvUduaNyTal ludasndugnideslurosmunuoumaduuiuenay nssmum 0.8 x 1 x 1
Ik mmiﬂﬂi‘wmma‘uqmmqnlmﬂunm 2 & Tngoy 1-10 TuwsnagyinismivaNgumngll
137 32 + 1°C 9nifurion 1 angamaiouda 21 + 1°C 7 14 Ju eengasu 15 $u nguil 1 EfF
melfannsiiogednsansfigumgd 21 + 1°C warldSuommaiugiu visdingu 2 3 4 5 uas 6
W vanield naed ldSuainumaseaainaudouuuui 059 (chronic heat stress) A28
wiadlimnutou gaumgll 32 + 1°C Juae 5 93la9 (11.00-16.00 1) TuAugansvnaeuarlsy
mmiﬁugmumama@mﬂfcjﬂmﬂﬁjwfiﬂﬁ’ﬂﬁ nguil 2 Usmanansiaia naud 3 wiueuftaus
Zinc bacitracin f15&#U 0.05 n./An. 81115 NENT 4-6 La3Y DC-LIC37 Aisedu 1x107 1x10° uae
1x10° Favly/nn. a3 muddu Tiudaznguldsuemsuasiiegasiui Ingotmsduiun
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TAYULATURIUATINIUAIINADINITVBIT1INTY ANUAILUEHEIYDY NRC (1994) $IuUNINTFIU
aneiug Ross (2019) wisoenifu 3 szey @il 1) serliiin svoglndu wavszesliu (Table 1)

nafiufegnauarmsiieneideyaneadn ieengasu 21 Tu dulidnas 2 & viheau
fenssunaelslasuuandenendonsen ndurnnfuisesludsuldlulasiaumar e
ATl NI aunIdmemaia Real-time PCR m1335n15904 Navidshad et al. (2012) lagld
Tnsiesiinnusime (Table 2) uazifudldidnita 3 dqu (duodenum, jejunum, ileum) 1d
Wofu1du 10% LienTednungmadyguivewesdild auitnisves Humam et al. (2019)
dleengasu 42 $u dmiﬁ%ﬂa% 2 1 ¥nstawiin WWestendeneen neuwy dndiuasiaztoan
rowtagmuninein Semiindausing 4 Usenoudae siala s du fu laturesiosuasdeuiued
mﬂﬁ?uﬁﬂmﬂﬁﬁmm'ﬂiﬂLLﬁdﬁquQﬁ a4°C (Hunan 24 Falug "i’mmmmﬁaaﬂ (pH, L*, b*, a*) uag
Fausisdudiu on tes aglwn Jnuaztufindmidn \iuidodiuasinn dmsulinsey TBARS way
DPPH @338n15789 Cramer et al. (2018) dayamunazgniuriiasierieuuususu (ANOVA)
felUsunTL SPSS software 16.0 LUTsuLsuA LA 83z WI 19N uA 1835 Tukey’s HSD uaz
WIBULTIEUAULANAT9TENINNENN1TNAGIAIY Orthogonal contrasts AMMUAAINNKANGINDEN
fifdndyn1eadidi p < 0.05

Table 1 Ingredient and nutrient composition of basal diets.

Item Starter (1-10 d) Grower (11-21 Finisher (22-42
d) d)

Ingredients (%)
Corn 56.28 58.10 62.30
Soybean meal 30.40 28.75 25.10
Corn gluten meal 6.21 5.30 3.70
Palm oil 1.80 3.16 4.25
Limestone 1.49 1.34 1.24
Monocalcium phosphate 1.62 1.45 1.31
Salt 0.50 0.49 0.50
DL-methionine 0.31 0.27 0.27
L-lysine 0.47 0.37 0.46
L-threonine 0.20 0.14 0.13
L-arginine 0.22 0.13 0.24
Vitamin-mineral premix 0.50 0.50 0.50
Calculated nutrients
Metabolizable energy (kcal 3,000 3,100 3,200
ME/kg)
Protein (%) 23.0 215 19.5
Fat (%) 4.31 5.69 6.86
Fiber (%) 3.37 3.29 3.12
Methionine + cysteine (%) 0.95 0.87 0.80
Lysine (%) 1.28 1.15 1.13
Calcium (%) 0.96 0.87 0.79

Available phosphorus (%) 0.48 0.44 0.40
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Table 2 The primer sequences of cecum targeting bacteria.

Target microbes Primer sequence 5 - 3’ Product size (bp)

Lactic acid bacteria F-GCAGCAGTAGGGAATCTTCCA 200
R-GCATTYCACCGCTACACATG

Bifidobacterium F-GGGTGGTAATGCCGGATG 278
R-TAAGCCATGGACTTTCACACC

Enterobacterium F-CATTGACGTTACCGCAGAAGAAGC 195
R-CTCTACGAGACTCAAGCTTGC

Escherichia coli F-GTGTGATATCTACCGCTTCGC 82

R-AGAACGCTTTGTGGTTAATCAGGA

HaN1SANYILAZIANTAl

KavesNsLEsH DC-LIC3T Tusmssednuaizenvaslideiléfuanuaisnainaanufou

KawaINELaT DC-LIC3T lupmssednunizannuesliidefiliunnuaionnneminon
(Table 3) Lﬁ,JEJL'lJ'ﬁEJ‘UL‘V]EJUmmwmmﬂi“mNﬂamm‘i‘wmaaﬂLLUU Orthogonal contrasts ‘W‘U’mlﬂ
nauiliassmelinnsaisnnnarudouiiimindiawasininendundmnifuinuni aoc
Hunan 24 Falus sndinguiliiesnieldaniisiiegegisauts wenanidsdidndunininiila
fu waziideduendianatuazdaduimindniiadud ewseudieuiutndng (p < 0.05)
ognslsfnnulinguiidssnieldnnganueisnnnanuioutasiaiude DC-LIC3T Sdwidnitin
Andinduaiuauuin (aluenUiiaug) warnquaiuauay (UnAnnanaiy) venandddinal
Fnannhminnanag é’mdawfmﬂ’ﬂGTULLaSLﬁadnuamﬁm%uLﬁaLﬁavﬁ’unﬁjmmmmau (p < 0.05)
N9k DC-LICST fisediu 1x107 uaw 1x10° Bowg/nn. o3 dwmalidadiudmiinduuasiiioon
WNNINFNAIUANTIN NGUAIUANAUAZANSIERLTTEAU 1x10° FLovig/nn. Hadawalirdnaaumin
Ynuageniisuwihiungumuay (p < 0.05)

dlolldsumnuessnnanufeugamniivessameaifiniu Fednfasdinalnlumsdnm
samgiishensveumela annisiuemsiiieanaudeuainnszuIumsunuedTuvestavuy
wariuthinniy dwalidssavanmnisldemsuardnsimaasadvlndninnsideduanigi
9¢0g19au" (Lara & Rostagno, 2013) mManeassinuinluanzemadeuiinaviliimiinle
hanazieduenans uasimindndiutu edrslsinudminieieduiianasilianusoesue
waraldegnauidn winaindunaunannisuiusiiinaunanmsivemsianasuazaeslay
poRweafiiinadud s ete fnsiwdesiiieatostussuugiduiu (Quinteiro-Filho et al,,
2010) dwiinUnfiiiutueradusauanmsidgaineneunssfetniossuimudou wasthwin
onflanaserdunsziiodiondsznavdedulonduilefivadiuasdadldnglaa (fast
slycolytic fibers) ¥ldpsondendsnulnalmauiiinanemmsunldlunmstmuniiuinnindile
gy q ufuliinamsiuldiianas dwalindsenliifisaeuazannisadraiediuen (Weng
et al, 2022) Feaonndostun1TBUYRY Zeferino et al. (2016) ABsuianzemadouiing
silsimingy silanasiiledimonanas uazdhwidndndiuty udlifinadedminasinnuazies
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LA¥NITTIBIUTBY Sohall et al. (2013) inuiinnzaraneioaanarudouinaliiminiuanag
Uy nslasu DC-LIC3T Tunmzamunaienannanudoudsaliladtwdnddinundu o1y
NasNINANANTRvemeAd DC-LIC3T disannissniaunneyyadassuaziiiuainuudaussves
wilsenld denalvidnldfaqunmd vinlinsdeslduasnsldussloviveslnruzitu Ssaonadosiu
Sirisopapong et al. (2021) ﬁiﬂﬂﬁﬂu’i’mﬁLﬁ%u L. ingluviei C37 mmamﬁm’nmlﬁﬁqmeaqwﬁq
alduarannssnavlulniidenignnsedudaelaluinduganilsd dininetasfidsadesfy
NIPULNMTUNUEATY (FU) uazilediuenifindulunduiiiety DC-LIC37 Wunawnanthwiingadi
dindu SeaenndostunisTenures Ahmed et al. (2019) Meswinisiasuinslulefin PROBAC
olus luanmzemafeuiinalunisifiaimingn sfile duwezdu dhvinUnfianaseradunan
21NN15NITAUNMIABUAUBINILNALN Hypothalamic-pituitary-adrenal axis fianas (Mohammed
et al,, 2018)
KavasnIsLaiy DC-LIC3T luamnsenmnwitiovaslidafilfiuanueisaanauiou
KawasNaLaiu DC-LIC37 luomnsranmuamiovedlridedldsuenuiaionaneiuion
(Table 4) 1 aLUTsULiBUANULANAINTENININGUN1TIARBALUY Orthogonal contrasts 1udnla
nauitasngliinneanuesnananusoudnariliaruasolunsiueyyadassludediy
axlnnanas (An1sinalneendndu TBARS iiady uavA DPPH anaq) (p < 0.05) N5La5y DC-
LIC37 annsaiiunmantilunisdiueuyadassvedlinguiidsanislinnzauaioaaina
$ouldAu (A1 TBARS anas uaA1 DPPH @) (p < 0.05) iewdsuifisufungumunsuinuas
nauAUANAy Tngnnsiady DC-LIC37 fisgfu 1x107 - 1x10° Slovg/nn. 81915 dawalvien TBARS
WAz DPPH Wiguwiniunguaiuay uaﬂmﬂﬁlﬁadauaﬂmmldﬂ&jmﬁiﬁ%’mma%m DC-LIC37 daglein
ALEINS (L) aRAd LagA1ANLAS (@%) qqs’fgj}uﬂdmﬁjmmuquau (p < 0.05)
delalduauaisnanannudeuy (Tauuuidsundunaziiods) wadene 9 lusheane
wdosmandinuiivtu lesameasdinalanisususlunmsaiadamiifemetuaudesns
KunsEUILNTTUdBiEnaTeuLaroandnduredlaifintu udegrdlsinuand annsdaluaves
TusnounazdeliAnaussdngsewiaderuneadifiutu dwalvinszuiumsudsdidnasoulaid
UsgdvBnmuazneliiineyyadassuniiuniinnuaunsnressenigasidnls (Akbarian et al,,
2016) wazimieuhliiinadneondnduluiedons q dmaliusuna MDA Sudundndasives
TBARS 1fi1anndy (Azad et al, 2010) uaﬂmﬂﬁa%aﬁaszﬁaﬁwaiﬁl,ﬁmmsaaﬂ%msi'fwuadl,ﬁula
Tusvlundmile uazan proteolytic susceptibility unalhidafau@auazsdui (Zaboli et
al, 2019) unstay DC-LIC37 ansadfiumnuanunsalunsinuouyadasy ilannisiinade
oondinduuarlusiuoondintuanandunalidrnuainwendoanawuazanuunaindy d9
aonAdoItuNUNAABIYeY Cramer et al. (2018) Tiviin1siadu Bacillus subtilis uldfignnszdusie
ANuFeuamIsaLiunsFuoyyadasy annsiinadnoandindunazanauainsvoniels
wBNNT Kim et al,, (2016) 51891 sEsulnsluladn ausasisannisiinatneendnduluy
osgwienmaiusnulfiguiy
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Table 3 The effect of dietary DC-LIC37 on carcass characteristics in broilers subjected to heat stress.
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DC-LIC37 Orthogonal contrasts
Parameters Control NC PC SEM p-Value
Level 1 Level 2 Level 3 2 3 q
Live weight (g) 3305.04° 3106.65° 3108.38° 3179.07*  3137.51™  3250.12°° = 15.21 0.0001  0.0001 0002 002 002
Cold carcass weight (§)  2464.41°  2353.97° 2348.63° 2399.99%°  2388.21°°  2409.01®°  11.06 0.03 0.004 0.03 NS NS
Visceral organs (% of live weight)
Heart 0.48° 0.4 0.43% 0.43% 0.42° 0.44%° 0.006 0.01 0.001 0.003 NS NS
Spleen 0.10° 0.08° 0.09%° 0.1%° 0.08%° 0.01%° 0.003 0.01 0.02 NS NS NS
Liver 1.56™ 1.47° 1.54% 1.65° 1.58% 1.62° 0.01 0.003 NS NS NS 0.0001
Gizzard 1.07 1.08 1.13 1.11 1.13 1.11 0.01 0.54 NS NS NS NS
Bursa of fabricius 0.06 0.05 0.06 0.06 0.07 0.06 0.002 0.22 NS NS NS NS
Abdominal fat 1.27 1.28 1.22 1.33 1.21 1.20 0.02 0.46 NS NS NS NS
Body composition (% of cold carcass weight)
Thigh 16.90 17.82 17.35 17.25 17.46 17.83 0.11 0.18 NS NS NS NS
Drumstick 13.73 13.90 13.90 13.96 13.98 14.04 0.06 0.78 NS NS NS NS
Wing 9.64° 10.28° 9.92% 9.90% 9.88% 9.81° 0.05 0.01 0.01 NS NS 0.01
Breast 36.32° 32.86° 3458 35.77° 34.69% 35.06° 0.24 0.0001 0.002 0.045 NS  0.0001

¥ Means with different superscripts in the same row indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet. SEM = standard
error of means. NS = non-significant difference. Orthogonal contrasts: 1 = TNZ vs HS, 2 = Control vs DC-LIC37, 3 = PC vs DC-LIC37, 4 = NC vs

DC-LIC37.
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Table 4 The effect of dietary DC-LIC37 on meat quality in broilers subjected to heat stress.
DC-LIC37 p- Orthogonal contrasts
Parameters Control NC PC SEM
Level 1 Level 2 Level 3 Value 1 2 3 4

pH 24 h 5.78 5.75 5.77 5.73 5.74 5.73 0.02 0.77 NS NS NS NS
L* 51.14 52.69 51.04 50.08 51.12 51.43 0.31 0.29 NS NS NS 0.04
a* -1.21 -1.57 -1.21 -1.32 -1.09 -1.12 0.07 0.27 NS NS NS 0.03
b* 5.15 4.03 5.22 5.1 a.77 4.66 0.18 0.40 NS NS NS NS
TBARS (nmol/ml) 0.5° 0.94° 0.92° 0.55° 0.51° 0.54° 0.05 0.001 0.04 NS 0.001  0.0001
DPPH (%) 80.76° 55.13° 55.98% 68.35% 71.74% 79.16™ 2.80 0.01 0.01 NS 002 002

** Means with different superscripts in the same row indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10® CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet. SEM = standard
error of means. NS = non-significant difference. Orthogonal contrast: 1 = TNZ vs HS, 2 = Control vs DC-LIC37, 3 = PC vs DC-LIC37, 4 = NC vs DC-

LIC37.
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Figure 1 The effect of dietary DC-LIC37 on gut morphology in broilers subjected to heat stress (A-Q).

*® Means in different letters on standard error bars indicate significant difference (p < 0.05). Control = Thermoneutral zone condition (TNZ) +
basal diet, NC = Heat stress (HS) + basal diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-LIC37 1x10’
CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet.
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KavesnTsLaSH DC-LIC3T Tuomnssednunzdygiuinevesdldlidedlisuanueieaan
GRRRGN

KavesNSIETY DC-LIC3T luownssednuazdgiinewesdldlidenlisuanuiaion
31nANTU (Figure 1A-10) wudIn1stasu DC-LIC37 anunsnusuusanuaenadygnuing1ves
sldlmdendoanielinnzarnaisnanaufeuld Tasnisiasy DC-LIC3T fisedu 1x107-
1x10° Hovlg/nn. 91913 anusauiinanugeeialaiiuinadldidndiusiu ananudnvessada
Fudivnadldidndunaniuazdining sudafindndiuanugesialasonnudniuadaiudi
Uinudlddndunansldiniinguaiuauay uenainiinisiaiu DC-LIC3T fisedu 1x10°- 1x10°
lovlg/nn. 9115 SransaananudnveswadasudfiuTnadldidndrunarsldifisuritiungy
AIUALLAENENAIUANUIN

mundidelaifinnnzanuieieaaneuiousznensmssusauieusonaINI e
Taefiunisivaioudonludwinafovis anmsinadendenlufivinndld wagnseduliiing
ndsgesluunefivea (cortisol) Mndemvnlafisnnniu SedualiiAneyyadastlusamonasing
luihaedodlonwaduiisdlduasnelmAnmssniay (Quinteiro-Filho et al, 2012) dwaliluns
dovlduaznsgadulavusfesUszansaimas (Rostagno, 2020) DC-LIC37 LHuqdum3diignvinly
mefenufou dsanufeusynaeniusaduaznszduliiinisanUdesesdusznourends
\wad LU Peptidoglycans, Lipoteichoic acids wag Surface-layer protein (Piqué et al., 2019) N
fnmautilunsduiunlsdld nszduliinsasadedonwazdudinimdslalalauseansii
nelAnnsdnLau (Konstantinov et al., 2008; Wu et al., 2015) a8 L. ingluviei C37 JULUUas
meluwaduualasrhavemydignaszduliiAanissniausie LPS anunsnannisndsansiingssu
NTLUIUMTONAU (TNFa Uag 1L-6) LLagﬂizﬁuﬂﬂiﬁgﬂaﬂiﬁaﬂﬂ’]‘iEq]JﬂLaU (IL-10) 161 (Tsukagoshi et
al,, 2020) uwareralunalidyguivevesdildgnihansaneyyadaszlunnzanuaienainaiu
Souflanas Fadenndoaiuaiuvaaesues Danladi et al. (2022) As18suinnsiaia L. plantarum
RIT1 uay RG14 UMUUIwAdRsaIsaLiunwgwesiala annnudnvoawadaiuduaziiiudndiu
mugeesialadernudnieadaiudls wazn1smaassves Humam et al. (2019) fis18amuiinig
\@3u L. plantarum RI11 Iuamazmm%aummsaLﬁmmmqwaﬁala anANANYOUTAAAIUA
waziindndiumnugwedialasernudniwadaiudludldlisuiy
KAvBINITIERY DC-LIC37 Tuanadasuaulszensduadludfuliidedilsuanuaionann
GRQHEGYY

KaveINIIaTL DC-LIC3T luemnsdesuaulszansgdunisludduvedliidedlasy
AINNLATBAR1INAITNT BY (Figure 2) Wud1dn13z01n1Asaudnavinliadunidnelsa
Enterobacterium uae E. coli intu Tnsmaiasu DC-LIC3T luaameiniafouannanandiuau
Uszgnanguqdunidnelsamanild maaiu DC-LIC3T fisedu 1x107- 1x10°  uoslg/nn.
913 anusaanqauvdnelsa IdliflsuinfungumuauuaznguauaNUIniifinsesueU Ty
wsiogdlsfimu DC-LIC37 laifinalunislumsuiuasudwaulssansqduviddiiuselowd Lactic

acid bacteria Wag Bifidobacterium
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nsasunassynssdunidluanzeniafeusaiiiennainnaln Hypothalamic-
pituitary-adrenal axis (HPA) 6’?5@L‘fluﬂa"l,ﬂmimuﬂuLLasU%'Um”’mauauawiamil,ﬁmmmLﬂ%'am]'m
anudeu Weliegluniizanunieniinaiuiou aueadiu Hypothalamus azneneusny
oamgiisnne lngannisiuemsifieananuouannszuiunsuumueaduvestnvus uaz i
msfuantu shldemmafanislnariuluienafuemaiifuiasdsdesiamumiaunniy
danaliianinundesludléiinnisidsunlauasnasuniuaunavesgdunis Atunuimdrdglu
N13AUAN Gut brain axis (Cao et al., 2021; Kers et al,, 2018; Metzler-Zebeli et al., 2019) N7
31 DC-LIC37 anansaiUAsuniasssennsqaunidielsaldiu oradunaunain DC-LIC3T fins
UanUaasoinUsenaureIniigad laza@sne ¢ 1 Surface-layer protein uag EPS (Nguyen et
al., 2020; Piqué et al,, 2019) Ing) EPS anunsaugaduiunadlduazdudinsatsliulefduvonde
felsa safduiuntuaduondenslsauuunay 9 wazdusen (Fanning et al, 2012) naln
fnamoradunaliideqdunidnelsangy Enterobacterium waz E. coli ludiulafidnanield
AmzANIATENIINALTBULARIAS LAY DC-LIC3T fdnuanas Fidenndeaiunisseanuues
Liu et al. (2017) finui ESP amnsnannisduiuuasnsadslulefiduende £ coli, Salmonella,

Staphylococcus aureus 161
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Figure 2 The effect of dietary DC-LIC37 on cecal microbial population in broilers subjected
to heat stress.

* Means in different letters on standard error bars indicate significant difference (p < 0.05).
Control = Thermoneutral zone condition (TNZ) + basal diet, NC = Heat stress (HS) + basal
diet, PC = HS + basal diet + zinc bacitracin 0.05 g/kg diet, Level 1 = HS + basal diet + DC-
LIC37 1x10" CFU/kg diet, Level 2 = HS + basal diet + DC-LIC37 1x10° CFU/kg diet, Level 3 =
HS + basal diet + DC-LIC37 1x10° CFU/kg diet.
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Abstract

Eri silkworm (ESM) and Thai crossbreed silkworm j108 x Nhaglai (CSM) were evaluated
to investigate the effect of replacement fish meal (FM) in goldfish diets on growth
performance, pigmentation, and health status. The ESM and CSM were tested in a 12-week
experiment on goldfish (Carassius auratus). Three hundred (5.00 + 1.43 g) goldfish were
divided into five groups and were fed ten diets: 0% (control), and fish meal (FM) replaced by
ESM and CSM at rates of 25%, 50%, 75% and 100%. Water temperature ranged between
25 + 1.8 °C. Thirty indoor rectangular fish tanks (1.5 m®) connected to a recirculating system
were used. As a result, the highest final weight was in the fishes fed with ESM feed (75%).
In addition, the replacement of CSM for FM at 25% had significantly highest final weight and
body weight gain (P<0.05). Moreover, the fish fed with ESM 25% and 50% had higher yellow
color intensity (b*) than the control group (P<0.05). On the contrary, there were no significant
differences in the brightness (L*), red intensity (a*), b* of skin color and health status index
in the CSM group (P>0.05). Therefore, these results clearly indicate that up to 50% of FM in
goldfish diet can be replaced by ESM and CSM. Moreover, ESM can be useful for yellow color
skin enhancement in goldfish.
Keywords: Eri silkworm, Thai crossbreed silkworm, goldfish, growth performance,
pigmentation
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Figure 1 The animal trial and experimental fish tank.
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naui 2 Msvawnuuandusienualruiuginegnna 25% Tuamis (CSM25)
naui 3 Manaunulandusiednualruiuginggnnas 50% tuamis (CSM50)

naui 4 Msvawnulandusenualruiuginegnna 75% Tuemis (CSM75)

nguil 5 ManaunuUausednuslsusinegnues 1009% luswns (CSM100)

Table 1 Formulation of the experimental diets fed to silkworm for goldfish.

Ingredient (100%) 0% 25% 50% 5% 100%
FM! 15.00 11.25 7.50 3.75 0.00
ESM / CSM! 0.00 3.75 7.50 11.25 15.00
Cassava 15.00 15.00 15.00 15.00 15.00
Soybean meal 25.00 25.00 25.00 25.00 25.00
Wheat 19.60 19.60 19.60 19.60 19.60
Rice bran 20.00 20.00 20.00 20.00 20.00
Vitamin and mineral 0.40 0.40 0.40 0.40 0.40
Fish oil 2.00 2.00 2.00 2.00 2.00
Soybean oil 3.00 3.00 3.00 3.00 3.00
total 100 100 100 100 100

1 FM; Fish meal, ESM; Eri silkworm meal, CSM; Thai crossbreed (j108 x Nhaglai) silkworm meal.

nsiiudegauazinziidaya

Anfun1sTalIntn waginvuiadlualulaazdUn1y m1u35n15uee Jahanbakhshi et al.

(2021) Mauanslu Figure 2 9ndwihmsiiudeya Tneduiinhmindansudu (nitial body weight:

W) wazugaving (Final body weight: W,) Weusuiusnsn1sasaiivle (Body weight gain)

waE NIINTTHITEYINNE (Specific growth rate)

Weight gain = W, - W,

Specific growth rate (SGR) = 100 [Ln Wy(g) - Ln W,(e)l/T

wewme: W1 dmdndaisudy; W2 @ dwidndiaavine ; T: szeziameas ()

dleduannisnaassaniiunsdulaves S1uau 2 §/4 WeiuduiieUszifiuaduiiu

(Hepatosomatic index) tAudegnsaienyaelunasludulutesios lnsduihminuasuendiuves

losfulurevinsesan weuseliuAdndiuaienznelu (Viscera somatic index) waglviiuluyasiaa

(Visceral fat)



King Mongkut’s Agr. J. 2022 : 40 (3) : 260 - 271 265

Figure 2 The weight-length measurement of the goldfish. Weighing measure (a) and length

measure (b).

NN3ATISNANSEDRR
feyailaundinseianunususiu (ANOVA) uaziuTeuiisuAtadslagds Duncan’s

new multiple range test (DMRT) fisesuarandesiu 95 Wesidus

Nan1sANYILaIRNTAl

wanmsAnwasiuszneumaaiidesiures Anudlvads uasdnudlnuiusinegnuas
(AnuAlnuiuguadssd x iufinasy; j108 x Nhaglai) Asuanslu Table 2 wuddnuslnu g
TUsAulaesam 66.18% wazdnudlvuiuginegnuay fusaulaesi 56.16% deiialndiAsaiy
nsfneesRUsznaunaiivesinualg (Silkworm pupae meal) 994 Karthick Raja et al. (2019)
wustnusvuoulmillusiueglugas 50-70% luvuzivaruillusiuegd 60-77% waziilevdnus
4 2 yianlfiduundsfmgiuvluommsaimes wanisimsgviesduszneumanaiivesevnsuan
nosluusazgnsmavaaedldiansds Table 3 Milseauveddusiilugnsomnsitusngduegiuna
nsheseilusiueadnudluats 2 4da nsomnsiunuiidaednudlmaideiisiugs asdsedv
TusAulugnsonmns 24-25% Fannnitevnsgasiunuiidnuslnaiuginegnuas wulusaulu
gnTe Tl 22-23%

Table 2 The chemical composition of dietary replacement of Eri silkworm (Samia ricini) and

Thai crossbreed (j108 x Nhaglai) silkworm meal.

Silkworm meal Ash Crude protein  Crude fiber  Ether extract Gross energy

ESM 6.54 66.18 8.56 21.29 5,741
CSM 5.76 56.16 6.08 26.74 6,168
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(Samia ricini) and Thai crossbreed (j108 x Nhaglai) silkworm for goldfish.

Dietary Dry matter Ash Crude protein  Crude fiber  Ether extract
Eri silkworm meal (ESM)
ESM O 91.47 6.71 255 4.10 7.7
ESM 25 91.54 6.21 25.7 4.51 7.67
ESM 50 90.15 5.49 25.3 6.68 9.14
ESM 75 86.55 4.76 24.3 6.13 8.72
ESM 100 86.4 4.16 24.3 593 8.58
Thai crossbreed silkworm meal (CSM)
CSM 0 84.83 6.06 23.7 5.11 7.55
CSM 25 85.87 6.07 23.2 5.07 6.82
CSM 50 82.25 5.65 22.8 5.12 6.37
CSM 75 84.07 5.55 224 4.49 5.25
CSM 100 83.48 5.36 224 4.74 5.37

FM; Fish meal, ESM; Eri silkworm meal, CSM; Thai crossbreed (j108 x Nhaglai) silkworm

meal.

INNIANBIANTIONINNITAT QYR UIAYBIUAMBY (Table 4) wuiinsunuvanlunie

ANUALNET (ESM) TSy 75% dawaviliinnindgainevesuamesiinnasfignog el iud Aty

M9a@dA (P<0.05) wain1sunuiivardumiednualuudslidwmansumindimiudu uazdnsinis
WIiulndmnzvestames (P>0.05) uinsafutuiunisunuuvadusiuseanua lnaiuging

anway (CSM) Tugnsemnsuamesiisedu 100% dawaviiliinvingnving wagdmindiiiiudy

voslafirianegeliduddgneadia (P<0.05) wansiin1sunuimednud inuiuginegnuaui
58U 25% TiuseanSnmivianegsiveddgmneads (P<0.05)

Table 4 Effect of Eri silkworm (Samia ricini) and Thai crossbreed (j108 x Nhaglai) silkworm on

growth performance in goldfish diet.

Growth performance 0% 25% 50% 75%  100% SEM P-value
Eri silkworm (ESM)
Initial weight (g) 6.06 5.83 5.91 5.49 5.60 0.168 0.270
Final weight (g) 11.37% 995 9.95° 11.59°  10.13°  0.254 0.048
BW gain 5.31 4.13 5.04 6.10 4.53 0.252 0.096
SGR 0.69 0.59 0.78 0.82 0.66 0.034 0.195
Thai crossbreed silkworm meal (CSM)
Initial weight (g) 5.97 6.41 6.43 6.43 5.50 0.166 0.311
Final weight (g) 10.60° 1211 1151 10.30° 884  0.331 0.001
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BW gain 463  569° 5.08% 386  334%  0.249 0.001
SGR 0.63 0.70 0.64 052 052 0.025 0.079

=d Different superscript letters within each row are significantly different (P<0.05). SEM; standard error of
mean, BW; Body weight gain, SGR; Specific growth rate.
dlasiunsdnwanududiovesuames fuansly Table 5 wuinUanfidesdesnug
Inud3sedu 50% way 75% dawavinlifivesUaniinesdidianuidudivies (b¥) geiignogaed
Hyd1Agyn19an@ (P<0.05) weiviai linuransEnuaInnsunuiuna dusiuge fnudluussnen
AMUATNS (LF), ANUNELAG (%) Y89RIUa M8 Lﬁziul,ﬁmﬁ’umﬂ%ﬁﬂLLs’ﬂmﬁuﬁjlwaqﬂmauLmuﬁ

Uantulugnsenstameslidwansenuseanuidudiavesuames (P>0.05)

Table 5 Effect of Eri silkworm (Samia ricini) and Thai crossbreed (j108 x Nhaglai) silkworm on

pigmentation in goldfish diet.

Pigmentation 0% 25% 50% 75% 100% SEM P
value

Eri silkworm (ESM)

L* 5367  56.19 5512  52.35 50.86 0.829  0.262

a* 1868  16.55 1643  17.29 16.05 0.465  0.415

b* 2660° 27.10°  3362°  3350°  30.16° 0982  0.048
Thai crossbreed silkworm meal (CSM)

L* 56.50  50.36 56.46  56.40 56.35 0.670  0.827

a* 1660  16.14 1640  18.60 18.38 0.406  0.154

b* 32.63  30.89 3034 31.59 31.21 0.884  0.948

=d Different superscript letters within each row are significantly different (P<0.05). SEM; standard error of
mean.

8n14 Table 6 wansman1sunuLradUsivanUarlumennualyuds uasanua buunug

)
aa

negnauay (7108 x Nhagla) luemsuamesserdadguaiw nuinmisunuidiednudlug
SEAU 25% way 50% denavilviAnAd vy (Hepatosomatic index: HSI) fiAg a7 qnogal
oddymaadn (P<0.05) wianadunguilldsudnudlundifisedu 75% uar 100% wiviaing
uwnuitvaufesnudlniuginegnuaslugnsenmslidssansenudeafuisu dadiuaioay

melu warlvsiulutesissweaslaines (P>0.05)
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Table 6 Effect of Eri silkworm (Samia ricini) and Thai crossbreed (j108 x Nhaglai) silkworm on

health status in goldfish diet.

Health status 0% 25% 50% 75% 100% SEM P-value

Eri silkworm (ESM)

Hepatosomatic index (HSI) 0.29° 049° 046 029" 0.44®  0.029 0.034

Visceral somatic index (VSI) 7.52 9.42 8.77 7.12 8.52 0.373 0.301

Visceral fat index (VFI) 2.28 274 3.04 225 1.98 0.166 0.269
Thai crossbreed silkworm meal (CSM)

Hepatosomatic index (HSI) 0.19 0.34 0.25 0.22 0.30 0.020 0.115

Visceral somatic index (VSI) 0.07 0.07 0.07 0.08 0.08 0.003 0.483

Visceral fat index (VFI) 0.02 003 003 0.03 0.03 0.002 0.080

=d Different superscript letters within each row are significantly different (P<0.05). SEM; standard error of

mean,

Uardeanisiusfiuainemnsiiiensiasaiivlaussuna 28-55% 18381915 (dry diet)
ArwFoamsfinaazanaaiovalniu Yarnesiasnisiusiu 25-40% Tugnsomns (Hasan,
2001; Sales & Janssens, 2003) MnMsAENYINUIsAUTUsALTR R nUA AN UALIET wagdnud
Tnuiuglnegnuan (Gnuanuiugiunaissd x ufivasiu) TUsiulagsiuiniu 66.18% way
56.16% sudnsiu Fafsuinfutartu Tnehly Yartufiednduingivlsiunmunings esan
fiszulusaugafs 66% luvasfinndundeadlusduiios 44% (Tacon et al, 2009) Uay
uenanillusiiugsdsfiesdusznouvesninesilunaznsnluiuiiasuduiidnduseuar drodusdy
mawsyiulauazaunwinvesuan uenaini vanudafisanfuagnauiifvilsinaganisiueims
yosUan wildlesieuinumsiularnnsssundierdnuattuanasesseliesdsnaliisinves
anﬂmﬁuqqsﬁu Tuvaziinuamandias SufnunAnnisminghvaniivfifsnagnunduuvas
TUsAunawnuUa1Uu wwu nmndundes delilusiuvszann 44% ogralsAnmunislddundedduy
ownsdrithdsdidodia mszludundoslansdiulnguy (Anti-nutritinal factors) dsxansenuse
UsyAvEnimnistosavnauarnsiasyiuln Sniadamdedlifiand uaznduiinaganisiuemis
vo9Uan (Palatability) (Rumpold & Schliter, 2013; Tacon et al., 2009)

WtlannsAnwesUssneumaed W seiulusiu (Crude protein) wazasduszney
ve9nsnezdlu (amino acid profile) Tusnualuunuindanulndidssiuuaivuunn (Sheikh et al,
2018) Fauananesruszneunsneziiluiisnduldun lysine (Lys), methionine (Met) uas leucine
(Lew) usfu fnudlymdsusznouse nanlutulaidus Tnsnmgnsnlusungalemin-3 TulTua
49 (Karthick Raja et al., 2019) Tusnudlvuuisiia wu dnuaufiulunsieu (Bombyx mori) wag
yellow mealworm (Tennebrio molitor) wuirU3unanseesilufiavanlusisnisnsamunnudes
nsneziluvesvan (Alegbeleye et al, 2012; (Hasan, 2001) 31nn1sAnwseauveinsnaziluly
dnudluy Lepidopterra wuinfiszdures Met fige uanainiinisinuuTuuuazesdusznaunse
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lusiuludnudlnadd wuth ddufiadaldandnudlmsivssneulumensalududusiuszana 33%
wagnsalusiuliiduiiuszanm 67% uagnsalusiulidudiiusmaminiian Ao alpha-linolenic
acid (C18:3) ( Sheikh et al., 2018; Chieco et al,, 2019) \unsalusiungalewin-3 Gudunsalusiy
Audusiosranie annsadestunazanniundssionisiinlsaiile lsanuduladings lsaiiAn
9nN158nLa wazlsailiinannanununfivesssuuyszam (Rangacharyulu et al., 2003) A2
AuaNTRvE I SsdmarlivamesdianssanmnasSgiulnisiy

uanansunsldinudludinaunularduiissdiu 50% uaz 75% dwavilvdRvesUa
nasfirAnuitudiviefiugeiian veiidosndnudluuuenanazgeuludelusiu nsnesily
waznsalusiuudrdeanansnasanansdnguvosunlsfiuesd (Carotenoids) Afldnwauzdduunsly
$19M18 (Chieco et al,, 2019) Fsduogfuameiitug TnslamzogsBsasiusiinulumiouan Morus
alba L) Wuswnsazwunsazaslutiinasnn deansddsnanuenanazdionssdunisazauising
widos-du vesUamowudniudiaunsnrmiiniduasiueuyadasy aunsaandidvigunind
$19u59 FAURATUAIINAMILATER YiaeMTlauaTRiwednild (Chieco et al, 2019: Karthick Raja
et al, 2019) fsumslddnudluuionaunulanulugrsemsUamesiadudnndenmadond
ddyuenanazdasadonivanty Saganlumenuavmadavuziansalisglonildunnty
Uantu Tnslawizegadadinudluugd feanunsonsedunisasaudadvdesiiinvesamesliiiy
wniu vhlwdveslamenduiifesnmsvemarnnnty

ayunanIsAne

NNISANBINSVARULTEUsANAInUa1uluemnsUames (Carassius auratus) A
snudluuss (Samia ricini; ESM) wazAnualraiugineanuas (j108 x Nhaglai; CSM) nadwEmanil
wandliiiuldtaiaudn ESM uag CSM annsaunuil FM Iéfunnndn 50% lugasenmsuames lng
nsunuiaushesnusueylnai 2 wia mmimhaLﬁuﬁmﬁﬂﬁ’sqmﬁwamanﬂmma ALY
fivdowasiiames uaradrdguninvesamesldiflewFeuisutunguilfiamzuadudu
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navasTanIziuansnstusion1sasnIzYaidgauUdsm
[Holothuria leucospilota (Brandt, 1835)]
The Effect of Different Substrates on Larvae Settlement in Black Sea

Cucumber [Holothuria leucospilota (Brandt, 1835)]

aa ga_q a a Six
LbU8 'JU“ﬁEJﬂQ waz Jeean NIYAs
Kaewalee Viboonkit! and Piyada Tavitchasri'®

unAnga

n1seyuIafi8auUA (Holothuria leucospilota) feFanumedimansauanunsatiiy
Sasnszenmeld Tnguizsasdvasnamaasiidunisfnuinisaunizvosiasoutfsdzes
pentactula vuianniy 3 Usetan lawn Janudauds avsnenzia uastanduaszi 119ununIs
NARBILUUNANY T INsimeziugiigeusyee auricularia INWBUTUESITUNIR Neaadlagnis
oyuIafeau aurcularia Tufeiififannzusazssinnuarlilaognomduemis Wedoousses
pentactula aqLmsﬁ’wmwﬁﬂmaejmﬁmﬁ’wmmﬁamé’mﬂmimLmzLLasm*ﬁ]aanwmmmiaq
e wan1sAnwINIsaunIzuuianvliauls Ao nsensia wwlznise leau wasianuan wuii
Mgouldsaunzuuavlymisldfign (P<0.01) Ineddasinsanniy 11.31+0.36 Wodidud
WAEIEEELIAINITALNY 27.00+0.82 U dIUNITARNITUNAMTIENELE 5 9l Ao @1ms1ernnIg
Vzia @mseuun dansglutenin amMsIenNedu waza MRy nuidaseulidnsinisad
\NMEuarITEEIMMIaLMEULEmTeinnanzialdffian (P<0.01) widy 17.50+1.43 Wedidud
WAy 23.33+0.58 U MUARU dnsuniTanIvuuiandunsient 4 vlia Ao plastic sheet, plastic
film, shading net waz monofilament nylon WUIIHBATINITAWNIZUALIZHELIAINITALAIZUY
plastic sheet Afign (P<0.01) Wiy 53.00+4.38 1Wasidus uag 22.50+0.58 Fu auddu n1s
naaowmandiiiuimseulashannsaaunsliuuiani 3 Ussnn uasiuuiliuannzuutan
Fuaszilagianie plastic sheet liAninTanusziamdu
AdAgY: Uawn N1seuuIa JainIe SnIn1TadN1E SEEEAINITABNIE

Abstract
Survival rate of black sea cucumber ( Holothuria leucospilota) larvae can be
increased by nursing with appropriate substrate. The objective of this experiment was to
examine the settlement rate and settlement period of black sea cucumber larvae at
pentactula stage with various substrates. The settlement of the larvae was performed on 3
types of substrates, including hard materials, seaweeds and artificial materials. The group of
substrates was allotted to the treatments in a completely randomized design. Auricularia

larvae were bred from wild broodstock, applied in each treatment of substrates and fed with
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the diatoms. The settlement rate and settlement period were collected. The result revealed
that in the group of hard materials, the coral rubble had been used as settlement surface
better than sea sand, clay and mixed materials (P<0.01). The settlement rate and settlement
period of the black sea cucumber larvae on the coral rubble were 11.31+0.36 percentage
and 27.00+0.82 days, respectively. The rate and period of settlement on five species of
seaweed, Ulva rigida, Caulerpa taxifolia, Halimeda sp., Caulerpa lentillifera and Padina sp.
showed the best settlement of larvae on Ulva rigida (P<0.01). The settlement rate and
settlement period on Ulva rigida were 17.50+1. 43 percentage and 23.33+0.58 days,
respectively. For the study of the settlement rate and settlement period on 4 types of
artificial materials: plastic sheet, plastic film, shading net, and monofilament nylon, it was
found that black sea cucumber larvae had the best settling rate (53.00+4.37 percentage) and
settling period (22.50+0.58 days) onto the plastic sheet (P<0.01). The results showed that
the larvae of black sea cucumber were able to settle on all 3 different substrates. Overall,
the data suggested that artificial materials, especially the plastic sheet, were found to be
more effective than other substrates at increasing larval settlement.

Keywords: black sea cucumber, nursery, substrate, settlement rate, settlement period

AN

Uassuseuamziaden [Holothuria leucospilota (Brandt, 1835)] Duvdmetaniislu 92
wiln Milnsunsnszarslutudiing (Putchakam et al, 2017) wardaduniicly 12 wila fitun
UilnauaeiinnuAmnaAsugia (Munprasit, 2008) Yameiailuemstgainduaslinueau iinieen
ILFNY1AUAAVBIETT prostaglandin Fasldnlunszuumsilingaiiesniau (Hune, 2008) wils
a11UsEnauUn Y collagen way acidic polysaccharides (Panagos et al., 2014) Pfilaseasadu
fucosylated chondroitin sulfates (Kariya et al., 1990) wag sulfated fucans (Kariya et al., 2004)
Hagtumeihssusdmeaialansudsiuiiundounas Ussmelne ogluannziiiudnoam
n1sHan (overfishing) Usewnsudamesialusssuyadviunaanasuazuisviineyluaniuglng
aauug (Abdel-Razek et al,, 2005; Kinch et al, 2008) Uszinalnefivdmeiafiogluaniunimgn
ANANAIY IUCN 97U 43 ¥ila (Putchakam et al,, 2017) Wndgnsiiieadesfdmensnumd
A3nsiitaudlodgwinanany (Purcell, 2004; Toral-Granda et al., 2008) NI VEERUG bay
duasumsmziiondonied Lﬂuﬁﬂwﬁmmmaﬁmmaaaw%%aaﬂmﬁ'aﬂmmaqmaﬁuﬁ:
Udangialuuasauld (Agudo, 2006; Ivy & Giraspy, 2006; Mercier et al., 2000) Ja34un13
L‘wwL?iyawﬁamLaiuﬂizmﬂ"l,mé”ﬂaaﬂwﬁgumawaqmaﬁﬂwﬁfﬁ”ﬂimmawwaﬂn@lﬂuﬂﬁwn
(Holothuria scabra) WnensuUszasiinsiauimaianiieg wegeseiios uinuinniseyuia
gnUameiaszes doliolaria sufiaszezingu (juvenile) aldmsnissonmeniann ieswindy
3383‘1‘7fﬁmsﬁwmLﬂﬁﬂuLLUaagﬂéWQLLazmiﬁi’ﬁﬁ%mmﬂmia'maaaiumaﬂfwmamw fuituiitan
(Chaichotranunt et al., 2021)
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Fnilifinszgnaunddlungia lnslanzviafiondoeguinaminfuimuiaamsia s
szorieaauluunasineu (planktonic form) dauﬁ%aumzﬁ’uﬁumLaLLasLU?{ﬂuLLﬂaagUiﬁwu
s (L et al, 2010) spzasnziduriananingiluipinstinvesdnilifinssgndundsd
odweglunziaifuswauun (Laing, 1995) nsaamzuuiuinfivsanazifusimuaaeg
sonluszEzEIvsTTaT TuTULaTALANTY (Pearce & Scheibling, 1990) ssauvasdninziauisyiln
919 aENINAIIAUN T 9 NUR LAY Inzaudmiunisends (Mladenov, 1985) Sadunals
sveznaIMsauNMrsIuILtY Jeduilisvsnadenisasmeesiageu Wi dadevmanmenin wadl
LLaz‘wqﬁﬂiiu (Devakie & Ali, 2002; Zhao et al., 2003; Kang et al., 2004; Su et al., 2007; Yu et
al,, 2008; Li et al., 2010) ﬁﬂﬂﬁ%’umim’]uﬁymﬂﬁwma Stichopus japonicus wag Holothuria
scabra wudMIsaLNeRUssauanudniainannsedeviatandglaerneunguiainiy
(benthic diatom) wuafi3efinesuduusiuiidy (biofilm) uazansatmainaivine (to & Kitamura,
1997) § 19198l 2d vmuaiiigaemid saiuazid esenisasniz e ou (Liet al, 2010)
vananisamuiilasznounguimnizansnsanioniliAansdeudamesisousiunga
Pseudocentrotus depressus (Rahim et al., 2004) ‘MEJEJL{JWgEJ Haliotis discus hannai (Kawamura
& Kikuchi, 1992) wagUdzia Apostichopus japonicus (Ito & Kitamura, 1997) asmiiﬁmm%;ﬂa
fAgdostunsanneverdmeadiiifisadndesviniuieFouioutuealalufsunguiug
melddoulvanmmandouvedsuniziln nmsdeniiufifimnzausziilfnisaunizvesisou
Usvauanudiie Smmmsannizgs Siamunsiimiidszesnaniseamaiitu fodudfunou
LLiﬂﬂ?fa%ﬁ’zyiumsmﬁmqﬂﬁuﬁ:@aqmmmﬁu (Smiley et al,, 1991; Battaglene et al,, 1999; Li et
al., 2010)

nsfinwiafaliingussasiifiodmidenTamnigiidanumnsandmiunsannizes
Uas Tnedildsdnmnsannizuasszeznanmsaanmadudidy msasmeiivssauaudnsa
Hushidfiddsesnsinissenns lnevhnsdnidentaginiziidenadesiuagluumasendon
sysumAnaznsUszandldiandunsieit uuadu 3 Uszam de Tanudauwds amsienzia uazian
duasizn

BnsAnen

nsaspaflgaulfiuas Jagnie

N13iA3ENAI8aUsEEY auricularia

WisufgousTYs aurcularia lnsnsrusmiswiiu§uashanuinumeietneusin
JINIAYUNT Tuthananthas dadeniawizuashidvuaiminussanu 250 n3u uagiinnuen
dwszanas 20 wuRwng thaninidunan 1 fu idesanliiamsassymavameialsandnuus
meusn nsAndenronuguazuiiudiuduiuudy S1wusm 10 67 nziuglaensnszduli
wouwsiugUdosegiuaylvoonumaniuludvzia Bnanszdudunmsdeassgumgiivh s
299 Laxminarayana (2005) $1usalaldsunsnauudadeismdniiuag nsesiugainsesun
Fo491 150 lupsau mﬂﬁ?uﬁﬂ“diﬂﬁﬂiuﬁﬂwmaaﬂmﬂﬂammmii@ 200 An5 sefuANFNTh 30
dllusiudn waglvornmanasanan Tusenisiinldvihnsaseaeumsimuivesiiseuasunseis
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fineenifiufiseusyes auricularia szpgiann1siinUsyana 45-48 Falus auiaANEIvewITeY
FENIN4 400-450 LuATOU ATIVABUANNUILUULALFUTUTIUINYBIRI80U auricularia 111U
oyunanufaninefitmuasely

N1SLAREUITANIE

Faqumznnvinaziandwhmuazein  iefdnddiTinfienanzinuniuiansanann
Inefamnizsiouds 4 vfin ldun nenza wwuzniss Teau warfaguan (M3enaayUznI
uarleau) shauaveanaianisves Mercier et al. (2000) Tasnisudestimsialvilvariutan
Fananuiu 3 4l mﬂﬁ?uﬁﬂﬂauﬁqmuqﬁ 500 ssmwaidea e 5 Hlus ieanuiinm
ansdun3d Yaguieudanariidetlvldadudoyuadanumnaniuiui 5 wufiues Taed
Hufifveduiivings 28.50 pauns Tannziiduamnensa 5 ¥l WWun amsednnianza
(Ulva rigida) avievuun (Caulerpa taxifolia) awiglusenin (Halimeda sp.) amsngnitedu
(Caulerpa lentillifera) wagawsiewiayvy (Padina sp.) A NaYe1AN1IENNTVDY Mercier et
al. (2000) Tnemisughuihdadunarssana 30 unit anduilvudlussueanandudy 10%
w5 uit washludluihdedn 10 wit sueresavseildudastursiituiindszana 0.14
p3aRs uasiiuiitssluuiesmisnsvaaes 150,00 MRS Tanduns1en Ao plastic
sheet, plastic film, monofilament nylon wag shading net szthunudludmsaiielisaaniiy
downifutanduanest anduthlusnide audsnsves Li et al (2010) Tnsmstluuglusg
WUy (potassium permanganate) Anududu 20 dndudd wiu 30 nit Sreaeidn wax
mnliisneudlUld Tae plastic sheet azdivwn (nT19xe17) Wity 10x15 Wwuluas plastic film
Hvun 10x15 WuAWAS monofilament nylon YU1A 20x30 WURNAT WAy shading net (FLTe7)

YA 10x15 Lwufins Janduaszvinnedaiiuiieuas 1.50 1519003 Janduaseiuiazyiin

¥
o 1o

sxdnUsznoulude deay 10 Fu (wrazvelivuiiln 30.00 M19UAs) wiaznen1snaadld Tan

v '
=]

\Mgduan 5 de (Wiagnhemsnaaesiiituiiia 150.00 meamng) Janeiiduamionziauas
fandanszinnedaderheuaroinudy wthinudmealudmaafinuunn 200 dns wiould
oA mSuRsssoulawh fewasdistes pentactula Uszanas 3-5 Su wieliiAn biofitm ué
lldludimeass dwdanuiaudazldamsenziaunaziBonlusenininmeaes

QUEEINTRRI L IRI R

ynmseyutaiiseudsiludmanainnsinanyiuias 200 dns lutmeiaady 30
dauluiudiu Uuns 150 dns udazmiien1smeassazoyuIafioeu auricularia ALY
200 ¢ ot 1 An3 (30,000 Fadtadt) Tudmasssslatannzmuganismanosisinua wawsuld
Fanunzidefgouvdsimimuitingszey late doliolaria Ms@nwinisasnizvesiiseulast
dmsumananesadsillivan 3 Ussian Wud Taguiauds amsensia wasTanduasigd msn
N15831N123030 18 oUUAIAUUTanvlanda 119uKuNITVIAaeLUUE Nauysel (Completely
Randomized Design; CRD) Tnefi¥aniniz (Yitw) wlinufadudmaaes uladu 4 via léud nae
yza Lwzn1de Tnau uae Taquan vn1svaaesusazain 4 61 52 16 whenaaes nsAnYINTg
AN VRIFITOUURIMUUANTIENEIA VNUKRUNITVIABRILUUNaNY T IneTivlinvotsamsensia
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Judanniz 5 vdia loun awmsiednnianeia avsievuun amseglungnin avsienisedu way
amediaymy winzsdiaiinimanes 3 41 59 15 miievnaes MsAnYINIsANNIETENIEDY
Vashuuiandunszd nawunsveasauvduanysal lnedfanduaseiidudmeans 4 vin
1®Lm plastic sheet, plastic film, monofilament nylon tag shading net Wsiaguiinyinn1inaaes 4
1 331 16 nihevnass o1siiilur s sunsanmeduunaineuNausTning Chaetoceros
calcitrans wag Isochrysis galbana Tusnsra@uNaNTEINg 1:1 At ure s Tiliusan
20,000-25,000 wagdsofiadans (Laxminarayana, 2005) 1¥e1mis¥uay 2 ads fie 1181 06.00 w.
uaz 18.00 u. fimsmrquiseyuiameiluddilidanasnnaifieannuiaienvesiiseu s
aumaﬁ]uﬂivmmaauﬂaamaqLmvm‘mm Imﬂmafﬂaa‘umﬂﬂﬁmmaauvl,uﬂﬁﬂg‘[.umam N9
miummﬂmmwmwamu ouA aaumgl Anandunse-ang warUSinaeendauiiavaneluih

mafusausudoya

NUIUUALINTINITALNEY

demgoulashannmeimun insguiuduiuUaiiszey pentactula fioguuian
Wnzksasylinlag i’ammwﬁmLL%qq':uLﬁvé’l’aasmmmﬁuﬁwﬁwﬁmanﬁqﬁﬁwm 28.50 MN59LUAT
vnsdutuIuaL 5 90 98y 1.00 9151905 TINfuTiduieay 5.00 msaans Tagneiidu
AMYNLAWTINTFUTUIIVIUIINEMTNENLLATIUIU 10 Y Annduiufivisdu 14.00 s
wazFandaunsien srduiluaindandunseidiuiu 15 Fu waztuifiui 0.05 maaas Mnduh
Afiduiuinduums Uiy pentactula avaadiasneluuiasmiaenimaaes uazihan
AUIUMDNTINTAUNE (settlement rate)

9n91N1389N12 (%) = 971U pentactula M189LN1E X100

WU auricularia WBlSUNAADY

FTYLLIAINITAUNE

ilesannsseuszey auricularia feszey doliolaria sgludnwaziiduunasineudesasy
ogfluwnath Wedslidnuardila weelivunadndesdesgnelindesganssm defumansiaaen
nsaanzvesiisouluiidardnuUasaniBnisves Mercier et al. (2000) Insn1squifiuiiluusias
mieMnaesUuIng 120 fiaddns warnaunasiuduiudiisou aTvaeudiuau 3 91 d1wush
gouluthuansifdeusvannizlinun uidnlinumgouuansifidouasniznuauda n1s
PIRERUIEZIAINTALME RIS IR dDEfBoY auricularia atseyuIaTURTTuTiFidouas
et

nsAasvidaya

ﬁﬁa;&aﬁié’uﬁLﬂi'}sﬁmmwiﬂiau (Analysis of variance, ANOVA) aglU3auiisuning
wansvesAaielagds Duncan’s New multiple Range Test (DMRT) sna3Sn1swes Sukamolson
(2017)
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“nsfnwdldrunsiiansanuasldsuanuiugeuainanenIsunTA iU wan1s
alunusedndiienumaingimans andunaluladnszasunaningumsaiansyds nilsde
SUsOUAYN ACUC-KMITL-RES/2022/011”

Nan1sANEILaEIANTA

ANYUTYDIRITOUURIAN

eouvesdsilurisiivhins@nwuusesnidu 3 seey 1dud seey auricularia, doliolaria
Lag pentactula FeagildnuauarruIAuANANY nan1IATIRaeUANvAILsouID ST YTEaY fI
uanslu Figure 1

s5z8% Auricularia (Figure 1a): 1usiieauszasusniin fuwneglugis 240-650 luaseu
wielad v 363.33+85.55 lunseu lnosvey early auriculara Yu Taseadandnvessianieg
Usgnaumag ciliary bands, hyaline spheres, buccal cavity, esophagus, intestine, cloaca ag
anus 1o auricularia Waiunauysaluda awUsINdIUI89 somatocoel (MU IB1aTYI")
axohydrocoel uag sphincter (sewinsvaeneimsuazald) uazilaswasdumiloutusyey early
auricularia Iummzﬁiwz late auricularia %ﬁima%wﬁ"’q hyaline spheres, esophagus, intestine,
somatocoel Lay axohydrocoel ulddaaud By luvasfidiuves ciliary bands tag buccal
cavity anguas

5282 doliolaria (Figure 1b, 1¢): s¥vy doliolaria ﬁauqmﬁazﬁimaa%ﬁaﬂigﬂa‘uﬁhEJ
hyaline spheres, primary tentacle (E‘i’gu%wu’mﬁﬁmﬁwm), ciliary bands wag somatocoel Tu
svey doliolaria i} fgeurzidnvandunsdasinardlemdredaded druves hyaline sphere
vgnprumauiillddaau dmdivuiinihnsesnivies luthwusnvessverddmuvemuanaeds
ogmeludin uazduoonuaeuenliiuideimuningszey pentactula

5%8% pentactula (Figure 1d): iwzﬁlﬁuﬁqdauszaxqmﬁw nsisiinaziudeuainnis
dosnevoglumnailudnvazvesunasinouundudanefuiu duduiledhgsssdnunnagiu
gonuineusntiiulddaiau Tnelusvey early pentactula azdivuinduesnun 5 1du ciliary
bands Saanunsaueaiiuld Seszeriassiliannizauysal msaunevesiseussosiaiuldd
dloduwes ambulacral podia L'%'uﬂsmgmqéhuﬁm T fidundsdinsaoaiiu hyaline sphere
Ioghataian Msouszerildanaldonniian esniidhreudrdlasaiifunguiis Usenouf
nsasmeduTandledifivuiaidnun vildnstudnnudsdeddenuasifengs
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ambulacral podia
ol

Figure 1 The development of Holothuria leucospilota larvae: auricularia stage (a), doliolaria

(c)
stage (b) & (c), and pentactula stage (d).

msfinensasunzuuTanyiauls

o

n1soRUIafIeauURwIRLATEeY auricularia AUAITEYE pentactula Ingofeianinig

q

3

wilauds (hard substrate) 4 wila leun nemzia lewUznn3a Taau uazTanuay wuidledugans
naaos (ldusngfseussas doliolaria Tusnatn) S wnuiseuszey pentactula flasinizuutan
n3enea lewlenis lnaw wavianuay i 1,188.85+75.83, 3,391.50+106.54, 788.03+70.95
WAz 2,811.53+180.09 A7 MIUAIGU AI8UURIRNNENITINTAANITUAEITEEELIAINITAUNIZAILAA
Tu Table 1 Tnenuiragaiauddinadedninnisasnizuayssuziiainisasniz (P<0.01) v
gouvduh TnslanzogreBamuusn3siifidasinisannzgeiian (11.31£0.36%) waziszozinan
nsaunziifian (27.00£0.82 Ju) luvarilaaufidnsinisaanizsnfign (2.63+0.24%) uaidl
syogImINMIaNNIzdfign (30.75£0.96 Tu)

aﬂﬂﬂiiﬁm’mé’mwmia&meaam‘"aa'auﬂﬁﬂﬁwufaqﬁu’q 4 wiln Iumimaaaﬁ"ﬁﬁmmdﬁ
MMARBIYRY Merdier et al. (2000) MvhnsAnwIn1sasnzueIan (Holothuria scabra) Uy
Faonae wwzn¥e wasnesauaslrnmfdmuihiishnmsauneededesndt 1.5% luvue
fifseuresUdmsia Cucumaria frondosa TaUARMEUUNTINLALTHY (Hamel & Mercier, 1996)
wiwlzm3adiuiifaannlunsin biofilm Mduemsdmiuigeusses pentactula lugasszevas
el Seo1afsganisanniglddndlaauiiiiuiatos lneialudgoutfmeiaseey
pentactula LLavsvavi’séuﬁnLmvwi’amﬁuﬁniwmuﬁaamiwﬁﬁ biolfilm mm’hﬁuﬁaﬁéauﬂu
nillAugudou (Battagtene et al,, 1999; Mercier et al., 2000; Toral-Granda et al., 2008) 21A
nsfnmanusimgresiunzaiiduundsodonuinuasi (H. leucospilota) Snnuendeui
‘wuml,a'mLUu‘mumﬂmﬂmwuazmﬂaﬂﬂau (Tanita & Yamada, 2019) miﬁﬂwwmmaqmﬂ
AENOUNUINBUNIATNA 1 Tadiuns (M31evienu) viliuas Holothuria tubulosa s¥eeiosu (69
910 pentactula) ﬁmuﬁmﬁu‘lmﬁﬁam (Tolon et al,, 2015) lnaungiadinarstuivase1ms
mmwmml,a Apostlchopusmpon/cus JegzundInITadnig (Liet al. 2010) Feoradulula
Tanuisiifvumeyniaiiazidenas oramnganiuuameiadi forgfistudainmsusuddou
WEANTIUATAU
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Table 1 The settlement rate and settlement period of pentactula larvae on four substrates

of hard materials.

Settlement rate Settlement period
Substrate
(%) (Days)
Sea sand 6.57+0.25¢ 30.25+1.26°
Coral rubble 11.31+0.36° 27.00+0.82°
Clay 2.63+0.24° 30.75+0.96°
Mixed materials 9.37+0.60° 28.50+1.29%°

Note: The means with different superscripts in same column are significant different
(P<0.01).

NM1SANEINITALUNIZUUAINIIENZLA

N1389LN12UIFITU pentactula ULAMIIBNIA 5 TilA AD @1UIIBRNNIANZLE dIUTE
yuun amsielunzngn amsnenisequ uavavsiewiayry f91uduede 5,250.004428.57,
1,250.00+269.64, 2,928.57+376.27, 3,642.86+467.03 Uay 1,571.43+123.72 §i7 ANUa19U AI00U
Uashiidnanisasunizuarszeriainisasnziauansly Table 2 Fanuinsiiavesamsienziadi
uanARNUllNaRNTAINIZTOIRIgaUURWTLA (P<0.01) Inedigaussey pentactula H9nT1n15a9
InEuuamseinMAnziagaiian (17.50+1.43%) LLaz‘ﬁistzL’Jaﬂﬂﬁauﬂwg’uﬁqm (23.33+0.58
$u) aonndaefu Yamana et al. (2006) finuindseuvesudmeia Apostichopus japonicus WU
wmLLﬂuqﬂuLsumﬁwﬁuﬁwmﬁﬁﬂmﬁz:y@uimsuaqamiw Ulva spp. was Sareassum spp. W01
sy thallus vesamsiensiadidneazifuniuuuunisdifuifiaunn (Hofmann et al, 2010)
wnzausensiin biofilm dudiuniivesdidindsends (epiphyte) vosamineuasngmzia
WU LUATSY 1o 01917 Taozmeu 1hsa uazluslnd (Singh & Reddy, 2014; Zhang et al,,
2020) uenniluda SeldsusnswaainnisudsarsuasnisavanissiauuR uitvesamie
(Selvarajan et al., 2019)

Table 2 The settlement rate and settlement period of pentactula larvae on substrates from

five seaweed species.

Settlement rate Settlement period
Substrate
(%) (Days)
Ulva rigida 17.50+1.43° 23.33+0.58"
Caulerpa taxifolia 4.17+0.90° 24.67+1.53%
Halimeda sp. 9.76+1.25" 27.33+1.53°
Caulerpa lentillifera 12.14+1.56" 26.00+1.00%°
Padina sp. 5.24+0.41° 24.00+1.00°

Note: The means with different superscripts in same column are significant different

(P<0.01).
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d9il33n8sondeidu biofilm wanfeznarafiuomsdmnsusisou pentactula iieas
1Y %wmﬁﬁmmmﬂﬁmmmﬁagﬂﬁﬁé’mwmiadmeeum 1A598319 thallus VesausIEVZIAEI
Tngifianuduiusivadiindendvessdudeundefungnga nsfinwnsasnizvendmeaa
Holothuria scraba Uuwgjwga Thalassia hemprichii weniluarlddl biofilm wuiniidasinisas
LN1wEs 4.8-10.5% (Mercier et al., 2000) FIRNINNTANNNE ULV ERNNANZLA LA AN BN
24U wiidueiilndifestunisasnizvesUdsiuuamseauun amsnegludenin uavamsiedin
yuy egalsfmuvdmeiadanuiivadestuunamamzialuguuvuiidudeu (Floren et al,
2021a) n15A nwiluuva g meiad mgiaduanduvesUseinalnenuiingmeia Enhalus
acoroides, Thalassia hemprichii wag Halophila ovalis \JuuwasesvesUameia Holothuria
scabra, Holothuria atra Wa¢ Holothuria leucospilota qaﬁﬂ 61-70% ﬂuaﬂmmsmgwmﬁ'ﬁu
(Floren et al., 2021b)

nsAnenisaunzuudnndanszi

N13AANILYRIIERY pentactula vuianRduATIEyt 4 9ila fe plastic sheet, plastic film,
monofilament nylon Wag shading net ﬁ‘\i"lmut.a?ila 15,900.00+1,311.49, 10,700.00+115.47,
8,550.00+525.99 1ag 12,400.00+365.15 61 $180UUaIMA0RSIN1589NITHAYSLELLIAINTANAY
Aanansly Table 3 nanmsfnwuansliiiuiniiavesianduaseiiinasonisasnizvesiiseuli
A1 (P<0.01) TaedmsIn19aan1za89 pentactula U plastic sheet ﬁmm?{aqﬁﬁqm (53.00+4.37%)
warilirsznamsauneiiifian (22501058  u)  @eandesiumIannizvesdmeiarie
Apostichopus japonicus Tifinsasnizuu plastic sheet unnsnegafitudfayiu plastic film way
monofilament nylon (Li et al., 2010) 5’?1@151’&1,%%15171'Lﬁaﬂl%'wﬁmmmﬂwmaaﬂ dlosnnuingnd
lzu'ﬁﬂizaﬂé’wé’ﬂumLasuauaqmeu%yumuwmaaﬂmﬂﬂdﬂﬁuazﬂauﬂ%m wiszadendenuly
mapdeudives faunnsiin wasilviseuiinisnsyaediesaniierns (Pinochet et al,
2020) nslfanifiesannsamieniliisouresdnlifinssgndundianns douflasidoniuiing
WNgaNEmsUNIANSaTInRely (Rodriguez et al., 1993)

Table 3 The settlement rate and settlement period of pentactula larvae on four types of

artificial substrates.

Settlement rate Settlement period
Substrate
(%) (Days)
Plastic sheet 53.00+4.37° 22.50+0.58°
Plastic film 35.67+0.39° 22.75+0.50°
Monofilament nylon 28.50+1.75° 24.75+0.96°
Shading net 41.33+1.22° 23.00+0.82°

Note: The means with different superscripts in same column are significant different

(P<0.01).
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svozaumziduiiananingdluipdnstinvesdnilifinssgnduvdsienduoglunsiaidu
NN (Laing, 1995) Funouiduindiannudnieresnismizidss nuAsesauunnuansle
WiuddseuUdwmeslaszey pentactula LLagistzi'sJi;uﬁﬂmeu’?aqﬁuﬂaixmw%amiwﬁﬁ
biolfilm snnnituffiseuuviediaududeu Tnsnuldniadsdulsanzuasluanmundeon
71195550978 (Battaglene et al., 1999; Mercier et al., 2000; Toral-Granda et al., 2008) ADAARDY

Aumsfnwiasatinnuindseulasmiuwilduaunsuuiandunneiuavamienzalianituy

'
a

Fandunsne laau wwdzn13s way Tanua

\dewssuifiunmsainizvesidseuldsiseninsiaquisaz fandaaes wuinian
fFuAs1e9 (603111989078 28.50-53.00% hazIzesliaIn15aane 22.50-24.75 1) duuadliy
duasunisanniglddniinisldtaquds (Snsinisaaunie 6.57-11.31% wazszesliainisauny
27.00-30.75 3u) FeorafiarunAgtesiunginssumsissdinluudaztasiy Inetagdansizsiens
wangaufunsaunzvesiisoulasilutaun (Grevanuns) duutagiiiuiaguissmanme
Taau iawirn3s wagYaquan oramngaufunmsissdinludsssesndinsauny dalasily
Uamzaazasfisiuifiindouse biofilm vielnesneuneluszesia 3 ey uarUdmeatofu
wndeueludsiiuindiiunznousoujuvionuiniidnuasnan iloUudsulufuemsid
fcﬁ"ﬂwmmﬁuaumﬂ (Yaging et al.,, 2000; Purcell, 2004) Fudun1siasunlatenmsiiienis
3giule (Slater et al, 2010) wazdsenaiisddosiungnssunisvanidssgan (Mercier et al,
2000; Hamel et al., 2001; Dance et al,, 2003) unaseIREudI5EEzA1TANNET 010 AITR Y
Tnssaisiiuiniifinnududounnndu 1wy widsamienzia nvemssaliithmeau foufiu uas
wwnUzn5a (Yamana et al., 2006) E]Ej’lﬂvl,iﬁmmis‘asﬁL%Mﬁﬂ?iLU§BUM§QLﬂ§6u§WEJ@E)ﬂﬁ]’]ﬂiJaﬂ
inzazuaniafululdmeiaudasyin wazdmuinstedulidnandoudelurausnazdna
NIENUFBNITTEAAMELAZNISRSYEULA (Purcell, 2004; Purcell & Simutoga, 2008)

miﬁﬂmmiaummmi’aﬂﬁﬂ 3 Uswinn Tunded Ao Tanuds amsiensia uazian
Funsieid Insiedeuiivesianlitidnunsiiu biofilm Tnsfidhmuneiielifiomnsdmiuiseu
Uameaidioannzuutandnan esan biofilm fndeuinvesTanaziitauuafiSouaslnozney
FaflunumdrdgvidefudanszduliiAanisiasuuvaguinuasnnsasnizuesiissudmsta
(Zhao et al,, 2003; Stott et al., 2004; Li et al., 2010) #188u Apostichopus japonicas 101584
1N12UU plastic sheet 7l biofilm qmdﬁa@ﬁlﬁﬁ biofilm (Li et al., 2010) wazdanulamelasiin
Australostichopus mollis 5z¥FegusifvegograuuiuuudenvesiifiuuaiiSouazamsne
(Slater et al., 2010)

NaaINNNIANYINUINAIe puUAsannsaaan i@ fianuy plastic sheet 1iosanni
flufnfinte iSev uavashiaue vilihedensannmeresiiseu Ussneufudnuaeiinandude
fonsiia biofilm Jauduwndsemnsiiiissesonsaiyivlauasnsseanevessissunouiio
ﬂ%’uLﬂ§&Jquaﬂiiu"LUﬁuéum%‘éi’mqﬁﬂxﬂuagﬁnmﬁumLa (Purcell, 2004) #AUBIONTINTA
Inmgigauazsrognansaumziwihliniseyuiadseulaiilasld plastic sheet Wuiammy
Hududdayi

o
7
=
i
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ayUunanisAnen

n158UUaA19eUUAIATEYe auricularia f95¥8Y pentactula AdETanLINIEANNiY 3
Uszuan Ao Tanuilauds amsenzia wazdandunsiei nuidseuliansaauneliuuian
74 3 Uspuam dmsuszsinnvesianuiauds fseutdshanmeuuawzndsléfnimmensia
laau wagdannay diunsaunizuuamsiegngia 5 via Ae amsigdnnianga amsgvuun
amglunzngn @amsenedu wazamsewingny sieeulaamdsnsinisannisuasszeziia
nsaumeuLameinnManzialdffan ludmesnmsfnuidefandunsiei 4 viin Ae plastic
sheet, plastic film, shading net kaz monofilament nylon NUBNIINITALNIZWAS TLULIAINITAY
\nzvesiageulddui plastic sheet Afign n1s@nwINIsaNzveIiIgouldssluianng
ssfulunSsinuimseulashanneldaTianuutandaaszsings plastic sheet

LONE1591999

Abdel-Razek, F. A., Abdel-Rahman, S. H., EL-Shimy, N. A., & Omar, H. A. (2005). Reproductive biology of the
tropical sea cucumber Holothuria atra (Echinodermata: Holothuroidea) in the Red Sea coast of
Egypt. Egyptian Journal of Aquatic Research. 31(2), 383-402.

Agudo, N. S. (2006). Sandfish Hatchery Techniques. New Caledonia: The Australian Centre for
International Agricultural Research, Secretariat of the Pacific Community and World Fish Center.

Battaglene, S. C., Seymour, J. E., & Ramofafia, C. (1999). Survival and growth of cultured juvenile sea
cucumbers, Holothuria scabra. AqQuaculture. 178, 293-322.

Chaichotranunt, S., Liammai, S. & Promrach, W. (2021). Study on nursing of sandfish Holothuria scabra
Jaeger, 1833 from doliolaria stage to juvenile stage with different diets. Technical Paper No.
1/2021. Bangkok: Department of Fisheries.

Dance, S. K., Lane, I., & Bell, J. D. (2003). Variation in short-term survival of cultured sandfish (Holothuria
scabra) released in mangrove-seagrass and coral reef flat habitats in Solomon Islands.
Aquaculture. 220, 495-505.

Devakie, M. N., & Ali, A. B. (2002). Effective use of plastic sheet as substrate in enhancing tropical oyster
(Crassostrea iredalei Faustino) larvae settlement in the hatchery. Aquaculture. 212, 277-287.

Floren, A. S., Hayashizaki, K., Putchakarn, S., Tuntiprapas, P., & Prathep, A. (2021a). A review of factors
influencing the seagrass-sea cucumber association in tropical seagrass meadows. Frontiers in
Marine Science. 8. Doi:10.3389/fmars.2021.696134.

Floren, A. S., Hayashizaki, K., Tuntiprapas, P., & Prathep, A. (2021b). Contributions of seagrasses and other
sources to sea cucumber diets in a tropical seagrass ecosystem. Chiang Mai Journal of Science.
48, 1259-1270.

Hamel, J. F., & Mercier, A. (1996). Early development, settlement, growth, and spatial distribution of the sea
cucumber Cucumaria frondosa (Echinodermata: Holothuroidea). Canadian Journal of Fisheries
and Aquatic Sciences. 53(2), 253-271.

Hamel, J. F., Conand, C., Pawson, D. L., & Mercier, A. (2001). The sea cucumber Holothuria scabra
(Holothuroidea: Echinodermata): its biology and exploitation as bechede-mer. Advances in
Marine Biology. 41, 129-223.

Hofmann, L. C,, Nettleton, J. C,, Neefus, C. D., & Mathieson, A. C. (2010). Cryptic diversity of Ulva (Ulvales,
Chlorophyta) in the Great Bay Estuarine System (Atlantic USA): introduced and indigenous
distromatic species. European Journal of Phycology. 45(3), 230-239.



King Mongkut’s Agr. J. 2022 : 40 (3) : 272 - 285 283

Hung, N. Q. (2008). Sea cucumber fisheries, utilization, and trade in Vietnam. In Report of the Regional
Study on Sea Cucumber Fisheries, Utilization and Trade in Southeast Asia 2007-2008. (pp.
113-126). Thailand: Southeast Asian Development Center.

Ito, S., & Kitamura, H. (1997). Induction of larval metamorphosis in the sea cucumber Stichopus japonicus
by periphitic diatoms. Hydrobiologica. 358, 281-284.

Ivy, G., & Giraspy, D. A. B. (2006). Development of large-scale hatchery production techniques for the
commercially important sea cucumber Holothuria scabra var. versicolor (Conand, 1986) in
Queensland, Australia. SPC Beche-de-mer Information Bulletin. 24, 28-33.

Kang, K. H., Kim, B. H., & Kim, J. M. (2004). Induction of larval settlement and metamorphosis of the
abalone, Haliotis discus hannai \arvae using bromomethane and potassium chloride.
Aquaculture. 230, 249-259.

Kariya, Y., Mulloy, B., Imai, K., Tominaga, A., Kaneko, T., Asari, A., Suzuki, K., Masuda, H., Kyogashima, M. &
Ishii, T. (2004). Isolation and partial characterization of fucan sulfates from the body wall of sea
cucumber Stichopus japonicus and their ability to inhibit osteoclastogenesis. Carbohydrate
Research. 339, 1339-1346.

Kariya, Y., Watabe, S., Hashimoto, K., & Yoshida, K. (1990). Occurrence of chondroitin sulfate E in
glycosaminoglycan isolated from the body wall of sea cucumber Stichopus japonicus. The
Journal of Biology Chemistry. 265(9), 5081-5085.

Kawamura, T., & Kikuchi, S. (1992). Effects of benthic diatoms on settlement and metamorphosis of
abalone larvae. Suisanzoshoku. 40, 403-409.

Kinch, J., Purcell, S., Uthicke, S., & Friedman, K. (2008). Population status, fisheries and trade of sea
cucumbers in the Western Central Pacific. In Sea Cucumbers: A Global Review of Fisheries and
Trade, V. Toral-Granda, A. Lovatelli, & M. Vasconcellos (eds.). FAO Fisheries and Aquaculture
Technical Paper No. 516. Italy: FAO.

Laing, I. (1995). Effect of food supply on oyster spatfall. Aquaculture. 131, 315-324.

Laxminarayana, A. (2005). Induced spawning and larval rearing of the sea cucumbers, Bohadschia
marmorata and Holothuria atra in Mauritius. SPC Beche-de-mer Information Bulletin. 22, 48-
52.

Li, L., Li, Q., & Kong, L. (2010). The effect of different substrates on larvae settlement in sea cucumber,
Apostichopus japonicus Selenka. Journal of the World Aquaculture Society. 41(1), 123-130.
doi:10.1111/j.1749-7345.2009.00341 x.

Mercier, A, Battaglene, S.C., & Hamel, J.F. (2000). Settlement preferences and early migration of the tropical
sea cucumber Holothuria scabra. Journal of Experimental Marine Biology and Ecology. 249(1),
89-110.

Mladenov, P. V. (1985). Development and metamorphosis of the brittle star, Ophiocoma pumila:
evolutionary and ecological implications. The Biological Bulletin. 168, 285-295.

Munprasit, R. (2008). Sea Cucumber Fisheries, Utilization and Trade in Thailand. In Report of the Regional
Study on Sea Cucumber Fisheries, Utilization and Trade in Southeast Asia 2007-2008. (pp.
95-112). Thailand: The Secretariat Southeast Asian Fisheries Development Center.

Panagos, C. G., Thomson, D.S., Moss, C., Hughes, A.D., Kelly, M.S,, Liu, Y., Chai, W., Venkatasamy, R., Spina,
D., Page, C.P., Hogwood, J., Woods, R.J., Mulloy, B., Bavington, C.D., & Uhrin, D. (2014).
Fucosylated chondroitin sulfates from the body wall of the sea cucumber Holothuria forskali.
The Journal of Biology Chemistry. 289(41), 28284-28298.

Pearce, C. M., & Scheibling, R. E. (1990). Induction of settlement and metamorphosis in the sand dollar
Echinarachnius parma: evidence for an adult-associated factor. Marine Biology. 107, 363-369.


https://pubmed.ncbi.nlm.nih.gov/?term=Mulloy+B&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Imai+K&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Tominaga+A&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Kaneko+T&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Asari+A&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Suzuki+K&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Masuda+H&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Kyogashima+M&cauthor_id=15113672
https://pubmed.ncbi.nlm.nih.gov/?term=Ishii+T&cauthor_id=15113672

284 MFETNYATNSLIBUNET 2565 : 40 (3) : 272 - 285

Pinochet, J., Urbina, M. A., & Lagosa, M. E. (2020). Marine invertebrate larvae love plastics: Habitat selection
and settlement on artificial substrates. Environmental Pollution. 257.
doi:10.1016/j.envpol.2019.113571.

Purcell, S. W. (2004). Rapid growth and bioturbation activity of the sea cucumber Holothuria scabra in
earthen ponds. In Proceedings of Australasian Aquaculture 2004. (p. 244). Solomon Islands:
ICLARM Coastal Aquaculture Centre.

Purcell, S. W., & Simutoga, M. (2008). Spatio-temporal and size-dependent variation in the success of
releasing cultured sea cucumbers in the wild. Reviews in Fisheries Science. 16(1-3), 204-214.

Putchakarn, S., Mucharin, A., Komkham, P., & Pangsuk, B. (2017). Checklist of Echinoderms in Thailand.
ONEP Biodiversity Series Vol. 23. Thailand: Office of Natural Resources and Environmental Policy
and Planning.

Rahim, S. A. K. A,, Li, J. Y., & Kitamura, H. (2004). Larval metamorphosis of the sea urchins, Pseudocentrotus
depressus and Anthocidaris crassispina in response to microbial films. Marine Biology. 144, 71—
78. doi:10.1007/500227-003-1171-z

Rodriguez, S. R, Ojeda, F. P., & Inestrosa, N. C. (1993). Settlement of benthic marine invertebrates. Marine
Ecology Progress Series. 97(2), 193-207.

Selvarajan, R., Sibanda, T., Venkatachalam, S., Ogola, H. J. O., Obieze, C. C., & Msagati, T. A. (2019).
Distribution, interaction and functional profiles of epiphytic bacterial communities from the rocky
intertidal seaweeds, South Africa. Scientific Reports. 9(19835). doi:10.1038/541598-019-56269-2.

Singh, R. P, & Reddy, C. R. K. (2014). Seaweed-microbial interactions: Key functions of seaweed-associated
bacteria. FEMS Microbiology Ecology. 88(2), 213-230.

Slater, J., Cartonb, A. G., & Jeffs, A. G. (2010). Highly localized distribution patterns of juvenile sea cucumber
Australostichopus mollis. New Zealand Journal of Marine and Freshwater Research. 44(4),
201-216.

Smiley, S., Mceuen, F., Chaffee, S. & Krishen. S. (1991). Echinodermata: Holothuroidea. In Reproduction of
Marine Invertebrates Echinoderms and Lophophorats. (pp. 613-750). USA: Boxwood Press.

Stott, A. E., Takeuchi, T., & Koike, Y. (2004). Testing various substances that have been bound to plastic
plates with agar to induce larval settlement and metamorphosis of abalone Haliotis discus dicus
(Reeve). Aquaculture. 231, 547-557.

Su, Z. X., Huang, L. M., Yan, Y., & Li, H. (2007). The effect of different substrates on pearl oyster Pinctada
martensii (Dunker) larvae settlement. Aquaculture. 271(1-4), 377-383.

Sukamolson, S. (2017). Priori and Posteriori Comparisons for a Research Study. Academic Journal of
Buriram Rajabhat University. 9(2), 51-70.

Tanita, I. & Yamada, H. (2019). Distribution of sea cucumbers in relation to sediment characteristics in coral
reef lagoons and adjacent waters around Ishigaki Island, southern Japan. Marine Ecology. 40(5).
Doi:10.1111/maec.12564.

Tolon, T., Emiroslu, D., Gtinay, D., & Sayg, H. (2015). Effect of sediment grain size on growth performance of
juvenile sea cucumber (Holothuria tubulosa). Turkish Journal of Fisheries and Aquatic
Sciences. 15, 55-59. doi:10.4194/1303-2712-v15 2 43.

Toral-Granda, V., Lovatelli, A. & Vasconcellos, M. (2008). Sea Cucumbers: A Global Review of Fisheries
and Trade. FAO Fisheries and Aquaculture Technical Paper 516. Italy: FAO.

Yamana, Y, Hamano, T., & Miki, K. (2006). Distribution of the Japanese sea cucumber Apostichopus japonicus
in the intertidal zone of Hirao Bay, eastern Yamaguchi Prefecture, Japan—Suitable environmental
factors for juvenile habitats. Journal of National Fisheries University. 54, 111-120.



King Mongkut’s Agr. J. 2022 : 40 (3) : 272 - 285 285

Yaqjing, C., Changgjing, Y., & Xin, S. (2000). Sea cucumber (Apostichopus japonicus) pond polyculture in
Dalian, Liaoning Province, China. In Advances in Sea Cucumber Aquaculture and Management
(ASCAM) Conference. (pp. 269-272). China: Dalian.

Yu, X. J,, He, W. H., Gu, J. D., He, M. X. & Yan, Y. (2008). The effect of chemical cues on settlement of pearl
oyster Pinctada fucata martensii (Dunker) larvae. Aquaculture. 277, 83-91.

Zhang, Q., Kthl, M., & Brodersen, K. E. (2020). Effects of epiphytic biofilm activity on the photosynthetic
activity, pH and inorganic carbon microenvironment of seagrass leaves (Zostera marina L.).
Frontiers in Marine Science. 9. doi:10.3389/fmars.2022.835381.

Zhao, B., Zhang, S., & Qian, P. Y. (2003). Larval settlement of the silver- or goldlip pearl oyster Pinctada
maxima (Jameson) in response to natural biofilms and chemical cues. Aquaculture. 220, 883-
901.

TUsUUNAI (Received date) : 20 d.¢. 65
Fuunlyunau (Revised date) : 9 n.¢. 65
TuRaUSUUNAII (Accepted date) : 4 A.A. 65



King Mongkut’s Agr. J. 2022 : 40 (3) : 286 - 301 MFANEATNITZIDUNAT 2565 : 40 (3) : 286 - 301

Naﬁuaamsl,a'%uLﬁaﬁuLué‘ﬂnﬂLLW“luaﬂwﬁslrignwauﬁutﬁm (Uszgnnean) fo
sussanmmaigivln ssfueyyadastluioan Uinandegainluldu
dauguingrvesanldian waznisuaneanvesdy
Effects of Coffee Silverskin Supplementation in Thai Native Crossbred
Chicken (Pradu-Hangdum) Diets on Growth Performance, Antioxidant Status
in Breast Meat, Microbial Population in Cecum, Intestinal Morphology, and

Gene Expression
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TunszuaunisnsudsgunuiAsnanassldsuiuuin Tastd evfumdanium (Coffee
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NANTISITYNUININNSLESY CSS danannouseanSninnisnanvaelniuiies waga1u1salamawny
AGPs Tugnsomnsvedlafiuilos
Ardnfey: Wevudanul lignuauiuiies Uszgvai ansiasuluemsdnd

Abstract

Coffee processing results in a large number of by-products. The coffee silver skin
(CSS) accumulates in large amounts as a by- product of the roasting process. It has higher
nutritional and functional properties. The objective of this study was to investigate the
efficacy of CSS supplementation in crossbred Thai indigenous chicken (Pradu-Hang dam) diet
on growth performance, antioxidant status in breast meat, microbial population in the cecum,
intestinal morphology, and gene expression. Six hundred one-week-old male broilers were
randomly allocated to 6 experimental groups with 10 replicates (10 chick/rep.): the control
group, the CSS groups with 0.5, 1.0, 2.0, 4.0 ¢/ kg feed and the antibiotic growth promoters
(AGPs) group, The broilers in each group were fed a diet for 12 weeks. The result showed
that the supplementation of CSS at 2.0 g¢/kg significantly increased growth performance, the
content of antioxidants in breast meat and improved intestinal morphology, when compared
to the control group (P<0.05). Moreover, the cost of feed was significantly reduced (P<0.01)
to 4.09 Baht/body weight gain. In addition, there was a decrease in Salmonella sp. and
E. coli populations in the cecum of Thai native chicken, when compared to the control group
(P<0.05). Furthermore, the inclusion of CSS increased the antioxidant genes and growth
promoter gene in the liver compared to the AGPs group (P<0.05). In conclusion, the results
indicated that the CSS supplementation had a beneficial effect on the productivity
performance of Thai native chickens and can be used as a substitute for AGPs in Thai native
chicken diets.

Keywords: coffee silverskin, native crossbred chicken, Pradu-Hangdum, feed additive
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Randomized Design, CRD) Inedulwlnlésuevnsmaass 6 ngu nquaz 10 aen Aonag 10 f 9
mmsé’m’immaaaﬁmumiﬁﬁﬂmﬂ'wwimuzmummﬁmmsﬁuaalﬂ'L‘fja (NRC, 1994) laguuangunis
VnavIfel

nauIAael 1 ﬂfjummiﬁugm (CON)

ﬂfjmmamﬁ 2 ﬂa;ummsﬁyug’mm%uL?J'aﬁumﬁmmuw%zﬁu 0.5 nsumeAlansue1mis

(CSS0.5)

ﬂa;mmmaaaﬁ 3 ﬂa;ummsﬁugfmm%uL?J'aﬁumﬁmmuw%zﬁu 1.0 nSusienlansueinis

(CSS1.0)
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nauMnaesd 4 nauewsiugES oS uNiszdy 2.0 nfusdeAlaniuoims
(CSS2.0)

ngunAaRsT 5 ﬂfjuaﬂmﬁﬁyugfml,a%mLﬁaﬁuLmﬁmﬂWLLWﬁsxﬁu 4.0 nfuseflansuemis
(CSS4.0)

naumaaesil 6 naue NI wEiIeUfTurlussdusimaaiaivla (AGPs)

lineaesldSutiuazomisuuuLiiui (ad lbitum) naennisnaaes iusseziian 12
ot duiumstufindoyauiunaevnsiiiuyniu (Average Daily Feed Intake, ADFI) wagtufin
5ﬁmﬁ’mnnﬁﬂmﬁ WoUszdfiuaussonmnisasaiulen minnsmumasasnsasyivlanetu
(Average Daily Gain, ADG) sns1msasuermadudimiin (Feed Convention Ratio, FCR) ta¥
fuuA1eIms (Feed Cost per Gain, FCG) savsufinguninlassiuuardnainisnisvedllugag
npaes Tngmsvaaesilvnimeaeadesdnineliinasgunsdedninnaeuarlddnfifiea
MM IAERTURINNINEIABLITT (MACUCO08A/2564)

nsaTeidaya
nflsﬁl,ﬂiflzﬁé'nvmzsufmu,amfumwLﬁa (Carcass characteristics and meat quality)
dledugansnaaes innisenewnsld 12 Falus anifudulnsiuaueenag 16 wie 10
FIRBNEUNITNAGLY Lﬁa@i’%ﬁumimgm&mm warduvaren auds Jaturasitha et al. (2008) vile
Fodwmidn uavFunAdedifudenn (Dressing percentage) wazesifudihminuesetoznnely

(Internal organ percentage)

wWesidudenn (Dressing percentage) = Untingn x 100

Y1pindiyIn

wWeodidusinntnvesedeznnely thminveseduazlu x 100

(Internal organ percentage) = Umindiain

nntufufedaidenienvesld ielinsesinuamidomatesufoing lnetadn
mndunsa-ans vesndsiifontinen @ae pH meter uazInanaiiiolaldun aruaing (lishtness:
L%) Aums (redness: a*) wazdinde (yellowness: b¥) Taudsarninuansnsnlunissan (water
holding capacity)

nsdnnziviinaudegadwursnguiienduagaielulddu (Microbial counts in cecum)

ynsifuiiegsesvarluldiu ietusuiuteqdunidnqu Lactic acid bacteria
(LAB) wawiorialsn léur 1Wo Salmonella sp. wae E. coli taviegnswasmanluldiuazgnidonns
Tu 0.85% sterile saline nturhmsnzdsluemsisudouuusing (selective agar media)
M1135v04 Giannenas et al. (2010)



290 MIANTNYATWITIDUNET 2565 : 40 (3) : 286 - 301

nsnsziiuguinevesaldian (Intestinal morphology)

nsiAudeg1eanldidn 3 @ laun Wdndudy (duodenum) @unane (jejunum) Lag
d1uvane (leum) au3sves Srnual et al. (2020) Wdeg1aduns sunsoud uil osnludd
(Automatic tissue processor) mstadoidedoniouniouudondwile (Tissue embedding)
wazthundadneiIosintuile (Microtome) wdwinsdeudaedgunmenday (Hematoxylin) wag
3loBu (Eosin) Mintutiufinnmduguinevesdildibn fendowmanssmivuulfiashdmes 10
Wi afundesidnea insinseiteyadugiuinervesdldian liun anvawediala (villus
height, VH) anunitsussiala (villus width, VW) Arnudnveawadasun (crypt depth, CD) A1
MUeIuNd e (muscularis mucosae thickness) sa8lUsinss Motic Images Plus 2.0 (Motic
China Group Co, Fujian, China)

Tnedinwazdeansleszidaguineesdldidn feil nsinnnugeediala lnedn
s1nUangvesialategiuveddala wiliswdiwveawadasuy dusuainuninwesiala Tna1n 1
drlu 3 dau S1uau 10 Faladediegns (1 feghaiiu 1 Srvengunismaaes) daunisinenudn
YostadniUinanidesesiuzIu (Basement membrane) fedautangvasisad AT Uyt (Crypt
mouth) mﬂﬁ?uﬁmmé’m'ﬁ’whuiz'mfW’mmqwaﬁalaﬁiammﬁﬂmmL%éﬂ%ﬂﬁ (villus height per
crypt depth ratio, VH:CD) dwfudundnuile muscularis mucosae fidnwaizuns aajﬁ’ﬂmﬂ%ﬂu
lamina propria \JundunileSeuiidiuladaay ’;’mmﬂahuvug'mL%éﬂ?ﬂﬁﬁadaumwaané’mnﬁa
fauansly Figure 1

Figure 1 Histological examination of small intestinal section. Magnification was 10 x objective

lens. Scale bars represent 200 pm.

msAneNsuanseanvasdunaunlufiu (Gene expression)

ann total RNA anduA38YAafin PureLink™ RNA Mini Kit (Invitrogen) m1u35n15983
fwan anifuazansnznau RNA #e RNase-free water ¥1lUns19a0UUTnMLALALNIN RNA U&7
1 RNA AiflevesTanazaunmdisensuls (Sasidmainsgandunasi 260 ulumssorn
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nsgANduas 280 Wnluluns IedesiiAreglugig 1.8-2.0) andauAsieyt cDNA fmewaila Reverse
transcription polymerase chain reaction (RT-PCR) lagaiunuan1izuesl]isem1uisnis PCR
I%sqmé'atmwﬁ iScriptTM cDNA Synthesis Kit (BIO-RAD, USA)
ihdduihedlelndvesdutimine annalnfiisadestuszuundduiunasmsdueyya
fase iAnwinisuanseanyesdusiemain real-time PCR uazliBuiifinisuanseonsersasinase
lunniwad (housekeeping gene) Beta-actin (-actin ) \Jugus981 lneldujAsen PCR mugyn

3515 SensiFAST™ SYBR® No-ROX (Bioline, London, UK) 3LA51EYNANTSHaAI08N U898 Un 2835

28T (Livak & Schmittgen, 2001) TngAuINERE LA UNTHARIDDNYBIBUIINALNT ATl

BAcT (CT, target — CT, control) time X — (CT, target — CT, control) time 0
dndrunisuansoanvesdu = 288
W CT, target = A1 CT vosduwthuuig; CT, control = A1 CT U998U81984

NFAATILARENNEDR
ey aflauninserinuwUsusiu (ANOVA) uazilSeuifisudaiislagds Duncan’s
new multiple range test (DMRT) NiszAumsidadu 95 wWosidus

= a [
WNANIIANYILLASIAITEU
aussanmNIsseyRvlnvadlngnuauuiias
MNsAnwanssanmnsesyiulavedlignuauiiuiies Weeny 12 dUavi (Table 1)

wu1 lnnaasengu €SS2.0 ﬁ‘ﬁ’mﬁﬂﬁﬁﬁﬂﬁﬁﬂ (final weight) uazimiingafifiadu (weight gain)
asfian warddnamaasauiulauardnsnddouemadudeffign ogeidod dymnaada
(P<0.05) uaziilofinwiduyueioimssonisnanilo wuin nquilasy css Tugnsormsdfunu
Aensininguamuauegnsitsdiamsadin (P<0.05) asanansnansunuligsiigadsszan
10 vndeRlanduRlansudwiindauiiy §saenndoetun1s@ne1ves Srjan et al. (2014) wuinns
wsudeiuwdaniuluemsinide dwmavililidefivssansnnnisanddu uazanusnan
Funueawnsadld 4.09 v ideiieuduiuliidenguildsuomsitugiu uasanvainuang
NIANYINUTD ‘Uisﬁ‘w%mwmaw%tyj@uimaaidﬁtﬂm%u Wunaunanansusenaviiuedniindu
p9nUsTNRUNANLY CSS eTiaﬁQmamﬁ&ﬂumiﬁma%aﬁmz (Jang et al,, 2004; Lee et al., 2003;
Starcevi¢ et al., 2015; Windisch et al., 2008) @anaasanun1sidsuasannasusenouiuedanty
sUuuuBluonslaidle wu nisieduthifuniumg (Clove essential oil) dwaliiniaiiyiiulaves
TAudeloraay (Valenzuela-Grijalva et al., 2017) LaznstasuThsuauAed (Lavender essential
oil) wuhansnsaifistmingaineuazansaananisveslild (Pashtetsky et al, 2019) wonann
a1sUsznoufluedn css uiiddniueghunsnarsinduumsndelovialsiazarsi (nsoluble
dietary fibers) wazazauin (Soluble dietary fibers) 5ﬂﬁdﬁqmamﬂ’§LﬂUW?lUIaaﬂ(Prebiotic)

(Van Doan et al,, 2021) lngi9lannnsAnwineuntni sneauiwrasandsnunladlelusiu wu
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aslulawnsm uagluiu vl iiduuvdmdanudsesiusuannszuiunsaanslusiu (Protein
catabolism) #3on1s lalaslada TUsiu luiunsaexiily ieadiamdany dsamnsansedunis
wSaiulavesdasle (Van Doan et al, 2021) ustvsiduiiaulafensiesy CSS fisesiv 4.0 ndu
denlanfuens lnfussansammsissaduladisnndt 2.0 ndusedlansuems Faoraidumaun
MNHansEULEaUYeINITLATY CSS Aiszdugs TasarnnisAnwnoumid s1e udinisiasy
wilulefnfiszfugsenadmaidesossuumaiuesvesdnililaianzogisdadild (Olsen et
al,, 2001) Tnsnaaufiszdugeanavihanediodousnadldld dwaviligunimuarnisasydvin

voilnanasls Insaunsaduduldannuanis@nundugiuivervesaldian

Table 1 Effect of coffee silver skin supplement on growth performance of Thai native

crossbred chicken.

Treatment!

Parameter SEM  P-value

CON CSS0.5 CSS1.0 CS52.0 CS54.0 AGP

Initial weight (g) ~ 51.74 51.24 52.35 52.49 52.78 51.65 0.19  0.177
Final weight (g)  1147.62° 1188.71° 1234.35"° 1282.63° 1260.16® 1188.76™ 12.26  0.009
Weight gain (g)  1095.88° 1137.48™ 1181.99°° 1230.14° 1207.38°®° 1137.12° 1225  0.010

ADG (g/d) 14.23° 1477 1535 1597° 1568 1476 016  0.010
ADFI (g/d) 65.73 64.11 61.99 62.58 64.31 64.42 045  0.167
4.65° 4.39" 4.05% 3.92° 4.13% 437 006  0.004

FCG (Baht/kg) 62.80° 59.28%° 54.63° 5294°  5576® 5912 083  0.004

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CS51.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee
silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

=d Different superscript letters within each row are significantly different (P<0.05). SEM; standard error of

mean, ADG; Average daily body weight gain, ADFI; Average daily feed intake, FCR; Feed conversion ratio,

FCG; Feed cost per gain.

é’nwmzqﬂnuazqmmwLﬁaﬁuaﬂfignwauﬁmﬁm

linmasangu C552.0 fesidudangsiigregnafidoddgmeadfdleifisuiunguaiuay
(P<0.05) ueviai linuauuanAansadisetminen wazAndedidudeToazanglu ldun fu
iy vla Az nszinsun SlEEn wagle s Table 2

dmfunsnwiamninide (Table 3) wuin lnvaaosngu CSS1.0 ﬁmﬁl,l,ﬂﬂ,uﬁaqmﬁvqm
LANANIINNGUAIUANAENGUT LT UNSIETL AGP sgdlddmnaafia (P<0.05) uidendu
A5ANEI89 Martuscelli, et al. (2021) Wudnnsuasa CSS AsEaU 1.5% wag 3% arusoiiiuend
wnanardmdeduieonlindinisiuiusznevems lunainnaienisineinuia nsiasy
ansUszneuluedanluemsla dewasiordveaideld Tny Pashtetsky et al. (2019) $1891UNAYDS
@suansanansamaslsdidn (Chlorogenic acids) a1nTuls6e (Eucommia ulmoides) % 213y
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asUsznouftuednvindeatuieruudaniu nui amunsatiediviunseadoenliuazanai
a17989 5ﬂﬁdﬁﬁdwammiq@ﬁﬂﬁ’mﬁﬂmﬂﬂ’]'ﬁLLsziLﬁuLLam’liéTuqﬂ uazNISANYIVBY Young & Choi
(2003) w&@5uaN3aNAND8INLU (Oregano) Hlansusenauiiuednegluguvresmisnasea (Carvacrol)
warlsuoa (Thymol) Tuewnslaidle wuirludeld fseduaunsasdndosgeiu Weifleutunga
AIUAL

dotinsesiansiueyyadasludeanld nudinsiasy Css dwasionisazauasiy
oyyadasluioanlignuaniiuiios fauandlu Figure 2 Tnewuiilivaasangu €552.0 FUinaans
duoyyadassluilogeiianogaiiioddymeadn WeSoufioutundguaiunm (P<0.05) wansfasi
ol mninnseendunduveslesiu (lipid oxidation) avdwalduanasiumsiuiiu (rancidity) 1in
nMaAsunUasissani nau saduda wasd inenudsmeselassaisvedlusiu laudsns
gadvanuanuaysresiaINIsuiny (Yang et al, 2016) JagturhsudniUn demaSuansinu
ouyadasydauAsIwy (synthetic antioxidants) aslusmsiiteudlilym wafiniminagiua
Uaonsuiifedesiunsieliinlsaiosld ansiueyyadassainsssumA (natural antioxidants)
faendey Usznda anunsndeatunsidenanmvessdndoe uaznsusnmlselunanfeniu 39
Jumadeniifngy aenadasiuaufniiuves Candan & Bagdatl (2017) uaz Pashtetsky et al.
(2019) findnfansiaduasiueyyadastlusUuuusssund Lifisusiinasosisnevesdainly
iSEJSL‘\]%igLaUIGIWi’]ﬁIu widwatn1seendnduredlutiluiondmndunarauiimsiiusnuee
PNNSANBINSIETUASA UL ABATYETTHYIALLEIMSIA Jang et al. (2004) S8 UKANTTLETY
arsafnanaiulng fiusznaudelumiou (mulberry leaf) aneriids Japanese honeysuckle) uay
fiasulnsdu goldthread Tudhsndiu 48.5:48.5:3.0 mudsy wuinaiuiissdu 1% luownslide
dwalhdeanlaflansduoyyadaszannniinguiiliaduuasnquiliaiufios 0.3% ogeditduddy
MR aonAdosiunsfnuives Zhao et al. (2019) fiaduasatnnsnaaslsidn wuin Faeuia
aussonmmasyivlawarusulsseuateslumseendindureailoonts

Table 2 Effect of coffee silver skin supplement on carcass quality of Thai native crossbred

chicken.
Parameter Treatment SEM  P-value
CON (CSS0.5 (CSS1.0 (CSS2.0 (CSS4.0  AGP
Live weight (g) 1,290.0 11,3940 1,287.00 1,262.00 1,363.00 1,374.00 17.32  0.128
Defeather weight (g) 1,170.0 11,2580 1,173.00 1,19500 1,251.00 1,29320 17.00  0.182
Carcass weight (g) 1,134.9 11,2202 1,137.81 1,159.15 1,213.47 1,254.40 16.49  0.183
Dressing percentage (%) ~ 87.85°  87.65°  88.42°°  91.77°  89.09™ 9133® 046  0.023
Internal organ (%) 13.01 1286  11.92 13.02 13.36 1223 024 0536
Liver 2.42 2.23 2.15 2.09 2.22 1.99 0.04  0.098
Spleen 0.21 0.16 0.18 0.17 0.22 0.18 0.01  0.600
Heart 0.52 0.51 0.51 0.47 0.49 0.52 0.01  0.856

Gizzard 3.23 3.14 293 3.46 3.30 3.10 0.08 0.470
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Treatment!
Parameter SEM  P-value
CON (CSS0.5 (CSS1.0 (CSs2.0 (€ss4.0 AGP
Proventriculus 0.45 0.41 0.37 0.41 0.46 0.41 0.01 0.336
Small intestine 5.25 5.38 4.69 5.57 5.83 4.98 0.13 0.130
Kidney 0.63 0.63 0.63 0.71 0.70 0.65 0.02 0.551

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver

skin 4.0 g/kg, and AGP = basal diet with antibiotic as gsrowth promoter.

=d Different superscript letters within each row are significantly different (P<0.05).

Table 3 Effect of coffee silver skin supplement on meat quality of Thai native crossbred

chicken.
Treatment!
Parameter SEM  P-value
CON (CSS0.5 (CSS1.0 (CSS2.0 (CSS4.0 AGP
Breast meat pH,,,, 591 5.80 5.90 5.96 592 599 003 0505
Meat color
L* (lightness) 4249 4108 4094 3828 4296 4569 087  0.247
a* (redness) 2061 318" 3317 197"  158° 236> 0.19 0.042
b* (yellowness) ~ 3.37°  381°  307° 382° 7.01° 626° 038 0.002
Water-holding capacity (loss, % of total)
Thawing loss 4.05° 371> 341° 313> 470" 635 029 0012
Drip loss 076  1.09 0.67 0.62 050 058 006 0.151
Cooking loss 15387 15.40° 15.64° 1570° 1589 1594° 034  <0.001
Shear force (N)  2.07° 208  211° 211° 215  2.14* 005 <0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee

silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver

skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

=d Different superscript letters within each row are significantly different (P<0.05).
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mg eq Trolox /100 g

CON CSS0.5 CSS1.0 C€Ss20 CSs4.0 AGP

Treatments
Figure 2 Effect of coffee silver skin supplement on total antioxidant in meat of Thai native

crossbred chicken.
! CON = basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with
coffee silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with
coffee silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter. 9 Different superscript

letters within each row are significantly different (P<0.05).

Gunandagadnunnguitandeegneluldiuvadlignuasiuiios

wamsAnyInInaiu css luswnslignaauiiudiowousinandoqaunisluldiu wui
USuoudle LAB anasoesiltuddameadin (P<0.05) Tunduevnsfiugiuaiu CSS2.0 uay CSS4.0
n¥usenlanduewns TuTunanfsumiiunguiliaiuenufinuglussduisininaiaduln (AGP) uax
fUsinasninnguauRy dmsudTunn Salmonella sp. wag £ coli wuinnguiadu €552.0 &
Umnandemninguaiuauessiitedidynieadin (P<0.05) (Table 4) Wuiinsiuiufiogudaiy
css fnantiidunilulefn Faduuslonidensiuidoduafivsslonilussuumaduoms
Immﬁuﬂazﬁw%mwma%memﬁaﬁﬁw‘%é (Bessada, C. Alves, et al., 2018; Borrelli et al.,
2004) usistinasuanslungundlulefnluriiugeenadmansenuseideyuiinndld Ssdma

a

slwanuszansnmnisBamerendegdunilussvumaiuons lidesduderdunid iy
Uselowd wioileqaunidaelsn (Olsen et al. (2001) uiviadifosuAuSinande salmonella sp.
uaz E. coli anas 1nnaiadu €SS Tuawnsld gavinifuansdmsandammatouaznismeas
16 aeandosriunsAneves Srjan et al. (2016) Afnwmstaduidorumdanuniilenaunuasiss
maaigivlafidueufiueradogaunidlugldveside wui Taidenguilldsuommsasy
L?iaﬁuLuﬁmmLw\|LLaxmﬂﬁ%awﬁﬂ%mmmmLsﬁa Clostridium spp., E. coli az Salmonella spp.
Tudldshninlafldsuemsiiugiu Uszneuiu Xia et al. (2011) Mesniansvageuyiinmuani
L%’;J%uﬁﬁaaﬁqm (minimum inhibitory concentration, MIC) 484n5aAaslsatdn wui1 ANuudy
Wies 0.1-0.2 Tadndu/daddns Aarunsadudad e £ coli, Staphylococcus aureus hay
Salmonella enterica l#gsnn wazns@nwiaiuaisiiuoysadaszansssuvdviady 1
MsAnwINMSIERNEBLESa (Fugenia uniflora) Ifiansuseneuiiuedniiiussdusznoveglusuves
g3uea (Eugenol) WU anunsaany3ua £ Coli Tulduvesliiioatld (Pashtetsky et al, 2019)
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Table 4 Effect of coffee silverskin supplement on caecum microbiota of Thai native

crossbred chicken.

Treatment!
Parameter SEM P-value
CON (CSS0.5 (CSS1.0 CSS2.0 (CSS4.0 AGP
LAB 7717 771 694° 733°  731° 735 0083 <0.001
E. coli 736°  7.09° 673 648" 7347 668  0.069 <0.001

Salmonella sp.  7.10°  6.89°  6.65° 652 6.67° 6.44° 0041  <0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver
skin 4.0 ¢/kg, and AGP = basal diet with antibiotic as growth promoter.

2 |AB: Lactic acid bacteria.

=d  Different superscript letters within each row are significantly different (P<0.05).

Fugnuingnvasdldiinvaslignuasiiuios

nnsAnmanaiaiy €ss luomislafiuiiosgnuaudednumy nsiudsuuasus
Fugnuinendldidn (Table 5) wunswasuwdadluglédine 3 da Tnsludlddndaudunuii lu
nvaasengu CSS4.0 & VH wag VH:CD gafignegsfifoddgydaneada (P<0.01) ufiai
Snwasnmsilasuwlamesnldidndunansiinuin lulineasangu CSS4.0 3 VH, VW wag VH:CD

o

gengnegaiveddymneada (P<0.01) ddnuardugiuineivesaldidndiulatenuinln

o«
'
P o

nAaeIngy CSS2.0 § VH gaiigaaeaiitded
gy CSS4.0

[

WBsaEdA uidmiu VH:CD geftgadamudiliviaaes
msildsuntamedagnineluald evezdunasinauanddnisdunilulefnveude

Wuwdaniun fianusansedulszdnsaimnisaigfulauasUszdnsnmnisgaduetoms

v
v Ao ao o

(Sayrafi et al,, 2011lagaruaniuazanunitwedialaludldidn \Jusmdiaiidfyegedwes
nadsuuladudugiuingivesdldidn fuansfenisfintuvessrAnsnwnisgadu Tned
NuITBInnewansliiiui nsesunslulefnlusmslnanunsedieusuussduguivealddn
uazUsulnteqdunidiiusslonineludld (Markovie et al., 2009; Spring et al., 2000) #1sil
Sayrafi et al. (2011) lmﬁmsmnﬂaaul,mawmL%aaLaaqmaiuaﬂa AfnsasunUasegis
serlosuaziinnmsuisiiievnvensaydevesialanisludlénasanan snunssenvediala
WAzl TeNadn3UY Inuaudnvesesunlianuduiusivdnsinsryuisuveseadnieludld
(cells turnover rate) Mstfindns1dunNugevesiala uazamudnveleadaius Uedsarudndu
‘lumﬁmﬁauuﬂawawuaa‘ﬁdaﬁnﬂm?ﬁaqé’wlﬁ (enterocyte) (Markovi¢ et al. 2009; Oliveira et
al,, 2008) nalumsdnminuanugeesialadfiuumussdunnasuboruiudaniun Faanunsn

asUldihasiaduiinandmanensvyuisuveasadioyludldian
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Table 5 Effect of coffee silverskin supplement on intestinal morphology of Thai native

crossbred chicken.

Treatment?

Parameter SEM P-value

CON CSS0.5 CSS1.0 CSS2.0 CSS4.0 AGP
Duodenum
Villus height
() s 903.36° 923959  1052.02° 1067.65°°®  1097.01®  977.91°  5.940 0.001
pm
Villus wide b b b b
) 11535 13534°  125.20 124.65 128.52 130.92* 0983  0.001
pm
Crypt depth b b
) 21337°  192.96 192.92 176.33° 165.74°  223.71° 2147  0.001
pm
MMT (um) 19.43¢ 20.38" 20.96° 20.58" 20.88" 2236° 0203  0.003
VH:CD 4.42¢ 5.27¢ 5.62° 6.33° 7.21° q.72¢ 0.087 0.001
Jejunum
Villus height b
) 776.95°  777.21°  805.07° 854.53 960.79°  784.95°  6.433  0.001
pm
Villus wide b b b b
) 114.55% 110.98 114.55% 115.88° 11859°  105.02° 0.841  0.001
pm
Crypt depth
(yp) P 173.95° 17526  169.64°° 165.06° 151.26°  182.74° 1.855  0.001
pm
MMT (um) 27.92° 27.72° 24.66° 23.21% 22.40° 2430 0284  0.001
VH:CD 4.61% 4.89< 5.08° 5.63° 6.62° 4.52¢ 0.076 0.001
Ileum
Villus height g b b b
) 538.73 630.95%  668.19% 695.65° 650.07°  617.03° 5768  0.001
pm
Villus wide b b b b
) 96.89° 89.57 97.67° 90.85 90.83 93.87°®  0.623  0.001
pm
Crypt depth b b b
) 100.35 108.92° 99.34 99.74 84.317¢ 87.01° 1.168  0.001
pm
MMT (um) 24.28° 2793  26.25™ 27.63%° 25.88° 28.01° 0240  0.001
VH:CD 5.95¢ 6.29¢ 7.29° 7.26° 8.08° 7.48°  0.103 0.001

! CON= basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with coffee
silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with coffee silver
skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter.

2 MMT = Muscularis mucosae thickness; VH:CD = Villus height per crypt depth ratio.

>d Different superscript letters within each row are significantly different (P<0.05).
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nsuanseenvasduiineatesiuszuugliduiunazansiueyyadassudula
gnwawuias

NnnsAnmMsuanseenvesBuiitisadesiussuugiquiy ansiuesyyadass wagas
wigivTnveslignuasiuidesildfunisiadu €SS (Figure 3) nudinisiaiu CSS dsnanans
WEn9eeNUBIdU antioxidant enzyme laln Superoxide dismutase (SOD), Catalase (CAT) wag
Glutathione peroxidase (GPX) lnglnnaaeingy CSS1.0 wun1suandeanvasdu SOD way CAT Tu

o

#u finsuanseondigefianossddodfamneada (P<0.05) Tusuvesszuugiduiuvedladilasy
nstasu CSS fisedu 0.5 uay 1.0 nfusenlaniuenns dewalsitinnisnseduiuiiunissniay
(Anti-inflammatory) interleukin 10 (IL10) lusfuifindudiowisuiieutunguaiuny uandlidiudy
naiada €SS vililadaummuagmaadydulaitu nadwsivandusdindetusdanuniqndly
MsFuNISNLEy JeaenadoaiunnsTeanuves Bessada et al. (2018) Insazulin ludeviudn
mLW\Iﬁmiaaﬂqwéﬁﬁﬁ@umiﬁma%aﬁmzLLazﬁmé’mawaqmaaﬂﬁ AN caffeoylquinic
acids, feruloylquinic acids, p-coumaroylquinic acids tag melanoidins uaﬂmﬂﬂ’jumiﬁﬂwﬂ
adaflfmuinnisuanseanuasdu Nuclear factor erythroid-2-related factor 2 (Nrf2) anastundy
nARDY CS52.0 uay €554.0 Fududulunguiuoyyadass lae Nif2 agsiliiAnnsadalusiu

Nrf2 Favhmthiiu Transcription factor lngaglunsefunisuanieanvesdu antioxidant enzyme

'
P

(He et al,, 2020) Fadunagonadosiunisannisuandeanyes SOD, CAT Way GPX wlewadu CSS i
srdufiudy et nmafisduresduduouyadassasg nnseduiinduluanieiifissdu RoS lu
1901889 89 ROS azgnnszduguiiosansldaseyyadass vioeglunnsiaionsendiatu
(Bessada, C. Alves, et al., 2018; He et al., 2020) wagmeRuauUin1siueyyadasevas CSS 3
fiusgansnmaslunisanseau ROS lusanevesdnile (Bessada, C. Alves, et al,, 2018; Castillo
et al,, 2016) LLamﬁaﬁﬂmmsLLamaaﬂﬁumﬁuﬁLﬁa’aﬁﬁmfTumiLfﬁagLﬁUImaﬂﬁqﬂwa:uﬁ'ymﬁaq
aun Interferon gamma (IFNg) uag Insulin like growth factor 1 (IGF1) Wuﬂﬂﬂfjmﬁbléﬁv CSS0.5 3
nsuanspanuasBuriaigeiian sosnunfonguiildfunisaiu CSS1.0 uag CSS4.0 (P<0.05) Tny
IFN 933UAU receptor WUUTUNE mmfmﬁmmamwfuiﬂiﬁu Wedadyarandluiades
Transcription factor agidusafudayaaumelneduiu DNA sequence 7111z promotor ¥4
wad 19190 ilfiAansnszdunisviauvesfunaiedai i satesiunisaigidule

(Alimohammadi-Saraei et al., 2019)
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Figure 3 Effect of coffee silver skin supplement on the relative expression of SOD, CAT, GPX,

NFrt2, IFNg, IL10 and IGFl in the liver of Thai native crossbred chicken.
! CON = basal diet group, CSS0.5 = basal diet with coffee silver skin 0.5 g/kg, CSS1.0 = basal diet with
coffee silver skin 1.0 g/kg, CSS2.0 = basal diet with coffee silver skin 2.0 g/kg, CSS4.0 = basal diet with
coffee silver skin 4.0 g/kg, and AGP = basal diet with antibiotic as growth promoter. 9 Different superscript

letters within each row are significantly different (P<0.05).
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Nutrient Chemical Composition and Effect of Replacing Either Fermented
Corn Grain or Fermented Napier Grass in Commercial Diet for Royal Project
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Abstract

The experiment aims to study the effect of replacing either fermented corn grain or
fermented Napier grass in a commercial diet for Royal Project Black pig on production
performance and carcass quality. Corn grain plus 30% water, 1% molasses and 1% salt were
fermented in anaerobic conditions for 14 days (FC). Napier grass was fermented in the same
condition without adding water for 21 days (FN). It was found that FC contained lactic acid
bacteria (LAB) 31.0x10° cfu/e on DM basis with 8.40% CP, 3.24% CF and 5.95% EE, while FN
had LAB 32.2x10° cfu/g, 10.60% CP, 26.88% CF and 3.85% EE. The calculated energy values
from the chemical composition of FC and FN were 3.707 vs. 2.680 kcal ME/g DM. FC and FN
were mixed in the diets fed to Royal Project black pigs composed of 15 males and 15 females
which were allotted to 5 treatments (T) of 3 replicates. During 15-30 kg, the feed contained
16% CP, while during 30-60 kg. It contained 14% CP. All diets had no less than 3.0 kcal ME/g.
Pigs in T1 (control group) were fed with commercial pelletized feed (basal diet), while in the
other treatments, the basal diet was replaced on air dry basis with 20 and 40% of FC (T2, T3)
or 20 and 40% of FN (T4, T5). The results showed that ADG and FCR of pigs in T2-T5 were
significantly worse than T1 (P<0.05). They also needed a longer time to reach the market
weight (P<0.05). FCG of both levels of FC and 40% FN were significantly lower than T1. Even
though FCG of 20% FN was not different from FCG in T1. FCG needed 18 days longer raising
time (P<0.05). Both fermented products decreased backfat thickness and increased lean
meat percentage especially in the case of FN. Therefore, the use of local products, i.e. com
grain or Napier grass fermented in an easy process tends to have some advantages, especially
in carcass quality and reducing FCG.

Keywords: fermented corn grain, fermented Napier grass, nutrient chemical composition,

production performance, Royal Project black pig
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wazvidlefhilusedusi atedaiitgmiFesamtugddutasiuggiiuifier mnnunansiinisdnnis
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fmgauitliviin Reilidlesarnlunszuaunisuingaerldfieiidnuasdeujuuniu deromsges
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DE =949 + [(0.789 x GE) - (43 x %Ash) - (41 x %NDF)]; (NRC, 1998) waga 1wa $41un1514
Usglewl (ME) eans ME = DE x [1.012 - (0.0019 x %CP)J; (NRC, 1998)
namaaasii 2 mslfudadrinauanin wesvguudeimindudiunasluomsgnstisimin
15-60 Alansu

Tansslassnmanasiitiniingiade 15 nn. F1u 30 0] L‘LJuLWﬂm 15 ¢ waztnendle
15 ¢ LL'U'qqﬂiLwiasLWﬁaaﬂimﬁqmﬂu 5 ﬂqw] 8y 3 sme] az 2 fin (mwmym/szﬂ) ?jﬂiWﬂaﬁNLLﬁlau
sudsdlurenyusuuldosiiuruinnonay 1.5 x 2 s G 15 Aendoseglaadounuuiln gns
Tugasdwidn 15-30 nn. Wewnsfiilusiu 16% daudastmiin 30-60 nn. Iensdidlusiu 14%
pwnsvadetszey § ME laitfosndt 3.0 keal/g ansusazngudulldzuemnass dail

naudl 1 nguauau Id3uemnsdnsagumanisiaiiauie
Nt 2 wandmlwauansinunuiiensaauausedy 20% (air dry basis)
naudl 3 wantnlwauavdinunuiiensaauALsEdy 40% (air dry basis)
ﬂa'mﬁ i wzﬁﬂLuL"fJsJi‘MﬁmmuﬁmmimUﬂmzﬁu 20% (air dry basis)
nauit 5 vigiudesusinunuiiennsaunusedu 40% (air dry basis)
duusznauuazauAmNlaTUsTeNEITEIIIINADI 2 Srey A tniingns 15-30 way
30-60 nn. wandlilu Table 1 wag 2 auddy

ansyninldsuihiiavenauazemmeaetediadiud (ad libitum) Tnelemstuas 2 ass
finan 8.00 uay 17.00 u.

Uuwﬂmamaﬂiumm*ﬂmmmsammuiwmuwmu drunbningansuazemsiignsiu
maauwmmaaﬂsummﬂm 30 waw 60 nn. Tufinszezanaidssgnaniusiiuduaudaeia
thwindamuinasisisue dsinaemisiituuasdmindfiuandasasuanimn (feed
conversion ratio, FCR) ﬁunummmim'mfmﬁﬂﬁuﬂ'u (Feed cost per gain, FCG) kagdnsinIg
WiAulnsoTuade (Average daily gain; ADG)

Lﬁaqﬂil,wiazﬂfjmﬁﬁmﬁﬂﬁaﬁﬂ 60 nn. vn1sduansnauas 2 69 (Tuwnea] wazvinede
0819a2619N 3 97) WTIUMaTR oA NWIAMAINEN Imaﬂuﬁn%a&aﬁmﬁﬂ AsAInnauT LAY
thuitingin Arue1aen Fr¥nanainnszgndlassdusniidnfunszgndumda (anterior edge of the
rib near the vertebral column) 5%}@‘1/1‘133?1@‘0@&?153@ﬂﬁzIWﬂ‘UENGlﬂﬂ (anterior of the aitch bone)
wazthwrinuiiouns Tnevhnisuonieuninufsfnnnuees Bray (1963) il Useneudeiiediun
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& (ham) dunds (loin) lnd (boston butt) wazduvimein (picnic shoulder) 11a 4 dausAnIL3s
989 American Meat Science Association (1967) 9nntiusuanduafesazvesimiingn Tufin
Aenuvunlusiudunds Tngldnesidosiaudahumeaadenn 3 9a fe nszgndlasedusn
nszandlasslianiing warnszgndundstiulen (lumbar vertebra) fagatie
miﬁm«ﬂﬂ%ﬁﬁiﬁmuﬂﬁﬁﬁmm’m’mﬂmgmiumimiaLLaﬂWiLgﬂqﬁmﬁLLaﬂ%ﬁmiLﬁEmu
MONLIFEns (Finens) AuznEnTAEns urIngaeleslml (aanzideou AG05002/2565)

N1SAATIZANINEDR

UNUDYAANTTNNNNTNAALATAMNINYINVDIANT U1AATIEVIAIANULUTUTIU (Analysis
of variance; ANOVA) lngldununisnaassiuudunaon aziUTeuiiounnuwnneessninmsy
#18 Duncan’s new multiple range test mmﬁliz‘ql’ﬁmﬂ Steel etal. (1997) laglalusunsu
d1593Umeadif (R Studio)

Table 1 Feed formulation and nutrient compositions of experimental pig diet during 15-30

ke of bodyweight (air dry basis).

Fermented corn grain  Fermented Napier grass Commercial feed

Item

20% 40% 20% 40% (Control group)
Ingredients:
Commercial feed 74.85 50.21 67.89 38.19 100.00
Soybean meal (44% CP) 5.15 9.79 - - -
Full fat soybean (38% CP) - - 8.20 14.71 -
Palm oil - - 391 7.10 -
Fermented corn grain 20.00 40.00 - - :
Fermented Napier grass - - 20.00 40.00 -
Total 100.00 100.00 100.00 100.00 100.00

Calculated chemical composition (% air dry basis)

Crude protein 16.00 16.00 16.00 16.00 16.00
Crude fiber 6.25 5.50 10.54 14.08 7.00
ME (kcal/kg) 3,123 3,260 3,000 3,000 3,000
Feed price (THB/kg)" 14.62 12.92 13.20 10.11 16.33

Y Ingredients cost (THB/ kg air dry): Soybean meal 12.71, Full fat soybean 17.00, Palm oil 12.00, Fermented
corn grain 8.70 and Fermented Napier grass 0.45.
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Table 2 Feed formulation and nutrient compositions of experimental pig diet during 30-60

ke of body weight (air dry basis).

Fermented corn grain Fermented Napier grass Commercial feed

ltem

20% 40% 20% a0  (Controlgroup)
Ingredients:
Commercial feed 76.40 53.05 69.81 41.52 100.00
Soybean meal (44% CP) 3.60 6.95 - - -
Full fat soybean (38% CP) - - 5.79 10.50 -
Palm oil - - 4.40 7.98 -
Fermented corn grain 20.00 40.00 - - -
Fermented Napier grass - - 20.00 40.00 -
total 100.00 100.00 100.00 100.00 100.00
Calculated chemical composition (% air dry basis)
Crude protein 14.00 14.00 14.00 14.00 14.00
Crude fiber 5.93 5.50 10.55 14.18 7.00
ME (kcal/kg) 3,081 3,163 3,001 3,003 3,000
Feed price (THB/kg)” 14.42 12.85 12.21 9.39 16.00

Y Ingredients cost (THB/ kg air dry): Soybean meal 12.71, Full fat soybean 17.00, Palm oil 12.00, Fermented
corn grain 8.70 and Fermented Napier grass 0.45.

Nan1sANeILazIaNsal

nsnaaedil 1 Audvnalavuzvesdndnlnausminuas e iudes

ndoyalu Table 3 wuin wandlnauaninduszezian 14 Ju deringuits 64.22%
FaflelndiAesfiunisnuaes Silva et al. (2018) Aldfsaanuin ferinquits 64.26% msiiinguits
Youudadlnandniiairininudadnlnauieisiesulag NRC (1998; 64.22 uay 88.31%)
osnanmaiisnit 30% wagnnthae 1% Gamnihmadidiiearduegiis 25% (NRC., 1998)
duAlnvurduisuluiesazvesinguis (% DM) kel Tsiu 1Bele lustu 161 NFE wag NDF
WU 8.40, 3.24, 5.95, 2.61, 79.93 uay 12.45 AUy nsvsinantalnadimanzaunssin
Hunalidesnit 14 Fu Faagldnannd fe Lifidos Induven I pH 4.32 Fsogluinnusivesiie
wiinAuAMA (Guo et al., 2013) mnwdadnlnauandindananldlinun Aanunsaddesliminuu
Twdu 21 ufo 28 Tuld dugdunIgndansauwandn (LAB) wudn d371u3u 31.0x10° cfu/g DM
dwdunauudosning 21 fu nuin fusunaiaquisganiisiesnuves Gunha et al. (2015)
wantos (19.52 vs 16.90%) V?ﬂﬁﬁﬁ]’]ﬁgﬂ”liﬁﬂ 45 Yumileuiu seiermifosnanvanetiate wu
anmgfionnie nswsaivlavesiiy n1slide s ngudesmdndadunsdngu LAB wirfiu
32.2x10° cfu/g DM TngqAunigngu LAB d9revildomsianimdunsn Segedudanis
WwanivlnveadesuazuuaiiedivinlmAnnswiide (Kung et al, 2003; Schnirer & Magnusson,
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2005) warGINAnaNTHaf1uAUNTY LU 2,3-butadione, reuterin (3-hydroxypropionaldehyde),
acetaldehyde, hydrogen peroxide, hydroxyl radical, peptides #3® proteins 14U bacteriocins
(Cleveland et al., 2001; Schntrer & Magnusson, 2005) sasSarelid elodosldAudwile
WisuituTmaAuiilalléviin (Seare et al. (2016) fe 0g13l5f van Winsen et al. (2002) l¢891u
1 Wledndlisueimsusin aziinisdugdunidngu Enterobacteriaceae anas dmiuasdUszney
malasuziteuidudosasvosinguite e Tusfiu 1ele Tufu 11 NFE wag NDF Wiy 10.60,
26.88, 3.85, 10.98, 47.69 uay 43.59 AUEIFU @0AAALITU Seare et al. (2016) AviN 15N
niudefsautunintaa 0.49% finmsagydeTnguitads 32.0 g/kg DM nsuingaglianledusiu
waendauTNgaty duuTinalusiu Bele 1t uasenslulainspiiasanerinfiegetuduiu wie
Fandnuansnegwlditddyd eifisuseninanswiniiong 14 uag 28 Yu Liofiansands
psAUsENOUMAAT M1an1An wazUunugAund Mt uulosimngan asmfndy
nanlitfosndn 21 3u egnslsAniy mnilulludainszmneidsiasdddadeloiolidnd
anunsathldusslevilasae

ﬁiwm’m’jﬁ%mmﬁﬂmmmﬁhaiﬁLﬁaiagﬂéaalﬁLﬁm%uIma Kang et al. (2009) 19518911
1 duvdnguuanfnuuaiiiy (LAB) finasenisviuves ferulic acid esterase \ieAnwinseos
Igvaalnvuglulaangnizing wuii 9dunidlungu LAB reiiulszAnsniwniseoslduas NDF
(P<0.05) wazSselbolodesldifutwilodfisuiuingiuilailaviin (Seare et al, 2016) uazd
Usanailusiiugedu (Kuikui et al, 2017) e

dievhesuszneumslatuzvesudadninauaninuazngiudesnfuiamengn
gogls (DE) wuan iAviniu 3.615 wag 1.583 kcal DE/g DM d@auawasaulguselovdls (ME) 8
ANVINAY 3.586 way 1.570 kcal ME/g DM anudnsiu (Table 3) &saziiuldan A1 ME vodudn
drlnanmindiangsninudndilnalavdnidnidos (3.586 uaz 3.394 kcal/g; NRC, 1998)
Khotchomphu et al. (2012) 51891131 ansiilésumghmsinnaunuemsaniagd 10% dansees
Igweslavuy wiidu 85.21 way 84.2 audnsu lilumnsinsangnsitldsuiissemsaagueeied
tludfny aenrdosiu Vasupen et al. (2013) isauiansfinunghiuiviingsdu 15% duuili
AN1stvedldlusiunenugeniinauatunmdniios (91.48 uaz 90.42%) lngliunnsinsegnad
DEGRGEY

Table 3 Lactic acid bacteria, chemical composition, digestible energy and metabolizable

energy of fermented corn grain and fermented Napier grass.

Fermented Drycorn  Fermented Napier grass”

ftem corn grain’  grain’  Napier grass”

Lactic acid bacteria (cfu/g DM) 31.00 x10° - 32.20 x10° -
oH 4.23 : 3.83 .
DM (%) 64.22 88.31 19.52 16.90

Chemical composition (% of DM)
CP 8.40 8.24 10.60 9.62
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CF 3.24 1.98 26.88 -

EE 5.95 3.48 3.85 1.72

Ash 2.61 1.30 10.98 10.44

NFE 79.93 - 47.69 -

NDF 12.45 - 43.59 64.54
Gross energy (GE, kcal/kg DM) 4,168.67 3,987.00 3,666.67 -
Digestible  energy (DE,  kcal/kg 3,455.00 -
DM)Y 3,615.40 1,582.67
Metabolizable energy (ME, kcal/kg 3,394.00 -
DM)” 3,585.87 1,569.79

Y Analyzed at feed laboratory, Department of Animal and Aquatic Sciences, Faculty of Agriculture,
Chiangmai University.

% NRC (1998)

% Gunha et al. (2015); Napier grass were cut at 45 days of age

Y DE = 949 + [(0.789 x GE) - (43 x %Ash) - (41 x %NDF)]; (NRC, 1998)

% ME = DE x [1.012 - (0.0019 x %CP)]; (NRC, 1998)

nanaaasdl 2 mslfudadnTnausminuaznsiudesuiinduoimsgnsdisimiin 15-60 nn.
wansldwdadninauaninuazng udesninfoussansnmnisuanvesansmlasnis
marslusyazinminga 15-30 uaw 30-60 NN. FININANADANITNARDS (qmﬁfmﬁfﬂ 15-60 nn.)
wanalilu Table 4 Usangi1 A1 ADG waz FCR vasnguudndilnauandnuazva nudeosudn
Tinadesniuadddinandssdsmaauiuniinguaiunu (P<0.05) nafiléil aonndosfumenuves
Moonmanee et al. (2015) fina1231 ansildsuemsdnsaguiien ADG snnninlvermsdnsagy
Sfusindaia LLazmmﬁé’wL%ﬂgﬂﬁ'mﬁ’uﬁwﬁﬂ (P<0.05; 0.70, 0.59 waz 0.48 NA./IURIUAINU)
n1siien ADG anaslunauilldsuiudadlnauansin uagnaudednidniisassseduil o1
ideunannisdeslsvedasusiianaadoanslatuomsiidudelowntu vinlvinsliussTowils
yadlnvuranas WuAeaTu Phochan et al. (1990) fina1iin iletfiungvuan waglunszauanly
gnsevnsansgnraNfusafalifisediu 50-70% vilvinisdesldvesinuuy uaz ADG anas usvag
andunuA1eMsatld Kenneth et al. (2010) navin ansitlsfuemsneruinnniiuniusonis
awhlinnsdenldvedlnsusdesas Hadidosannsdendelsluansivszaninme ogslsia
Tunsneaendeinuinnisldwgadinauamindeaeseiu wasldvg wulesndnszdu 40%
AABNTEEYNIINARBITAT FCG ANningualuauog1efidoddny (63.07-72.25 way 79.58 u1n/
hafndadia 1 nn; P<0.05) Sudunamnansimemisdifuyuiidiniemsdisagunnanisdn
daunquitldvgudesnsingedu 200% usfeddununmandngsninguauauesislifitoddny
(82.83 WA 79.58 U/Anmiingadia 1 nn: P>0.05) ualdnandsmnutiy 18 Yu (74.67 way 56.33
$u; P<0.05) Feazldmiindanuinaeifidanatnld aoandeaiu Yothee et al. (2009) Ais18a1uin
ansfildsunenndrsuasinninsefugdluemsisserinainiaidssgnsaindiuin 30 nn. f
whwiin 100 nn. UIUNIINFUAIUAY 37 U susdiaumnlofudundanas nansmnaesiiuans



310

MIANTNYATWIZIDUNET 2565 : 40 (3) : 302 - 314

31 msldughmdnfimliieluiesdududiumiesgnsens envlidelialdinsanadluseiu

AUAIAENITAMU WiD1YIEanN15Teo M sdTagUaIniuiisulusiiufigenegvinslnaladng

lngtanzlugieienmsdniunstuunn dmsunsldwmbatiinedaldainnsugnlunufiumdn
Pintuihlunaunueimsdniaguiiaiiseau 20% uaz 40% a1u13nanfuuN1INERaNs (A1 FCG)

adldl usinuasnssesldiandesgnsuutudnduial 8 uaz 11 Ju auddu

Table 4 Production performances of Royal Project black pigs fed diet containing varying level

Of fermented corn grain or fermented Napier grass during 15 - 60 kg BW.

Control  Fermented corn Fermented Napier
P-value SEM
grain grass

Level in diet (%) 20 40 20 40
During 15-30 kg BW
Body weight (kg.)

- Initial 1500 1500 1501 15.17 14.89 094 0.1

- Final 3075 3128  31.39° 30.81°  30.93% 0.04  0.09
ADG (g) 807.83" 659.3d° 598.17°  541.13°  447.89° <001 9.06
Raising time (day) 20.17¢ 2483 26.17° 29.67° 35.17° <0.01 092
Feed intake (kg/day) 2.07° 170> 1.83® 2.00° 1.83%® 0.05  0.09
FCR 2.65° 2.59° 2.93° 3.79° 4.02° <0.01  0.05
FCG (THB/kg BW gain) ~ 41.78°  37.87°  39.91° 48.65° 41.12° <0.01 141
During 30-60 kg BW
Body weight (kg.)

- Initial 30.75°  31.28%°  31.39° 30.81°  30.93% 0.94  0.09

- Final 61.15  61.05  61.05 60.60 60.90 020  0.12
ADG (g) 834.19° 737.15° 739.95° 66556  656.46°  <0.01 0.02
Raising time (day) 36.17°  39.83°  40.67° 45.00°  45.00° <0.01 136
Feed intake (kg/day) 3.033™ 293 317 3.33° 3.27% 0.03  0.05
FCR 3.636°  3.98° 4.29° 4.98° 5.00° <0.01 0.5
FCG 59.15*  57.59°®  54.52° 61.48° 46.75° <0.01 158
During 15-60 kg BW (Overall)
Body weight (kg.)

- Initial 1500 1500  15.01 15.17 14.89 094 0.1
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Fermented corn Fermented Napier
Control P-value SEM
grain grass
Level in diet (%) 20 40 20 40
- Final 61.15 61.05 61.05 60.60 60.90 0.20 0.12
) ) 4 23.2
ADG (g) 816.00° 706.00° 689.33 614.00° 564.67 <0.01 o
Raising time (day) 56.33°  64.67°  67.33° 74.67° 80.00° <001 221
Feed intake (kg/day) 5.00 4.67 5.00 5.33 5.00 0.35 0.10
FCR 6.25° 6.57° 7.26° 8.68° 9.03° <0.01 0.36
b b 61.8
FCG (THB/kg BW gain) 79.58° 72.25 70.64 82.83° 63.07° <0.01
6

3b< Mean values in a row with different superscript letters were significantly different (P<0.05)
ADG = Average daily gain; FCR = Feed conversion ratio; FCG = Feed cost per gain

wavasnsldomanaaesdestiusynousin ieduganismaaesiitiniin 60 nn. uandly
Tu Table 5 Usingin nsliwdatmlnauanin vievgiudesudnnaunuoimsdisaguvisans
seuiau lidmadoroosidudenuazanuenen (P>0.05) uriinasdedndruiouns lasnis
T ngAuviinita 2 viln agldosidudidounaingu luvnefiemumuilutudundsanasosied
toddydodisutunguenuau (P<0.05) Vil oaflawmiionningasemvaaosildvgviin
‘vmLmummiei’wL%ﬁ]gﬂ‘ﬁgaamwﬁuﬁﬂ?mm@iaiaqmﬁmmsmuqm Ao 91nsdusagUuMenIsin
oghaunn WetluiFssansieililaussanmmsudndosninedaidudfn (P<0.05, Table 3)
uardimsavaulastutionnd eg1lsfin nasnmsdnuafsiiudsiu Wallenbeck et al. (2015) 7
seugnsnguilasuemsdisagunaniungmiinuuuduiiesidudenandian Weiieudu
ansnguauANfilssusmsdnsaguiiivsoafien

Table 5 Effects of fermented corn grain and fermented Napier grass on carcass quality of

pigs at 60 kg BW.

Control Fermented corn Fermented Napier P- SEM
grain grass value
Level in diet (%) 20 40 20 40
Carcass percentage 72.33 75.45 71.04 71.33 71.50 0.05 0.60

Lean (% of carcass wt.) 35.96° 35.00°  36.62°  39.38° 38.80° 0.01 0.56
Back fat thickness (inch) 3.67° 3.28° 3.25° 3.25° 3.05° 0.01 0.08
Carcass length (cm.) 83.50 70.50 71.80 71.20 69.30 0.19 2.14

abMean values in a row with different superscript letters were significantly different (P<0.05).
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definsanlasruainnmeaesndsiivsaiuiivala fe nislidagRuntnits 2 vda
Trafuluseduiinraulugaseins awnsatisandunuatetmstunisiadming (FCG)
saalddndiurendonnufiudu luvaegiansd anuvulutudundanas Tnsiamennsldsy
e lesuin ﬁaﬁ?umﬂ%“;’mqauiuﬁaqﬁuﬁwwlﬁazmaﬂ wiawdndlnavsengules nindae
nsrUILMIBgnedte Faieluiinmuninein wastiwannttoomsdsagulusiuiigeliting us
inwnsnsalinanissansuuiudntion

ayUnanIsAne

navsinadadlnaualnenauiunintiaa 1% indo 1% uazti 30% eaniedilvidiiu
Tuanwlaifionnma Wunan 14 Tu dwngulesrdinluanmieatu wiindunan 21 Tulegldids
1h wuh wisdrlnausviindinguits (OM) 64.2% figAuviduannsauaniin 31.0x10° cfu/g uazd
TUsau Wele waglusiu iU 8.40, 3.24 uay 5.95% of DM drungudesninnugdunsdudn
nsARAARN 32.2x10° cfu/s 5 DM winfu 19.52% TTUshu oty wazlutu winfu 10.6, 26.88 uaz
3.85% of DM muau wiewiudadinlnansin wsenginuleindnluldlugases Tnsunud
a1 sauAnlusEau 20 way 40% yilgnsddnsinisasadule wazUszangamnisldorms
e g liinuesnsdedlinanisaielildiminaunnsidman (hwind 60 nn.) wu
Ju 8-24 fuduiuriaingivuarssdunslivaumuennsdiiagy Inefiderluduamnmeindd
donnsgedu dedu msliingAvlusiesdu slinwdnd1nlne viengrudesivgnliieuuiiufias
wmindensruaumsetieiie annseilulinawuommsdnsasuundnld udinwasnsdoudss
ansuIuty

AnAnssuUsENA
vavounuyailslasiMvaiilaaduayunuanuisy
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Abstract

The purpose of this study was to compare the effects of Miang residues processed
by encapsulation for probiotics on broiler growth performance, and the quality of carcass
and meat. This study used commercial broilers (Ross308) divided into 4 groups: Control group
(T1), Miang residues without encapsulation (T2), Miang residues processed by encapsulation
(T3), and Commercial probiotic (T4). Applying a completely randomized design (CRD), this
study used 70 broilers for each group which was further divided into 5 replicates of 14
broilers. A total of 280 were used for this experiment. The experimental diets were
formulated according to the National Research Council (NRC, 1994), and the broilers were
raised for 5 weeks. According to the effect of Miang residues processed by encapsulation for
probiotics on growth performance, and the quality of carcass and meat in broilers, it was
found that the growth performance of broilers fed with Miang residues different in terms of
body weight (BW), average daily gain (ADG), feed conversion ratio (FCR) in the fourth and fifth
weeks were statistically different (P<0.05). Moreover, in the fifth week, the control group had
the significantly highest feed intake (FI) (P<0.05). Regarding the carcass quality, it was found
that live weight, hot carcass weight, cold carcass weight, and total offal showed statistically
significant differences (P <0.05). For meat quality in the breast and thigh, the result revealed
that chemical composition, pH at 45 minutes post-mortem, and Redness value (a*) had
statistically significant differences between the experimental groups (P<0.05). In addition,
there was a significant different thawing loss in breast meat (P<0.05). Therefore, under this
research condition, it could be concluded that the use of Miang residues processed by
encapsulation has effects on growth performance, carcass and meat quality of broilers, which
are comparable to the use of commercial probiotics.

Keywords: Miang residues, encapsulation, probiotic, carcass quality, meat quality
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InNsrUILNMInnANsIIITRdLlnglAinINN1sinuvedunidlungy Lactic acid bacteria
waz\¥o91 lnenuindefinusnitgn Ao Lactobacillus plantarum wagfisesui Lactobacillus
fermentum ﬁLLt’JﬂmﬂLﬁmﬁﬂmﬁ'ﬂwmzLﬂuiwﬂviaaﬂ (Okada et al., 1986; Tanasupawat et al,,
2007; Klayraung et al., 2008) Lﬁmﬁaqﬁﬂssﬂawaﬂiwﬁﬂuaa%ﬂLi‘]wﬁﬂuﬂzjmmimﬁﬁwumﬂu
fiv Inditueatiunldandn walsl vuder v ayulng wiouna Jesuazlniung wuindidnenm
daasuiUgUAIMeE1IN 19N (Szliszka & Krol, 2011) nsAnwdwaunuansliliudsUselowd
yespwnsfigausgrlatliuesd udinmaduansiunsdniaunaglseiilauazvasnidensiud
unuwilunstestulsafiinananuidesnesvese forzinag Tusnne Tudlagtugaamnssums
Foadnfldusuaeuis mananliaenadastumiudosmsvasuslaalasannisldansiad nsld
g1UFT 1z (antibiotic) kazansdaasgsiiaiuasluemsdniiioissnisiasgiAule (antibiotic
growth promoter; AGP) flesaniinsnniswesansoglusdnsamiudwihliAnnadesoqunimes
Auilan 1wy ansngumnsdendu (tetracycline) vlimaduemsiaund ufivdenszan uax
viligfidhuniuvesianie siliinisldansildansssumdnnaialuensdnd dnivinisemns
Fniidenld Inslulendifinisfnwuniian Ae nguuuafiiensauanin Feanunsawulévialua
sysumAnazilugdunsd microflora lussuumaiueimsvesdninazuywd wWu L. acidophilus,
L. salivarius, L. plantarum \Jusu (Murry et al., 2004) Asiasuinslulednmandluemisla
anunsadudsnsiasaivlnues Escherichia coli waz Salmonella spp. ludnld dwaliannis
Vuidouveswnainuuaiiiiesswinanistiunazield (Khaksefidi & Rahimi, 2005; Kabir, 2009)
Tnslulofniinaseusyansnmnsaiauivle iiuanuansalunisiueyyadassuazamn o
voslaidle (Bai et al, 2017) MnaaanTAfana1Insliimundeainnisnszuiumsadndes v
Tumssuddlunsadyuesuniise wardunidinelselunisuadnild uasinadoaussnninms
WA A deuazen FramdumaifagmdefeminanumsuldlfiAayssloviossduauas
avan sdadunsannislfanaeisunmelumadodnifoananiannds nathafeseruilag
wazdaandenldsne uimnieauvidinslulefnuniduluovnsviondnfusiaiuomnsviud agll
AavsgAnsamegadud fadudsinsiuadealulesiouwatyaduintssyndldidodniiy
Tnslulefnluthides axdwalifusnmnissentinvesqauvidinslulofin walulaflousalgiadu
\Wumedafitieiiumnuasihvessad Jeatunisvhareaingamngl Aty URs AT Bnviadiu
gn31N15500T3AkATAILAIRITOLTAATENIIN1THARLEENISAY naTateunaUgadulu
nsTUIUMSYeRLANsILALNANBANT RN iletasliueIuAnYesan suNUNAtsuasyilYiLAR
sruunsUanvdesansununans auisamuauUTa LatlunsUandaes LaguInuifeInis
Uanudos Tanuszasdnismnassiiiiofnwnavesnisiaduriudseitliiiuuagsinunssuiunis
uualgadusoansnnInNIIHEn A niasidoluliide
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a

wirdunnngy TWenmnaaesarindunuudiud (ad libitum) sesfiudisunau AIUANY N
melulsadeuit 30-34 °C Ingldmaonliinliasadng uazanusugu Insudsesnifu 4 nqu Ae
T1 = nduaugu (shasaiudlon T2 = nduiliedudifednslbnunssuaunsieusagadu T3 =
nauladuinidesinunszuiunsiousagiady T4 = nduiiaduinslulofinnansdn Tngldlingu
ag 70 # lnsudadu 5 419 ay 14 i layndld¥uemsdnsasy udasuianmundean
nszUIUNSKAMTes 100 ndw/Alansues Tungunismeass T2 uaz T3 lngonswuadudmsu
1A 2 91 Aa 1) lausnifingls 3 dUnv (Starter; TWshu 22%) uag 2) lieneg 3-5 U9 (Grower;
TUsilu 219%) fansenmnseng 9 isaneduaudosnisvestitiienty NRC (1994) dwsunisin
wuuaUgaiaty tnindeneuuaugais frouoalmindniu DE 10 TuuTuuarududu 5% lag
dminseusunng (wA) nauliidatu wdnhndedluruisuunudes Tagvinisuaems
dnfaguudnimsindlodlunan mslfiaduindumunslseandng sululs viasnaudniau uas
faranadaanlseilnlutud 0 wasviirdusiumasnausniavuarinanadalutuil 7 saudash
Feguiilulslutudl 14 gpsmamaaewudiiu MsvaaesinumseyliRlviduiunsdedninaaes
MeIMermans aninendesvindedul lavfl CMRU-IAD 002/2564
AUTIANINAIINER LLazqmmweznmLamﬁa

MN15TUANTeyaaussanImAIsHan laun dmidniade (average weight) §51n13
Wwiiulniad e (average daily gain: ADG) USunaue1m1s7 Auldiad o (feed intake: FI) way
Uszdnsammsiasuemis (feed conversion ratio: FCR) wazidlensuszaynsnnans damiin
wdsINAaDs MIfnwsnvazen Sufintminneusazndeen Wetuitndmdniinaga dhmin
YUY ﬁwmﬁuﬁzﬁﬁuﬁqmuqﬁ 4 °C \uan 24 Falus Yufindanenniu mndushnnssinuds
TauA5 w9 Jaturasitha (2004) Lito TR men Tasnisaatuiindmindudiusieg Idun on
axlnn wes In ude warlase Muwandesifudann uasesifustudndauss dmsunisusudiv
AT EBUsENOUME MIlinTsiesdusznaumanil saiBuss AOAC (1995) YariAuidunsn
dnswouiioenuaralnndl 45 unit uaz 24 Flumddninie deweies pH - meter (Model 191,
Knick, D - Berlin, Germany) ?ﬂﬁﬁﬁ’mm%“ad Minolta Chroma Meter (Model CR - 400, Minolta
Camera Co., LTD., Osaka, Japan) duiinAa1aauaing (lightness, L*) A1dwAs (redness, a*) Lazfl
Fmdoq (yellowness, b*) LLazimiﬂzﬁmmmmadumﬁmﬁwaﬂLif@ (Jaturasitha, 2004)
N5 NBAUNNSNAADILAZILATIZHAINISEDAR

AUTTONINAITNA R LLﬁSﬂmﬂWW%WﬂLLaSLﬁya WHUNITNAADILUU CRD (Completely
Randomize Design) 3iaszisie ANOVA feyailldtiluiFeuiisumnuunnsssninadiadslng

75 Duncan’s new multiple range test (P<0.05)

NANISANEILAZIVNTAL
NAN1IVARDI9IN Table 1 uansisaussanmnisiasasiviavadinideiiasusedudody
EﬂLLUUﬁLLG}ﬂﬁiNﬁuﬁﬂﬁ T1 = nquemualildsunnasuduiles 12 = nquiiesudhidedaslism
nszUILMsIeULAUYIaTY T3 = ﬂajuﬁLa'%:mfwLﬁmm'mﬂszmumiLauLLszgLasi‘J"u uag T4 = naudl
wsulwslulednmanisin wuimimdnsalreasluudazdunnyi (body weight: BW) luduawiil 1-2
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linueuuandnaeadi (P>0.05) ludUnsiil 3 nauarvauivmindatesniingudueeied
fodfmaada (P<0.05) ludunid 4-5 wudinguaiuauuaznauiiasuindselnglatu
nsrvrumseuwadgady Suiminddesniinguindsseunalgadusasinglulofnegiad
Todfyn19adn (P<0.05) SnsnisiaSaiulnadesot (average daily sain: ADG) TudUnvidi 1-3
liwuanauansemaada (P>0.05) usludUansiil 4 nduemuauiasnguildnguiiasuthidedagll
FunsEUIUMTeuLAUTaty ﬁé’mwmﬁLf\ﬁz:glﬁ'uimLa?{aﬁiaifuﬁaﬂﬂ’j’mzjmf’lLﬁmwmmﬂﬁzujl,asn"’mmg
Tnslulefnegnafidoddmsedn (P<0.05) wagludUniiil 5 nqumueuiisnsnsaigydvlnede
sejutfesfignetslifsddynieada (P<0.05) aenAdasiunismnAasIves Siiwan et al. (2008)
vmsaneluldienuinnsasuInslulednluemsiniderlissansammsasyivinvesls
deifiniu uazn1smnaeses Afsharmanesh & Sadaghi, (2014) :esuiiinslulefinanunsntae
Lﬁm”mwmiw%mﬁvimmlﬁLﬁa LLasmimUﬂwﬁyadaIiﬂ Wy 1o Salmonella spp. (Tellez et
al,, 2012) Tspdldsniauuuuiionis (necrotic enteritis) Jayaraman et al., 2013) uaglsadaluln
(Dalloul et al., 2003) dvsulszansamnsasueinsidutmiinga (feed conversion ratio:
FCR) Tudun1idl 1-3 lainuanuuandnsnisadd (P>0.05) Tudunvd 4-5 wudnusz@nsaimnns
Wasuownaiduimin NANAIUAY ﬂajﬂ,nfwLﬁENLauLLmJﬁgLa%’uLLazIWi"LUIaﬁﬂﬁmﬁaaﬂdwﬂfjuﬁlé’
nauilasinidedagliiunssuiunsieusaugaty sgditeddymaada (P<0.05) Tudauves
USunaemsfiAulel (feed intake: FI) dUansidi 1-4 lainuauuand1sn1aada (P>0.05) usly
FUnifl 5 nquauANAneIIINTigaeeslitudAamneaia (P<0.05) aenndosiu Nguyen et
al. (2016) \losanansuamdululurdaduasngulndfiuoaszesnguiduiueyyadaselifiieie
ananszvuiiinanamyanueieavedinldliidedsiiusansnmmsldomsitu anmsnases
Y84 Malaithong (2011) Pl 9N MIANLARLTUALAYNANDIMNST SEFU 0, 2, 4 lay 6% Wie
Mdsslmdenuinlidonguilldsuomsnaudemiinuis 4% fusummshvemsiissses 0-3
Faw wazmaeanimaaesiisdusnnningudug egnafldedndyBonadd Tuvasfidmiindad
dinduluthg 2 dUaniusnuedliynngulifienuuansstunsadfuslugng 3 dunvianievesnis
neaeswiindiituredadl Esudeminuks 2% nninguitlésuidsamiinuie 6% oensd
YodndyBaneadn uariiunliuganinguauauuaznguilesuisminuia 49 lafldsuems
waifiosvsinuiis 2% 1 UszAvsnmnisidsuemsiniinguillduovnsuaudlomvsinuissedu 4
uay 6% agnailtedAyBmnadfusliuandrminnguaauay danmsiiidesiauauddidu
Inslulefin (Tanasupawat et al., 2007) Fafinadnlugissnwaunadvesgiunidnigluniaiu
pnsuasRnnsutstumaimeBalBeymaiuonstugaunidnelse wazdiaiansalufuaedy
Fadanald pH ﬁ'amaqﬁwaé’ugqmiw%mmaaqﬁuw?éﬂa:uﬁﬂ'aISﬂlaiwuﬂimLsdu Bacillus spp.,
Escherichia coli, Salmonella sp., Pseudomonas sp. Wuduy (Mayra & Bigret, 1993) uaﬂmﬂﬁl

o '
a

ﬂimlmﬁua%ﬁaﬁwLﬁmﬁugﬂﬁwﬂﬁmmqwaﬁalaLLazmmﬁﬂﬁuaaﬂ%ﬁLﬁwﬁu (Gyawali et al.,
2022) &niFsarmnsngaduansennsldedraduivinlidnad sumvdndad i vt uvesliuas
UsyAvBammatdsuemsitu (Chitanont et al, 2007) wonainilioulssfnaslnglnslulafinly
alddingatuastodiviuiislunisgafuarserms ilidnisgaduoimslude i duduld
(Afsharmanesh & Sadaghi, 2014) uagn1steunalgiatu tiuislunsveduiwaddunsd lay
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ansaviedestulanunaiissannaninuindeunisluead Wedesegdvemsndanigly
winzaNsan13senTIn warnsvieriutislidesentinlussuumaiuesifianizsilunsaasly
nsznzeMshazindetdlual@anlafauy (Serma-Cock & Vallejo-Castillo, 2013)

Table 1 Growth performance of studied broilers fed with the experimental diet.

T1 T2 T3 T4 SEM P-value
Body weight: BW (g/bird)
Weeks 1 198.71 198.43 203.29 202.96 10.56 0.59
Weeks 2 503.71 507.14 514.86 514.00 12.18 0.97
Weeks 3 938.71° 978.00* 988.86" 1,010.00" 46.06 <0.05

Weeks 4 1,335.26° 1,382.86° 1,489.71% 1,498.00" 81.63 <0.05
Weeks 5 1,694.47° 1,750.07° 1,865.13" 1,991.93" 99.79 <0.05
Average daily gain: ADG (g/bird)

Weeks 1 20.50 20.44 20.96 21.23 1.30 0.99
Weeks 2 46.24 44.94 52.85 54.47 10.02 0.62
Weeks 3 64.76 63.19 66.29 64.93 7.84 0.98
Weeks 4 73.25° 72.62° 76.12" 77.83" 2.76 <0.05
Weeks 5 62.42° 63.84"° 64.63" 65.53" 1.83 <0.05
Feed conversion ratio: FCR

Weeks 1 1.32 1.34 1.32 1.29 0.10 0.96
Weeks 2 1.23 1.30 1.18 1.14 0.18 0.82
Weeks 3 1.45 1.43 1.40 1.43 0.07 0.94
Weeks 4 1.80° 1.90" 1.73° 1.72° 0.02 <0.05
Weeks 5 1.76° 1.93% 1.73° 1.72° 0.03 <0.05
Feed intake: FI (g/bird)

Weeks 1 27.09 25.92 26.31 26.06 2.45 0.99
Weeks 2 55.85 53.87 54.27 54.83 2.58 0.98
Weeks 3 93.35 89.70 90.63 90.83 3.18 0.96
Weeks 4 125.50 117.76 120.00 121.00 5.66 0.55
Weeks 5 121.03° 111.72% 112.84% 115.28" 1.89 <0.05

T1 = control T2 = Miang residues non encapsulated T3 = Miang residues encapsulated T4 = probiotics
A8 C Means in the same row followed by different letters are significantly different (P<0:05)

HAN13NARBIITN Table 2 uansdanuninenvedliidefiasudisdisduguuuui
uAnNA19AY wudﬂﬁmﬁﬂﬁ%%ﬂﬁjmﬁl,gmé’wﬁﬂLﬁmr;JmmzmumiLauLLmJégLa‘i’JI'uLLaﬂWﬂUIaaﬂﬁ
i imnnninguauauuasnguiild nduiaduihuiledegliiunssuiunsieuseUgaty
othaflifudndy (P<0.05) thndnengunuinguiflilnslulefniduinenguinniian dwiungu
‘131Lﬁ&Jar;huﬂizmumiLauLLﬂusgLa%u LLazﬂaju‘ﬁLa'%mfwLﬁENI@813Jmuﬂismuﬂmaw,l,msgl,a%’u Ll
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uanssfunguenuaukarnauiildlnslulofin udnguenuauiidminginguiios ningudueeed
HedrAyneldudAny (P<0.05) sludaummifmﬁfﬂmﬂLﬁuwu*j'1ﬂfjuﬁ"lﬁ%’uiwﬂuiaaﬂﬁﬁmﬁﬂmﬂ
LﬁumﬂﬁqmaﬂajLLmﬂﬁi’mﬁ'Uﬂzjmf']Lﬁmmuﬂizmuﬂm.aul,t,ﬂﬂsgt.a%’u uAUANLUANANATUNGLT
La%m}wLﬁaﬂmeﬂ,zu'muﬂismuﬂm,aw,ﬂﬂagl,a%"u wagnauauAuitminenudinitedied
WodAny (P<0.05) dmsuiUesidudzinlinuauuana1anisada (P>0.05) wWesidudotenynuin
udanazwilsmuanuuandnemsadia (P>0.05) usindedlusmngulasulnsluledniivesidudgs
flanoghaitifoddnyleifioutunduiu (P<0.05) uasosidusidudusnuddldun on aslwn ves Un
a3 Linuanuwane1am1sada (P>0.05) daonadesiun1smnasdved Pelicano et al. (2005) wWu3n
Huesidudenuazilesifudtudiusaudslifinnuuenatusswinanguenmsaiuay nguifls
asUFTauz waznquillilnslulefnds Mohammadreza et al. (2015) Anwinavesinslulefinsie
Fnwazernvesliidenuinislinslulefnluemsiisedu 0.019% laifnasodnuazressn us
51841UY83 Abdel-Rahman et al. (2013) wuilnsluledniinasonandnuazanninginludnidn
wuihdmsmaneuunuressndn Uity aaeatafiudninisaiagivlawas sy ansamnisld
ownsdnifiimsfiiiutu Selinasonadesiunismanesd luduvesihmindBiauasimiinendu
nauildsulnslulofniuasnguindlssiiunszuaumseusaugadulinuemuunnatsiuneada
dewndniannsngeiuasewnsifesiafiud fuadedwmiingfifistuvedliuazyssavsnm
nawAsuemsitu (Chitanont et al, 2007) silfaan s InATugae

Table 2 Carcass quality of studied broilers fed with the experimental diet.

T1 T2 T3 T4 SEM  P-
Value
Number of animals 70 70 70 70 - -
; ; . L 997 <005
] ) 1,694.47 1,750.07 1,865.13 1,991.93
Live weight (g) 9
Hot carcass weight 5 B B . 860 <0.05
1,231.25°  1,309.07 1,365.73 1,482.80
() 3
Chill carcass weight 5 5 1,329.13 N 142 <0.05
1,197.27 1,274.25 B 1,442.47
() 4
Dressing percentage 74.06 73.01 74.78 73.57 1.20 0.22
(%)
Organ percentage (%)’
Shank and feet 4.75 4.66 4.31 4.73 0.23 0.19
Visceral 13.88° 13.56° 12.33° 15.10°  0.86  <0.05
Cutting percentage (%)*
Breast 29.04 33.18 36.89 32.88 2.94 0.08
Thigh 17.30 16.61 15.70 15.83 1.22 0.53

Drumstick 12.56 12.70 12.42 12.70 0.57 0.95
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Wings 10.65 10.95 10.23 10.92 0.50 0.46
Skeleton 28.94 28.85 27.52 28.28 1.13 0.57

T1 = control T2 = Miang residues non encapsulated T3 = Miang residues encapsulated T4 = probiotics
ABC Means in the same row followed by different letters are significantly different (P<0:05)
percentage of live weight, 2percentage of chill carcass weight

KAM3MIARE3A1N Table 3 uansaunmiisanvedlifidsseiuilodusuuuuiiunnsis
My AresdUsznoumaainuiesidudarnnudu nquilidssdaeindsakunszuaunis
unagladuiiadesiianegsiifod Ay Welisufunqunimaassdu Tnedadu 66.37%
(P<0.05) Andesiiudlusiunuinguilidssieiuisskiunszuaunsiousagaduiidwnniian
iaqaam@uﬂduﬁm%ﬁwLﬁmiﬂalaishuﬂssmuﬂmamt,ﬂUﬁgLaﬂi?'u dmiunguauau wagnaud
gsulnslulefnlaiunnsetunisadn (P<0.05) wWoedidudluduiloonnuinguauauiiduiniian
LﬁaLﬁEJ‘Uﬁumdm?ﬁuaéwﬁﬁ’sﬁﬁmmnaaﬁ (P<0.05) @nAaoiu Nguyen et al. (2016) 5189741
yidefiquitieifiunsmsagndanulutusesselussuumagaduemeviililaguluideden
WognInguaIunu

Table 3 Meat quality of breast muscle of studied broilers fed with the experimental diet.
T1 T2 T3 T4 SEM  P-

Value

Chemical composition; (%)

Moisture 70.74" 70.42" 66.37° 70.03% 206  <0.05

Protein 26.75° 27.98" 32.05" 2631 076  <0.05

Fat 251 1.60° 1.58° 1.83° 0.13  <0.05
pH value

pH 45 min 6.29"° 6.19° 6.43"° 6.51" 0.13  0.034

pH 24 hr. 5.13 5.28 5.10 5.40 021 042
Colour?

L* (lightness) 54.67 55.98 45.80 48.83 458  0.18

a* (redness) 227°¢ 4.74° 6.79" 337% 086  0.015

b* (yellowness) 9.85 7.58 9.10 6.54 129 011
Water holding capacity (%)

Drip loss 3.34 4.62 7.29 4.31 323 048

Thawing loss 3.61"° 513" 2.42° 6.18" 098  0.024

Grilling loss 35.78 22.25 36.74 30.62 250  0.37

T1 = control T2 = Miang residues non encapsulated T3 = Miang residues encapsulated T4 = probiotics
A8 C Means in the same row followed by different letters are significantly different (P<0:05)
3L* = lightness, a* = red to green, b* = yellow to blue
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KaN3MARDIaN Table 4 aunnidoasinnuaslifiadudethiflodusuuuuiunndediu
Anasrdsznaumueiluienvindesifudaruduldunnsromeadia wAosidudlUsAungu
AuRuiietosiigafio 18.72% wWeddusluudeasinnnguauaudduiniiande 6.94% wnnsg
MnnquBuegiitfodny (P<0.05) dwsurarudunsadsendeasnnidleviinisind 45 il
uay 24 Falumdsdnimenuid 45 wifl nauiiesududsdagliiunssuiuniseusadgiadu 3
ﬁ?ﬂ’J’IMLﬁuﬂiﬂﬁiNﬁ?’]ﬁaﬁﬁ@ 6.15 LLmﬂﬁhw’mﬂejm*liwmam?ﬁu 5 ag9dltd A 9Ens (P<0.05)
wazArmdunsasned 24 Frlumddninelinuanuuanansadn ludiuideaidonuiian
muaivesie (L9 anududindes (6% ldnuanuuansisada widanaduduns (a%) nui
ﬂejmmw;:ui:ﬂmesifmmqaaaﬁvﬂ&juﬁLﬁyﬂdﬁaﬂﬂfwijmmumzmunWiLauLLﬂﬂegLaﬁi'i'u LLazﬂfjaJﬁvLﬁ%’U
Tnslulefin uinguillésunduilafanindedagliiunszuiuniseunadyiadu faunnigaosied
fudAgmeadin (P<0.05) uoniniweddusanuannsalunisdiivenis nuinvesidusing
gjz:gl,ﬁmfwmmﬁu%’ﬂm miqz:yl,ﬁmf'mﬂmiazma LLazmsqﬁgLﬁsJﬁwmﬁasmhjwvmmumam
NEDR

Table 4 Meat quality of thigh muscle of studied broilers fed with the experimental diet.
T1 T2 T3 T4 SEM  P-
Value

Chemical composition; (%)

Moisture 74.34 73.76 73.95 74.23 0.14  <0.05

Protein 18.72° 21.03" 20.07"* 20.1% 186  <0.05

Fat 6.94" 5.21¢ 5.98° 5.67° 0.28  <0.05
pH value

pH 45 min 6.39° 6.15¢ 6.46° 6.65" 0.09  <0.05

pH 24 hr. 5.17 5.10 5.32 5.60 0.17  0.08
Colour ?

L* (lightness) 54.67 55.98 55.36 51.24 153 0.06

a* (redness) 4.74° 7.76" 6.79"° 5.32° 0.59  <0.05

b* (yellowness) 9.11 7.58 8.81 6.37 135 029
Water holding capacity (%)

Drip loss 4.99 6.90 4.30 3.32 1.76  0.14

Thawing loss 3.76 3.61 4.18 3.13 196  0.69

Grilling loss 38.46 38.95 48.91 56.51 934 0.18

T1 = control T2 = Miang residues non encapsulated T3 = Miang residues encapsulated T4 = probiotics
A8.C Means in the same row followed by different letters are significantly different (P<0:05)
3L* = lightness, a* = red to green, b* = yellow to blue

Haa1n Table 3 uag Table 4 @onAassiun13AN®IVeY Laohaprasit (2014) $1897U3@15
AedY nn1slindany aanspaduluiuludld annisazauvesluiundivies dwmsudiaay
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dunsnsnseuiladlovhnstail 45 unit wae 24 Fluavdednimenuing 45 widt nguiiaiu
dodlaglisiunszuiunsieunagadu feanudunsasiiigade 6.19 wandnsinnguldsu
nslulefnfidndu 6.51 sgnefitfoddyneada (P<0.05) uaznuinaaudunsaaied 24 F9lug
ndedn inelinunnuuandnadin lududdveadenuimemiuainweade (L9 anududindes
(%) ldnuauwansneads uaaraududuns (a%) ‘W“U’J"]ﬂa:u‘ﬁlLgﬂdéj’wi}’]L?jENN"mﬂWU’JUﬂﬁ
uuadgiaduiiianniigade 6.79 uaz nquatuauiiadesiigade 2.27 uansnsed adlduddny
(P<0.05) Nguyen et al. (2016) Lﬁaamﬂammm%uiuiwﬁﬂL‘fJumiﬂzjuiwﬁﬂuaa%aaﬂqwﬁf%f"f‘u
oyyadaszlifdsannansznuiiinannnzeaassaveslmiliinasoranudunsasdly
ol dmsudrarunduduns (29 denedestiuusinailvsiumniiviialutusiieasisanudy
Aunwnn uenaniesiduimuanusalunisduiveaie wuianvesiduinisgandeiian
nsazanenguiadntidedagliiunssuiunineusegadu uasnduitldsulnslulofngidunn
fandlofioutunduBuunnsinsifusgnefituddnymeadn (P<0.05 wiafidudnisgndoiuasiy
$nw wazesiduinmsgadetivuegndldwuarauandeadd nnsidesdiaudnuasndy
Inslulea@n (Tanasupawat et al,, 2007) @aAAd8IAUIIEUVDS Popova (2017) 51891431015 b4
TnslulefinluommslnianunsauulgsnunmilodmaluntsanUiuin rowaamesen wazUuol
lumiluiolald Inslnslulefndnadensndnnsaluiuaedudl nslanizognedsinsiiloun B
muAunsannsasiluiuluiy warnsdudanssuaunsadletu alidmatonisanunleiy
Tuilodnd 99ns1891ur83 Nopparatmaitree et al. (2018) 189U siasuTnslulefnd sy
fmunauamidoluliidonnnarsmuitelinansvaassiiuandistudeudisann Ao neWaun
aunmiiela Wowadulnslulofin wagnslilnslulofnudluuansuadonsimununimie lay
neinarnunmile Ao muannsalunsgui was msgyidsihanmaudidu venainims
ﬁw"l:dﬂhuﬂszmumsLauLLﬂﬂégLa%‘uﬁLﬂumsLﬁuU33ﬁw%mwmﬁ%ﬂidamﬁmmﬁwLﬁ'mLﬁwﬁu

a3Unan1sAnen
mﬂmamﬁmaaqaqﬂlﬁfhmsm’%uﬁwLﬁmﬁsi’mmzmuﬂmaulmﬂsgLa%’u fiszdu 100
ndu/Alanfuemsdmiulaide (ROSS 308) eiqwaiﬁ*lrilfjaﬁmq 4 uay 5 dUai Twidnda uas
E‘i’mwmsm?mLﬁuima?{am'ai’ul,ﬁ'm{u dnsudszansannisiua suemsidutwingadl
Usgdndamanan VL@JLLG]ﬂmﬂﬂ‘UﬂaivaﬂﬁUI‘WiVLUIBGIﬂVlNﬂﬁﬂ’I ﬂa’lfummslmﬂ'g'maumumLLav
ﬂawvl,mwﬂamasmmmaﬂmsﬂ,umumvmumﬂammﬂmaw amsummmwmmm%uaﬂaw

q

#sunaesudetndes faunmsndfind LLaymlmuummmqmmUﬂm Feuuusilildiigdes
eunszuIumMseuLalgiatuliloInUssansnnanan
nnAnssuUsENA
Y8UBUAMIATINITITUAUDINTETIYAITNITOUSNENUTNTTUNYS W TR WNIIINNTE T3

AUAINTLYNTAUTIVAA JBINUTUIIININT (on.a5.) W Inedesivdgiledini Aaduayuy
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nsiwudamsasludniUnluuvaddusiunaunuuartulusmsinluse
AUTIANINNITHAALAZAMNINLY
Use of Poultry Offal Waste as a Protein Source to Substitute Fish Meal in

Laying Hen Diet on Production Performance and Egg Quality

25unsss Anddeul, ygydou Fazdasenal waz guu AmIanmY
Waruntorn Sitisorn?, Boonlom Cheva-lsarakul! and Suchon Tangtaweewipat!”

unAnga

wwndawnsadludniUn (Poultry offal waste; POW) aannnsdiunazdnitn flusfiunay
luitugs wineliAnamuaniasseyuau msifoilFalingusrasdifiomssduiivmnsauvesnisld
POW 1Buunaslusfiunaunulantu (FM) Tuemsialy Tagldlnluiuglalatusiad eng 48 dUav
I3 600 67 uuseandu 5 ngue av 3 %19 ax 40 § L?:aﬂuﬂsaﬁmwwﬁia; 4 ¢/n5e Faoglu
15950uta fMeszUU Evaporative cooling system ldLLﬁiaSﬂéjmlﬁ%Uaﬁﬁﬂiﬁﬁ POW aunu FM Tu
gn381M155EAU 0, 25, 50, 75 Uag 100% Imavlﬂqmﬁmiﬂ%uiﬂiﬁuiﬁm’]ﬁuﬁ" 16% @ ME &
U%mmqﬁummzﬁumﬂ% POW n1svaaesldnu Completely randomized design naas iy
nan 24 §Uasi Usngd Pow dildanlssnudunazliideludmindodnl Weludsnnels
L3I 30 psi gaumgdl 135° @ WAt 5 unit udauneuliuds fusdu lusu 1Wely wazid
Wiy 66.10, 24.80, 0.37 uaz 5.19% of air dry Audwu FswuindlusAuaslusiugendn usfich
Ana1 FM iileth POW Luldmeunu FM fiszsu 75 wag 100% fnavilyinananly ganiwlddu
auuuarauLdunswenddenlddosas luvmefitminld uasdunuaremssonisudel
avuoghaiiddadadleutunguaiuay (P<0.05) Tneasy POW annsaldvauny Fv Tugwng
lrlvszozaoutansendlageaniisyiu 50% laglsifnaidosefununisuan aunwly uaznnsli
HaKAnlY
fdndny: ideiedodludnitn Yardu Inld aussanimmsedn aaamly

Abstract

Poultry offal waste (POW) containing high protein and fat, from poultry
slaughterhouses creates a pollution problem in the community. This study aimed to assess
the optimum level of POW as a protein source to substitute fish meal (FM) in laying hen diet.
Six hundred heads of 48-week-old HyLine Brown laying hens were used in a completely
randomized design experiment of 24 weeks long. The hens were randomly divided into 5
treatments with 3 replicates per treatment. Each replicate consisted of 40 birds randomly
placed in battery wire cages which contained 4 heads/cage in an Evaporative cooling house.
Experimental diets were 0, 25, 50, 75 and 100% of POW substitution for FM. All diets were
adjusted to be iso- nitrogenous at 16% CP. It was found that POW from a broiler

! pedvndmmansuardniih euznuasmans aminendededvl o.dles a.8usdml 50200.

! Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University, Muang Chiang
Mai, Chiang Mai, 50200.

! Corresponding author: agani002@gmail.com
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slaughterhouse in Chiang Mai, was autoclaved at 30 psi, 135 °C for 5 minutes, and then was
dried in a hot air oven, with air dry basis 66.10% CP, 0.37% CF and 5.19% EE. It had higher
CP and EE, but lower ash than FM. The use of 75 and 100% POW to substitute FM decreased
egg production, eggshell thickness and eggshell breaking strength, while feed cost per dozen
eggs and egg weight were significantly higher as compared to the control group (P<0.05). In
conclusion, POW can be used to substitute FM in laying hen diets, during the last period
before culling, up to 50% without adverse effect on production cost, egg quality and egg
production.

Keywords: poultry offal waste, fish meal, laying hen, production performance, egg quality

AU

Uauduunadusiuiidenldlunsudnemsiale uiniivatuinesinisuasuvusig
$nqdug wu g3 wlivu unauds nseazden Wasnneslu wisiawiudenvies divaly
yiadlulFanitueraazshlduaoanesa mnnsaouluiilusedugs (Srikijkasemwat et al,
2016) nsdiilssnulduanitliansinazsonfundelusnamnn Wewinnsianudeduiivan
Alsituedoniuilaglifimsuenauninuesingiiu (Department of Industrial Works [DIW], 2012)
ilivandudiléify flusiuen AU3uaange wenvniisaiinszuasaserinannsldvatuly
onsdnt esngninadeinduaivenilsvesnmsvhareninensdadiuasdunsug e
ninensUafiusmsvesyed mneUaasugisvuiadndiuiuinngnivlnetadaeii
Ussnadandlvduasiimndnuaiy (Plaipetch, 2014) Mndeuludsiingauvilidnisainnisel
Imslivartulugasomisdniazanas lususiiersulaufasdinagaduaunisnauaau
wuity msldundsemsdniiliudstuiuunasemsveauywe (Hosseinzadeh et al, 2010) 819
Wumadenlmilunslilusudusunuiivatilugasensla wu nawasglsininnstiuvasuas
AnwsawINgnidn (Salami, 1997) Lﬁ'aﬁmﬂmmﬁmé’miﬂmﬁamsﬁinmmmwé Ml aNa
wasglaannszuiumstiurazuazanuasendudiuiuiin (Cayan & Sahin, 2021) ﬁﬁqd’mﬁﬁu
167 warduiinulalle (Udedibie et al, 1988) wiwindeainsosludnidn (Poultry offal waste; POW)
\Dunilsnanasslfvioduvondsildannsdiuvazuaznisudssu Tnsduiiaulaldvesdnidn
Gun nszanzin nszmnzass alddn Sldng 166 Dudu Fedanunsarluldlfanusslovd
sold (Sahraei et al, 2012) uananii POW Saduingiivgaamgsdsusznaudie Tusiu 60%
Tagiu 17% wagia1 15% DM (Ravindran & Blair, 1993) Potter & Fuller (1967) N@17731 LAWLAAD
Nndnidnddnwagnanieamunizdmsunanluomsdnd dmsunisit POW unldduunas
Wstiuluemnsinledsldfins@nwlutszme uiluinsUssmasinisldvanessnuiivsiamseld
\uomnsTulalyle TaglineliiAnnaids 1wu Udedibie et al. (1988) 19 PO lugmsemslalyd
S¥U 0%, 10%, 15% Way 20% duavilinmindiug unusedu POW ﬁLﬁu%u’Luqmmmi
uenanimsranlduarUsyansanmsldormsatunussdunsifia POW lugnsemns Samli et
al. (2006) Anwlulalasiugluiud 1wl eng 40 &awi wuinanansald Pow ¥iseiu 10% way
5% audiy nglifinaidesoaussnnimnisudnly auainly uasduyulunisides isika et al
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(2006) 19 POW naunulaivuitszsu 0%, 50% waz 100% lulnlalassiul usiy Usinganbud
naldesenandnly AnuvuveuUdenty Usinaewnsiiau uay Sisnisidsueaduly
AMULANANSIINT IS AR Ui UsEIma saua POW Tldlundeiilaifdruves giblet (e
fu uagfin) Yuagdae fafunisinuiluadeld Jeitnquasasdilefnuinavesnislduselond Pow
Alganlsetunasliidennduunddustunaunmudanduluemsialy deaussannnisnanuas
Aanmly dee1azidudnmadendmiumsldifuuvadusiunaunuvady sufadiean
NaNTEVIUADANLIAADLLAL D1 aRRULANE M TAILH

BnsAne
nsnsENIngAv

pow ildnaaedundsdidumundoiniodudnidnnnlsnudumsuasdaudaielily
FJriadedlvl FeUsenaudienseimein nszmnzase S11EEN (Unsdaw) 18R aldlng wavsu
g1 1thunedelagian1sils Autoclave Jackson & Fulton, 1971) aneldusasudi 30 psi BaunQil
135 perniwaldoa Wua1 5 il shnnsnsesusndiuveniioanly 11 POW leulursegou
Audouigamgil 60 esmwaidvaidunan 2 Suvdoauninasuis vinisunaziBen 1 POW uay
pIMINARDN 5 gns lUTnsgiauAm1se1s SesznoudaeTnguits (OM) TWsRusau (Crude
Protein; CP) 1 8les2u (Crude Fiber; CF) lusiu (Ether Extract; EE) mu35#8198¢14Tae AOAC
(AOAC, 1990) wagiiaszsiamndsanulagldinias Isoperibol bomb calorimeter U AC500 nau
ilunaslugnsomaielfidedlilananes a Wiudniln aaindnmmansuazdnii auy
NYATAERS UIneaeedlng
dniveaauazn1sdnnis

TNUNUNTVIAGRIMUUFNANYTD! (Completely randomized design; CRD) Tgldluanesiug
lglavl ustd 01y 48 dUa1i S1uau 600 1 i sslunseiugtesas 4§ agmelulsneullyd
asanUALANINLIAG DN (B ANTY WaEN1IIEUIERINA) AIETEUUNITIEIMEL
(Evaporative cooling system) $1u3u 150 N33 (¥09) wuslaveasseenlnegudu 5 ngue as 3 sgwe’]
az 40 1 (10 909) sz8ziiameant 168 Tu wualu 6 923 (period) ¥a9az 28 Tu fiswemsey
Fruntir Tagliuegnadiud (ad lbitum) drusaiogfuuuveansseniadedunaeniauan 1f
ihAumaeanandeilihsnluiRuuuimen uagldfuuasaingiuay 16 $alus luusassn (10 909)
sromnsgniuensenandusounslsl etestulalilingudutiumfueims shnsiulalann
fuiiian 08.00, 12.00 u. uaz 16.00 u. Wildneassldsueims 5 gns Table 1 fall ngudl 1 nau
muAuldfuemnslall POW daunguil 2-5 l6¥uemnsitl POW unuiivariulugaseimssedu
25, 50, 75 Waw 100% nsAnwEldURTRRTermusasstUssnslFER Ao umeinenmans
(Ffinuns) vasemensaunsguanind suaslddn i enuminermans ausinunsamans
uvinerdeiBeslu @il AG02002/2565 dwsur ME was POW fildmurailugnsemsmeass
adaildAn 4038.79 kcalkg Bsdnul3lae Pingkasun et al., (Toyapgseninan1safium)
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nstuiindayauaznsinsIeineaa

Yoyaaussnnmmsuanly UszneusnenistudinuSunaemsiiaumn ¢ dUansi Gudin
uulayniu drudwiinlviade ﬁuﬁﬂﬁ]’lﬂﬁﬂuquﬁﬂﬂWENGUENLLGiaS"{Jg’ﬂu 3 JUAATINEVDIARL YIS
(T29a¢ 28 $u) MndusuauABnalY Yinaewnsiitudentssdely 1 nn. viesemandnld 1 v
wagAwuANeIMSAEN1sHaALY 1 Ina daué’mimﬁmwazm’mﬁmﬂﬂ@%ﬂdmaadﬁuﬁﬂﬂqﬂﬂ%ﬁﬁ
WU

imstuiindeya aunmle laud Arseredn (Haugh unit) Armudaunsaddenls A
galivn awmudents dhutnlyen dudnluues dviinudenls waedlues Sufinainduau
19 5 wosvasusiazslu 3 Sugavinevesusazaas (Fufl 26, 27 uay 28) lngldinTosinnmanly
dnluiifssuuAdnea (Digital Egg Tester 3u DET 6000) TngazSnuiminly Argeflylin Ay
ufaunsaddenls anugsliun wazdliuna druanumundenltfiaenieviuiudenldesn Sase
1309 Dial thickness gauge Tne¥aann 3 fumisie fuuvan dudhe wazdutiu 9nduade
Jupnumudenliveusazves

Urdeyaaussanmnisudauazanninlinidinseia1auuusysiu (Analysis of
variance; ANOVA) Tagldnunismaasaiuudy wasiuiouifisuanuunnineszninadiedsveus
azﬂa:mﬁﬁaa%‘ Duncan’s New Multiple Range Test

Table 1 Feed formulation and nutrient composition of experimental laying hen diet
containing poultry offal waste (POW) substituted to fish meal (FM) at different levels.

POW in diet (%) 0 2 4 6 8
POW substituted to FM (%) 0 25 50 75 100
Ingredients”:

Ground yellow corn grain 59.35 59.43 59.52 59.61 59.70
Rice bran 12.00 12.00 12.00 12.00 12.00
Soybean meal (44% CP) 11.77 11.48 11.18 10.87 10.60
Fish meal (61% CP) 8.00 6.00 4.00 2.00 0.00
POW (66% CP) 0.00 2.00 4.00 6.00 8.00
Salt 0.25 0.25 0.25 0.25 0.25
DL-Methionine 0.10 0.12 0.13 0.14 0.15
L-Lysine 0.00 0.02 0.05 0.08 0.10
Dicalcium phosphate (14% P) 0.83 1.00 1.17 1.35 1.45
Calcium carbonate (38% Ca) 7.20 7.20 7.20 7.20 7.25
Premix” 0.50 0.50 0.50 0.50 0.50

Total 100.00 100.00 100.00 100.00 100.00
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Calculated chemical composition (% air dry basis)

Crude protein 16.10 16.11 16.13 16.13 16.16
Ether extract 3.41 3.97 3.53 4.63 5.10
Crude fiber 5.35 5.35 591 5.39 5.38
Crude ash 14.60 13.62 13.19 12.70 13.08
Metabolizable energy 2,849 2,868 2,886 2,904 2,922
(kcalZkg)

Feed price (THB/kg)” 13.34 13.44 13.54 13.64 13.73

Y All diets were added on top 0.002% canthaxanthin pigment.

“mg/ke feed unless otherwise noted: Vitamin; A 12,000 U, D5 2,400 IU, E 8, K5 2, B; 1, B, 4, Bg 3, By, 0.01,
Nicotinic acid 15, Pantothenic acid 9.5, Folic acid 0.5, Biotin 0.09, Choline chloride 65.25: Minerals; Fe 60, Cu
6, Mn 60, Zn 40, 1 0.35, Se 0.01; Favoring agent 25 and Preservative 6.25.

¥ Ingredient cost (THB/kg air dry): Ground yellow corn grain 10.30, Rice bran 10.20, Soybean meal 19.20, Fish
meal 38.40, POW 43.48, DL-Met 67.00, L-Lys 62.00, Dicalcium phosphate 12.00, Calcium carbonate 1.80, Salt
4.90, Vitamin-mineral premix 64.00

NAaNTSANEILazI5al

asAUsznaumslnvusvaaAuvideiaIasludaiin

31NN193LAT18MBIAUTENBUNILAYUL YOI POW Wu31 d9ngusis (Dry matter; DM )
93.51% drulnwurdudadudearuos Air dry fall TUsAy 66.10% lusfu 24.80% Eale 0.37%
11 5.19% waswsaausianue (GE) 5,8734 kcalZkg wandl3luTable 2 agiiulain POW HuUSunu
Tusiu waglviuludndruiigeinitanduussunn 5% uaz 16% mud iy (66.10% vs 61.28% uaz
24.80% vs 8.89% air dry mugIRU) uaidsngt Fauansirfidiuesussiainin Medenaidu
szUaduildmvesnsegniazinaansansie Seinlifiussinlagianizensdaunaidosuay
woane¥aganin POW dwiue1 GE wuin POW fengandnantusin edidesunanitlasiuly
dnduiigeninnmn

Table 2 Nutrient chemical composition of POW compared to FM (air dry basis).

Composition poOW" FMmY
Dry matter (%) 93.51 90.69
Crude protein (%) 66.10 61.28
Crude fat (%) 24.80 8.89
Crude ash (%) 5.19 21.21
Crude fiber (%) 0.37 0.09
Gross energy 5,874 3,894

(kcalZkg)
Y Analyzed at feed laboratory, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang
Mai University.
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AUTTANINNISHAR LY

wan sty POW unuiivatuluemsialafissdusineg WWuseey 6 dew uanslilu Table 3
Usng i willdfuemnsldanasednsiifudidnds (P<0.01) mumsifinszdu POW Tugnsovns @
vilinandslvanaseafifudifyds (P<0.01) msfiviinmemsiinuvedlilinguiildsuomsd
POW sindnnguniuauu o1adianngfosningnsernnsiia POW il GE gsndnvantu dauansly
Table 2 Fefinavhlsindanuldusslond (VE) getuniunindiu POW lugasemsdae (Table 1)
lng POW 2gdlAn GE 89031 FM Usesnny 1,980 kealkg (Teyangseninsansiiiun) livaassds
Ausmsldanauiloifiuszdunsly Pow lugnsenms aeandesdiu Mbajiorsu et al. (2011) 7
s3I ligAuensmutiinamdsnuiisemedesns Welswdnumnudesnisudiliazngs
Auawns mswgduimnalusiuiuliléfudetu Felusumanammusiuuemisiau gl
winswasion1sunlUlonaalY (Tangtaweewipat & Cheva-lsarakul, 1991) @anaassiu Samli et al.
(2006) AlFFENWINTIY POW TAszdiu 0, 5 waz 10% Tuonslald wuiwandnlvanasmuszduns
14 POW lupns msfiandnlduazUinuensiifuanaadlelionnsid Pow aunsinuiads
# Wnadnudstusioauues Hosseinzadeh et al. (2010) #ifnwANSl4 POW S8 0, 2.5, 5.0 wax
7.5% nawnunisiduarduluemsialy Ysingin nasld Pow Tuemsnnseavlisinaidese
wawdnlailelisuiunguaiuas (P>0.05) faileraiosnmsinundingn fnsusuaunaves ME
Tiwidunnngy 3dlidwmadouinmevnsifusas Usinalusiuiudlaldfudetu iethaunald
wazUTunaosiau ludumdasnsldens (Feed conversion ratio) wuin nsld Pow Tu
onslalinnseiutaeliansnanisldomsdentsndnld 1 nnvde 1 va Aludeifieutungy
AN (P<0.05) @anndasfusea1utes Udedibie et al. (1988) #iléld POW LHuunaslusivlu
oslalufisedu 0, 10, 15 uag 20% nud1 POW luemnslalinnseduiidasinisldomsiinis
nauauay dnsumadiuiminld wui Sowaifstuedisitedidny (P<0.05) lunguilld Pow
wuitvaniulugnsenssedu 75 uaz 100% Weifsuiunguasuau erenandnly uay
iminlylumannaldaumaiildanns@nwadsd wuiwmnngalinaliuandeiu (P>0.05)
dmiudunuremsdenandnly 1 Iua Usingin nauiild POW fiszsu 75 uag 100% Jdunu
Aemsnonananltifiut uegeiitfuddy (P<0.05) aifisuiunduaiugu Vdidesandunu
Aevnsserandaly 1 va liannsdunsmemsgusisiinaensiny desansuuues
pvnSiuTunusERUnSlE POW fe 13.34, 13.44, 13.54, 13.64 Lay 13.73 UI/nN. ANUE0U
(Table 1) Faduannglinguilld POW sefu 75 uag 100% duyuatomsdenandnly 1 Tva
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Table 3 Production performance of laying hens fed diet containing varying level of POW

during 48-72 weeks of age.

POW in diet (%) 0 2 a4 6 8 P-  SEM
POW substituted to FM (%) 0 25 50 75 100  value
Hen day egg production (%)  87.23*  87.02°  87.23°  86.59°  86.48° 0.001 0.090
Egg weight (g) 58.58° 5930 5859  59.59°  59.66° 0.014 0.153
Fgg mass (g/day) 51.10  51.60 51.11 5160  51.60 0.174 0.094
Feed intake (g/day) 110.25° 109.30° 108.59° 108.03“ 107.61¢ 0.001 0.261
Feed conversion ratio
(kg feed /kg egg) 2.16° 212 2.13° 2.09° 208" 0.001 0.007
(kg feed /dozen eggs) 1.51° 1.50% 1.49° 1.50° 1.49°  0.003 0.009
Feed cost per
dozen eggs (THB) 20.23°  2025° 2023 20.42° 2050 0.011 0.036
Kg egg (THB) 2877 2846 28.77 2855 2862 0218 0.052
Mortality rate (%) 0.00 0.00 2.50 1.67 1.67 0547  0.029

=d Means in the same row with different superscripts differ significantly (P<0.05).
SEM=standard error of the mean; POW= Poultry offal waste

Anun Il

n15l Pow luemslilunaensyes 6 WeudonmunInly nawanslilu Table 4 Usingin
lsifnaidestognunmlaluduimdndenld dhntnldnn mougsldvn meefyin wasiminle
une uiendldunaiiarududunussdunindia POW Tuemmns (P<0.05) aenAdofuTenuTes
Hosseinzadeh et al. (2010) 7il4 POW luemnslilafisedu 0, 2.5, 5.0 uag 7.5% inavhlidlaung
dintu Tasanznisld POW sedy 7.5% fedldunsganinfisedudu nelivmpaduinaladuly
POW p1aiuamguesnsiivdvedliunanse dromumsgadudadainemns dduliunsasd
Tsiunaylutuduesiusznou (Lokaewmanee et al, 2016) aghslsfnnisiiinseiunsly Pow &
wavilviaeumuazauudsunsaveadenlvanamumsiia POW luens tnstamznnsld
POW wiufivanusesiu 75 uag 100% fanuuandnsainngumunuogisiildidny (P<0.05) oils
fifedunalginflevuanedalniu prununudenliavanasdsdenndasiu Olugbermi et al
(2010) i dwidnlvasfianuduiusundufuanumndents Saliuavinlinsly Pow
uwuivausEiU 75 wag 100% fnnamunddenlduazanuudunisveaudenlidesninngudu
uenniionafianveiiesain POW fussmtiosndn FM 8ndae susngdrdidishnindldna
w el Table 2
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Table 4 Egg quality of laying hens feed diet containing varying level of POW during 48-72

weeks of age.

POW in diet (%) 0 2 4 6 8  P-value SEM
POW substituted to FM (%) 0 25 50 75 100

Shell weight (g) 6.40 6.38 6.48 6.46 6.36 0913  0.040
Yolk weight (g) 1606 1612 1608 1619 1617 0882  0.042
Alburmen weight (g) 3681 3739  37.02 3716 3710  0.657  0.113
Alburmen height (mm) 9.12 9.03 9.11 9.03 908 0425 0018
Haugh unit 9512 9467 9485 9491 9506 0229  0.067
Egg yolk color (Score)” 10.36°  10.45°  10.63° 10.73° 10.92° 0.000  0.057
Egg shell thickness (mm) 0.385°  0.385° 0.382°° 0.378" 0377° 0011  0.001
Egg shell strength (kg/cm?) 4.39° 4.42°  434* 427" 42¢® 0018  0.022

Y Roche yolk color fan
=d Means in the same row with different superscripts differ significantly (P<0.05).
SEM=standard error of the mean; POW= Poultry offal waste

a3unansAnen

314 POW naunutartulusmslalifisedu 0%, 25% waz 50% Lifinadeanssonm
nswanlduagdunuaAtovsienisnanle Weiflsuiungueunu uwinisld POW sy 75 was
100% finavinlvinandnle auanldduanuvuinazauuiunisvenudenlidesas luvaed
Funuetemssonisndnld 1 e uazihniinldgeluegsdivuddgidodisutunguaiugu
(P<0.05) MAdpiaguléin anseld Pow Huuwadusiunaunulaniulugnsoimsiilissos
rouvanszndldgegaisedu 500 lnglifinaidesiosuunisudn mslinandnuazaanmle

AnRNssuUsZAA
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Chitosan and Clove Essential Oil Coating on Egg Quality and Shelf Life of
Chicken Eggs
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Nattha Jariyapamornkoon!” and Niparat Sritharet!

unAnge

nsfnwiiiingusrasdiitenaaouusyansnnaesansindoulalneuuazintuvoussme
nmungrenunliazergnisiiuinwileln vnsmeaedulylidiuau 300 Wes wdeululndae
asazanslalamududu 2 % fawfuiidunenssmentungududu 19 2.5% uay 5% Wiusnwi
guvniives Sannaawlaldun nisgadetmdn dsenyin fuilliuns dvidldun anugeves
Fos0n1A wazaraudunsa-nna (pH) vesldan il 0 7 14 21 28 waw 35 vean1MAADS
wansnaaesmu IlAdldsumandoulalnsuasiiuvenssmenunguiutu 2.5% uay 5% 3
Andesifudinisgydediviin wagAanugauestosornmasndileilildunisiedouseiad
Fodday (P<0.05) lutuil 28 uay 35 wenani luiledevansusznevvadlalaguuaziinsiuen
sEmenNUNLIINdY 2.5% uay 5% awnsashwiaAigengln Ayidlunnd A1 pH vedldvnalduin
AaniflowFeuisuiunguneassduluiud 35 nadindnerainanauansavesaaadeulu
nsUngnguuuidents Sshevzaenmsgadeiuas fwansuoulneenledeannagngu dady
nandeultlndslalrsuuazindunenssmeniungfinrundudu 2.5% uay 5.0% 8195nw
naunlauazdnongnmsiusnuilalalauiude 35 u
Fdhdey: Taleenu tsuneussmeniung naadou aunmle 1ol

Abstract

The purpose of this study was to examine the effects of chitosan and clove essential
oil coating on egg quality and shelf life of chicken eggs. A total of 300 chicken eggs were
tested by coating a 2% chitosan mixture with clove essential oil concentrations of 1, 2.5 and
5 % before being stored at room temperature. Egg quality in terms of percentages of weight
loss, Haugh unit, yolk and albumen indices, pH of albumen and air cell height was
determined at days O, 7, 14, 21, 28, and 35 of the study. Results revealed that the chicken
eggs with chitosan and clove essential oil coating at 2.5 and 5 % had significantly (P<0.05)
lower percentages of weight loss and air cell height than the uncoated eggs at day 28 and
35. Furthermore, chicken eggs with chitosan and clove essential oil coating at 2.5 and 5 %

can maintain the highest values of Haugh unit, albumen index and pH of albumen on the
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thirty-fifth day, compared to the other groups. These results may be due to the coating
blocking eggshell pores, thereby reducing evaporation and carbon dioxide loss. Therefore,
coating of chitosan and clove essential oil at 2.5 and 5% can preserve chicken egg quality
and shelf life for up to 35 days.

Keywords: chitosan, clove essential oil, coating, egg quality, chicken eggs
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Weight loss (%)

1 T

21 35

Storage time (days)

E& Control Chitosan = Chi+Qil 1% 0 Chi+Qil 2.5% Chi+Qil 5%

Figure 1 Percentage of weight loss of noncoated and coated eggs in 5 treatments. ®* means

significant difference (P<0.05) among different treatments in the same day.
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Figure 2 Haugh unit of noncoated and coated eggs in 5 treatments. °* means significant

difference (P<0.05) among different treatments in the same day.
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Figure 3 Yolk index of noncoated and coated eggs in 5 treatments. ®® means significant

difference (P<0.05) among different treatments in the same day.
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Figure 4 Albumen index of noncoated and coated eggs in 5 treatments. ®° means significant

difference (P<0.05) among different treatments in the same day.
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Figure 5 pH values of albumen in noncoated and coated eggs in 5 treatments. * means

significant difference (P<0.05) among different treatments in the same day.
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Figure 6 Air cell height of noncoated and coated eggs in 5 treatments. °* means significant

difference (P<0.05) among different treatments in the same day.
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