891U gRVUFNY IO

unasvaaunuiulunaie diploid (2n) triploid (3n) tetraploid (4n)
wazn1siguselevitunisvulanenslunngiile

Source of tannins in diploid (2n), triploid (3n), tetraploid (4n)
bananas and utilize on fecal nematode egg excretion in

crossbred meat goats

dUAR 1aN59

Tasen1saeUsEneuszanatuselaannRuaanyusguia
(quuszanauusun) Ussantauuszunal w.a. 2560

UM INYIREYTNA



Jeuyaail 9/2560

891U LRTUENYTA]

unasvasunuiulunaie diploid (2n) triploid (3n) tetraploid (4n)
nazn1suselovilunisvulaneslunnesiis

Source of tannins in diploid (2n), triploid (3n), tetraploid (4n)
bananas and utilize on fecal nematode egg excretion in

crossbred meat goats

dufn Tlanse

AMZINALULATNISINEAS

UMIINYIRBY TN INBNVATIUN?



AnANIsNUIZAA

FeAdeatuiidiseaaintuegned {Ideveveunm nudLasuNITITe Wniveae
Y5 Insaniivuativayun1sidy 3nsudssnatueldnntueanyusuia (sulssunm
WHUAY) Uszdntauuseanal w.a. 2560 UmIng1aeysn Mud1inauauenssunIsIduwiens

[y

o & = a a Y
bUNIEIEYEUN 9/2560 5'33JV|QGZJE]6U@UQ€UV‘W§U$LW@IUI@EJﬂWiLﬂUWﬁ URINYIFYUITNT INYVAFATELEND

Alvianueyneildaniunwlaide uaggunsaldmiuinidy auanidedd 87

Tdn5garenef



UNANED

U veIndae 1wy wa wazud annsaldiduems luvarfidusug sy du
o uaziadendrenatsidudaniefs muifedielddnvarseengninisdininlungy
a1suszneviluea Aeunudunuiiy lalasladunuiy Tudduien Tu wazUivesiugndie 3
nawaTun $3u 7 g Ao nauiluu 2 9n (2n) S1uau 2 Wus Ao ndaetiln (AA group) uazndae
#1l (BB group) Naxdlua 3 4a (3n) 31U 4 WuG Ao NAeveNleAau (AAA group) NaIEY
e (AAB group) N&281137 (ABB eroup) wavndaeiiu (BBB group) warnaudluy 4 ¥ (4n)
91U7U 1 UG Ae NaELNTa (ABBB group) Wudindigwmwsa dusuiuasuinudunuily
(174.60 un.AunTu/aa.) lelasladigdaunuiiu (57.74 un.unalaunuiiu/ua.) uazaisusenay
fluoatimua (45.40 un.nsaunadn/ua.) gefiandlowieudisudui 7 Wus waswuaeitanluly
se9a9u1 Ao U uagdduiiion auddu arndudadonndromnsaifiiuumnouaud-
uwufiugefign wiasuluemsunsile e fnwiuTeuifisunaveaninaiundas luomsuay
n15da vermectin sensdulanedinasluungiile InsAnwnadenisanaswaslingsluya
wazdnsnisiaigiivinluwnsidegnuaniugiufiosazuosinaylou ogussana 1-2 7
91w 16 M Tdununismaasswuuduluuden (Randomized Complete Block Design, RCBD)
wiadu 4 ndunsvaass Usznoude nquiidssdsemsgaseunu nuiliissineevisgns
PuALarldTUN15ER vermectin nduliisssnevnsgnsmuauuarldsunsasundewmnsa
40 waz 80 n3usiafmreiu audu vnsveasnluszeziian 74 Tu wngyndlasudanisia
daulnvdiautauazradiduemsneuuuuduil nansmeassnuin maaundemwsaly
91M5iNaAa18AUN15EA Ivermectin naemnsaiinainlitinn1sanasvesdiuiulang saa
naufinuluya wazdinsedulidnaninasgiulnunzfisfunusedunisaiundaommsa
(P<0.05) Wlarfisufunguaiuny agrslsfmunuiiafdinduidiniinguitlésunisia
vermectin Lilonageunanosnsnsasadvinnuin nguiildiunisda vermectin laid
nansEnuTaauiesnsnsesiulauisitunsdundiemmsa wiiduiindaunaiinis
isundnammsaluemisnszduliAanisiulingdesnunfuyauns iunnitunAvesszuy
maiuovnilodeuiunguiliieafisemagnseuau Fauslewiitldanauideilddy
wumslunsihdwdedisnlundeunfussansnmlussuunsnanewnsde Tuudveanis
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Abstract

Parts of the banana plant such as the fruit and the inflorescence can be used in
food, while the other parts including the leaves, pseudostem and stalks are considered
waste materials. This report aims to study the bioactive compounds in the group of
phenolic compounds, condensed tannins, and hydrolysable tannins in the pseudostem,
leaves and inflorescence of three chromosomal genome groups within 7 cultivars. Two
cultivars of chromosomal diploids (2n) namely Nam Thai (Musa AA group) and Ta Nee
(Musa BB group). Four cultivars of chromosomal triploids (3n) namely Hom Kiew Kom
(Musa AAA group), Sam Doen (Musa AAB group), Namwa (Musa ABB group) and Hin (Musa
BBB group). One cultivar of chromosomal tetraploid (4n) namely Thep Parod (Musa ABBB
group). The results showed that the highest condensed tannin (174.60 mg Catechin
equivalent (CE)/ml), hydrolysable tannin (74 mg Gallotannin equivalent (GE)/ml) and total
phenolic compounds contents (45.40 mg Gallic acid equivalent (GAE)/ml) were found in
Thep Panome compared with 7 cultivars. The tannin content was highest within leaves,
followed by inflorescence and pseudostem, respectively. Then, to compare the effect of
Musa (ABBB Group) ‘Thep Parod’ supplementation and Ivermectin administration on
nematode egg excretion meat goat. The effects on the nematode egg excretion and
average daily cain were determined. Twelve and twenty-four months old of sixteen
crossbred meat goats (Native x Anglo Nubian) were equally divided into 4 groups using
Randomized Complete Block Design experimental protocol. The diet of control feed group
(16%Crude protein; 2%BW). The second group had Ivermectin injection and was
supplemented without Thep Parod banana. The last group was supplemented with 40
and 80 Thep Parod banana of total feed respectively, followed by 74 days experimental
period. All goats received ad libitum alfalfa dehydrated pellet and rice straw and were
individually fed each treatment. The results show that the effects of Thep Parod banana
supplementation and Ivermectin administration were similar. Thep Parod banana
supplementation induced fecal nematode egg excretion. In addition, it was found that
Thep Parod banana supplementation significantly increased average daily gain (ADG)
(P<0.05). However, increases in the ADG were lower than that of lvermectin administration.
As with Ivermectin, Thep Parod banana supplementation had no effect on ADG. However,
it is interesting to note that Thep Parod banana supplementation induced nematode eggs
excretion of small intestine. This is probably due to an unknown irritating compound
present in Thep Parod banana. The usefulness of waste utilization from banana leaves
could increase a potential animal feeds production system in terms of a reduction
parasites and inhibition the growth of nematode eggs in gastrointestinal tract of ruminants,
including saving cost of production.

Keywords: Banana leaves, condensed tannin, fecal nematode egg, meat goat
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nsldusgleviannamelutagdudiulvgaglddiuvemanazudlunisuslan Tundeldviense
U35901M3 drudu veendae Fun d1du (pseudo stem) 1AFendne (floral stalk) uwuly waziuly
HuAundensdadudmilliuslenilation vieunuldldliuslomiodnedue lmdutymluns
famsAandefiavaiuaseliAnuannefudunndondnde dwiuinuninsignnde udminif
Aendiseenanduud wwdnundreuasiislilunlasiioldilulefivanusulgeiu vieusadaidu
gsdungrglumsindutimgndanm (Kanazawa and Sakakibara, 2000) $1AdefiAetestundrsiu
wdnlvg gefnwinguuesansuszneufiuea uuTinannludiuvessnaindas LUden uaniilevesa
nale (Kitdamrongsont et al., 2008; Pothavorn et al., 2010; Fernado et al., 2014; Sangudom et al,,
2014) fis1euideinldennaroiluunaseslen1ms (dietary fiber) ansuseneuiluea Wanliuses
uwnuily anlsfiuosd Tusiu nsnezdludniu nsaluduliidud Inuvaden unaBoy s1qman uavans
aaﬂqwémﬂ%amw?ﬂuq ﬁL‘fJuUiﬂ%ﬁ (Rodriguez de Sotillo et al., 1994, Larrauri et al., 1999; Wolfe
et al,, 2003; Emaga et al., 2007; Nagarajaiah and Prakash, 2011) A19UNale ﬁﬂjuﬁudauﬂssﬂau
Uszana 96 Wasldud drudsznaumaaiivesaifundis Ussnausie darases (8.16%) wailiueus
(8.029%) wTUTu (3.5%) unuiiu (9.13%) Tsarsusznoumaninuandidiugdunss Onyema et al,
2016) wn3andae Usznausae TsAunenu twues Tudu wasliunuiugs Jsemhuminduemisdnd
(silage) Wusu (Al et al., 2015)

Yo dgueanuninsredesiiissunsielulszinelne Ao nsnuneslussuumaiu
pnaiiiosninnindsauuuydesuyas (goat grazing) TnglunemAuiasmussng 155559 (natural
pasture) ﬂaiﬂmiamwm%ﬁuaﬂLszﬁLgmLLUUUéamLﬂm fio inanunsiifnnenSezUaseneiduuaenun
ﬂuaaamiummmaam mamaauwmaﬁaaaﬂmﬂhﬂ \mzagauiiimiend itueglndundsiuayd
anmiuuay udnataduisoussesfinde euny ﬂwmﬂumwmﬁﬁmwmuumlmuwmﬁmna
319m1e mndgnsananaldlasunisunleegreiunaei eraiiliunzAanesluszuuniaiueinns
99915929 wansen1slatinens vusradunszan wazdoydldsniau Tnsianzegebeidlddududs
LﬁudauﬁﬁmidaEJLLﬁx@ﬂ%MIﬂiauLﬁaiﬁﬂuﬂwsLaﬁﬁylﬁu‘lm dwansenulagnsssonisiasyiiulanaznis
Tinandn a¥rsnugydoludansugia 38n15desduiidenludegiu fe aslderdienens
(anthelmintic drugs) usin1sldendnenedidusseznauuiadeuazvhlinediinnsnesn uaziin
TagansiadinnaAndludungnawden nsanAsvesansiaiiludidnienadamansenusieguslaa (Niezen
etal, 1995) aifuiefianudndusdredafingdosinuuiiodnnsesfivayulnsfosduvoslne i
Uszansnmuazdaoadoanlimaunuvioannisldarnadl nudwnuiu fuduasuszneuilueaii
assnauduladngity (Schmutterer, 1990) fudanishuemsvesuuas (Blaney et al, 1990) naonau
ponguslumsvhaneifeusin uavdudsnmaasyiiulavemensinadlussuuniafuemsvesdniinen
Bodlél (Butter et al,, 2001; Max et al., 2002)
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e Trusndndvinisweenfnyidoiienunadusiunaunusiadug iieandununisudn
oglsAmuivlusiuniefivnszgadifiend nszu ua uzvume glircidia uazddavhaviiniiusanw
voadelogeuaziarsiwduesdusznou mliiidedrdalunislfiduemsdnd waziileudlaam
ymadenvidlunsiinlusiuiosduiimldainsssund wasiunuiudussdusenovtuaniulselond
sodniRedosfisesunislivssina 2-4 Wesidud uarlisenuitessyi unuiiuaansodfiunsude
QAuvIlusitu (microbial protein) lyarusndadlddnTudnifensodldgedu (Makkar et al. 1995a)
Tngunuiudnalnvilinelusauldgngssaaelaggdunidlunssmnzndn vilvlusaulusmisiiug
nszzasdldinndu iumsgadunsaesiluiiddnludlidn wasidnfaunsagafululdivsslond 3
Frefinsnsnsasydulalud@adld (Min et al. 2003) wardalnalaonseadiseureamens lnewdloas
tannin-protein complex Aumadngdldidnazdmaliafiesnisludléidnasty vlvisouves
wersliaansaniydulald mnldunudulufivemsda flussiuivangay asaglidnidguamalag
T ndudesldasiadl ﬁqLﬁ“flumimﬁmmmﬁé’miﬁﬂaaﬂﬁaﬁiaﬂﬁim (Min and Hart, 2003) ag4l5An1w
flsiusingneemiddeind msfnwausngauvessziunislddmimdeniannndas wu didu lu vie
U3 Wududsznevluomnstudmiuunaile fanuitefifeatestundreiiniuandnlvg fedinwings
voaansUsznavituea nudidivTinuannludiureseisnds Wien uasilovasmandas (Fernado et al.,
2014; Sangudom et al., 2014) Hu@u
nnusglevidnanvesunuiudsliiviuisanuddgueansiluiivlusiuifunuidulusefug
TneidonldduvasndeildannisinuideuTnuneunudunuiivannisinvineassidesiudl 1 s
Higlianuisolinsgikasyseliunuinilnvusvenady neuthundnyideuasnnassassludiidnl
ogslsfiony Saflssnumaatundsluommaunaielaiiintn fudfumuided 3 Sunfansiaduwm
furnnéeluemaunaie Wefnwinafifiemsdulingsuazanssousnasdounaile fadunsih
Aundefannmanunsluiosiu inlisslenflumsanduruaomauasnaununsldediened e
unleleymasnanilaglidmadunseiisaunaninandn

9 Usza9AvaslATINITIRY

1. lodnwiunadsvesunuiiunazesddsznouniaaivesndls diploid (2n) triploid (3n) uaz
tetraploid (4n) nAusdoiisninnsugnndas Téur dviu Tu uazuandae

2. viteldusglominnanseangninisdinimainduvdeisainndie Aadeniusndediingy
ansusEnouTluoauazuvuiugsnnsineidedulude 1 Anwmavesszduninailuommunnile
gruauiugiiudiouasuesinaydoudoaussousnmandnuaznistuliwedinasluya
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1. ndefldlun1sidedundqs diploid (2n) triploid (3n) wae tetraploid (4n) ﬁﬂqm’;mwﬁuﬁjﬁ
Tuiulasamsvhiudogns unfinerdoysm nenaesassuia Weluudadouslidnidou 980 uas
UszrsuiilUluandminassuin

2. Apszvarsuszneuiuea unullu (condensed tannin and hydrolyzed tannin)  Way
peRUsznaumaAiilunaienguiluy 2 4a (2n) 3 a (3n) waz 4 Ya (4n) mﬂmmaammmﬁﬂaﬂﬂma
Tawn ardu Tu wazvanale Judu



s aa

3. ﬁ’mLﬁaﬂﬂé"saﬁquuﬂ%mmmﬁﬂizﬂau?\luaau,azLmuﬁuqamLa%ﬂummmwuﬁa R
Wisuisunavessziunsldndrenaunmilugnsemsduduiaguasiiusiu 16% tneliiasuunuiuils
Mnndenalugnsemungidognuaiugiiuiiouasioddnayfoufissduuanmafuuieuiout
naulallaSueuarlasugnaenens vermectin dnasiadnsinaasaiuln wavdnnulinesluyauny

WAnlunTIRLagazung el wag/v3e NTEULLIANNANYLLATINTINY

AATIRLRAOIUNULY a15UsznouTusa LazesAlsznounIwAliueindly diploid (2n)
triploid (3n) waw tetraploid (4n) 9ndauimdedis tiun ddu lu wasdandae ﬁ]’]ﬂﬁ?ﬂﬁﬂﬁ@ﬂﬁﬂﬁ:ﬂéj’mﬁ
ﬁﬂ%mmmuﬁuqqmLa%aﬂ,ummsLLWSLfTa warfinmuUsednsnimnisiuld dnsnisiasyivlauas
UinallineSluyauns wazidoadanind 1.1

Source of tannins in diploid (2n), triploid (3n) and tetraploid (4n) bananas
Total phenolic + chemical composition

Tannins content (condensed tannin and hydrolyzed tannin)

N Triploid banana (3n)
Diploid banana (2n) Tetraploid banana (4n)
Kluai Hom Kiew Kom (AAA group)
Kluai Nam Thai (AA group) Kluai Namwa (ABB group) Kluai Theparod (ABBB group)
Kluai Ta Nee (BB group) Kluai Sam Duan (AAB group)
Kluai Hin (BBB group)
e
Y v Y
Banana waste (Pseudo stem, leaves and banana male bud (flower) ]

[ Total phenolic ] [ Proximate analysis ] [ Condensed and hydrolyzed tannins ]

-

High tannins bananas were selected and applied to foliage
utilization in meat goat diets on fecal nematode egg excretion in

Number of
nematode egg
excretion in meat

Average Daily
Gain (ADG)
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ASNUNIUITIUNTTY /8158UNA (information) AAe2989
ATRRAUINITUASANHUSN N UANERAS

néedunaliiiugnidudusuasssesandy uanidunalifiundeuiiugnannnin 130 Useimesh
lan nanedneglu family Musaceae Tu order Scitamineae %59 Zingiberales Usgnaumae 8 family Laun
Cannaceae Mirantaceae Zigiberaceae Costaceae Lowiaceae Heliconiaceae Streliziaceae Way
Musaceae naeUanyisenmeiuladnetlu section Eumusa wagfiainiinunannalet 2 species Ao
néeth (Musa accuminata Colla) uaz nédemil (M. balbisiana Colla) Fadundiedlun A uaz B
paddu ndediedlu section Eumusa fis1unilaslalan 2n = 22 33 wie 44 Tnefl n u3e X =11 ftdu
nmeUgnuisendieiulaiaiduiulasiuley 2 ¥n 3 90 waz 4 gn (2X 3X wag 4X) N1INTIUTINIY
TasTulesweandae axtevilinsduunviingndes Jsamnsansevinldlasnstudnnulasiulalsy &
laianansavinldenaliisdannandnunzmeuen il luresnds 2x fauadn Yanedeaniinds 3x
uay 4X Turesndis 2X agyhs dau 3X uaz 4X udeannaiiudne uenandaumuvessidlues
nanE 3X way 4X agmunniuduluvenas 2X aendiveinaie 3X uay aX Sinduniududilng dw
n&e 2X fadunsuwarlidunii (uaaune, 2558) ndaelu Eumusa Series wie Eurusa section ks
sonfungu TneduunandnugavedastilsuwaySlusduddy Jaudseonldidu &l Sluy diploid
(AA, AB, BB) 8lu triploid (AAA, AAB, ABB, BBB) waz8luu tetrapolid (AAAA, AAAB, ABBB, BBBB)
(Simmonds, 1962) ndrediugninlantutiagtu # 3 vla Ao M. carvendishii, M. paradisiaca wag M.
sapientum Bindreuiin M. carvendishii Ssavinu wariiuunawdstiosnin M. paradisiaca fisuuslne
anuilonauiyseliud uenvnilfndenduiidesiunisussonsiaasslaald § 2 ndu Ao nqulua
ABB (Pisang Awak, Bluggoe) wag BBB (Saba banana) (Robinson, 1996)

ndeduiirludonden ddduatedlifuiidnuasduih Sond wi vielslay (hizome)
dufiiuniioudiuitogmilofuiududiuiion (pseudostem) fimsunsie (sucker) Bondn ms
wainne  aidufienuszneudeniluiideun  fuiivinaleudu  duvanglidou  wifinsSesedluy
(Phyllotaxy) uanssnuogueiunaiy astsznauresnivlundis wuh fivpseiniAUszanaaTmils
vosiuiassedudiuesn et wmnaSesuuuiuedisioidies faduuenvesnuludusinae
fiansAnfuadousy uenanidmutnly (stomata) aguunuludnie dmvssimuluiidnuwaenauy
wandusesmaiiuuy dudsewduluiiviedwioowmns wasfinlufiansdntuadou egiudu wiuly
(leave blade) Usznaumedunandhukaziduluiivuruiududmauunn Janeluau grnilunauviediis
fuoenin vinanaausuludarmmnniuaelukasguly Uinludsingegieinuuuuasduans
vaawiuly dnwasngluvesiuly wudr Svesemamnaudedstunivlusasiuly winluifaniaa
WdsuTaEuULLaEAuans Msesauesiludeunsiuandduilonasiety (vertical) uwasouvuy
fuituiiu (horizontal) nsimeloutuegiusulashileumasndeie ndefiidulaslulaumane
4n Yavesluaziivinlg Tushieuaaiiosniiiminun uarluasasuumaailewsaddud 33 as
Wigmeaaadounsdonan (unsUd) nmsindenentu eenfldautaesensuniaieatuly Send1 o0
pon (flower bud) senoenidude (inflorescence) Wiatenonluatunieiomiunsald 12 u lu
Ustiuv3enuud (oract) fdam Autenen (stalk) sxBneniléine 12 Su neniteganigadudensndn



o dhumeuuudunendag 1o US (male bud) mMuuaTiegszmitsmenazistuneufinenazfnnaliies

£
a v

Antlen unasdindinnsthusetuaintans vissdalifimstiuse msfimuladdufidelvinendagyiue
Aeadestunsuaunas msfinnatuegifusuiuresnguneniiegilaunieduaswesionan Unffinng
fima o077 A3 (bunch) nilaaedl 5-15 13 (hand) wigathedivuadninng 2-3 ua wavdaiiiinan
ponnuedvagseminmandadiouaznendaey wigavheviail Bund1 wifiush (false hand) N3
LagMsLa3uetNa wand (finger) fsUsnananuen nnszuen famemdudiing 10 wufims
N3N 30 LwuRiang wasigus1enss 1ie vaedaldadum S Wednnuvnaesmandeiiuiysal
N9EITINY (physiological maturity) WuU11 mﬂ‘ﬁuﬁ"ﬂam U’N‘ﬁuéﬁLM?SNLﬁULﬂUNN%QQJ’]ﬂﬁ@SLLéI’JLLGi
gilaniug Uarenanfinuuansieiu na1afe mﬂwuﬁmnauﬂ UNIUEINEIMAZLAN Ueiugnivilon
Ao Visuglaifignuagiia fiynufeuaenall veiugifunasiadioineg vietuglid (ugauna,

2558)

dswguAlnguunuily

iy Wuansusznouiiueaitiivadadunusssuni sisare dHeu wievn annseazate
¢ fmflansondaidusuauinn fMuanalnauasiesiaiiesdudou dmiinluanaogsewing 500-5,000
aasu fanrusidunsageu laevaluunuduwiadu 2 nau A9 lalaslawidaunuiiu (hydrolysable
tannins) Usgnounie wnalaunudy (gallotannins) da3unudy (ellagitannins) (Mueller-Harvey,
2001) wagpouAudunuiu (condensed tannins) n3alusueoulstoefifu (proanthocyanidins, PAs)
Wunedwesvesnaliuea @wisainujisensaudaiulusiu (Hagerman et al,, 1998; Harbone,
1998; Naczk et al., 1996) M‘%@Imaanm (neduganlsa wie losaulans) 1@ (Mueller-Harvey and
McAllan, 1992) MsAnwInsuaudunuiuinlgenn wWewndlassadesudou waziinufAsenoand-
wiuldine fvhazatefidenldadn fe exdlau nie wsuea (Waterman and Mole, 1994; Mueller-
Harvey, 2001)

wnufunuldiluludrusineg vesiis 1w wWaen wiulsl wa lu nen wia wazsin Wudu
(Handa and Kapoor, 2003) §518971471 wurpuaudwuduludundonsannnisinensatsyda Taua
Waendu uaziUdenuzun (0.1% DM) Wienddas (2.9% DM) Ruudennasdu (11.3% DM) v uden 1
ga4 (2.1% DM) uaz 1Wiennds (4.9% DM) (Kondo et al, 2016) fiwiaulafiazldifuunaaunuiy
wazdgnunnluynaavesUszmelng Ao ndae Fedadufiviifidwudion lifidoldl (herbaceous stem)
WiiulnTInE fanugelszanm 3 §e 5 wastufuameiug ndeanmnsniurldusslodnmasanud
asTalusnas (Amit and Shailandra, 2006) dauUsznouiidfalundae el drdundae Sindu
drulsynoulszannl 96 Wesidua drulsenaumaaiivesdrnunais Usenousie danasus (8.16%)
Warliuoes (4.02%) g11Utiu (3.5%) wnuilu (9.13%) %amﬁﬂsvﬂaummﬁﬂmamﬁ’aﬁwmaum%‘é
(Onyema et al., 2016) usnantadundredalsyneude waglaa lalawaglaa (holocellulose) dndiu
Tk LLazmsauq Wudu (Li et al, 2010) Tundie WWuwnasvesarsusenauiluea (Girish and Satish,
2008) Uan&ae tanssomsdmiudidulsaumu aminaluden vie naeduihuslundgedasss
819N (astringent plant sap) THuAld audh 91n1sanden 199919 Indn1MT w50 Luasia LUudu



wsendie Usznaume 1Usiunenu Trlues Tudu uasliunuiugs Sefleanhumindueimsdnd (silage)
(Al et al, 2015) nandae Taludruveaidenuaziiondqs Ussnousae Saniud ’mmuua Ug7-al 591
Waliuees lnsanizegrsdsluiondrs wuasusznoufiueasiy uasumuiy mmqmauummua%a
daseludsun dge (Macheix et al,, 1990; Nicholson and Hammerschmidt, 1992; Someya et al,,
2002) wupauANTAEF U (antifungal) wasituenUiTugdugadn (antibiotic) ludenuanilend s
gn (Brooks, 2008) wonanisanuasiauiiu waselsiniudndae (Anhwang et al., 2009) d@udsznau
Tunandae 1 na wladudiuvenudonuszanm 40% vewuhninas dadudwiuslaalildnaredudqu
fndeits f5eemddeinudenndrefuumasvedeainns (dietary fiber) ansusznouiiuea watliuess
uwnuiu anlsfiuosd TUsiu nsneziludniu nsaluiulidud Inuvaden unaBoy sqman uavans
aaaqwéww%amw%m ﬁlﬂuﬂiﬂwﬁ (Rodriguez de Sotillo et al., 1994; Larrauri et al., 1999; Wolfe
et al.,, 2003; Emaga et al., 2007; Nagarajaiah and Prakash, 2011) 511 Isﬁﬁﬁw%ﬁﬁﬁmiéaﬁmmi
Anund 1sadn wannale Tdusslevtdannilonveaudn (seed mucilage) lngldSnwioin1sviaesasly
UsznAdulie (Bhat et al., 2010)

AuaNUARAYVBINUTIY

AavanURvedwnuilu Jassnanduladngie (Schmutterer, 1990) fudanisiuermsvosuuas
(Blaney et al., 1990) é’ugaL%yaLmﬂﬁL'%Ef[,wfﬂLLazaﬁuw%ﬁﬁﬂﬁmmsLﬁﬂﬂéuﬁmﬂﬂa maamuaaﬂqméiu
AsvaneeUsan LLazé’Uégqmﬂﬁﬁglﬁdmmwm%ﬁaﬂmﬂ,uiz‘uumqLaua’lmﬂmé’mﬁﬁmﬁaﬂﬁ
(Butter et al., 2001; Max et al., 2002) dlufivevnsdaiimsndes S5eeuInUSauuiusy U
faununans (20-40 g/kg DM) @runsatesiunisiinyiasdn (bloat) iunisvanuves non-ammonia
nitrogen wagnsnexdlufidndny aaonsufigdunisiusiuiivariuindsiumisosdilédn ldunndu
ﬁﬂﬂy’ﬂLmuﬁué’fqmmamiwﬂaﬂﬁuiﬂsaugﬂsjaﬂaawaiuﬂizmwwﬁﬂ (undegraded dietary protein, UDP)
MlALAAN1T bypass protein (escape protein) IuﬂizL‘wwml’ﬂLLazszj"aEJLﬁmﬂszﬁm%mwmiam%uﬂiﬂaxﬁ
Tludldanla drulnwvesunuiuisneaunlalasiawdaunuiu (hydrolysable tannins) a7ntlden

Babiiaanuduiivselaninlasulutiunags Jsfleudonldrewnudunuiiu (condensed tannins)
Aleanitnnieg unnilelaslamidaunuily (Niezen et al,,1995)

ﬂmamﬁaﬁwéﬁ’ﬁysuamaumuﬁmuﬁuiumaé’u5@m%m§qg@ﬂmmLL‘UﬂﬁL’%‘sJ INTIYIUIYUD
Jones et al. (1994) Fawu uwnudufanauiFmunstudimaasyivlaonuadiiold feanuduiy
vowunuiusegaunislunssmneniniusgfuriauar UimnaunuiuiidnTlésy wagnui lelaslawda
unuiuiifiueqdunidtosniiaeueudunuiu lae Reed (1995) Iddmunnalnnsdudanmsvhauyes
aunEdlunszimneniin 13 3 38deiu fo msdudinsieuveneulyiydunis iWesanieulueiiy
a1sUszneulusiu uwazunuliulinuaud@lunisduiulusaula iieulsdliausadiinaula Tag
wulusueulsleeiifu (proanthocyanidins) aansaduiuteulwsl protease U3 Streptococcus bovis
uay Butyrivibrio fibrisolvens mumaﬁuaumuuumamLmuaa%mmMmﬂmmmsnLaaq fu unudu
ansndudnisdesanelusiulunszimneniinlaegaunidld idesnniinuautfarusannaznouiy
Tusiuld vilaunididnlugesamelusiuldtosas dafulushuluommsfannsoriulgnszsmneads



wazaldidn dndanunsadesuazgadululduselonila (Reed, 1995) aanadaafiu Niezen et al. (1995)
wui unuiuannsatiedesiulsiugndesaaelunssimnzusinuazanunsafinyssansnmnnsgads
nsnezilulualddnle Tne Frutos et al. (2004) wag Santos et al. (2000) laAnwinansiadulalaslaw
WDaunuiiuneuszandnnnisueuaalalushiu (effective degradability of crude proteins : EDCP) Tu
nszinevsin (n sit) wuinguiadulelaslawdaunuiuiidUssansnmnisgosamelusiuanas Ta
mngaui Willuanewnsiidnifensesiudlugndesaanefinssimngviinldiosas shlnlusiu
Pnewnsiiausariuluginssmzdadldinnty eradunssnavesansuszneu protein-tannins
AAnTuluiiermsdns Tneansuszneusinaraiinain H-bonding sswinaunuilufuanslulamsnuas
Wsfu Tnsamzeanudunsa-ans (pH) fidunans sansusenau protein-tannins 9¢kigevaansway
asannlinumufinnnudunsa-aasening 3.5-7 usagldanunsansannlduazazlanuaeslusiuli
quaaﬂﬁamwﬁmmmﬂuﬂsm-ﬂ'w <3.0 uag >8.0 Jones and Mangan, 1977) LN 1511A88UB
Poncet and Remond (2002) finuinnguilaunagliiaiulalaslafaunuiulifiaauunneig
Hleansedunsawnudin (tannic acid) Aldlun1snaasseradiduly (3 Wedidud) Seldinansenusie
nstovaaelusiu

nalnn1seanguiesnuiulussuunisdesesludaifendesiuasunodadléed Tusiu
MnomsiidnfiRedosfudiluasgndosanslasadurislunssingvin Tasieulssl urease sedi
arudunsadumafiiunzan (optimum pH) funsiingegaanelusiuazagsening 6.0-7.0 lnglushu
sxgnlalastadliuaisusznevegiedie (simple compounds) iy weulandly, VFA, CO2 a15Usznau
wianil #lén NPN uax free amino acids agrldustlovilasqdunidiiomaisiyiivln n1sdosaans
Tusfulunsemneniindseas Beadelud qauvidlnsamsuuediGelunsameninazdidesaais
TUsiulaenan extracellular enzymes seduaadunsa-rsfimnzaufunsdidesaanslusivey
5311714 6.0-7.0 WsAuazgnlelasladlfiudulnduazninesily Sedwumiazgnlivszlenilnensslag
QAun36 ndurzsdnuenliuionaznindunidfenszuiunts deamination Uszanm 80 wWasidus
voslUsAuangduvidasgnduaszinnuenlinde uay 20 Wesdudzduaszinnnsnesiilulaense
Uszanas 60 wWosidusd wes dietary protein aggneaalunseinizndnlinsnezilukazuonluile aesls
fAnummanunsolunisazaneldvedlusiudutladoniisvinasesninisunniveslusiu (Handerick
and Martin, 1963) uazduoejfudnumenasssumfives dietary protein U7 fe waglusiufiiiudng
nIzzaTe FsagUszneufediunanszrielusiuanwadedund warlusiuanemsddigndesly
anmelunszinenin WeRumaniazgndessiode proteolytic enzymes Idifunsnozilundgadusin
wifadldidrgnszuaidon druldsiudiligngosazinuluds caecum Feaziinsnsfnsdeiduifioaduly
nsgimzusinliuonludoudrfudunts caecum druveslusiuiligndes (microbial and feed
protein) AxgnTULNg08NN19gITE

navasunuiuentsiuline Blussuumaiuemsvounsie Wouwnuluaunsadiunisnde
QAUV3EIUsAY (microbial protein) Alvasusngsdlddnludniifendodléasdu (Makkar et al. 1995a)
wiufiuagiinalnyilvdielusiuldgndesaaiglneadunidlunseimisndn sinlilusaulueimiseiug
nsunzasaldinntu iunsgadunsnoziluidfnludldidn wagddniausagadululdusslovd 3
Frofiudnsnaasaudulaludadld (Min et al. 2003) wardsinalnensssofigeuvamens tneiloans
tannin-protein complex tAumaiirganldidnazdsmaliafosaeludldidngtu siliseuves



IS =

wersllanunsasaiulala vnldunuiuluiivemnsdailussAuimangan wdiglidaidguainalay
Lidndusedddansiedl Judunsndnemsdninuasndededuilan (Min and Hart, 2003)

Uszloniiiaainesldsu

AIrINIsT AfarikanuIdelunsassedunaviseunnd vve dnauenanumaiyinisiy
N15UTEYAVINTTLAUNANTOUININIA hae YTUINITNUUININIAIMNITAFIANTUNISISeUnISaau
lundnansimermansindin a1vivinunsaans

Fruaryena aansldeuitiglunisanyiialine s Jadulslemidunszuiunsadn
dndiasughalimoifios Yaendouazdsdu ioiiuussdvinwuazyssanine Tnoddedediuyunisnan
uazdsnden

AaIpLaryNyy MsagldusEloviannauddegyuu lnsenenmalulaguanainuiduriu

MIUTNITIVINTUAYUYY UMINGNGEYTNY Ingnunaszuii iazladnisneimuiuns asgnay
nunsnsimang (target users) Wianunsahluldliegnauiass uwaslivselovigegadoUsenavid nioy
advayuliinunsnsluiiufivestainassuiuas mialndifeddosnautiase



UNN 2
ATAHUNITIVYRATNANITIRY

1. Apszviansusznauiueanazunuiiy Tuddu Tu wazudndoe dduluyalasiulau 2 ¥a
(diploid) 3 ¥ (triploid) waz 4 Ya (tetraploid)

1.1 NISHHSYUABYNINAYAYITDUMIAS

s ¥ 6 ¥

WugnaeAldlun153dy w9199 2.1 FadgnsrusiuiughlinwUassiusiuiugndie Wasy
ABE1e UNTINENFEYINT Ienunasewi ddinves a1du Tu wazudndie (nni 2.1) 1vinliums
lagniseuniggauausou (Memmert UF 750, Memmert GmbH, Germany) gaunil 60 841-
waded Wwan 48 Falus 9ntuusmeditliaziden uaiseudiagalunszunsvwg 2 Taduns
a a o w [ Y 1 4 a a a a IS
Ly 0.5 dafiuns mudinu waziiusnwdlegrausisluga@uyiln LOPE Ngaumgil 4 seAneaidya

AWNILNINUIATIZAVIAEBU

a v

A5197 2.1 nédaefillunside ffldnougelasiulen 2 4a (diploid) 3 4 (triploid) Wag 4 Y (tetraploid)

YA NGy nguday Wug (Cultivars)
Taslulay
Diploid (2n) AA nawiln (Kluai Nam Thai)
BB naaemll (Kluai Taa Nee)
Triploid (3n)  AAA ALIUAY naneveuleIAel (Kluai Hom Khieo Korm; syn.

(Cavendish) Dwarf Cavendish)

AAB nananuaau (Kluai Sam Duan)
ABB Naa81i1I" (Kluai Namwa; syn. Pisang Awak)
BBB nalutiu (Kluai Hin)

Tetraploid (4n) ABBB nanevnsa (Kluai Theparod)
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dl 1 o v a v A o o a v
AT 2.1 LEnSE@INTRIEIAUY TU LaglanaeNuiiN1yinnsIve

1.2 A5aNnA20819

afnfot1ande Tnededmtdndiegauis 10 nfu Yiunadadioesdlay Anududy 70
Waslwus fe33 Soxhlet afnfageUszuna 6 soU wisaunseitalaldiid wswarsatauaditily
SYLNIUTIRIELAS D g Rotary evaporator (BUCHI, Rotavapor R-3, BUCHI Labortechnix AG,
Switzerland) igaumgil 50 ssrwalTea aunszvisfviazatesemeoonIun Mntuazaieiieng
#8 70% tevsnuea Uams 10 fadans thludumissiewdostumismigudnans figuwgd 4
parwaLded A3LS3 5000 souseun? Wuian 20 ui Viledivansannaiulaldlunasaiu

Mege ntuiuinwfmedwansaiaiigumall 4 ssrwadeaaunseivlnszinageu
1.3 N3N Nagaua1sUsEnauiusauasunuiiy
1.3.1 a15Usznauiueansnun (Total phenolic)

AnTziUsinaEsUssneufiueaonun 833 Folin-Ciocalteu method (Singleton
and Rossi, 1965) SnEazideasad Wisegnsadn Usuims 20 lalasans maufu folin-Ciocalteu reagent
Usies 100 Tulasans waulidniu wasdislionmgiivos Wunan 1 wifl snduidn 7.5% wA)
Na,COsUsuws 80 lulasams waulumgniu ﬁﬂ*’ﬂﬁlﬁmﬂgjﬁ%sWﬁqmmiﬁaamu 30 W AAINNS
aanduuaslagly microplate reader fimnueAdy 765 nm Wisuifisuiunsminpsgiue
w89 Gallic acid wagsisnunatduusuna Gallic acid equivalent (mg GAE/ml sample)
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1.3.2 Ysunaulalasladunudiu (Hydrolyze tannin content)
ApsznUsinulslasladunutu @e38 Folin-Ciocalteu method (Singleton and
Rossi, 1965) S1eazidunsail 1degnsain Usims 20 lulasans waufu folin-Ciocalteu reagent
Usinms 100 lalasdns naulidniu wasidlifigumgivos e 1w andwdn 7.5% (W)
Na,COsU3ams 80 Tulasdms waulidiu AdlfliAnufiseflgamgivesuu 30 wiit Yadinns
aanduuastagly microplate reader iAueIAdU 765 nm WisuifisuiunsmnasgIuANaduiu
94 Gallotannin wagsneaunalluuiuna Gallotannin equivalent (mg GE/ml sample)

1.3.3 Ysunaunauaugunuiiy (Condensed tannin content)
AesguTununsuauguNUiY A2e35 HCl-vanillin method laefnuUasannisnis
84 Singleton and Rossi (1965) S1waiden feii 1thineeeain Usunas 20 lulasang weuiu 19%
vanillin U3uas 50 Tulmsans wazansazans 25% H,S0, Usuas 50 lulasans waulidniu Adily
\Anufisefigumniviedudifia Wuna 15 wifl Yarnsgandunadagly microplate reader A
g120AU 500 nm Wisuisuiunswamsgiunuddues Catechin wagenunaduuiin

Catechin equivalent (mg CE/ml sample)

2. MFAATIVBIAUTENBUNNALAY
ARLRaNugNABuadIuYaIIuNIeNIUSINMAD WAL UTLEY 91NN1TNAABIT 1 WY
Ysunuasunudunuiiuadudiuvedundiswmmnsa aniudshlundigwmnsauiounianagiiase
13 Nad gy v ° o =i a & =
asrUszneumaail TeldiluteyalunisAmunaudadiunsasuluomsuneilledely Muasidualy
MlATzviesdUsEnounwail Jnad

a

2.1 duiffudegrslundromnsa sneuuisfigunadl 60 ssrwaiea 1uian 36 Falus
JUNTEITILTsEDn

2.2 Whghegalundremmsalude 2.1 uhnmsuasieedesuniuagun e 1.0 faduns
wéthsegdilaaullunwusieain Wefnwasrusznoumaaiinely

2.3 thihegslundremnsaniuaudlude 2.2 idwseidefnwiesdussnoumaad Tnenns
1938 ms3giuuuUszanas (Proximate analysis) (AOAC, 2010) (A157971 2.2) Bs3Laszsiinguate
Tne1A3e9 Hot air oven ﬁqmmﬁ 10045 sarwaldoa Wuan 4 $lus, Wsiumenu (Crude protein,
CP) (AOAC 18" ed., 2010, Method 984.13) TaeLA3as Kjeltec auto analyzer, lusiu (Ether extract)
TneLA30a Automatic Soxhlet extraction (AOAC 18" ed., 2010, Method 2003.05), 101 (Ash) Tagn1s
Lmﬁqmmﬁ 550 parwaldea e 3 9alus daudelevieru (Crude fiber, CF) (AOAC 18" ed,,
2010, Method 962.09) iiiliazaneluns (Acid insoluble ash, AIA (AOAC 18™ ed., 2010, Method
942.05) warnyhnsviielelng Detergent analysis (Goering and VanSoest, 1970) g feledilyl
azarlufmearauiiidunans (Neutral detergent fiber, NDF) 1ialefildazarelufiinerauiidunse
(Acid detergent fiber, ADF) waz Acid detergent lignin (ADL) Tneip3es Fibertec auto analyser
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3. Anwinavesmalaundevusiifiviinueeuwaudunuiiugeiigaunistuluamstuumaile
MNNaNTIATIEIUTInaasUsenauiiuea lelasladisdaunuiiu uavpeunudunudy lud
duiiten Tu wazuandae Aslynilusuandnaiu Sy 7 siug nuiilulundewmsa Suhinuneuaud
unufugefian Tdndendnluramniommsavsaiiluemsduumandognuaniusiudouasios
TnaySousioaussnugnndn uazUszAvsnmlumsdulinedinasluya Measndendetolud

3.1 dndnnasg

winenAaowNAIElasun1snsatiulune sieisnsdaninmansulin (per rectum) e
N15MA803 M1N139539M LUne15luganse e ngnAalagds McMaster egg counting technique
(0104, 2501) Mntudenuneiinsranuiillines Strongylid lugaatse ergUszaas 1-2 U d1uau
16 § udsmaimifnunsdu 2 ndu ungguimifniade 10 Alansu uazuneiermifniads 20
Alanu (Wnzdu 8 Fuazuneilo 8 i) daiwiniudusasinaiesnne shnmsduunzdiaennaass
warliosnaasaiieliuneusui uagTnusinaunsiuiioUsuliinaemsiilineunisnismaass
adunan 14 Ju Wielvdmauiasfuanineonnaassuazenanaass msliensungaylreimis
2 ﬂ%ﬂ ABLIaT 07.00 U. taz 15.00 u. LLW%‘VJﬂ(;l"ag]ﬂLgﬁlﬂIﬁEls?JJﬂUQE]ﬂLaEJTZJuWW 2x2 Wes lulAazAanay
fiorsimanafndmsuldiazernuarfounisigliiunaenia wizvaaomnnguagln fuomsvud
Seguriadndin 1 Wosdunveniutng warldfuomsvenuamnmi uwuu ad libitum Tagluusay
nauldsunsmaunundendromnuiunazidealudadiuiunnsiisiu wazludisgarevesnismaass
Lvawﬂéfmvlﬁ%’umiih8wm'§ﬁ”’amauaﬂLLa”msﬂ,udauUd@aﬁudWﬁm 1ABINUHUNITAADILUY
Random CompLete BLock Design (RCBD) GMLL‘UQLL‘W paniu 4 nqun1MAaeY nauas 4 61 Block
DU LLauamwmaaam 4 ﬂaumimam mu

ngudl 1 (@m13nguAIUAN) ﬂqumammammsqmmmm (@stunandsagy 16%
TUshiu (CP) saufuemsnenu fie Sanvhuiwdnsadasiutunadrliuuudud Tnedilifinnsasy
aeumusunuduiildanlundewmsauisunaziden

ngufl 2 (e1vsnguAIuAL) (@1Mstunandiagy 16%CP) SauAuemImeIy Ao Savih
Huiwdindadinsutuinddaliuuudud Tnefldinsasurouauduniiuildanlundomnsg
whtunazden + WSun1sdnediene1d Ivermectin (IVM) (0.5 ua. siothwiing®d 25 Alansu) wiitls
N1misusIAe

nguil 3 (@1MInguAIuAL) (E1MsTuNand3azy 16%CP) SauAUemITMeIy Ao Savi
Wusisrdadadasinduriedlduuuiud + weSurowaudunuiuildanlundlrewmnsauis
unaiBundiseiu 40 niusedse iy

nguil 4 (e1snguaIuAL) (@1Mstunandiazy 16%CP) Saufuemmeny Ao Savi
fusisrdadadasinduriedlduuuiud + w@Surowaudunuiuiildanlundlrewmnsauis
unaiBundisu 80 niusedse iy
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3.2 FBN1SNUTIVTINYIYA

3.2.1 ¥nsdamindninaaeang 2 dUnmvesszesnaaendused iefnu
Snsna3eiule (average daily gain, ADG) vadmmaass tuiinnslnemsenviazauiivdeluwn
azfu wienduifiudiesvemsuazormsiimdeluunazvinumuanng 2 dam vesn1naasd Lile
JluAesigrmnesnlsenauni1aadl tawn DM, CP ash, #1u35n15 AOAC (1990) CF wag NDF, ADF
ua ADL naiBn19783 Goering and Van Soest (1970) antumsdufiusaegteya wiadu 2 dw fo
1) dhuiiguifiugaiiiensialanedlagliisnsdrsinunnamiin uay 2) dudiguivyaiiievinsdnm
ymsteslduarUiunsiuldiomelneli3snmaiuyaidnifudsesninneusnud deil

3.2.2 maifusegagailonsiadulaned feimsdmmsmdnilugg 1 dai
AeudunIsnaaeiieuiingn Eeg per gram (EPG) voaluneg5ngy Strongylid luyauns 1 niureu
nsnaaes lagldilelasaugefiosnafiuiauazazernuinuinuninmindeuiinistihsamaeiu
(lubricant) wazwneddlinafdudavemmavtndu Wedesonisléidoussana 2 thasadly
&r99997138l8 vhnaiuRsugsliennadsiivhnsdmaviinluumsudass dmsunsnsiagaunsdie
Hudwulaneg s ndnlieimamaasiudd 92in1snsIaan EPG yn 2 'B’uajmﬁwaiué’ﬂmﬁﬁ 1,2, 4,
6,8, 10 waz 12 Aeuliiomadiafufie:

3.2.3 nMsfinwinisdels Tusgninanisneass duiuyaludUansianineveinisnaes
(3 Fugavheueang 1 Weu $1uru 2 ady) Mndninaaeadusie Tasdu 1-2 aswiotu (ewly
9115141 (06.00 w.) Tnevinsdaenyaannmnsvinvesdeivnasdlagnss vioe1aguyaanyanosi
Twifignnans ) nessamiu (ws1, 2533) Tnevhnsduiiuga 10 Wesidud veayaiidudesnuiluume
naRBIsarA in1seandyalinauiu (pool) wisyasenidu 2 d diuusnduinseeag 50 Wiy
oufl 100 ssrwadoa 1Wunan 24 Falus e luduminguite daudl 2 gundesas 50 uaz
nluoud 60 ssmwadsa Wuian 48 Falus udniluumsiiungunsavuna 1 faduns el
Ainszsiesdusznoumaaiiuazinlumuimanuaunsalunisdosldvesemsty nuisnisves
Schnieder and Flatt (1975) Tasnsldativanielu (internal indicator) fe ihitliazanelunsa (acid
insoluble ash, AIA) USinaevnsfinuuazdusonunazdestsuliduommsuiadonou uddaiang
Qmﬁwmmﬁmf
Apparent digestibility (%) = 100 x DMI or nutrient intake — DMI or nutrient in feces

DMI or nutrient intake

3.3 nM1sasanmidnuiulinesluya

3.3.1 MIANYINATDIETADUNUTUNUTUABAIGOUYDINYITNGY strongylids el
vaennaast Ingldi3 larva migration inhibition (LMI) (Wangland et al, 1992) 3uannyinisifiule
NYITIINFI0E19899158 V0N YN 2 Fuaninevesuiazduav naenn13naasd lagdiuniinis
LAENiagaunen3 1ned3 Baermann technique (87A1, 2541; BN 9, 2547) wazfiuinwily
asazany normal saline LlethumageuravesasAsuauduLTiy Aodnsinsmevemesluvaon
nAaes (I vitro) lagmsrvaeunaindoulmvesiiseunesluudazngunismaass wazduiinduau
nesfimenseliiinsindeulmluszozing 6, 12 uay 24 Falus
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3.3.2 dhyailfiulunsratfulineddinanlngitasesuuuing (Simple Floatation
Technique) TABthgaanse 1 n¥u (EPG) waufutundedus 0.85 wWosiius Usina 10-20 faddns
Tu beaker aul¥iidnfu wdnseslaetnnses 2 4u MHfleTuifiothveanmildilavasamaaosaus
Usuned wdai cover slip I TneliRvesvonnarduiasuianes cover slip wed (eg114dl
Wago1n1A) Aenield 30 Wit ielRliusanasesauarin cover sip unnsuukHunszanalas wé
asramldusdndiondesganssaiainiidavenenlugs ndnnig Ae sinlilanerSasesalaeld
ansazaneiifienumissuneganitling s wu dindedud (saturated sodium chloride)

3.4 M3Aszvidaya
WATIERAMUULUTUTIU (Analysis of variance, ANOVA) maﬁayjaﬁlé’ PINHALAIIULANAN
ogslitfvddymisaiifesimaSouiisumnuuenisesaiadessningunsmaasslaenisld
Duncan’s new multiple-range test ﬁaaiﬂmmmﬁ%%%gﬂ SAS (SAS, 2004) wag Least significant
difference method (LSD) sglusunsudnsagu STATISTIXS (Statistix8, 2003)
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NAN15IY

Usunaansusenauiueanazunuiu Tuaidu Tu wazuanaie

1. Usunasansusznauflueansan

AnsziuTinuasUsznoufiuearanualugidu Tu uasudndas nauilun 2 4a (2n) $1uu 2
Wug Ao n&ethln (AA group) wazndrenil (BB group) naudluy 3 4a (3n) 31U 4 9ug Ao Nae
vouBearen (AAMA group) NdwELiou (AAB group) Naaetn (ABB eroup) uavndieiiu (BBR
group) wagnauILuY 4 ga (4n) 93U 1 Wug Ao NaRewInga (ABBB group) wuinUsunaasusenaud
AR yludruvedlusniian fUSinasening 4.67-45.40 un. nsaundn/ua. se9an Ao Ua
(6.30-22.86 un. NIALNAN/NA.) Waza1au (5.56-16.27 un. NIALNEN/LA.) AINEIFU néefiiuiua
asUszneufiuearivmalulugeian Ae ndrewmsa (45.40 un. nsaundn/ua.) sesawn fie néretiln
(33.84 1n. NIARNAN/A.) UAYIN (29.41 UN. NSALNAN/NA.) ANEFU (Nt 2.2)

n
Psudostem @ NT

N
o

®Ta
Nee
i HKK

Total phenolic (mg
nGABmMI) &

G

% % #SDB
0 & =NW
NT Ta HKK SDB NW HIN TPR

Nee Cultivars
U Leaves
__ 50 #NT
€
> 40 mTa
<
Nee
o
o 30 = I HKK
= 20 = &
2 = %\ w SDB
5 = N
2 10 E = §
< im = N -Nw
g NT Ta HKK SDB NW HIN TPR ®HIN
'_
Nee Cultivars
A Male bud
30 #wNT
£
Yy ~Ta
3 :EEO Nee
SR = I HKK
22 =
=40 = « SDB
° = =
T = § -NW
NT Ta HKK SDB NW HIN TPR
Nee Cultivars

Al 2.2 Usanasilueatisvusludndiu (n) Tu (@) wazddnde (a) lusiugndethln (NT) anil (Ta
Nee) viosndgafon (HKK) 1oy (SDB) 4131 (NW) 9w (HIN) uag wnsa (TPR)
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2. YSunaulalasladiwibawnuiu

] 1

Usunalalasladiwibawnuiivaaianiudmvedlu sesaeun fie Ua uasdsuiion audidu e

q

¥
=< 1

Fuunsungudlun wuifirnufuusiuegiuduvesdiundrs Ssludnvedunde Tusuailslns
ladunuiugeiigalundronguiluu 4 g e ndewmsa 57.74 ununalawudu/va. sesaswnungy
3luw 2 90 Ao ndaetiln 37.70 un.unalawnuiiu/va. uaznguilun 3 9a fo ndeanniou (27.28 un.
unalaunuiiu/ua) ndaetni (25.03 un unalaunuiiu/ua) waendefiu (23.88 un.unalaunufiu/ua)
muddy daudduiion Susinugaianlundenguilun 3 ya Ae ndreveudearen 17.14 un.unala
WUTW/UA. 5998930 A NaUALUL 4 4a (4n) nEnewnga 15.80 un.unalawnuiu/ua. uasnguiluy 2
0 Ao néaeiiln 11.51 un unalawnuiu/ua. nuddu Tuvdnds wugeitanlundendalalus 4 9n
5989 Ao ngualuL 3 YA LAy 2 Y MuddU (nwd 2.3)

é a Psudostem
KODD 20
£ @NT
g 15 ~ =1 Ta Nee
c =
© = I HKK
; 10 A f—
= = S # SDB
5 = .
2 5 =
0 - = W S HIN
NT Ta HKK SDB NW HIN TPR gipr
E U Nee Cultivars
S Leaves
o 70
£ 60 - ®NT
c .
g 50 % Ta Nee
g 40 7 I HKK
9 30 - -
> = !
S 20 - = % % SDB
3 10 - E = % -NW
0 J ] = N S HIN
NT Ta HKK SDB NW HIN TPR & TPR
— Nee Cultivars
E h Male bud
5 40
o0 NT
1S
— 30
£ Ta Nee
g
8 20 = I HKK
[J] p—
= = SDB
© 10 = NW
o j— 2
> e ‘\\:
z = ¥\
0 = & 2 HIN
NT TaNee HKK SDB NW HIN TPR

- mTPR
Cultivars

At 2.3 Uunadlalasladunuiuludidu (n) Tu (@) wazudndae (a) Tuiugndaenln (NT) anil (Ta
Nee) osligifon (HKK) asiiiau (SDB) 4131 (NW) %iu (HIN) uag inse (TPR)
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3. YSunaunaunugunuiiy

INHANTIATIEIUTIUAR AU UTUNUUSINUAEn Tundewnsa (174.6 un.ANnTu/
113.) 5998910 AD NA8HU (36.24 UN.AWNTU/UA.) kaznNal8uIbn (19.62 UN.ANNTU/LE.) AuaIny Tu
o = % 1 = ¥ a d’ % a =
usadeiudIureandis nuUsinugigalundiomnsa (30.48 Un.AWTW/AR) F99%0 Fie
AR (20.77 UN.AWNTU/UA.) WaLNa2811I1 (10.56 UN.AWNTU/UE.) AUAIRU LazdannaoInuly
afuenveInMsmnsalivsinuaeunuduuiugian Ao 21.96 UN.AWTW/UE. 998 Ad NEIY
Pl (7.98 UN.AWNTU/UA.) BALNAENBULTLIABY (3.60 UN.ANNTU/UA.) ANUAWU (NN 2.4) NA7

lngasy Ao wuuTinueeuudunuiliugsigalundlgnnsa wasnuuSinasniaalulu sesasun Ae

U3 warainuiey suaisu

g f
= 25 Psudostem
c
g E 7
- >
2 35 -
c
(9]
2 10 1
[}
(@]
5 -
M = = s
O . — —_— Iy
NT Ta HKK SDB NW HIN TPR
N
e Cultivars
Q Leaves
180
€
S~
G130 A
oo
£
< 80 1
=
c
2 30 - S
-c —
b - - T %
]
-2—20 NTTaNee HKK —SDB —NW —HIN _—TPR
o
© Cultivars
A Male bud
=40
£
or
©30 A
£
%20 4
c
b
210 1 =
c —
5, ) m m B =S «
8 NT TaNee HKK SDB NW HIN TPR
Cultivars

A 2.4 YSinameuaudunuiiuluadu (n) Tu () uazdindde (p) Tusiugndaediln (NT) anil (Ta

B NT
mTa
Nee
I HKK
¥ SDB
=NW

W HIN

#BNT

WmTa

Nee
B HKK

S SDB

=NW

®HIN

wNT
21 Ta Nee
I HKK
» SDB
=NW
2 HIN

EmTPR

Nee) viosdenden (HKK) asiiou (SDB) 11dn (NW) @i (HIN) way wwsa (TPR)
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29AUSLNIUNNLALVBINALNNTE

dofansanandiinumsusznevitueatiavun lalasladiefaunuiy wasaeumudunuiu 7
wugsiigelundomsa Fdldthausing vesndemmsa Tiun diu lu AMulukesUd wviesgh
pwdtsznaumaall Mnramslianeiesdusznoumand Susinathlugdu Ua uaslu whiu 92.74
90.77 wa 75.12 wWadldud mudiu UTunalusiunenu nugeaaluUa (12.44 wWesidus) eany
wanenseg1edited1Ayneaia (P<0.05) Aulu (11.25 Wesidus) Aulu (3.28 1Wesius) amudau uaz
d1u (2,50 Wedldud) mudiu Welovewludidiu uazly falndiAestu fo 27 Wedidud uansing
oaiitfodfmaadia (P<0.05) fuUd efifios 15.31 Wesidud mssdufufudsinand wugsan
TuUd (11.80 wWosidus) sesawn @e lu (6.29 wWosidud) uazaisiu (5.39 Wesidus) nuadu Usuu
iiiliazanglunsa (AIA) Terduuusegsewing 0.04-1.75 wWesidudidololiazaelumseniiiu
nans (NDF) dAnifundsegszning 44.45-57.69 Wedldudt Weoleiliazaeluaseniidunsa (ADF) &
AAULUTEEIENINN 29.56-33.03 Wesidud Anflu (ADL) fA1duuusegsening 3.02-10.811esbud
wazwdanusludiuvestu funniian fie 4786.19 (wAae’/n3u) Sesasun Ae UA windu 4019.84 (uAae
I/n%) uagddu Wity 3578.45 (WAaed/ndu) mudy warlinnuuandsesnsdddnmneada
(P<0.05) (5131 2.2)

lﬂl 13 = o v ¥ a ¥
A15197 2.2 asAUsEneumaaivasasu Tu nMulu waguavesndiamnsd

a9AUsznaumaAll  aAu Tu U8 LSD. CV.
Moisture (%)* 92.74° +0.5 75.12° +0.66 90.77°+0.17 101  0.59
CP (%) 2.50€ £0.09 11.25° +0.09 12442 £0.08  0.17  1.01
CF (%) 27.58% +0.14 27.26% +0.23 1531°+0.11 034  0.74
Ahs (%) 5.39 € +0.08 6.29° +0.03 11.80% £0.08  0.14 091
AIA (%) 0.63° +0.07 1.752 £0.01 0.04° £0.01 0.09 527
NDF (%) 57.69° +0.18 53.46° +0.12 44.45°£0.12 029 028
ADF (%) 33.032 +0.01 29.56 < +0.01 30.87°+0.03 004  0.06
ADL (%) 3.02° +0.06 6.29° +0.04 10.81°+0.13 0.8  1.30

Energy (calorie/g) 3578.45° +36.48 4786.19° +18.07 4019.84° +1.68 46.63 0.56

' Row values followed by the same letter are not significantly different with (P=0.05)

nugwe: CP= Crude protein, EE= Ether extract, AlA= Acid insoluble ash, NDF=Neutral-
detergent fiber, ADF = Acid-detergent fiber, ADL=Acid-detergent lignin wag Energy=wasau
593 (WAADS/N3Y)
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A15IATILHDIAUTLNIUNI WAL VBIBTNNISTURALDINTUEU

nan1FIATIZReeRUsTnoUMLATivee I sTukaze W TNEIU TN INAABILERITINISIS
7t 2.3 smstunazemsuenusia 4 wie Tdun emstu 16% CP, lundewmsauiunazidendar
Aurawindondin wasw1ag1d wuin aaﬂ‘ﬂizﬂaumqmﬁﬁLi‘]u’ifmql,l,ﬁm,vhﬁ’u 96.56, 75.12, 94.55 Lag
96.56 PNUATU warlusAuneUWNTU 16.06, 11.25, 17.27 wag 4.32 1Wasidud auaisu Tty den
Ju 2.76, 5.43, 1.82 uay 1.80 wWesidusd sud1su i SAndu 9.29, 8.05, 12.54 uay 17.68 1Wasidus
mudey B filiazanslunsn (AIA) 0159u 16% CP, Tundlemnsauisunazidon fandu 0.48,
1.75 warn199129 7.62 Wosiiud augsu iielevenu Sandu 11.87, 33.04, 25.03 way 41.55
Wesidud auadsu ieledildazareluansweniiiunans (NDF) fAndu 35.18, 53.46, 28.11 uas
7653 Wosidud auandu elefildazareluanswendidunsa (ADF) fadu 14.76, 29.56, 39.75
way 52.65 1Uastdud snua1au d@rudniiu (ADL) a1y 3.35, 6.29, 3.97 way 6.55 LUasLEud
AudTU warndsus Sandu 3,814.32, 4,786.19, 2,750 uaz 3,577.61 wAaes/nsu auaisu

ansunandniagy 16% CP @ 991-16) UsEm Ffivevl (Usewelve) $1fin (Wnww) Tingau
A Hudrunanemsunenaans feil Yalu, nndmaewisenindiaas wasrsemnuaaniuny iy,
ANLSUTR, NnNgns, Tunseiudy, 91lnedy, duduerad, S19717808 LaLYse31aLLd8ALATSDS)
afptsiy, mndiNead wagvitenindiundiad, mntiea, disuite, lauealeumleaa, e,
i, wSsuarasoueNAmA e (liisey) sryamamensdRinamaandl Tusiu )
tenin 16%, s Taitiosnin 2.5%, nnlaitfesnin 10% wazanuduliinnnii 13% genndeduas
Hulumuwanisiinreviesduseneumaaiildatannvesl foRnsiiemeiemsdni  aadudn
V18 ANEAS UHTIVBIAEINERTAERS U1y (Fanns19ft 2.3)

A15197 2.3 89AUTENEUNNLALVDIDINITTULALBIATUYIU (Mean + SD)

29AUsZNOUNINLAL MNIVU Tunaawmnss é’az\hz'\hl,gﬁa W19912
yinsaidna
DM (%) 96.56+0.16 75.12+0.66 94.55+0.08 96.56+0.16
CP (%) 16.06+0.12 11.25+0.09 17.27+0.12 4.32+0.09
EE (%) 2.76+0.12 5.43+0.10 1.82+0.05 1.80+0.02
Ash 9.29+0.04 8.05+0.12 12.54+0.06 17.68+0.54
AlA 0.48+0.02 1.75+0.01 5.43+0.07 7.62+0.10
CF (%) 11.87+0.18 33.04+0.33 25.03+0.09 41.55+0.11
NDF (%) 35.18+0.04 53.46+0.12 28.11+0.11 76.53+0.14
ADF (%) 14.76+0.05 29.56+0.01 39.75+0.03 52.65+0.04
ADL (%) 3.35+0.01 6.29+0.04 3.97+0.02 6.55+0.04
Wﬁﬂﬁlﬁ’]gj 3,814.32+11.13 4,786.19+12.07 2,750+11.09 3,577.61+£11.73
(hARBI/NTN)

CT (mg CE/m)

174.6+£10.04

3.28+0.11
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nugmn: DM= Dry matter, CP= Crude protein, EE= Ether extract, AIA= Acid insoluble ash,
NDF=Neutral-detergent fiber, ADF = Acid-detergent fiber, ADL=Acid-detergent lignin Way CT =

Condensed tannins (#1128 mg catechin equivalent /ml sample)

Usunaunisnulavesung

1. Ysunaunsnulavesenmnsdu

dleAnduvsuianisaulddetindndaneu (%BW) wardet ndniuunusdndetu
(¢/kgBW® ) 99491941391 WU ﬂ’]iﬁuiéf‘ﬁﬂaaﬂLL‘U‘Uﬁm’mLLGmGiNE]EiNﬁﬁ“dﬁ’lﬁfgWNaaa (P<0.05)
Lﬁam'%smLﬁaumjmﬁl,a%m%ﬂé”mmwm fiszau 0, 0 + 1§5Un15am VM, 40 uay 80 nYuresaretu
(AadBNYNguETAYnAY 1.09 %BW/d way 22.07 g/kgBW®>/d mudisy) famsnadt 2.4

2. suunisnuldvuasamiseusiy

911915797 2.4 WU Uinamsauldiagquiisietu (dry matter intake (DMD; ¢/d) Tungudi
wesalundremmsafiszdu 40 nfusiofasieTu ganiingumuny nauAildsun1sdnen lvermectin uay
ﬂ&juﬁm%ﬂmé’mmwaaﬁﬁsﬁu 80 NSUABAIADIU Imaﬁﬁ%a?{w%mmﬁuié’i’mqLLﬁaL"fJu 1,136,
1,083.5, 1,156.1 way 1,104.9 nSusiaiy Auanay LLazLLmIﬁaJmiﬁuléﬁmqLLﬁaamaaLﬁaLszlé’%’Ums
A8 lvermectin f9a19197 2.4 vauziwnldunstuliinquisvesnguiliasulundromnsaanas
Bntlosmutsinunsaialundremsadiiutu uilifianuuanssiussrinenguiiaialungremm
safiszdu 40 waw 80 niusadrety mndnwUiinansiuld nquisdetmindsetu (%BW) was
st minuuueanaeTu (g/keBWOT) wu ﬂ’ﬁﬁulﬁmaqﬂm%’ﬂﬁgﬂamLLUU%@@ﬂ&jmﬁLa‘%ﬂUﬂé’aEJL.‘WW
safiszdu 40 uay 80 n¥usadsetu liflauuanditegnefitodAynieada (p>0.05) aznuaIy
WANANSA UL Y il'%mmmﬁﬁulé’i’mqLLﬁaﬁaﬁmﬁfﬂmeuaaﬂﬁﬁu (g/kgBW*) wua1 n1snule
yasdavniuiwdadaiinvosnguiadulundromsaissdiu 40 n3udefsotu fuUsunmanningo
n$usadietu (Aldsannnnguilawiniu 2.71 %BW/d uag 55.08 g/kgBW'">/d nuiansiv)

3. Usuunsiulfsausiavian

Fauandlunsedl 2.4 wuth UnamshuldnutounaquiistoTu Tunduileulungromm
safisEdu 40 uag 80 niusesdeiu gandnguAluANLanguliTUNNSaReT Ivermectin uAngu
Igsuasulundrewmsadiseiu 40 uay 80 nSusiefasietu Tudinnuuanssfueaitoddaynisads
(p>0.05) TnefidnadsUsumiuldsutomatnguis 1lu 1,320.8 1,267.9 1,378.4 uar 1,365.6 n¥y
Inquitariotu mudiu wazuuldunmsiuldmuimueresinguinduiy Wefinsiaiuasulundae
W sETL ATy Lﬁaﬁﬂmﬂ%mmﬂﬁﬁuléfiwﬂ;l'jwmmaqi’mqLLﬁWiaﬁmﬁmmmuaﬁﬂ@iai’u (g/kgBW®™)
wuin msfuldvesnguitldduiaiulundrommsatiszdu 40 waz 80 n¥useretu laifiauunnsiis
ogsiitludndyneadi (p>0.05) (AnAuanynnauilAviniy 6.70 %BW/d waz 133.10 ¢/kgBW*'>/d
AUAAY)
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Tunrsneassnsall nsasulundemnsalus1msnaassedasseaumlldinansenudause

Y 1w

YSunaunsiuladnguisdedu Taenuindamnsiuldsumimusdetminuuuednaaiu (g/kgBW*")
LdunnsinaannguaIuAy

AN5199 2.4 wansUSunanisiulaveanelalasuannstu wareIvIsuenu

STAUNISLESUIUNAUNNTH

P value
0%* 0%+IVZ 40 NS4/ 80 n5u/ SEM
/U Aa/ut
AUIUEATD a 4 a 4
Ysurunisiulaainisdu
N34 184.0 184.0 184.0 184.0 - -
%BW 1.11%® 1.07° 1.04¢ 1.15° 0.03 0.07
g/kgBWO" 22.22° 2175 21.35¢ 22.96° 0.24 0.12
Ysununisiulanaie
N34 0 0 38.3 76.7 - -
%BW 0 0 0.22 0.48 - -
g/kgBWO" 0 0 1.16 2.28 - -
Ysurunisnulaernisuenu’®
nsY 804.5° 809.2° 926.1° 827.3° 5.08 2.26
%BW 4.84° 4.62¢ 5.242 5.10% 0.06 0.01
g/kgBWO" 97.08°  93.93¢ 107.33°  104.50° 0.94 0.03
Ysuneunisnulaeinisueu®
N3 332.3° 274.7° 230.0° 277.6° 5.37 0.36
%BW 0.80° 0.51° 0.30° 0.30° 0.03 0.03
g/kgBWO " 17.07"  10.70° 5.60° 4.48° 0.60 0.05
Ysuneunisnulasiu
n5Y 1320.8°  1267.9¢ 1378.4°  1365.6%° 7.15 0.74
9%BW 6.75° 6.2° 6.8° 7.03° 0.11 0.02
go/kgBW®™ 136.37°  126.38°  135.44% 13422 148 0.04

wuwue: * ®:%9Means within a row with different superscripts are significantly different (P<0.05).
SEM = Standard error of mean, IVM= Ivermectin, BW = Body weight, BW*"> = metabolic body
weight



22

I/ ngunInaaesdl 1 Aeensgasi 1 (e1mnsnguAIUAL) ﬂfjuﬁL?:mé’wawmiQM'ﬁmuam (219157
wandu3agu 16%CP) Sfunslidanvuiadasasinuagrnadnuuudui Tnedlifingaduneu
wusunuduildanlundemmsauiunaziden

2/naunsnaaesil 2 Aoe1sgnsi 2 (@nInguauni) (e1sturaudnIagy 16%CP) Samfuns
Tigavhiukeiasadawazreduuudud Tnefildinnsasurounudunuduiildanlundiomnsa
WIUAALLEEA + LASUNISRALIANENETT Ivermectin

>/ngunsneansil 3 Aoe1vnsgnsil 3 (eINInguemuAN) (e1NsturaLdNIaTU 16%CP) Samfunns
Tsaniuidndasdauazisdanuuduil + @sunsunudunududilaanlundiemnsawis
UnazBuniiszau 40 niusesne iy

Ynaunsmaaesil 4 Aoe1sgnsi 4 (enInguauni) (e1sturaudIIazy 16%CP) Saufuns
Tsaniuidndasdauaziisdanuudui + @sunsunudunuiuildainlundiemnsawis
UnaziBuniiszau 80 niusesnety

S/danvuwisriindndio

5/9n9917

9NIINTLATEYLAULA

g ([Rlan3u) uazdmiindafiudeuntas (/) vesunsdefildsuanemaaes
73 4 o uaglidarsiurssdndadauaziisirnduundmasemaneny uansliluansed 2.5
WU tindveaungiieneunsaas (14.3, 14.3, 14.5 uag 14.6 Alandu mudeu) Selndides
N ﬁmﬁfﬂéf’mﬁdéuqmmimam (21.6, 22.1, 21.4 way 18.8 Alansu AudIiu) uagimiingai
WasuwUas (123, 131, 115 way 69 n3u/3u muddv) fauuansinsegadived daniada (P<0.05)
74 4 ngunaaes mavdsuulamesihmiinduneiderlldlunmsmanes luesulundremsaisesiu
40 n3usiefsiofu uay 80 niuresretu dndinguiildiunisdne vermectin aehsilioddam
adid (P<0.05) InsfinguaruauldianuunnsseseiddodfAynisadddunguilasunisinen
vermectin InafiAnadedu 7.3, 7.8, 6.5 uay 4.2 Alansusresyezn1smaass 60 Tu MUa1FU lnegagy
nadsuulasteniuiinguagsnnsasydulnedsdetu Suualiunnudsundasiianas e
fndunaaiilundemmsaifnduiiuiu dwalihmdniedadoduannimaaes (final weight) &

°o v aa

wpnANAUBETT A NI9atA
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A519% 2.5 LEAAUNITTNAD wazdIunsITUAsuwUAd

SEAUNTSHESUTUNAIENNTH

Item 0%'  0%+VM? 40 nfu/ 80 nfw/ SEM P value
f/au® et

nauNIINAaRY (Alansu) 14.3 14.3 14.5 14.6 0.3 0.73

na9N1IMAas (Alansu) 21.6° 22.1% 21.4° 18.8° 0.3 0.03

drodndadiiuau [landa) 7.3% 7.8° 6.5 42 03 004

dmindadesot (n3u) 123% 131° 115° 69° 4.2 0.04

wugLua: * °¢ Means within a row with different superscripts are significantly different (P<0.05).
SEM = Standard error of the mean, IVM= [vermectin

l ﬂfcjmmsmamﬁ 1 ﬁammsqmﬁ 1 (213N qUAIUAL) mjuﬁlﬁymﬁwmmsqmmuam (2191594
wandu5a3uU 16%CP) Srfunslidaruiadasasinuazrnadnuuudui Tneflifinsasuneu
wusunudufildanlundswmsauwisunazidn

Z/ﬂfcjmmsmamﬁ 2 ﬁammsqmﬁ 2 (@m13nauAIuAY) (@13turaudnsazy 16%CP) Saudunis
Tigavhiuredasadawazrsdnuuudud Tnefldfnnsasurounudunuduiildanlundromnsa
WIURazLBen + MSUNNSANEIaENET Ivermectin

3/ﬂfcjmms‘v1maaa‘17i 3 ﬁammsqmﬁ 3 (@1m13nauAIUAY) (@1M3TuRaLdNTIFU 169%CP) SauAUNTT
Tisaruiadndadauasrisdawuudui + @sunsuaudunududildanlundiemnsawi
UnazLSenATisEau 40 niusiasinetuy

“/ﬂfcjmmsmaaaﬁ i ﬁammsqmﬁ 4 (@m13nauAIuAY) (@13TuRandNsI3U 169%CP) SauAUNTS
Tisauidndadauaznisdnuudud + @sunsunudunuiuildainlundiemnsawii
UnaziBuniiszau 80 niusessety

AUENIsalunisEeldvatams

nnsfnulagififufetheiavan (total collection method) LiteAnuarauansaly
nsgesldvesenInaaestu wuin amanansolunistesldvasinguiy mruannsalunsdosls
Y8398uNSEIng (organic matter digestibility, OMD) Auausatun1staslavadlusiuneny (crude
protein digestibility, DCP), NDFD (neutral detergent fiber digestibility) g ADFD (acid detergent
fiber digestibility) v@aunedildsuemnsnguaiunn nauildsun1san vermectin waznguiiadaly
néemnsafisziu 40 way 80 nfusefsetu Tmnuuandaiulumisadia (P<0.05) wud1 AvmELNTD
Tunsdeslsvesinguitanaslusiuvesnguiiaiulundommsaisziu 40 nfusiodsiotu dangedian
Wiy 68.8 wag 77.5 Wesldud mud iy vaizil NDFD way ADFD nguiliaSalundnewmsaiszdu 80
nSusiassetu fidgefigauslinumnuunnsissadffunguilaiulundemmsadissiu 40 nfusie
frietu feadanynnauintu 57.87 uay 45.9 Wesidus sy (1aft 2.6)
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AN5199 2.6 LARIANAILNSDUNNSEaulavalnTUL

T szaiun1siatulunaemnss SEM P value
EREIAR L 0%' 0%+IVM? 40 nJu/aa/7® 80 niu/a/ W’
DMD 67.5°  62.3° 68.8° 65.9° 0.25  0.03
OMD 62.9°  72.5° 66.1° 67.4° 050  0.02
CPD 76.9*  73.6° 77.5° 755 0.19  0.05
NDFD 57.2°  56.2° 58.9% 59.2° 0.19  0.04
ADFD 453¢ 449 46.6% 46.8° 020 0.09

wuwue: > b9 Means within a row with different superscripts are significantly different (P<0.05)
SEM = Standard error of the mean, IVM= Ivermectin

t ﬂ&jumimmaaqﬁ 1 ﬁammiqmﬁ 1 (2M13NqUAIUAY) mjuﬁ?ﬁﬁwmmmmmmm (@159
wandu3agy 16%CP) Sfumslidanruiaiasasinuagrnadnuuudun Tnedlifingaduneu
wusunuduildanlundewmwsauiunasiden

2/ngumsnnaesil 2 Aoe1vsgnsil 2 (@nIngumunm) (e1nsturaudiagy 16%CP) Saufunns
Trgavhiuieiasndawazreiuuudud Tnefildinnsasurounusunuduiilganlundiommsa
WIUARTLEEA + LASUAISRAEIANENETT Ivermectin

*/ngunsnnaesil 3 ABe1vnsgnsil 3 (@NInguemuAN) (E1NsTurandI3agU 16%CP) Saufunns
Tsaniuidadatauaziisdanuududl + @sunsunudunududilaainlundiomnsawis
UnaziBuniiszau 40 niusessne iy

Yngunsmnassil 4 Ave1vnsgnsil 4 (@nIngumIunm) (e1nsturaudIiagy 16%CP) Saufunns
Tsaniuidndasauazesdnanuuduil + @sunsumudunuiudilaainlundiomnsawis
UnaziBuniiszau 80 niusesnety

WUAIULANA19YBIAINEINTbuNTSEelavaaTnguys (DMD) Bun3ding (OMD) Tushu
venu (CPD) wagioly (NDFD uay ADFD) Tuvnnguvaass (P<0.05) Lﬁaqmﬂqmmmsmaaﬂuﬂ%’jﬂﬁj
LailafivinnnsuSuseaulusiu (isoprotein) wagseAunasay (isocaloric) Trdnilasuiniy Jeviala
syfuretemstuaseulunsvaaesdiiiisysulusauiiunnaatuanmsasalundemmsea waznns
Trsaniuiesdadadauaziiednuuuduil dwmansznuseussandainessnisdesldlnus
idesndniazorfuanuaunsnlunisgosnnadunidnielunssimngntn Whdesaagorvnsiirly

YK

lunsziendn Fepnuanunsalunisgesemsiaveqiunidasdunusivdnunugdunidludann

1A I =~
AYAlllugen

AduailunszuaidonnvimMslieseiding Ao anudntuvesgselulasaulunssuaiion
(Blood Urea Nitrogen; BUN) (915797 2.7 Uagn il 2.5) Yaaunegiia 4 ngunismaaes dAadeniny

wWintugiselulasaulufeandnislvemsdalusd 0, 3 wag 6 Wiy 20.3, 22.7 wag 19.5 Tadniu
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wAans audiu Teenuin anututugSelulasaludesluiilausuenguauaugsniinn
naummaaes whlirududugEelulasouludeandamsliensdilue 3 ez 6 veangw
muaudsdaeglusyiugeey wazilunliimududugSelulasialudonndansiiomnstalueg
3 uay 6 vounduitiinsaiulundrewmsaiissdu 40 uay 80 nfudedsetu Anfiugelunuseiuves
masslundemnsa Tnevhliueludelulnsnusifivgdumunaildlunisdosemafiumniy
TnssesugSelulanaulunssuadoninnavaaensatoglurag 17.50-24.00 fedn3undans ognslsh
a ungnguildsunsiasalundremsail 40 was 80 niusiofseiu TUsagEelulasavlunsyus
Hoafiuduudsninduemuasuasnauildsunisdne ivermectin Tudlusd 3 uaransasurdinags

! ! ! d' VU a . QIJ d‘
ninguAUANLAZNaUlASUNIEReT Ivermectin Tutnluei 6

A157197 2.7 A1 Blood Urea Nitrogen aasunztilafilasunisiasulundomnsalusins . 1aan 0, 3
uag 6 Talus nasnslerms

STAUNISLESUIUNAEUNNSE SEM P value
BUN, mg/dl I I
0%! 0%+IVM? 40 nSu/A3/9%° 80 nsu/fa/u’
PR 0 21.1° 19.6™ 20.5° 20.1° 0.17 0.07
Tluen 3 24.0° 21.59 22.8P 22.3b¢ 0.17 0.04
Flaedt 6 19.5 17.59 19.8°¢ 21.0° 0.20 0.05

wuwue: > b9 Means within a row with different superscripts are significantly different (P<0.05)
SEM = Standard error of the mean, IVM= Ivermectin

t/ mjumsmaaqﬁ 1 ﬁammiqmﬁ 1 (8191135051AIUAN) mjuﬁLgmé’wmmiqmmmu
(ewnstunandiFagy 16%CP) Tafumslidariiuwiaidndadauazvsinuuudui lnedlidnng
Supaunudunuiduilannlundremnsauisunaziden

Z/mjum'imaaqﬁ 2 ﬁammsqmﬁ 2 (M13nguAIUAY) (@M15TUNaNd 155U 169%CP)
SfumsTigariuwisedasndauasnneduuuiud lnefldinsasunounusunuiuiilaanlu
NAUNNTAWAIUABLLIEA + ASUNITAANLIE18NWLS Ivermectin

/ngunnInaaesdl 3 Aeensgesi 3 (e1msngualuaN) (@ nstunaud gy 16%CP)
sfumstisariuissinsadauasnnednuudud + esurouudwnuduiilaanlundownsg
WisunazLdndiseau 40 nSurefreiy

4/mjums‘mmaaa‘1’7i 4 ﬁammsqmﬁ 4 (81M13NgUAIUAY) (@M15TUNANF1TIFU 169%CP)
sfumstrsariuissiasadauasnednuudud + esurouusunuiuiilaanlundownsg
wisunaziBeniiszau 80 niusessety
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Blood urea nitrogen (BUN)

30

MG/DL

25 - - -

10

T1R1 T1R2 T1R3 T1R4 T2R1 T2R2 T2R3 T2R4 T3R1 T3R2 T3R3 T3R4 T4R1 T4R2 T4R3 T4R4
TREATMENT

EBUN(mg/dL)0h EBUN(mg/dL)3h EBUN(mg/dL)6 h

A 2.5 A1 Blood Urea Nitrogen vosunetile (s1ed7) flasunisiasulundremmnsaluamis a
a1 0, 3 uay 6 Falas wdanislvevns

WU18L%A: BUN= Blood urea nitrogen, T= Treatment, R= Replication, mg/dl= milligram per
deciliter

a a 14 &l = (3 1 a o
UszAnsuavasmsidtulundramnsaluamsunziloniideadnuiuldnesinasluya

nansAnwUsEAVSNaveInsiasalundemnsaluetmsunsofiddesuaulinesinasly
yaunzmasansnaass wuin lutrmisdainsnvesnstuline Siien EPG (week-1 wiai5un1s
vaaed) vedwnynnauiivsinalndifesiulidnnuuansegedidedAyvieada (P>0.05) #asin
Sun1snaass 1 §Uav wuan wnglasunsiasulundemnsaluemisiiduulineSluyaanasedng
fifoddnymaada (P<0.05) mudndruvedlundrommsaiiuslnaiuiu Inswndslinedluyaignifu
Fauntredunniil 1 audsdunsiantineveanmsneaesluunznduauay Wiy 3,432 EPG, nguiilésu
n158n Ivermectin, naufildsundemmsasziuil 40 wag 80 nfusessetu wiriu 2,172 EPG 2,084
EPG wag 2,269 EPG fnuafu mmxﬁuwzmjuﬁiﬁ%’umiaﬂm lvermectin #A1 EPG anaduaziiaAtey
ﬂd'mfju?iuﬂ athadiulatn (P<0.05) TudUavidl 6, 7 uag 8 wiisunuUsEanSanAsansuInYedl
werdinanluya 1 ndu (EPG) ndsanAulundremnsaiduiian 2 waz 3 dUam (151991 2.8 waz
wuA g 2.6) wazlinunafiuansnadiolUSeudisusunisly ivermectin wansin Ussannavesndae
winsafiduadulaneslussuumaiuenmsveawnz lalndidsstunisld vermectin
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(%

A15199 2.8 navesnIsasHlunaiemnsaluemsunsileniineduiulineSinaluyaungnaen
NINAGDT

STaLIAN 0%!  0%+IVM? 40 nSu/@9/9%> 80 nSu/fv/u? SEM P value

S 11,9612 1,677° 1,650° 1,647° 38 0.563
&UaUN 2 1,956° 1,673° 1,133¢ 1,286° 93 0.773
&UauN 3 2,058 1,705° 1,235¢ 1,388° 91 1.473
gUaun 4 2,954° 2,171° 2,131° 2,322° 95 2.569
&UauN 5 3,757° 2451° 2217° 2,425P 176 3.651
&UnuN 6 4,885° 2,530° 2.436° 2,927° 287 4.983
&Uaun 7 4,859 2,476° 2,836° 3,077° 265 4.485
&UaUN 8 5,030° 2,690° 3,036° 3,078° 265 5.193

wuwue: > ®¢ Means within a row with different superscripts are significantly different (P<0.05)
SEM = Standard error of the mean, IVM= lvermectin

l ﬂﬁjumimmamﬁ 1 ﬁammiqmﬁ 1 (81M13NqUAIUAY) ﬂﬁjuﬁLgmé’wmmiqmmuau
(e stunandFagy 16%CP) Tafumsldarisiwiaidndadauazrsinuuudui lnedlidnng
esunaunusunuiuilganlundromnsauwisunazisen

2/ngunnsnaaesdl 2 Aee1msgasd 2 (01msnguAlIuAL) (@1Mstunand5agU 169%CP)
SufumsTidariuwiedasndauasnsduuuiud lnefldinsasunsunusunuduiilaanlu
NAUNNTAWIIUABLLIEA + HASUNITANLIE1ENENS Ivermectin

*/ngunnsnnasadl 3 Aeensgnsi 3 (e1m1snguaduAN) @ NsTuNaLdsITY 16%CP)
sfumstisariuissiasmdauasnnednuudud + esunoueudunuiuiilaanlundownsa
wisunaziBuniiszau 40 niusesse Ty

Yngunnsnaaesdl 4 Aee1msgasdl 4 (e1InguAIuAL) (@1MsTuNaNdSITU 169%CP)
swfumslrsariuissiasadauasnnednuudud + esuroueudunuduiilaanlundownsg
wisunaziBuniiszau 80 niusesse Ty
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Effect of Thep Parod Banana Leaves on Nematode Eggs
(Egg per Gram; EPG) in Goat Feces
6000

5000
4000

3000

2000 e v

1000

W-1 W-2 W-3 W-4 W-5 W-6 W-7 W-8
—e—Control --®--lvermectin

40 g/h/d Thep Parod Banana 80 g/h/d Thep Parod Banana

[

Al 2.6 navesmsiasalundremnsaluemmsunziilefddedaulinesinasluyauny
ARBANTITNARDY

WUgLA: SEM = Standard error of the mean, W = week (@Un9h), g/h/d = gram per head
per day (nNFumaAINDTY)

Frunuldngdinauiinuneunazndnislderuia vermectin Sauuansiaiu Ingunydl
Ufse1nouausdne lvermectin Tun1sandnuiulunesdinauategaliuss@nsninmnie vermectin
dsnalunmaiangnegSluszuumafuomsvesune drunisiasundewmsaisyfu 40 uag 80 niu
siossiatu luemsunziieannsoanduruline s fnauiinuluyaadld uazdansedulisnsinig
ydulaungiutunussdunaiasulundemnsa (P<0.05) dawisuiunguaiuau ognslsfin
‘wudwmﬁLﬁuﬁuﬁﬁmdméuﬁlﬁ%’umiﬁﬂ lvermectin iilavadaunaiednsnisadyiulanudn ngud
1a5un138a Ivermectin LfiNanseNUBRUADINTINITATYAULAGURLIAUNTETUNTIBNNTE U6
Huihdunerinaaiulundemmsans 2 nguluonsnsgduliiAansdulineBosniniuyaunsd
wnnhunfresssuumaiuewadefieutunduiitassiisemsgnsniugu
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uni 3
salNan1sIY
Ysunaunuiluludidu Tu uasud vasndiengudluy 2 ¥ 3 ¥a uaz 4 ¥n

dlefinnsanainUiinamsdsznevitusarionun Telasladindaunuiiu ueraounudunuiy
fafauuuiieatu wuusinmansddyie 3 via gefanludiuvesly uagndeusivmsaiuium
asdrdngeiian Weifsuiundaeiusduiiugnsrvsniusifluiiuilassnisnisudedia
UINYIRYYINT TN UURATIUN ansddniidadenuldlunnaiuemsunsiiefionalunisdu
langrSluszuumaiivenmsvedune As ApuAudLnuiy

NNsAnNYIUSINRR UG UTuveslunaleugmnga wudl dawindu 174.6 1n.A 1N
Fu/ua. 50 me CE/ml wagdariuisviindadindusunanouinudunuiu wiidu 3.280 + 0.111
un.Andu/ua. daandliluansed 2.3 esuiglein Tulundoiugimmsa 100 n¥u fiefiduding
W4 (DM basis) ApusAUGUNUY 17.46 30U 174.6 nFusianlaniuinguis (s/kgDM) YUz
Tudarhiuiiadada 100 n3u Hiesidudinguits (DM basis) Aownudunuiiu 0.328 wiawiniu
3.28 nSusionlansuinguia (g/kgDM) Fernududuresrounudunuiiusieiinisatauuuierty
vodlundremsagenitlundisfiu (36.24 unaundu/ua) uazndetiln (19.62 un.Andu/ua.)
Twhueaiafuuandas wudTunaugefigalundrommsa (30.48 1n.AMTu/ua.) 5e9a%N fio néIe
91l (20.77 un.eunBu/ua.) wagndetni (10.56 un.ATnTu/ae.) auddy wavasaadasiulud
FuifisnvesndemnsaiuTnunousudunuiiugaian fe 21.96 un.ANTU/ue. S99 e nae
1l (7.98 un.Aundu/ua) wazndreviendenden (3.60 un.Aundu/ua) anudrdy v
Goldstein and Swain (1963) 51891u31a15UsEnouNuealunalIy Musa sapientum L. Wug Gros
Michel Tuwansnale fvsunawnuiivluddenndisivuasluuianndiean 9.3 wag 3.2 un.donsy
thwiinuis pudidu snfidenndieveunes ndeinui waendladuiinaunuiulussezani
1, 2 uay 3 Wity 58.0, 49.0 uay 35.6 un./nfuiutinuis, 54.0, 40.0 way 13.0 un./niutmiinus
uay 26.4, 37.9 Lay 11.3 1R/ audsu druusnaUaenndeftnuniseutanuiy
AUSHWutiu 3.62% An1uaztinwu, 2545) @onaaed Appalachian Farming System Research
Center (1990) #155y%73 optimum vesUSNunseuduLulufitwndeudulvganududuves
pounLduuiuaglusydush sl Inuarlava (2505) svydn VimnauwnuiuluFenndistuegiy
g wazsveznalunisgnvendie lagnuihndefvivsinaunuiivgindngiegn Yssansamly
nsataunuiudufuaniiednag lun slinvesansazatvadn guunidednad oudregreusua
uwudufiadeld Wesufuszsznalumsadawazdniauesudonndiedeasatouuiuuians
fartals egnalsfiniy wadansuonuagyiunuiuliuianireutsdudounasldanaiaiivarsvin s
vilvAnreuaudunuiuiiiiaseildonafianuaainndeulunuisnsidonadn agaslsfinny
WAYNINT WAAYYAT (2550) 52U UTunaunuiiulunseiuazuandnsiuluniuangiug o1y uag
anmuwindeuvainsziu lnsunuidussnuuinlunsedudiuunuinnindiuseu lnsunuiudndy
asUsznoumnitusadauieiuaniu dsiniduasuszneuniegil (secondary plant) Fswuann
ﬁﬁul,ﬁ'aﬁsumqmm%u AdefUUTINAIAYS NDF Way ADF dewuin USuna ADF Auuainaunudiud
ANUFLTuSHaY uan%wmﬁé’ﬁanﬁUﬂaﬂmLmﬂmwaqamuﬁﬂgﬂ WU iUYIae (2539) T8UTN
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Snumraninwandeuiuandisiulunisugnitvagulnsineduazdsmariilfosdvsznouniaiad
uanensfudae vioanmgiionnia anmduuinuiuianmundoufuandaty aeiudis uay
wafiunvesiiy nssudslunsisisiuaznszuaunisata (Herve et al, 2006; Rojas et al., 2005;
Leinmuller et al, 1991) @oAAdBIfU Foo et al. (1996) waz Foo et al. (1997) szydatautisaiu
ANLANANNLY reactivity S¥WINMNUUTLUAY species 19ANY

pgslsfiniu msnwszdumeunudwmuiululundemwsandsifnseglussduialues
fmwnfeufidaowaudunuiuduesdusznay (e.g., Lotus corniculatus, Lotus pedunculatus,
Leucaena leucocephala, sulla Wag sainfoin) c?fwzwuléfmﬂmsﬁﬂmisﬁumumw&muﬁuﬁ
wansnafulumueiinvesiivanunsalfidodniinendedls Ty Sericea lespedeza uay Crabgrass/tall
fescue fapuLaudwnuduvindu 17.7 wag 0.5 Lﬂai‘L%uﬁ}iﬁlquﬁﬂ quebracho, Lotus corniculatus
way Lotus pedunculatus SIAWNAU 6, 2.6 way 8 LWosiFuRinguis auadu (Puchala et al,
2005) FIUANANIAINATTIBNUTBS Wanghorn et al. (1994) fis1e9ul il 2.2 uas 5.5 wesiduding
WS MINE1AU d9U Tavendale et al. (2005) Anwinisitasiziaoutaudunuiuly Lotus
pedunculatus 1aeld Butanol-HCL assay A1135n15U84 Meagher et al (2004) wui1 Tu 100 n$u &
pounudunuiuegluig 6.6-7.0 n3u vazfienAdelulsemalneifnuszduresnsunudunuiy
Tufiwraddn Aunsedin) veansnns (2550) nud1 Usinaunudulunssduiis 3 anewus Téun
Salvador, Ivory Coast Wag Cunningham flf1egsgnineosay 1.08-3.25 Faduriieglutisund
wulunseiiuaneiuganee vaslne Lowry et al. (1992) §1¢lag Norton (2000) $184u31 Tunsediu
(Leucaena spp.) luusemnaduladideiniunsimszisie Vanillin-HCL anad3n15aes Boadhurst
and Jones (1976) wu31 nsutnudunuiuegluyie 3.7-4.3 Wesidudinguis d3u Mlambo and
Makkar (2005) Anwinisitasigiasuiaudinuiululunsediunie Leucocyanidin equivalent au
A5n15U89 Makkar (2003) wuan 100 nuweslunsziiu dnsunudunuiiuifios 0.87 Wosidud w3o
0.87 nSuiidiu

Us2ANSn1wvan1stasunuinvainnaglus1niswngiile
1. YSunaunsnula

Tunmsvnaesadell maasulundromsalusmmaaesiidesseiuilidmansenuiay
souTiansiuldtaquisiotu Tnenuirfidinisiuldsutmuadoininuunuedndetu
(g/kgBWO™) lalumndnsannnguaiuey o1aiesanasdusznaumalnvugaeslundiemnsaiiuzunn
Holoreutnsgauaziaiulusziui Jslidwmareseiuidelelugnsemsvieanyuszavinmnseos
desemns Ssdsanilformsinuainnssmngninléiy Humglinishuldaatu aenndasiy
Teferedegne et al. (1999) WUIMEINNSIABIUNERE Sesbania sesban Ml lUTugedns1 200
nusietu 1¢ 4 fuduly wudnfumsiulfuesinguits o1aflounainnszmnesiuvesdniananga
Ususald Aaudinsliomnsiifuuiuvdornlududussdusznouindsasonisiuldvesdniifen
Bodlusrozusnuilalilusedugs wioghalsfionu seuvinanislunssmnesaninisuusnuuasd

ANUTUTDUDE19UN 91V e TUDUTNa T UT e EIANdULYINUY USEUUaUAALSNUBINITLESY
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013 mniasuvdeliewnsiifuvdunuiudorluduluszerenuntunszuaunadnlunszng
wufeaRznauAnganmun@ (Wang et al., 1998) gauzf Church (1979) 03uUnen dnilA LB e
ATIANIEWIEILULAEN TN SR annnIdefisuaniwindadulinaliaruaninsalunisiuld
g satinsiuldvesrguivludndifoadesduiuudslunu aum (particle feed) ¥ wagswsu
vodlUsiu masmausziudolovesomnsiliiu uaranimsiesnievesdng (Kearl, 1982)

2. TN TRIYHUlR

darmaeiyiivlnaededeTu veauneiltlunimesssiinnuuandsiumsadifissninnga
NARDY ABAATDITUIUNARDIVBY Kibria et al. (1994) Anwinislolunsydiu Tuwyu Tuneihuazlu
W31 Afunuiuduesdusznouluomisuneiuduuanuanoamagneulusuuuuan wui §hnis
3Aulnveaungnguiledulunseiu luayu uwagluuzaiag wiifu 52.8, 43.9 uay 6.4 n3udesse
fu sy uwiunenguiildduludSmuindiminganaiidy 3.9 niudedasetu efidesann
NndnsinsiuldvesungnguiifiulunSsinann (73 nfudesaratu) Tuvasiluayuiisnsinisiuldgs
fign (400 n3usesseiu) luvasfinszAuisnsnsfuldivindy 320 nfusesseiu vausfiavaing
(2550) linaaeudszansamvesunuiivainnseiiuanosas 0, 50 uag 100 luknggnuauiug
fudiosuadinalufou a1y 1 8 2 T sgazinan 90 Yu nut Sasmaesgiviadetu (nSuste
u) veanguitldFunszduasludnduiesay 100 feunnniinguaiuau nauiilduendonesns uay
nauiildsunsziuanludndiudosas 50 agnailtoddymneada (P<0.05) widofiarsanaintmiing
Suduresungnnaesdiseny 1 9 ndunuinguilldunsiuanludndiudosas 100 fuhwiincdudu
aninguitléunsziuanludndiuiosas 50 waznguitld¥uendengiegeilduddymisada
(P<0.05) usansansiaswviviinalusiulunssiunaass uanslyiiiuin sesulusAuiiioaerin
Thunzaseny 1 U Aldsunszduduemsludadiudosas 50 waz 100 fdnsmsidadulafinia
nauil 1 uay 2 AlF3uemnsiutunahan JsmAfeduulifesinesisaveunuiudedng
nsaseyAulnuesdnd deswnumidutndwasiudnsetmiinsvesdnianas uenanidiiseau
wui ladildsuemsifinssaududuusznousnnnin 50 Wedldud (50-75 Wedldus) Ansetuum
111N 6 Leu TaazAineInisausie tvdndianas So1n1evieadn Arduusyaninisdesldvesing
wisazlusiuanas 9n9In19AULAERIINITLIaSeLRulaanas (Jone et al., 1976; Holmes, 1976)
p1msfenamenadunauaniauuiuuararsiludu (mimosine) finusnnlulunsedu (Andrew,
1995) arsiluduarinadudanszuiunisdaunsizilusiuveasadaieg wu wool follicular bulb
cell ¥liAnenIsuT wifinuiinisidosungdenssauaniuemmavenuludadiuiosas 50
way 100 vasemmshinuennsdufiviiinain mimosine Jones and Megarrity, 1986) iuiiiefu
Min and Hart (2003) 51891147 wnefildsunswaudunuiiuaniis Medicago sative (Lucerne) waw
Hedysarum cornarium f5edu 1.5 wag 110 n3usedlansuinguits amadu lildmanssnusodng
nsesayivln sauddlinuinimtnuasdidin (ive weight, ¢/d) fauuansisiunisada (P>0.05)
AU Jones et al. (1976) waz Holmes (1976) 5189191 ewnsfisinsziududiuusznouiios
N1 30 Wesidud (CT wirdu 1.7-3.7 wWeasiduduasemsinguins) lidualas delaudidnaglasu
Anmoiuduaiuiuinny
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il unuiusefidutissloviwasinedesdnd avdunsasufivifunuiulunsides
daiusungeenvdwaidesiamidnd (Uslung uaglenia, 2545) lnglangseuvduiudiazaisinen
wu nsasulvvesdasnsives nsifiunisnamitans Ads wasildnisiuls msgesld
darnnsgivlaweznsedouiivesnseimemiinanas Liesaneraiinanensviiauvesduris
JeagUlnedauliin Snsmaadyivlnedsdetull inuduiusiunansaulduesdaise G
Tumameaesadaiuiinaunisiuldvounennassdauuandsfuseitngunaaes Jeilvsnm
nsiseyiulaadsde ullunniaguieiu

3. AUEINNsalUN1sEaelAvaIe1uNg

nmsfnlagTBifusegnatanun (total collection method) tefnwAiAuanansaly
nsdegldresamisvaaestiu nuauAnAsreInassolunstesldvasinguits (OMD)
Sun3ding (OMD) TusAuney (CPD) uaztdaly (NDFD way ADFD) lunnngunnass (P<0.05)
desngasomiavaaosluadeildlifivhnisufuszdulsiu (soprotein) wazsedundsany
(isocaloric) idnTlasuiintu Sailvsefuresomstunazueulunisnaaesild sesuldsiud
uanAnsfunAsEslundremmsa waznslisariiuiedndadauazednuouiiad dea
nsznuseUsrAnsnmuesnsgesldlavug esndaiarerdeanuannsalunisgesaingdunid
aelunszingmin ihdesaangomsiniululunszimeuiin Sanrmanansolunisdesemsidues
AunsdagduusivIILINAUNSlugauin @enAaeiu Song and Kenelly (1990) wui1 s¥duy
woludelulasiaulunseimngniinffidaudislunisdoslsveslaruzde wuin Weseduneslinde
lulpsiauiutuashlinsdeslivesinguiaiuiu dslunismnaesndsdl Aueludelulasaues
LL‘wzmaaaﬁmmLLmﬂGiNﬁ'uideﬂfjwmamﬁy’q 4 nqueglvudiAyn19ada Jsuwdlinvinly
auananselunsgosldfinnuuaneieiu uenainil Schnieder and Flatt (1975) fas1amd ns
donldmadusiutuiuegfussduradusiiluewnsdnie dnfudowisuieumsdenldluunede
naufilsunsiasalundromnsa Jsfimnandululiin dnsdesldveslnvuzuazuiinansiuldues
Tnsugenseglunasigenitynndunimmeaes saasmsfnuuinasiuuwueiidefifiaiu
n¥snmisliomadedutoysatvayunanimeasdluadsll lnevalumnnuindnsifiuduves
SununuafiBevdmnmslésuomsuda Auihduilunssuiuviindsasiusansamlunisdeside
Telunszmeganldd SsomoyunuhillssrinvevefiSefiannsndesansemnad slosauia
nquilduselovildanlsiuginingudu wansinsllundemmsaiifiaeuaudunuiuaialy
onsunznnansdsasegluseiuiimnzauilifivanssnuidsauvideluandudsemnsuuaiiioas
uhAaeanavessEUUlIATaInsEmE Y i lvungdensdianuanunsalunisgesaangomnsie
asnin dlilasulnvuzlassufiudy fuandroafedyu Pradham (1994) Anwinudn Uszans
cellulolytic bacteria lunsginmzgiuuvesnsrieuaniduiuaininlawazivszdnsnamlunisden
aanzesideleldfnilaegelitudfuvneda (P<0.05)

ssfUszneumaaiivesdarvhuisedadaiansslundasasiindandsemeadu tog
WUAIUAIIR W5ty BULRBIMTA F1UalNgITIN B1NBLNEITIN FMIATIVYT WU NaNITIATIEN
31n%eeUjURN1S Laboratoris CONVET, S.L. (Laboratori Analisis Veterinaries) 5¥u31 Alfalfa 4iin
dehydrated pellets 311 5.55%, 17.27%, 12.54%, 39.75%, 28.11%, 2.75 Kcal/g, 3.97%, 69.0, 157
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wazdl CF, EE wag lignin 11AU 25.03%, 1.85% Wway 3.97% m1ud1su DAIRYLAND Laboratories,
inc. luan¥geludni s1euis Great lake alfalfa vinanlifl 43.36%DM AifAAININTar w1l
W veuedi Collins (1998) $1897U11 San 1 169%CP, NDF winffu 49%, ADF windu 34% uay
lignin 11U 7% AANMYDY Relative Feed Value (RFV) nudh Saviusisndindausiolundaiiden
oefisediu 124 FauduseAvfungasnianflumadedniifendes wavegluAuinsgiu RFV 09
fhdarih fadnsfnwauamdlasugvasdarilulssmalnedifiogesnsdta esndadu
WAMhaunma Ugnenludesmouasiisadeutisgs
Fofinnsandadesidudinquitsluriadianui Anvesidudlumunnassadstegludi
Tn&dssfuiilasenulslng Wanapat et al. (2009); Polyorach et al. (2014); Gunun et al. (2014)

wazdiiunguazany (2560) s189uINUesiudinguiesnediiia1egsening 90-94 1Wasidus

v ad [

ag9lsinuauwUsUsIvresinguitreanisdntuegduisnsinusnvikazanmuindauly

VYL

4. Andallluiaen
| oav ve a v d' QU J (Y 1w a A a

wngnguilasumsiasulundieinnsad 40 uaz 80 niusesmsetu dusiagselulasiauly
NITLARoATINTULARINIINGNAIUANLAZNENTLASUNITANEN Ivermectin Tudiluan 3 uazanmiad
WAEIAEINTINAUAIUANKAENENNIATUN1TAREN Ivermectin Tudalus?l 6 0191099 INABUAUGULNY
Jululundewnsa silmanlusiulvaniu (bypass-protein) Tunsziwizuiin Tugasnseurunisudn
gogvastnalued 3 Juhilniadlulasaulunszuaionlamninduatuauuaznguilasunisdng
Ivermectin 1A%01M35 (2550) Wud1 anzgiselunseuaiennoukasvaslionisvesungyieny 1

= oAl v a Y N A = = o ] oA vao
way 2 U naunlasunseiiuanluseduesay 0 luemsiivsinugselunssuaientosniinguitlasu
nsziulusedusesay 50 war 100 egilduddgvneada (P<0.05) uiAgiselulasiaulufenasiien
Huwlsegnaenly lnetuegiunanelady (wade, 2536) Wy seaulushundnilasuniseesldlusiu
(157, 2529) SEAUNGI99U n1sPesaatslushulusienie (proteolysis) iialdlunisasiandssu
Tuvazenms Mufnseesdluildlignldlunsduaseilusfiufazgniddeudugselulasauly
don wiuledn seavgiselulasiauiigionafianmauaniunalusiundailasuainemis iues
= Y Y a a Yo i oA
P TULNENARBIYDY WBN1MS (2550) Ndsunsedulueimsiasuaglasululasiaugandingun
lasunseduanludadiudosar 0 Nlasululasiauamzainemstuniisedulusiuiesay 16
\Hesannnseiuildluemmeassdilusiuluemsgaszanasesas 20 Wsiunidnildsuanens
niiuANfBnIsveIsne ddwldeudugSelulasauludenwasgnivesnludaaie (us,
2529) inlvsgavgielunseuaiionnguiiiinisiaSunsefuaindinguitlaiasy wudediu Puchala et
al. (2005) 18U ANUdudurasgselulasaulunseuadoniiAafveamnngugegalutilu 3
RIN15e s wazanauleniaiiull nangnanduriurianssimeniniingns suadonuas
A < a Ao = [ < a S =2 < Y [ ]

gnidsuugisensu wedesiuanuluiivveseuluily Jusuladrseduseulufelulasiauly
nszigvdndianuduiusivseaululasnulunssuaien
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5. Uszansnavasnsissulundremwsaluomsunzidefiides uaulinedfanax

nan1sAneUsyansnavesnsiaslundemmsaluemsunsiefifiresuiulineSfnay
Tuyaunznaonnisnaass wuin lusrmisdaminsnvesnsdulinediee EPG (week-1 w33
N13MAaee) vesuneynnguivTunalndifesduldianuuandisegraldedidgynieada (P>0.05)
ndaanizunsmaaes 1 &t nuin ungldunisieslundromnsaluemsisiuiulane sluya
anasegildedfynisedn (P<0.05) mudadiuveslundremnsariuslnaiindu Tnowdelineslu
waftgnifusaudtasdua i 1 auflsdunsignainevesmamasedluunenguaiuau Wiy 3,432 EPG,
ﬂzjmﬁlﬁ%’umsﬁ@ lvermectin, ﬂﬁjﬁlﬁ%’ﬂﬂﬁwmwmizﬁuﬁ 40 kg 80 NSUABAIFEIU WINAU 2,172
EPG 2,084 EPG way 2,269 EPG muansu sumsﬁl,l,wzmjmmé’%%ﬂﬁﬁmm lvermectin A1 EPG anad
wazdietosniingudug egnaiiulddn (P<0.05) ludUnwii 6, 7 uay 8 MallBunudszAvsninms
anduauvedlingdinadluga 1 n3u (EPG) nasniulundiewmsaidunan 2 uag 3 Ui uae
Linunafiuansadeussudieuiunsld vermectin uansin Useavsuavesndomnsafidnaduly
wensluszuumaiuetmsvesunglialndiAesiunisld vermectin usiifufitrdaunadinisiadulu
n&roimmsanis 2 nauluomisnagduliiAanisdulineseanunfuyaunedunnniiunfvesssuy
‘maLﬁummuﬁaLﬂauﬁma;uﬁt,gmé’aammiqmmuam neflerailosnanlundasnnsad
asdUsEnouveasheuaudunuiufiansadestunisdeseimstusiulalun seungnsinuisdu
waztinlUsAuanduvIsinuludsdlédn unsgadunsnesiluiiddyludldidn uasddnd
aunsagedululdusslenila Juhediusasniswsayiulaludadld (Min et al, 2003 wax Piluzza
et al, 2013) SnvtewnuiludanelfiAnanizanudunsa-aaneluglddnuasuld Sadu
anmundeuilivnganiunsiissdineamed ivldannsadyiulalfuazmeluiian uayly
nendazgnivoanumdeutuya tnitevansviuldmanuiglinsstuiunuiuiinalaonssded
gouvaanens lnewlearslusfiu-unuiu (tannin-protein complex) Wumadnganldanvesdnioz
danaliiriiios (pH) maiué’ﬂé’ﬁﬂqﬁ?u Mmlndgeuvene S liasnsadyivlale (Butter et al,,
2001: Max et al, 2002 wag Min and Hart, 2003) fstuasldunuiulufivorvisdnslusyaui

1%
YN

wingau welvidnitiavnmd nvisdislunisandunuAiatmswasnaununislideiaienes loy

o

Lidawadunsedausenisuandad JndunsudnemsdninUasndeseduilnadneiie
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Male bud characteristics of diploid, triploid and tetraploid bananas

Somkit Jaitrong', John Manthey”
'Faculty of Agricultural Technology, Burapha University, Sakaeo campus, Sakaeo 27160, Thailand

United States Department of Agriculture, ARS, U.S. Horticultural Research Laboratory, Fort
Pierce, Florida 34945, United States of America

Keywords: banana, male bud, bract, genome groups, male flower.

Differences in male bud characteristics of diploid (2n), triploid (3n) and tetraploid (4n) bananas
were characterized. This included comparisons of bud shape, bract color, male flower color and
color characteristics (Hunter CIELAB). Male bud shapes of three genome groups show a diversity,
including lanceolate, ovate and elliptical with acute and obtuse bract apex. Bract color was reddish
brown to reddish purple. Bract outer color in diploid banana (Kluai Nam Thai and Kluai Ta Nee)
were brownish green to purple red, L* = 40.86 to 42.88, C* = 18.76 to 19.68 and H°® = 18.76 to
19.68, while the outer bract colors of triploid banana (Kluai Hom Kheio Kom, Kluai Sam Duan,
Kluai Hin, Kluai Namwa, Kluai Huk Mook and Kluai Thep Panom) were brownish red to purple
red or deep purple, L* = 36.70 to 81.25, C* = 10.28 to 36.53 and H° = 19.81 to 279.9. In contrast,
the outer bract color of tetraploid banana (Kluai Thep Parod and Kluai Thip Parod) was purple red,
L*=42.77 to 43.98, C* = 9.98 to 24.51 and H®° = 11.78 to 19.90, respectively. Bract inner color of
tree genome groups were reddish orange to red purple, L* = 37.68 to 78.36, C* = 31.77 to 38.21
and H° = 24.57 to 77.37, respectively. Male flower color in diploid banana was creamy
white-yellow, while creamy white-yellow in triploid and yellowish cream and pinkish purple in
tetraploid bananas, respectively.

Contact: somkit@buu.ac.th
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Leuven, 23 August 2018

Re.: Notification of Acceptance for Publication
To whom this may concern,
I can confirmm the following articles were received for publication in Acra Horticulturae:

1. The article “Male bud characteristics of diploid, miploid and tetraploid bananas™ by S. Jaitrong
and J.A. Manthey will be published in Acta Horticulturae 1210, the Proceedings of the IV Asia
Symposium on Quality Management in Postharvest Systems. This paper was presented at the
respective symposium that took place in Jeonju. Republic of Korea from 13-14 September 2017,
This publication is planned for August 2018.

2. The article “Characterization of eumelanin-chitosan filims” by S. Jaitrong. P. Srisuk, E.M.
Fernandes, V.M. Correlo and R L. Reis has been accepted for publication in the Acta volume
containing the Proceedings of the IIT Asia Pacific Symposium on Postharvest Research.

Education and Extension: APS2014 which was held in Ho Chi Minh City. Vietnam, on 8-11
December, 2014. Work the publication of this 4era volume is currently in progress and the book is
scheduled for publication in 2018.

If there would be any further questions regarding this you are welcome to contact me at
steven.franssens@ishs.org.

With kind regards.

Steven Franssens
ISHS Secretariat

International Society for Horticultural Science - Société Internationale de la Science Horticole
ISHS Secretariat — PO Box 500 — 3001 Leuven 1 — Belgium
phone : (+32) 16 22 94 27 — fax :(+32) 16 22 94 50 — e-mail: info@ishs.org — www.ishs.org — www.actahort.org
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Male bud characteristics of diploid, triploid and
tetraploid bananas
S. Jaitrong!@ and ]. A. Manthey?

1Faculty of Agricultural Technology, Burapha University, Sakaeo campus, Sakaeo, Thailand; 2United States
Department of Agriculture, ARS, U.S. Horticultural Research Laboratory, Florida, USA

Abstract

Differences in male bud characteristics of diploid (2n), triploid (3n) and
tetraploid (4n) bananas were characterized. This included comparisons of bud
shape, bract color, male flower color and color characteristics (Hunter CIELAB). Male
bud shapes of three genome groups show a diversity, including ovate, broadly ovate,
and lanceolate with acute and obtuse bract apex. Bract color was reddish brown to
reddish purple. Bract outside color in diploid banana (Nam Thai and Ta Nee) were
brownish green to purple red, L* = 40.86 to 42.88, C* = 18.76 to 19.68 and H° = 18.76
to 47.99, while the outside bract colors of triploid banana (Hom Kheio Kom, Sam
Duan, Hin, Namwa, Huk Mook Som and Thep Panom) were brownish red to purple
red or deep purple, L* = 36.70 to 81.25, C* = 10.28 to 36.53 and H° = 19.81 to 279.9.
In contrast, the outside bract color of tetraploid banana (Thep Parod and Thip Parod)
was purple red, L* = 42.77 to 43.98, C* = 9.98 to 24.51 and H° = 11.78 to 19.90,
respectively. Bract inside color of three genome groups were reddish orange to red
purple, L* = 42.05.68 to 45.56, C* = 31.77 to 35.76 and H° = 27.41 to 29.68,
respectively. Male flower color in diploid banana was creamy white-yellow, while
creamy white-yellow in triploid and yellowish cream and pinkish purple in
tetraploid bananas, respectively.

Keywords: Banana, male bud, bract, genome groups, inflorescence

INTRODUCTION

Early classifications of banana (Musa) species were hindered by incomplete
understandings of the genetics of Musa, and of the complex hybridizations capable within this
genus. Yet, many diverse cultivars are now well studied and are known to occur as diploids
(2n), triploids (3n), and tetraploids (4n), with fruit ranging from dessert bananas to plantains.
Simmonds and Shepherd (1955) have previously suggested that edible bananas originated
from two wild species, Musa acuminata Colla and Musa balbisiana Colla. The former species
was designated as diploid genotype AA and Musa balbisiana Colla was designated diploid
genotype BB. Because both species are endemic within common geographic areas, and
because cross pollinations and hybridizations readily occur amongst these two native species
and their hybrid progeny, numerous triploids (AAA, AAB, ABB, and BBB) as well as tetraploids
(AAAA, AAAB, ABBB, and AABB) occur in nature and in commercial cultivation.

The whole banana plant, in addition to the fruit, is useful to many different industrial
and food applications (Mohapatra et al, 2010). In our current study we focus on the
characterization of the morphology and color characteristics of banana bracts as a rich source
of health beneficial materials recoverable from banana production. Most banana male bud
have deep red, purple or violet colors correlating with anthocyanin content. All six of the
common anthocyanidins (delphinidin, cyanidin, petunidin, pelargonidin, peonidin and
malvidin) have been detected in bracts of different species of Musa (Horry and Jay, 1988;

aEmail: somkit@buu.ac.th
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Kitdamrongsont et al., 2008), thus making banana bracts potential sources of these important
health-based compounds (Alexandra Pazmifio-Duran et al., 2001). Banana male buds also
contain a rich diversity of phytochemicals (Mathew and Negi, 2017), dietary fiber, and
antioxidants (Bhaskar et al., 2012). This paper focuses on the morphological characteristics
of male buds of bananas with different genotypes to better evaluate them as potential value-
added materials recoverable from banana plant production and processing in Thailand.

MATERIALS AND METHODS

The banana male buds of varieties with different genomics; diploid (2n) (Nam Thai and
Ta Nee), triploid (3n) (Hom Kheio Kom, Sam Duan, Hin, Namwa, Huk Mook Som and Thep
Panom) and tetraploid (4n) (Thep Parod and Thip Parod) were characterized. The 10 banana
cultivars of three genomes were collected from different regions of Thailand and grown at the
banana agricultural research facility of the Faculty of Agricultural Technology, Burapha
University, Sakaeo campus. Bract characteristics; bract shape, bract curling, bract apex,
outside and inside bract color, color fading, male flower color and color characteristics
(Hunter CIELAB) were recorded. Analyses were made using three replications (3 male buds
for each variety) and results are reported as averages with calculated standard deviations.

RESULTS AND DISCUSSION

The results show different morphological and male bud characteristics of different
genome types and varieties. Included in this study were 9 cultivars of Musa from different
areas of Thailand. These cultivars included 2 varieties of diploids, 6 varieties of triploids and
2 varieties of tetraploids (Figure 1).

Diploid banana

The diploid bananas consisted of Musa AA group var. Nam Thai and Musa BB group
var. Ta Nee. Male bud shape of the Nam Thai banana was narrow ovate with obtuse bract
apex, bract reflex and light roll back in, while Ta Nee banana bracts lift but do not roll. Both
varieties are different in bract and male flower colors (Table1). Bract color was reddish
brown to purple. Bract outside colors were reddish brown with light green to purple, L* =
40.86t0 42.88, C*=18.76 to 19.68 and H° = 18.76 to 47.99. Bract inside colors were reddish
orange to reddish purple, L* = 42.05.68 to 45.56, C* = 31.77 to 35.76 and H° = 27.41 to 29.68.
Male flower color in diploid banana was creamy white to yellow, L* = 75.02 to 81.42, C* =
31.93 to 34.33 and H® = 90.08 to 92.40, respectively (Table 2).

Triploid banana

Male bud shapes of triploid banana show a diversity, including ovate, broadly ovate,
lanceolate with acute and obtuse bract apex. Bract curling was bract reflex and roll back and
wax on the bract. Inside bract colors were reddish brown outside bract color and reddish
orange to red for, while for the Musa AAA group var. Hom Khieo Kom the inside bract color
was orange, fading to yellow towards the base. Male flower colors variably flushed with
creamy white to pink (Figure 1 and Table 1). The color characteristics of outside, inside bract
and male flower color are presented in Table 2.

Tetraploid banana

Male bud shapes were broadly ovate to lanceolate with acute apex. Bract curling was
bract reflex and roll back and wax on the bract. Colors were reddish-purple for the outside
bract color, while reddish-orange to purple for the inside bract color. Tepal pigmentations of
male flowers were pinkish-purple in Thep Parod and creamy yellow in Thip Parod banana
(Tables 1 and 2).
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Most bananas have red, reddish-brown to purple bracts although a few are green or
yellow. The variation in bract color is correlated with the composition of the anthocyanins
presents. Many factors other than anthocyanin contents influence bract color, including
pigment accumulation patterns, vacuolar pH, and copigments in each individual cell or tissue
area (Grotewold, 2006). Anthocyanins are considered to be a good food colorants due to their
attractive colors, water solubility, and stability in processed foods (Torskangerpoll and
Andersen, 2005) as well as their established health benefits in humans (Grotewold, 2006;
Konczak and Zhang, 2004). Since the bracts of banana are widely available and have been
traditionally used as foods, they could be a potential sources of anthocyanins (Alexandra
Pazmifio-Duran et al,, 2001), phytochemicals (Mathew and Negi, 2017), dietary fibers, and
other food components (Happi Emaga et al., 2007) (Bhaskar et al,, 2012).

CONCLUSIONS

Our results show that most of the cultivars collected in Thailand and included in our
study were triploid and tetraploid and only two diploids. Some of the samples were the same
genotype but varied significantly in their male bud characteristics such as male bud shape,
bract curling, bract color, color fading and male flower color. Hence, bract morphology is not
areliable predictor banana plant genotype.
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Figure 1. Musa Male bud of ten cultivars; Nam Thai(A), Ta Nee(B), Hom Khieo Kom(C), Sam
Duan(D), Namwa (E), Huk Mook Som (F), Hin (G), Thep Panom (H), Thep Parod (I)
and Thip Parod (]).
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Table 1. Important characters! of diploid, triploid and tetraploid bananas male bud.

Species, Genomes Male bud shape Bractapex Bract curling Outside bract Inside bract Male flower color
color color
Diploid (2n)
Musa AA group var.Nam Thai Narrow ovate Obtuse Bract reflex and Purple Reddish-purple Creamy white
light roll back
Musa BB group var.Ta Nee Narrow ovate Obtuse Bract lift but do not roll ~ Reddish-brown Reddish-orange ~ Creamy yellow
with light green

Triploid (3n)

Ovate Obtuse Bract reflex and Reddish-brown Orange color Creamy white
Musa AAA group var. Hom Khieo Kom roll back fades to yellow

towards the base

Musa AAB group var. Sam Duan Lanceolate Acute :?grﬁ’ftr gﬁf{;&:cind Reddish-purple Bright crimson Creamy yellow

Broadly ovate Acute Bract reflex and Reddish-brown Red Pink
Musa ABB group var. Namwa roll back
Musa ABB group var. Huk Mook Som Ovate Acute rBorlzr\(t:)ta rCeJIex and Reddish-brown Red Pink
Musa ABB group var. Thep Panom Ovate Obtuse rBorlzr\(t:)ta rCeJIex and Reddish-brown Reddish-orange  Pale pink
Musa BBB group var. Hin Broadly ovate Obtuse Bract reflex and Reddish-brown Red Creamy white

roll back

Tetraploid (4n)
Musa ABBB group var. Thep Parod Broadly ovate Acute rBorlzr\(t:)ta rCeJIex and Reddish-purple Reddish-orange  Pinkish-purple
Musa ABBB group var. Thip Parod Lanceolate Acute rBorl?(t;)ta rceil‘lex and Reddish-purple Reddish-purple Creamy yellow

Simmonds and Shepherd (1955)
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Table 2. The outside, inside bract and male flower colors (L*, C* and H°) of diploid, triploid and tetraploid bananas male bud.

Species, Genomes Outside bract Inside bract Male flower
L* C* Ho L* c* Ho L* C* Ho

Diploid (2n)

Musa AA group var.Nam Thai 40.86+7.7" 18.76£10.5 18.46+8.7 42.0549.1 3177481 2741152 75.02+3.3 31.93+8.7 90.08+7.1
Musa BB group var.Ta Nee 42.88+9.9 19.68+19 47.99+2.3 4556+04 357617 29.68+19 8142+25 343359 92.40+0.8
Triploid (3n)

Musa AAA group var. Hom Khieo Kom ~ 81.15£17.5 36.53+25.6 78.06+3.8 78.36£17.4 35.62+24.5 77.37+3.7 75.05+11.5 39.35+21.4 79.34+0.8
Musa AAB group var. Sam Duan 36.70+2.3  19.59+0.8 19.81+2.6 48.30+3.6  34.02+1.3 40.59+36 74.22+0.7 28.26+1.1  97.02+1.6
Musa ABB group var. Namwa 4317435 26.23+6.3 25.69+4.2 4583+3.6 34.81+27 30.33t25 64.99+52 23.00£1.9 61.3548.0

Musa ABB group var. Huk Mook Som  50.9742.5  10.28+1.4  279.94+255 4392426 37.88+29 2457+25 54308156 18.76+2.7 34.03t6.5
Musa ABB group var. Thep Panom 4539+0.6 14.30+1.8 22.95+0.9 4167459 38.21+3.7 29.60+0.1 67.62+7.7 23.97+0.8 65.31+11.9
Musa BBB group var. Hin 46.08+4.1 25.37£79  28.46+0.0 4815446 374231 3514136 727442 33.80+1.4 86.77+7.9
Tetraploid (4n)

Musa ABBB group var. Thep Parod ~ 43.98+2.3  9.98+0.8 11.78£1.19  37.68+1.04 35.70+1.08 29.95+0.87 43.12+1.60 13.87+1.85 27.415.2
Musa ABBB group var. Thip Parod 4277£74 2451174 19.90+13.67 42.81+840 32.5545.75 28.34+1.83 69.68+2.96 24.25+0.87 76.89+5.3

1 the present results are average of the 10 values obtained for each set with a standard deviation.
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Tannins Content and Chemical Compositions in Pseudostem Leaves and Inflorescence of
Thep Parod Banana
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Abstract
Parts of the banana plant such as the fruit and the inflorescence can be used in food, while the other paris
including the leaves, pseudostem and stalks are considered waste materials. This report aims to study the bicactive
compounds in the group of phenolic compounds, condensed tannins, hydrolysable tannins and to determi e
proximate analysis in the pseudostem, leaves and inflorescence of Thep Parod banana. The results showed that
the highest condensed tannin, hydrolysable tannin and total phenolic compounds contents were found in the leaves,
followed by the inflorescence and then pseudostem, respectively. The highest content of condensed tannin was in
the range of 21.96-174.60 mg Catechin equivalent (CE)/ml, followed by hydrolysable tannin 15.80-57.74 mg
Gallotannin equivalent (GE)/ml and total phenolic compound 13.01-45.40 mg Gallic acid equivalent (GAE)/m.
Furthermare, the banana leaves presented higher content of crude protein (11.25%), crude fiber (27.26%), energy
(4786.18 calorie/g), and other components (acid insoluble ash, neutral detergent fiber, acid detergent fiber and
acid detergent lignin) than the inflorescence and the pseudostem. The usefulness of waste utilization from banana
leaves could increase a potential animal feeds production system in terms of a reduction parasites and inhibition
the growth of nematode eggs in gastrointestinal tract of ruminants, including saving cost of production.
Keywords: banana, tannins, phenolic compounds
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Tannins Content and Chemical Compositions in Pseudostem Leaves and inflorescence of
Thep Parod Banana
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Abstract

Parts of the banana plant such as the fruit and the inflorescence can be used in food, while the other
parts including the leaves, pseudostem and stalks are considered waste materials. This report aims to study
the bioactive compounds in the group of phenolic compounds, condensed tannins, hydrolysable tannins and
to determine proximate analysis in the pseudostem, leaves and inflorescence of Thep Parod banana. The
results showed that the highest condensed tannin, hydrolysable tannin and total phenolic compounds contents
were found in the leaves, followed by the inflorescence and then pseudostem, respectively. The highest content
of condensed tannin was in the range of 21.96-174.60 mg Catechin equivalent (CE)/ml, followed by
hydrolysable tannin 15.80-57.74 mg Gallotannin equivalent (GE)/ml and total phenolic compound 13.01- 45.40
mg Gallic acid equivalent (GAE)/ml. Furthermore, the banana leaves presented higher content of crude protein
(11.25%), crude fiber (27.26%), energy (4786.19 calorie/g), and other components (acid insoluble ash, neutral
detergent fiber, acid detergent fiber and acid detergent lignin) than the inflorescence and the pseudostem. The
usefulness of waste utilization from banana leaves could increase a potential animal feeds production system
in terms of a reduction parasites and inhibition the growth of nematode eggs in gastrointestinal tract of
ruminants, including saving cost of production.

Keywords: Banana, tannins, phenolic compounds
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A3l dsrlamiannndssuanannea wazdla mu%'luj WU AVEUNEN (pseudostem) bATANAS LAy 1y
douililss T liteeviteuny U Tamlanaduen Snaanisuindrfiudion Uszneugng wagla tala
\iaglag Antlu (Lietal, 2010) BARIADBLA (8.16%) WA TauaeIs (4.029%) D1 1T (3.5%) WNUTL (9.13%) (Onyema et al., 2016)
lundae uunasresasdsznauiues (Giish and Satish, 2008) andaaidudaisngmaivazanslidassngis
(Alexandra Pazmifio-Duran et al., 2001; Mathew and Negi, 2017) bAsanangl Usenausiag Tlsiunenu IWwes Ty wasiunu
fuge Aefanthanudniduanmnsdnd (aletal, 2015) wnuiufuansdszneuflueafifeainsdunnsssuani s
tle Has viteay Tnevialunufiuutiady 2 ngw An lataslavndaunuiiu dsenaudan unalawnuiiu anauny
3114 (Mueller-Harvey, 2001) LA ﬂﬂumuzﬁmuuu vigaldsuenlslaefian (Mueller-Harvey and McAllan, 1992) ﬂmmummm
ﬂmLmuuummmﬂummmmmwLm’Lummeﬂumﬂwm’mmmimmﬂ@ummﬂnm m@@mu@@nqmﬂum@mmm
Fotlsdn LL@JEI‘LIFNH%‘L%‘Q_J FLlnreamenBiananlus UL AL N I09d AR 018 (Butter etal, 2001: Max
etal, 2002) AMNARAAINATSuAEidBAsauladn s slszneuiluea lalasladunuiiu Aeuaud
il uazdantlsznaumiaafiuuslszinnanngauaedia 1ud srdwiien 0 wazdandae ieunstind

A Aa’ v QI A g Ql v
wiaasannaneEas luiastuun s laniuazanilyundanandan

aUnsaluazdsnig

nTATENARRtNIndeLazn19anie Inatindauaesafuiian 1o uazdandemnea i liusialaeanis
anfasfeuasiaufionmnil 60 asrnmaiFua u 48 Falus uasatnelfiaziBun aniugriafedudicluusiaz
fur99nE98 S119% 10 N3N (LinzdIUIRINdaEATA 3 57) Aanezdlau Asnuidiudiu 70% A9eFR Soxhlet 4ria
aunsziiafaaenela il i lussmaudiediagiAbes rotary evaporator igruvnil 50 asAniTaidea aniuazand
20819898 70% 18Ns1uen waztianAlaszBinasslsyneufiueanaan uaz lalasladunuiiu faeds
Folin-Ciocalteu (Singleton and Rossi, 1965) fmﬁ']ﬂ’li@mﬂﬁul,l,mﬁﬁﬂl,ﬂ%m microplate readerﬁmmmqmﬁlu
765 U tuLNm g aﬁmmmwﬂizn@u?\lu@@ﬁwmm’mmumLﬂuﬂ?mm Gallic acid equivalent (mg GAE/m
sample) dauiunalalaslafunuiiy seeuanadluliunn Gallotannin equivalent (mg GE/ml sample) 31AT12%
Buaimeaudunuili Aaeds HCl-vanillin method Amiilasann Singleton and Rossi (1965) fiRNENIARL
500 W1 lULNAT Lazsaeuraliuliuin Catechin equivalent (mg CE/ml sample) daun1satasnsiiasAlsenay
19t UL szannl (proximate analysis) (AOAC, 1990) Aa 4w (Dry matter, DM) (AOAC, 1990) Tils5iu
9181 (Crude protein, CP) sl (Ether extract) 181 (Ash) Enilaiaranslunag (Acid insoluble ash, AIA (AOAC
18" ed., 2010, Method 942.05) Lﬁlﬂslﬂfmlﬁmm@u (Detergent analysis) (Goering and Van Soest, 1970) & uA
Lﬁ@‘lﬁiﬁi@:mﬂuﬁ mfal,wﬁll,ﬂuﬂma (Neutral detergent fiber, NDF) Lﬁ@‘lﬁﬁiﬁi@:mﬂiuﬁmamu‘ﬁ'l,fluﬂim (Acid
detergent fiber, ADF) wazanfiulufimetaufiflunse (Acid detergent lignin, ADL)

NIAILIHANINATE 1neRiAsnziiAaulsilsau (Analysis of variance, ANOVA) wasdinyails uay
L‘Lﬁ?ﬂmﬁﬂummummmmqmLfaamwdwmjmmiwm@m‘imﬂmﬂ% Least significant difference method (LSD)
Aaalilsunsndnidagtl STATISTIXS (Statistix8, 2003)

A
1. Banasisdsznauilusauazunuiiy Tusisu lu wazslanaamnsa
hannanadazneufiuen pewaudunuily uazlalasladunuiu nusniigalugiuzesly sasaemn fe
1R uazdfiu mudsu Gamuunneemaudinuiululugedige e 174.60 un. Andwae. sasasn fe U3
(30.48 HN. AWNTWHA.) WAy AGIUTEN (21.96 NN, ATWTEWNA.) Aa1AU nnulalasladunuiu agseudng
15.80-57.74 un. unalaunufiwma. uaransdsznauiuen agszudng 13.01-45.40 NN, NIAUNAAN/NA. AMHRIAL
(Figure 1)
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2. #2ulsEnaun1aAN L LUUTENIUABINAILLNNG R

Lﬁémmmﬁﬁ”ﬂuz\?ﬂﬁmﬁﬂuﬁmnﬁ'zﬁm AR 92.74% 38489K1 AR UA (90.77%) wazly (75.12%) AMNATAL
Bunauldsiumneny Wuqq‘ﬁ'qm‘lu 1R (12.44%) 7098911 A2 10 (11.25%) uaT ANHWALN (2.50%) ANNANGL LAY
HAumnsnad e lviadAyn1eadn (P<0.05) Eelementludnfudnua oA ndiReaiu lssunn 27%
dululatiifies 15.3% 1Bunnuinlulandaagaiian Ae 11.80% 104aun e 1 (6.29%) uas a1duite (5.39%)

al q
v

aua1AU Tundoaiudauin Hinaasnusngegn Ao 4786.19 uAASI/NTM 3898911 A 1A (4019.84 LAREI/N3N)

2

uaz afufeN (3578.45 wAREI/NTN) ANAIAL uazdAuans1sae N utdN AN Nata (P<0.05) wanandl
dautlsznauniunian) 1eandaennea Aauansl Table 1

Il Pseudostem *# Leaves &% Inflorescence

200

150 -+

100 A

50 H

Value (mg/ml)

Total phenolic Hydrolyzable tannin Condensed tannin

Figure 1 Total phenolic, hydrolysable tannin and condensed tannin in pseudostem, leaves and inflorescence
of Thep Parod banana

Table 1. Chemical compositions of Thep Parod banana pseudo-stem, leaves and inflorescence

Component Pseudostem Leaves Inflorescence LSD. CV.
Moisture (%)" 92.74° 0.5 75.12° +0.66 90.77°+0.17 1.01  0.59
Crude protein (%) 2.50° 0.09 11.25° +0.09 12.44° +0.08 017  1.01
Crude fiber (%) 27.58% +0.14 27.26% +0.23 15.31°+0.11 034 074
Ash (%) 5.39°+0.08 6.29° +0.03 11.80° +0.08 0.14  0.91
Acid Insoluble Ash; AlA (%) 0.63" +0.07 1.75° +0.01 0.04°£0.01 0.09 527
Neutral Detergent Fiber; NDF (%)  57.69% +0.18 53.46° +0.12 44.45° +0.12 029 028
Acid Detergent Fiber; ADF (%) 33.03% +0.01 29.56° +0.01 30.87°+0.03 0.04  0.06
Acid Detergent Lignin; ADL (%) 3.02° £0.06 6.29° +0.04 10.81°+0.13 0.18 1.30

Energy (calorie/g) 3578.45°+36.48 4786.19°+18.07 4019.84° +1.68 46.63 0.56

" Row values followed by the same letter are not significantly different with (P=0.05)
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aAnAn lanse’ uatErTeR Uann’

Somkit Jaitrong” and Suchawadee Buapok'

unAnga

ﬂ']u"‘aé’ﬂfﬁ'a"mqﬂrm ﬁtﬁﬂﬁnmﬁ'numzﬁ'mmu"‘mﬂwaaﬂﬁné’@ﬂ (g9 nsdaunesludsedy Reesly
sz Rmaninstf] uazRaeq stigma)yeandag triploid Al niaemesdeares (Musa AAA group) An3tfew (Musa
AAB group) Laziinus (Musa ABB grOUp)Nﬂﬂﬂ'Jﬂﬂ?“ﬂuuiuimﬂﬂﬂﬁ??’é‘ﬂtﬂﬂ?“’LS-M‘W’THP]’J’]SJU?H?INN’]5‘1?3'1141!@{1
wandae (lifkwaes >90-100% Uiysal) dasfumniudruandndeingd smnuumummLm"m’mmnmﬁﬂnﬂamw
ussENAUN (30£2°C uaTAIINTURUWNS 65£2%) Uﬂuﬂﬂﬂ')ﬂﬂi‘uﬂ"ﬂ?ﬁﬁ‘m'ﬂ’l\‘mﬁ?‘ﬂﬂ"ll.mwi‘- zqn (Waen
Lﬂaﬂmﬂummm} UITATIZVARN AN AN EN - 1ad! huinas poramuden & ponsusimilaussi i
sawudavivaniiazanninli) nudrudndaevendedenusnymuaislielintte danenudoulandanansiio
qUinaeaen Uaouvaa nisieanaiugilludszduenduasdiouiu Tusailnaga Adnmaesunsduasessia
meninAAATNL MRS (Mendieasiay) AnAss (@1aiFiew) uasRaay (wnus) dareRivdeenfseasimeuimudi
ejf:ﬂ:u?mrﬁﬂ1&&?#‘3%%?‘@#23@ Aa 58 YU AIFALUR Te9aNn Ae YemiTacras (82 Tu) WAL (124 41)
wimnifufuanfuinm mevmudingsrazgnasenfaevenidefasuaznioeaisien o 3 T4 uasnian
i aan 7 94 ﬁuﬂm“ﬂ@%@d‘l’%ﬁuﬂﬁa:ﬂﬁﬂﬁyﬂlﬁﬁl?:ﬂ:anﬁN{uﬂi:u’lm 10 Winazgigalundosinnuy
(31.9%) 7298941 Ag NAEuaNlaIAaN (27%) LAZNAIEAMFEY (20%) ANNATFLU lumnepaeiudinung awinien
TTEZANARRS Uszannl 5-6 Wi
ANENATY: NANFYE, AUINANIMENIN-AT, Tudlseiy

Abstract

The objective of this research was to study the morphological characters of inflorescence (shape, bract
curling, bract color, male flower color and stigma color) in chromosomal triploids namely Hom Kiew Kom (Musa
AAA group), Sam Doen (Musa AAB group) and Thep Panom (Musa ABB group). The fruit at physiological maturity
was assessed based on the standard maturity for banana accaording to fullness of fingers (no angularity, >90-100%
mature)plus number of days from inflorescence removal, and, then harvest, the fruit hands were allowed to be ripe
at ambient condition (30¢2°C, 65+2% RH). Banana fruits at physiological maturity and fully ripe stages (the péel all
yellow) were evaluated to determine the physico-chemical quality (fruit weight, peel thickness, color, firmness and
total soluble solids). The results showed that the inflorescences of Hom Kiew Kom and Thep Panom were broadly
ovate with obtuse apex, whereas that of Sam Doen was lanceolate with acute apex. The bracts of three cultivars
were covered with natural wax, curled up and rolled back. Bract color was reddish brown to reddish purple. Male
flower colors were creamy-yellow (Hom Kiew Kom), yellow (Sam Doen) and pink (Thep Panom) with vellow stigma.
Sam Doen banana had 58 days to reach to physiological maturity, which was earlier than Hom Kiew Kom (82 days)
and Thep Panom (124 days). After harvest and storage, Hom Kiew Kom and Sam Doen ripened in 3 days, whereas
Thep Panom took 7 days to be ripe. Total soluble sclids increased 10 times at the fully ripe stage and was highest
in Thep Panom (31.9%), followed by Hom Kiew Kom (27%) and Sam Doen (20%), respectively. In contrast, fruit
firmness decreased 5-6 times at the fully ripe stage. '
Keywords: banana fruit, physico-chemical quality, bract
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Inflorescence Morphology and Physiological Maturity of Hom Kiew Kom, Sam Doen and
Thep Panom Bananas

ANAR lARsT°uasgT1IR HInn'

Somkit Jaitrong' and Suchawadee Buapok'

Abstract

The objective of this research was to study the morphological characters of inflorescence (shape, bract
curling, bract color, male flower color and stigma color) in chromosomal triploids namely Hom Kiew Kom (Musa
AAA group), Sam Doen (Musa AAB group) and Thep Panom (Musa ABB group). The fruit at physiological
maturity was assessed based on the standard maturity for banana according to fullness of fingers (no angularity,
>90-100% mature) plus number of days from inflorescence removal, and, then harvest, the fruit hands were
allowed to be ripe at ambient condition (30+2°C, 65+2% RH). Banana fruits at physiological maturity and fully
ripe stages (the peel all yellow) were evaluated to determine the physico-chemical quality (crown weight, fruit
width, fruit length, peel color, firmness and total soluble solids). The results showed that the inflorescences
shape of Hom Kiew Kom and Thep Panom were broadly ovate with obtuse apex, whereas that of Sam Doen
was lanceolate with acute apex. The bracts of three cultivars were covered with natural wax, curled up and
rolled back. Bract color was reddish brown to reddish purple. Male flower colors were creamy-yellow (Hom
Kiew Kom), yellow (Sam Doen) and pink (Thep Panom) with yellow stigma. Sam Doen banana had 58 days to
reach to physiological maturity, which was earlier than Hom Kiew Kom (82 days) and Thep Panom (124 days).
After harvest and storage, Hom Kiew Kom and Sam Doen ripened in 3 days, whereas Thep Panom took 7 days
to be ripe. Total soluble solids increased 7-10 times at the fully ripe stage and was highest in Thep Panom
(31.9%), followed by Hom Kiew Kom (27%) and Sam Doen (20%), respectively. In contrast, fruit firmness
decreased 6-10 times at the fully ripe stage depended on the cultivars.

Keywords: Banana fruit, physico-chemical quality, bract
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Figure 1. Inflorescence character of Hom Khieo Kom, Sam Doen and Thep Panom bananas
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Table 1 The bract and inflorescence color of Hom Khieo Kom, Sam Doen and Thep Panom bananas

Part of
inflorescence L* a* b* C* Hue angle
QOutside color
Hom Khieo Kom

81.15+17.46  6.71+2.87 35.84+25.48 36.53+25.58 78.06+3.77
Sam Doen 36.70+2.33 18.02+0.34 7.2540.99 19.59+0.84 19.81+2.58
Thep Panom 45.39+0.56 12.47+2.09 5.70+0.73 14.3041.77 22.95+0.91
Inside color
Hom Khieo Kom 75 56,1735  6.94+2.94 34.92424 35 35.62+24 49 77.37+3.73
Sam Doen 48.30+3.64 27.19+2.54 22.16+2.49 34.0241.25 40.59+3.63
Thep Panom 41674585  31.73+4.37 18.13+2.35 38.2143.66 29.60+0.09
Male flower color
Hom Khieo Kom 75 0541149 7.06+3.37 38.67+21.09 39.35+21.36 79.34+0.77
Sam Doen 74.22+0.68 -3.52+0.90 28.19+0.77 28.26+1.06 97.02+1.55
Thep Panom 67.62+7.69 8.79+4 67 21.66+3.05 23.97+0.81 65.31411.92
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Figure 2. The bunch character of Sam Doen, Hom Khieo Kom and Thep Panom bananas.
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