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Project Title: Effects of Thapra Stylo silages treated with dried mao pomace and lactic acid
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Abstract

In experiment 1, the aim of this study was to investigate the effect of applying dried
mao pomaces (DMP) at various level and combined with lactic acid bacteria on the
fermentative quality and nutritive value of Thapra Stylo legume silages. DMP were added as
various levels (0, 1, 3, 5 and 10% (w/w)). As the level of DMP added increased, increases in
lactic acid and decreases in butyric acid and the pH value of silage were observed.

In experiment 2, the effect of applying dried mao pomaces (DMP) alone and
combined with fermented juice of epiphytic lactic acid bacteria (DMP+FJLB) or Lactobacillus
plantarum ST1 (DMP+Lp) on the fermentative quality and nutritive value of Thapra Stylo
legume silages were studied. Dry matter content of silage was increased with addition of DMP
portion. Without any additives, the silage showed the highest pH value. The NH,-N contents of
DMP silages was lower (P<0.05) compared with the control silages, but did not appear to be
significantly different from the combined silages.

In experiment 3, feed intake and nutrient digestibility in goats of silage treated with
10%DMP alone and combined with FJLB (DMP-+FJLB), or Lactobacillus plantarum ST1
(DMP+Lp) were studied. Four male ruminally fistulated crossbred Boer x Saanen goats were
randomly assigned to one of the four dietary treatment silages in a 4 x 4 Latin square design.
The 28-d experimental period consisted of a 21-d feed intake and 7 d of sampling. The pH
value and NH,-N contents of DMP silages was lower (P<0.05) compared with the control

silages, but did not appear to be significantly different from the combined silages. Silage
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intake tended to be higher in goats fed with DMP silages. However, no significant differences
(P>0.05) of nutrient digestibility were observed in goats fed silages.

In experiment 4, this study was conducted to evaluate the effects of various additive
silage on carcass characteristics and meat quality of growing goats. Sixteen male goats were
divided into 4 groups and individually penned for 80 days. Over this period, each group were
fed an untreated silage (C), dried mao pomace treated silage (DMP), fermented juice of
epiphytic lactic acid bacteria treated silage (LAB) or dried mao pomace plus lactic acid
bacteria silage (DMP+LAB). For feeding trial, digestibility of DM and OM in goats fed with
Stylo silage treated with DMP and FJLB were higher than the other treatments (P<0.05).
Digestibility of NDF and ADF in goats fed with Stylo silage treated with FJLB were higher than
the other treatments (P<0.05). The goats fed with FJLB treated silage had higher (P<0.05)
dressing carcass (%) than the other diets. After slaughter, the TBARS values were lower
(P<0.05) in meat from goats fed all treated silage compared to the untreated silage at 5 days
of aging. Higher H* values was observed in meat from untreated silage fed animals as
compared to meat from the other. We conclude that, under conditions that promote oxidative
stress in meat, DMP and LAB treated silage can improve the oxidative stability of meat

compared to the untreated silage.

Keywords: Thapra Stylo, dried mao pomace, lactic acid bacteria, silage, goat
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WeAsy 30 1 n1adageanaudn luisdasnanmus 1an1sdauen pH tneldinTes
pH meter (Horiba) waztinsaatnelddinssimniliunainsanaminuasnsaladuinssmels
(Volatile Fatty Acid; VFA)IaaldiA389 HPLC m1NA8N17284 van Der Weilen et al. (2000) #1
Punounentuilelulngan  (NH,-N) Tneds steam  distillation method gusiaasinqusislil
a 6 6 v [ v % v al asa
AmsziimnasAlsznaunnelnausldun dnguis, ladu, wWuarllsiuneu nudsinisves
AOAC (1995), NDF ADF ua¥ ADL m1:38n13284 Van Soest et al. (1991) at/Fumiae9 LAB

AnuluNavsinanAsuea Kozaki et al.(1992)

NN5ALATIEVTBNA

u

nsAAIIzAfNLLsU sIuaesAede THnnsAAsnsiA LTl sauuLY Analysis of
variance (ANOVA) Taelld Proc GLM (SAS, 1994) waziilFauieunisldansiasuumazaninly

uemsinsaaun e udnlaeld Duncan’s Multiple Range Test (DMRT)
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Effect of various silage additives on fermentative quality of Thapra Stylo silages

) ¥ o o
ﬂ’]imsﬂNu’IW?IMNnQ’]ﬂn'JVIWWi:'A‘llElT@

! o A o [ % o 90J = y aI/ 1 o a %7/
naunevnNEun 2 i it naiiuaindaianszalalagn wazinliiBniisnanglag

2% (wiv) Tannauzildatin dnlihiunginde grungil 30 °C unan 2 Ju

nNsHIAviNnszabalanan

ﬁqﬁwhmmimimmfm 60 Tu UnundusaiaTasdulivalAnue11wm 2-3 TU.
TNz A 1R IaRANAULAININANAUANTLETN AT AD NIALHIEG WINTUN LATAINLHAE
90j A o o A o 1 dl v v o/ ]
HaNtNTudn TaaAnaenszduaesenInwIneaInuan1maaesi 1 agnlidiiuuazld
QENANARNIWIALTIR 100 N3N TngeliatindaeATad vacuum sealer Mndavianszalala usin
Tnelaildanadsn dnNaudnvsnaudazaind iugesnldnguugives uazquiivsaetig
fvinnszalnlanadni 30 Ju 1WadAszsinIaAR T9NATNAUAaE1LAZILATIZITIUTAUNT

NARDIN 2

LLNuﬂ']‘é‘VIﬂ@'ﬂd‘ﬁ 3
Effect of Thapra Stylo silage treated with various additives on digestibility, ruminal

fermentation and metabolism in goats

ATNMITNANAN

v

a3 dNAaaInIINg 4 g9 Tneliie 1 TuLLLENAUIENINNE 1M INY L LAZAUNS
v ald %3 [~| 1 b4 v o/ ]
41 IpedNaudniunuasatneny THa1119994 115808 1.5 % 199U, F9 49UaIn1TueNL
T RULULANT tarNaunidn1slda191430 2 A Aa N9NINLHINS LUANEUNTALAARN 1WA
= o 1 a a a 90’ = o = = o d’j
Naudn LazanInNINaNuUAREansauanfn luwinNgmin Tnalsaazidan fail
dl ul/ 1 o dl 1 73 a
ANMINARANN 1 : Savinnszalalanainiluldansasu
ANMINARDT 2 : DaNIEA I lansiniasT e aNINHIES 10% (w/iw)
dl nl/ i o a % 1 al A a
ANMINARDIN 3 : DVINIa A Ta N NLATNARE110% NINHIRNLALLUANLTENIALAARN

Tusinvgusin 1% (wiw)



BNNINARDITN 4 : BVINNsEa I lannLas N A e NN RN WAY Lactobacillus plantarum

ST10.2% (w/w)

LAUNTITNANAN

T UNUIUNARAIULL 4x4 Latin Square Design IAaRYITNINUE 4 7i3NUUR MN"9
NANDILULNZIANZNIZINTG 4 Fin WuﬁgﬂmﬁmﬁuLﬁ@QLLﬂxLL‘ﬂ\‘lIﬂ@—léL‘]’jﬁlu 1 4 429n1INeaes
(periods) wazkFAazIzazNIINAaedldIan 28 Ju InalsrasdntFuininisiuld 21 Juuazi
sresifufesng 7 Su uasilszaslFUdng 14 Su uszeznamaaeeaY 126 fu fewdnay

NARAIUNE IASUNT0NEINe NG

aa [ g a 4
AENITINUUDHALASIILATISU

Qmmwmmﬁ’qmwam"lm‘iauﬁn

guiiusdoatreirudnluudazdosaasnimaaas  Iaagulldmmeiniguninusy

]
KX aad 3 o 1

aamlsznaun1alnauzaasdaniangzalnlandn S9N N1AUFAaLNLAZAIATIZTIUHAUNT

NARRIN 2

% [~ L% 1 o d
N9 ARIMITUALLNLARDENS L UFR?
1. wneldfue1mis Suaz 2 A% AaEn wa1UsTann 08: 00 w. wazLng nanszanad 15:00
W dunnFunaie s i wazd3unuenvnsiuae et ldaruaamdiununisiulsues
[ % 1 [ %
nouva luusazdu
2. duifiusnatinsanvnsluusasvammusiiluszazioan 7 Sufissani (Fuin 22-28) vagusiay
. . . . - - e
szaznmaaed Tnaazuiiennseanidu 2 dou ludouusntnldeunanmgil 100 °C uman
24 FaTue e IrguiaudaiinliluAeasaesdRguiannule douin 2 aun 60°C 1unan 48
oI/ %/ ) 1 a a dl a e ] =
Falug annthsi ldussiunsinsarung 1 Aaawns e ldlun1mansimdaudsynaunianil
Aa FRnuiie 1 uarllsAuneny AuNIRIgIu AOAC (1995) 43w NDF ADF wagz ADL AN
38117984 Van Soest et al. (1991)
3. quiiivasamianlunszinnzguu Tnainniafiuludun 28 sasusazdaanimaaes ndalu

0 (NewN171%81119) 2 waY 4 NaaN1TWe1YTlReWdn LaatiNndaen pH TunTaaldrTeq



pH meter antiunnAl U ldunininiaesqduradlunszinizgau wdatizeqiman (rumen
fluid) ﬁiﬁmﬂmzqugmﬂﬂﬁLm‘qzﬁm wanTuitle —lulngiai( NH,-N) TPeAaNNINEL LA
thienreamadaufivaeliRnszimnaslasifssime & daeiasas HPLC

4. giiUFaBLNYa 5 TuRnfaiy (fj"u?i 24-28) UANUWAAYITELNNTNAAD H8ATN1T Total
collection ﬁﬂiﬂ@uﬁfqmmﬁ 60 a9ANITATEA W 72 dalne anndutifeetnauiazfaenad
Fiamam 5 Susnaniu WA4NN 10 wWefifusvesiatmmuninase uARUAZLNSITWIA
1 fadwms et lunnessindautsznaunand WasuuAiAnugsnlunistas

N1

NsILATIZUTaYA
nsAAIIzAfNLLsUIuIesAedae THnnTaAsnsiA LTl sauuLL Analysis of
variance (ANOVA) Tagld Proc GLM (SAS, 1994) ANHNLNUNIINAARILLL Latin Square

Design uaziFeuinauaiadasiiee Ineld Duncan’s Multiple Range Test (DMRT)

Lmumswmmﬁ 4
Effect of Thapra Stylo silage treated with various additives on fattening

performance, carcass characteristics and meat quality of goats
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(Randomized complete block design, RCBD) et ldtinutinaaiduinasilunisdnngs wii

wnzaaniu 4 nque az 5 59 utisunzaanidu 4 ngu mNviTNmU

1
o ]

ngud 1 laudovinszalalandni i ldansiasa

1
o |

ngud 2 liFudavinnsealnlandniadnsoaninisine

1 %
o ]

ngun 3 liudavinnszalalandnidiusmauuanFansauanan lurnNgmsin 1% wiw)

1
o |

{ QII Yas o a2 14 1 a a a go/ |
NANN 4 1®?UﬂQWWW?$@1WIﬂMNﬂL@?N@’Jﬁlﬂ"lﬂm’]&lﬂ WaZLUANTENTALAARN TN
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unzyndagndsuanaaniaen 99e1mnsuaznaurldtinazannliiunaeniaal nng

TNENENBUNEYNED ApdRdnaaeddiranAINuEIBNIIAaed Tneliau su ke NiuITdng
¥ a A o | ! 4 b

e vy wareuwisdu lnelinondniduwiaseimmeny Wermnsdululznim 1.5 %

%

o ~ o o o o A dl p o 2 9
ARANUU. AT I@ﬂﬂ?:ﬁﬂ:ﬁm@’]ﬂ?ﬂmq 14 QU ﬂ?Uﬁqu@qﬂqimiﬁmﬂLmﬂu I@ﬂﬂﬂq?UuVlﬂm@Nﬂ@

qQ

v
o

AADATTZEZIZLZIAINNTNAREY 80 11 Wn lAFLa11ns Tuas 2 A5e AN Lailszanns 08: 00

W, azung nanlseunnd 15:00 .

AMMNARIDWITNWSER LATa N

quifivdnatraiandnluudazdasaeanimaaas Inadulddmszininnninuay
asAlsrnaunelnguzaaadavinnsza tlnlandn Z9N3sn19ALFatNIuarIA LT aWNNT
dl a s = a ZJ/ aa
NAAATN 2 AATTiFuN A uas AN TanNAlALAaN13989 Waterhouse (2005) Wa31819114L15

ANTELWNUNTALNAAN (Mg gallic acid/ g DM)

(=3 (¥ 1 o o

ANFINUAREN b UERD

o K I 9 o £ o K = dl £%

Tuinuu ungneudinimesesuazugainasain1maaes Tuiindsunuenuisili

dl = dll o o a v o £% 1 [ ] [~3

waziFunnsenusiivae et ldauauundsununisiuldaesinguicluusdazdu guiiu
o 1 | = o o/ g 1 [~ 1 1 o all
fantiseinsluwsazyanmuindiland Tnaazuiiveseaniiu 2 dou Tudouusniinlleun
gruugi 100 °C luwnan 24 49Tue e dmguisudoti i Anedeaesdnguianiuld doun

1 1 v 1
2 auf 60 °C wlwaan 48 dalug arnsuinldustinunzunsarunn 1 Aaamns wWaldlunng
Ammzvidautlsznauniaiai A dnguils, un, TeRuney muuInIgIu AOAC (1995) LEe
&1 NDF &l ADF waz ADL aN83gn139a9 Van Soest et al. (1991)

a ] o

neuduganimaaesludlaigaring nanisguiiusnetnaya Aaseiwiung 5 du
Tneniyanlfiunguugi -20 °C uwazthyaiiulduinaniu uazdusiaetnayaanads tld
auNgUUNA 60 °C wiu 72 daTus anduri lilusituazunsaus 1 Jaawes ialdlunig
a ' ] a I dl A o L4 % =
AAzTiIdaulsEnaunIBAN HauN1IMAReIN 3 Ao FRguie, 181, TlsAunany A
NIMTFIU (AOAC, 1990) itiale NDF ey ADF waz ADL m1N38N137924 Van Soest et al.
(1991) Awnsnzsimnwinildazanalunes (acid insoluble ash, AIA) AN435N13984 Van Keulen
and Young (1977) weinAnlaldAunnimnaAduilsz@nannsdes liaaaa1unsnuaznisaes

Schneider and Flatt (1975)
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NSEUNRLUALAANLTAYRIEIN

Tuiugaingaedan1smaaes wnzazgnaniwadiuiaziudaatinuile wiadaazniely
. SN e : sz o PO SO . d
sineeugneanivivun deiiuingingu mnazgnunldn 4°C wiu 5 Fu derusingnludum

1, 3 AT 5 AAINITUN

- &
N53LASIZRAIMNLILD
o =3 d’l tdl o] aI/ o ' d’l . A
NAINI9LALLEAN 4°C 2499109 FAAN pH 189La drip loss (%) L3si@ai (shear force
N) wazAndaeaiie (LY, a*, b*) wazdaAn lipid oxidation TneRd TBARS (Buege and Aust,
1978) TwlaNinldn nnsdrAdeeailaludui 1, 3 waz 5 1e9n13UN TAAA lipid oxidation
va49ilaludui 5 189n19UN A1 H* = hue angle (calculated as tan (b*/a*), C* = chroma

2 2\1/2
calculated (a* +b*)

o =
23AlsznaUNILANT DTN

IneuaLilaann Longissimus lumborum fiinunisnn wseuuuududaldaziden 1nll

Amsnzvinn dnguis 1 e uazTusAumeny mudsuInsgIu (AOAC, 1995)

N5LATIZUTaYA
nsaAszdAnuLlsuresAade Tn1samsnziaanuwl st saunuy Analysis of
variance (ANOVA) Tag/ldf Proc GLM (SAS, 1994) msuaunismaaasuuuguluufananysol

wazilFeuneuAeaslaeld Duncan's Multiple Range Test (DMRT)
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4. HANITN ﬂﬂ'ﬂ\iLL@$3‘Q']iﬂj

al
NNSNARDIN 1
Bunudaguisassdorinszalalandniiuay 1 HeszAUNISENNININI RN
(113197 1) annsAnEIwLdNdaunnguit ldnnwneiAY pH 4971ga (P<0.05) N9

Buruninneinlidandndan pH uaziFunnuauTude-Tulasau (NH,-N) anad g91

|
a

1Buunge wasRAnuwazngalnstlatiniinay davinnszalalansninld g ansiasuiUsunn
a aa 1 1 dl a dl QI d%’ dl o o o
naadafsngendinguan tiniunsauanmnfinauetaiiiasiandiniaduamand iy
a a a dl QI 49{ a 1 a 1 o 49{ 1
LUANFENIALAARNNANTUANNNITANNALNININ T AN N Tus e s 3% awly Tadw
a aa uI/ 1 3 a dl a =l 1 % 9;/ a a
nandaanludaianszalalandn PSurinsauaraniuamiaswasanisdudanisasyfuln
a a ¢ 1 Qi Y o i/oI/ o a al 1 [~3 k%
1999aunsanguinlisesns nldtaudniianisgyidaamaAinislnruzanas winldain
3070 NH,-N fisnaaladniaifunindisaiinau diununinudasldinasanisasoyisuis
PRLUANEUNIALAARN AtTHAsA N N NN lIE AL 10% e lEa1un s N 1NN

Hufaguiaeld WiAadseleaiuazlulBunnunnign eantomnaniny

Table 1. Chemical composition and silage quality of Thapra Stylo legume silages

10%

0%DMP 1% DMP 3% DMP 5% DMP  DMP SEM  Effect
DM(g/kg) 275.89 ° 28561 ° 29597 ° 3228 ° 346.38 ° 276 <0.0001
pH 5.48 ° 5.06 ° 5 463 ° 465 °  0.046  0.0001
g/kg DM
LA 1718 ° 3845 ° 4606 ° 8199 ° 64.51 ® 3172 0.0001
AA 8.16 9.23 11.43 10.11 7.49 1.04  0.9535
PA 424  ° 867 ° 228 ° 5956  40.49 439  0.0047
BA 1551  ° 256 0.01 0 ° 0 ° 1653 0.0231
NH,-N 9.7 107 % 444 " 434 ° 365 ° 0201  <.0001
LAB 7.1 7.57 7.15 7.3 7.1 0.073  0.4076

“° Means within the same row with different alphabetical letters were significantly different

(P<0.05). SEM = Standard error of mean.
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NSNAKAIN 2

Punuinguiaesngudariansealalanin mnnnneueissdy 10% JA1gendings

|
o 1 4

a1 (P<0.05) A1 pH 29tanmsinngui ldasiasuiAIAInIInguALAN (P<0.05) daunield

] a
1

AMNReTINAL Lactobacillus  plantarum 1A pH AN9INNTRANFINALUNTUsTn YTl

'
IS DU ° ! '

NH,-N aastavianwszalalanindanaindn (P<0.05) nguaduAnvisanguilaildansiasu wsden
Tduansinsannnasldiasunguan (m9199 2) TnadnfnguiniaaasiieAn pH deandn 4.5
= ¥ 1 o a o d‘ < P2
wazdiFunn NH,-N taandn 100 nfu/alaniululngiauson (Umana et al., 1991) @aiiuléian
dovinszalalansinandnaansaiusne)lateg lunaeii dsunns NOF Tudaudnnguinlald
A1TATNHUTINUNINNTINGNE) (P<0.05) T9LFN108 NDF N11n97 8191189818 NN NGNS

151104 NDF A1nq0

Table 2. pH value, NH,-N concentration and chemical composition of Thapra Stylo legume

silages
Treatment Control DMP FJLB +DMP Lp+DMP SEM P value
DM (g/kQ) 305.81 404.59 333.27 ° 36728 ° 5.09 <.0001
pH 4.49 4.01 4.31 ° 398 ° 003  <.0001
NH,-N (g/kg TN) 89.30 52.36 80.30 ® 69.01 * 985 0.1235
CP (g/kg DM) 107.12 105.79 100.55 106.44 3.70 0.6011
NDF (g/kg DM) 646.05 570.87 588.47 ° 57003 ° 16.95 0.0251
ADF (g/kg DM) 365.15 337.44 340.13 328.60 1113  0.1703
Hemicellulose (g/kg DM) 280.90 233.43 248.34 241.43 22.67 0.4956

“® Means within the same row with different alphabetical letters were significantly different

(P<0.05).

SEM = Standard error of mean
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=
NITNANRAIN 3

1%

TrnRuresamstulazesflsznaunianiiuanslilunnsnedm 3 namEnninwaagludo

o A 9 o % = a 1% oI/ o ' 1 dl dl ] 1 [~3
winHuun urin liuneSununisiuldresdaningandinguaus (n19199 4) usetsled

1 IS a QJ?/ 1 ' o aa o a £ 1 %

panwuIune i siuliiaua ldunnsdnaiunea s douduilsc@nsnnsdeslians
TNTUTNUINNTRNNINNNESFANTY Lactobacillus plantarum RuialinaesAiniseias laue
Inruzgendinguaws) udlddaannuansinanieats daudn pH lunsziwzusin wudaneuli
87919 UWEHAT pH 7.10-7.30 uazilAranasatiludas 6.85-7.22 uaanisianing 4 dalus Tne
wnzngunldFufaniniasuAtenInNeeUay Lactobacillus plantarum HANRINGAINGHEY
(P<0.05) UsnnugBa-TulnsiaulwaaniAraglutdag 14.00-16.73 mg/dl Tudalusd 0 iaw
N3N YNT LAZIWNTU 16.87-20.83 mg/dl Tudalued 4 naensldarms lnaunshlisuda

o a 2 1 1 o B = v c: 1 1 dl 1 1
NUNLATUAVENINLNNNNTINNY Lactobacillus plantarum T i ATINIMNANBU LLD”]13~I3~IV’V§’]N

WANANNNNADA (AN97497 5)

Table 3. Chemical composition in experimental diets (Exp.3)

Ingredients (%) Chemical composition

Cassava chips 54.5 DM (g/kg) 910
Rice bran 25.1 CP (g/kg DM) 116.7
Soybean meal 4.1 NDF (g/kg DM) 425.4
Whole cottonseed 8 ADF (g/kg DM) 271.4
Molasses 4.4

Urea 1.80

Salt 0.9

Oyster shells 0.4

Dicalcium

phosphate 0.4

Premix 0.4

Sulfer 0.1
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Table 4. Feed intake and nutrient digestibility of Thapra Stylo legume silages in goats

ltems Control DMP FJLB +DMP Lp+DMP SEM P value
Silage intake
g/DM/d 581.5  590.37 467.35 517.91 31.59 0.6342
%BW 2.47 3.12 2.43 2.62 0.11  0.3135
glkg BW > 51.76  64.87  50.79 55.03 225  0.3087
Concentrates intake
g/DM/d 27755 279.07 27755 279.07 16.74  1.0000
%BW 1.4 1.42 1.43 1.42 0.01  0.3703
g/kg BW > 2939  29.73  29.8 29.73 0.48  0.9899
Total intake
g/DM/d 759 869.4  744.9 797 46.59 0.8271
%BW 3.86 4.54 3.85 4.04 0.11  0.3180
g/kg BW *”° 81.17 9461  80.58 84.76 243 0.3519
Nutrient digestion, (g/kg)
DM 671.30 631.70 601.40 715.00 21.70 0.4462
OM 685.30 647.20 615.90 727.70 20.53  0.4203
CP 668.50 686.30 616.40 755.60 17.67 0.2242
NDF 619.70 536.70  520.40 653.80 31.18 0.5114
ADF 647.50 595.90 557.10 677.20 38.76  0.5989
Table 5. Ruminal pH value and blood urea nitrogen (BUN, mg/dl) in goats
ltems Control DMP FJLB +DMP Lp+DMP SEM P value
pH Oh 7.31 7.29 ° 723 ® 710 0.018 0.0662
pH 4h 6.84 6.97 6.84 6.86 0.023 0.396
BUN 0Oh 16.05 16.73 16.20 14.00 0.382 0.2734
BUN 4h 20.83 20.07 19.25 16.87 0.836 0.5322
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“° Means within the same row with different alphabetical letters were significantly different

(P<0.05). SEM = Standard error of mean.
ﬂq‘iﬂﬂﬂ’ﬂﬂﬁ 4

suraunisnule

avAlsznaunaaaasatvinitunaziavianszalalandnuanaldlumn1s19n 6 anunedu

Tunmasesadsliidsunnllsmiuneny 16 % doutaenwisnsindAn pH < 4.25 lunguinldans

id3n Wt usukaznsaauulastesivindaresunzusaznguian ldunnsneiunis

AR (P>0.05) LHAAUZANIINARDIUNTHUNTINAUWNTUNNNGN (1.5-1.8 NN/FR) (A191991 7)

YsnainisiuldaesdaminganiaSunmunisiuldvionnn luudaznguilan ladunnsnaiunig

ADB

Table 6. Chemical composition in experimental diets (Exp. 4)

Item Concentrate CO DMP FJLB DMP+FJLB
DM (%) 89.51 3450 40.00 36.50  38.50
CP (%DM) 16.05 10.74 11.60 12.75 10.89
NDF (%DM) 25.75 68.43 064.96 66.51 74.12
ADF (%DM) 45.65 45.15 40.41 41.46 53.22
Ash (%DM) 7.02 11.25 14.18 13.3 17.46
Total phenolic content (mg

gallic acid/g DM) - 4.41 7.25 415 7.88
Silage profiles

pH - 4.41 3.95 4.25 4.02
Lactic acid (%DM) - 0.69 1.15 3.87 2.78
Acetic acid (%DM) - 0.99 1.89 2.37 3.61
Propionic acid (%DM) - 0.13 0.11 0.16 0.67
Butyric acid (%DM) - 0.63 0.20 0.43 0.46




Table 7. Growth performance and feed intake of goats fed with Stylo silages
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CO DMP FJLB DMP+FJLB SEM P value
Initial BW (kg) 13.6 15 13.5 13.6 - -
Final BW (kg) 14.6 15.6 15.5 14.4 041  0.6517
BW change (kg) 1.8 1.6 1.5 1.6 0.25 0.9783
Intake silage
BW (%) 2.64 2.55 2.13 2.29 0.11  0.3428
g/BW*" 50.3 50.08 41.59 43.51 175  0.2189
Intake concentrate
BW (%) 1.64 1.68 1.69 1.68 0.02  0.6742
g/BW" " 31.63 33.12 33.16 32.2 0.38  0.4366
Total intake
BW (%) 4.28 4.24 3.82 3.97 0.11  0.4045
g/BW*" 81.93 83.2 74.76 75.71 159  0.1846

Aulszansnisdaslanuaslngus

Ansties lfrasingus luunzuanalunnsei 8 aInnITANEINLGINITRNNININARS

twaudn (LAB) HAnnstias ldaaadnguisuazduniadnggandnnguan (P<0.05) anidunng

FNNINEIE uwengualasudandniasusaaninainesaniutinaudndAinistaalfana s

[
1 alae ¥

TsRunenuanIngunnldansasnatingy dauainisdesléaad NDF way ADF HAngendnlu

a

1%
o A

naunlaFuda N usaaNEn (P<0.05)
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Table 8. Apparent nutrient digestibility coefficient of goats fed with Stylo silages

cO DMP FJLB DMP+FJLB SEM P value
DM 7446 ° 774 ® 8405 ° 72.08 ° 120 0.0157
OM 7670 ° 7892 *® 8558 ° 7355 ° 112  0.0109
CP 7781 8116 % 8614 ° 71.21 ° 135  0.0094
NDF 6557 ° 698 ° 7958 ° 66.35 ° 138 0.0088
ADF 6285 ° 6384 ° 7563 ° 6824 ® 146  0.0272

“> Means within the same row with different alphabetical letters were significantly different

(P<0.05). SEM = Standard error of mean

NFTUIUNTUNN NARRAFAYNEURINTZLIUNNTUNN waziNualailulaan

A1 pH Bevanvas lunszmnzgmuludalu 0 uaz 4 ndansliaus uanaluniang
-dl 1 -QII Yo o a 1 ] o IS
19 A1 pH 199aaumad lunsemnzgkluune i FuanmsuindAn Tduansinaii uazian pH

= o = o = o by ! v 9 =
A 7.52 Ndalueh 0 uazanas 7.05 Tudaluen 4 wasnglvianmig ATAINHLTN U ARG LTE-

a

v 1 1 1
Tulnsauluass (BUN) Hangeduludalued 4 vasnisldauns e Fauiiaununauls

a

87113 A1 BUN laiflaanauansnaniuluunenldiuansmdnygnatia lnadaiaanududuet)

luing 23.70-32.74 RARNTN/LATARNT

a

AN9NAAAIINUAN UFnnangalasdunsewe lgianunludaluei 0 FAgeluunznlaswy
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Table 9. Rumen fermentation in goats fed with Stylo silages

CO DMP FJLB DMP+FJLB SEM P value
pH
Oh 7.61 7.43 7.42 7.64 0.04 0.2065
4h 7.18 6.98 6.85 7.22 0.06 0.1232
BUN (mg/dl)
Oh 24.01 24.48 23.7 23.92 0.67 0.9804
4h 31.76 32.43 30.49 32.74 0.54 0.4793

TVFA® (mmol/mol) Oh
72.78% 82.02° 58.84" 60.42° 3.33 0.0797

(mol/100 mol)

AA 78.31 76.47 77.25 78.54 1.26  0.9306
PA 12.37 123.7 12.66 13.28 0.68 0.8993
BA 9.32 9.83 10.09 8.18 0.88 0.8728

TVFA (mmol/mol) 4h
90.51 103.66 113.86 89.31 5.74 0.4051
(mol/100 mol)

AA 79.95° 80.16° 74.83° 80.35" 0.81 0.0780
PA 12.28% 12.00% 15.23"° 11.23° 0.54 0.0816
BA 7.77 7.84 9.94 8.42 0.56 0.4994

“® Means within the same row with different alphabetical letters were significantly different

(P<0.05). SEM = Standard error of mean. TVFA = Total volatile fatty acids.
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Table 10. The effect of Stylo silages treated with dried mao pomace and fermented juice of

epiphytic lactic acid bacteria (FJLB) on carcass and chemical compositions of meat

goats

CO DMP FJLB DMP+FJLB  SEM P value
Slaughter weight (kg) 15.50 15.55 15.50 13.63 0.56  0.5619
Carcass weight (kg) 6.40% 6.44% 7.15° 5.25 0.67  0.0606
Carcass dressing (%) 41.35° 41.34° 46.16° 38.75" 0.56 0.0040
Liver (kg/100 kgBW) 1.93 1.90 1.50 1.89 0.07  0.1879
Heart (kg/100 kgBW) 0.82 0.80 0.74 0.85 0.04  0.8329
Lung (kg/100 kgBW) 1.12 1.27 1.26 1.15 0.07  0.8344
Kidney (kg/100 kgBW) 0.45 0.45 0.45 0.45 0.03  0.9865
Chemical composition (%)
Dry matter (%) 21.53 21.98 22.98 20.64 0.25  0.1925
CP (%DM) 14.35 14.89 14.5 14.82 0.11  0.3195
Ether Extract (%DM) 6.20 6.11 6.03 5.48 0.24  0.7187
Ash (%DM) 6.85" 6.40" 6.70" 7.97° 0.16  0.0220

“° Within a row, different superscripts indicate the difference between dietary treatments

(P<0.05).
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CO = untreated silage, DMP = dried mao pomace, FJLB = fermented juice of lactic acid

bacteria, DMP+FJLB = dried mao pomace plus fermented juice of lactic acid bacteria.

SEM = Standard error of the mean.

Table 11. Effect of Stylo silages treated with dried mao pomace and fermented juice of

epiphytic lactic acid bacteria (FJLB) on the pH and color of goat meat at 24 h and 5

days of aging

CO DMP FJLB DMP+FJLB SEM P value
At 24h

pH 580 ° 576 ° 581 ° 6.00 ° 0.03 0.0434
L* 4495 * 4607 % 4139 ° 4554 % 054 0.0379
a* 14.25 12.16 13.59 13.67 0.39 0.3217
b* 13.02 12.42 11.02 12.01 0.37 0.3172
Drip loss (%) 12.08 12.65 7.68 6.60 0.94  0.0949
Cook loss (%) 35.30 32.20 31.95 35.30 0.66 0.1732
Shear force (N) 89.9 94.83 74.70 69.73 4.43 0.2445
TBARS 1.04 ° 055 176  ° 178 ° 0.08 0.0009
At 5 d aging

Total weight loss

(%) 35.07 39.02 22.09 27.79 3.55 0.3773
Drip loss (%) 3.80 4.75 6.40 5.65 0.78 0.6778
Cook loss (%) 28.98 24.08 24.50 26.33 138 0.5965
Shear force (N) 41.58 36.97 4217 38.97 2.36  0.9344
TBARS 338 % 1.00 ° 189 ° 184 ° 021 0.0224

“® Within a row, the different superscripts indicate the difference between dietary treatments

(P<0.05).

CO = untreated silage, DMP = dried mao pomace, FJLB = fermented juice of lactic acid

bacteria, DMP+FJLB = dried mao pomace plus fermented juice of lactic acid bacteria.

SEM = Standard error of the mean.



TBARS = thiobarbituric acid reactive substance value (mg DMA/ kg meat).

24
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Table 12. Effect of the silage additive and storage time on color stability of raw LL muscle at 1, 3 and 5 days of aging

Diets Storage time P value

ltem  CO DMP FJLB DMP+FJLB 1 3 5 SEM Diet  Time Diet x Time
L* 4259 * 44.92 ° 4071 ° 457 7 44.66 43.08 42.7 0.52 0.0078 0.2877  0.7850

a* 14.61 15.28 14.69 14.84 1599 * 1553 * 13.04 ' 023 0.6866 <0.0001 0.6454

b* 11.08 ¢ 1027 * 921 " 952 ° 993 ¥ 1089 * 924 Y 021 0.0127 0.0086 0.6127
H* 3724 ° 3397 ° 3248 ° 3223 ° 3246 ' 3427 ¥ 3521 * 041 0.0004 0.0308 0.9243
c* 18.34 18.44 17.35 17.66 18.47 * 1937 * 16.00 ' 028 0.4835 <0.0001 0.6013
abc

Within a row, the different superscripts indicate the difference between silage treatments (P<0.05).

“¥% Within a row, the different superscripts indicate the difference between storage time (P<0.05).

The values are least- square means.

CO = untreated silage, DMP = dried mao pomace, FJLB = fermented juice of lactic acid bacteria, DMP+FJLB = dried mao pomace plus
fermented juice of lactic acid bacteria.

H* = hue angle (calculated as tan'1(b*/a*), C* = chroma calculated (a*2+b*2)1/2.

SEM = Pooled standard error of the mean.
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Abstract
Sixteen male goats were divided into four groups and individually penned for 80
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treated silage (DMP), lactic acid bacteria-treated silage (LAB) or DMP plus LAB silage
(DMP+LAB). After being fed for 80 days, the goats were slaughtered and the
Longissimus lumborum (LL) muscle was sampled. The goats fed with LAB-treated silage
had higher (P < 0.05) carcass dressing (%) than the other diets. After slaughter, the
TBARS values were lower (P < 0.05) in meat from all of the goats fed treated silage
compared to those fed untreated silage at 5 days of aging. Higher H* values were
observed in meat from untreated silage-fed animals compared to meat from the animals
receiving other treatments. We conclude that under conditions that promote oxidative
stress in meat, DMP and LAB-treated silage can improve the oxidative stability of meat

compared to untreated silage.

Keywords: Dried mao pomace; goat; lactic acid bacteria; lipid oxidation; color stability

1. Introduction

The demand for goat meat has been increasing in recent years, which may be
caused by the leaner and lower fat content of goat compared to other types of red meat
(Park, Kouassi, & Chin 1991; Webb, Casey, & Simela, 2005). Meat quality is important
in animal production to meet consumer demands, which include such characteristics as
meat color, flavor and nutritional value (Liu, Lanari, & Schaefer, 1995). The lipid
oxidation of meat during post-mortem aging has been reported to result in the
deterioration of meat color, odor, texture and nutritive value (Fernandez, Perej-Alverez,

& Fernandez-lopez, 1997; Luciano et al., 2009). The reduction of lipid oxidation during
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meat storage can be improved by dietary supplementation of antioxidants. Recently, there
has been an increased interest in applying natural antioxidants in livestock, and it has
been demonstrated that meat shelf-life and quality can be improved by natural
antioxidants added to animal diets (Devatkal & Naveena, 2010; Karami, Alimon, & Goh,
2011; Karami, Alimon, Sazili, Goh, & Ivan, 2011). By-products from the processing of
plant food are one of the richest sources of natural antioxidants for which antioxidant
activity has been reported (McCann et al., 2007; Bhushan, Kalia, Sharma, Singh, &
Ahuja, 2008).

Antidesma is a diverse genus of tropical plant that occurs in Southeast Asia,
Australia, tropical Asia, and islands in the Pacific Oceans. The fruits are acidic, like
cranberries, and less acidic and slightly sweet when fully ripe. Mao luang (Antidesma
thwaitesianum Muell Arq.) is the most suitable variety for beverages in Thailand. Mao
juice and mao wine have become increasingly popular, and waste products, such as mao
pomaces from the process, are plentiful. Moreover, several researchers have revealed that
mao pomace contains organic acid, amino acid and sugar (Samappito & Butkhup, 2008).
Puangpronpitag, Areejitranusorn, Boonsiri, Suttajit, & Yongvanit (2008) also found that
mao marcs contained an abundant source of polyphenols and suggested that these
polyphenolic compounds exhibited similar antioxidant potential to grape seed extract.
Phenolic compounds have been successfully used to reduce lipid oxidation in meat
products (Estevez, Ventanas, & Cava, 2005; Balasundram, Sundram, & Samman, 2006;

Karami, Alimon, Sazili, & Goh, 2010).
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The production of silage is a practical way to preserve forage under anaerobic
conditions to support livestock throughout the year. Silage should contain a low enough
pH value (<4.2) and high enough lactic acid content to maintain the good quality during
the ensiling period (McDonald, Henderson, & Heron, 1991). It is known that Stylo
legumes (Stylosanthes guianensis) have relatively low concentrations of water-soluble
carbohydrates and a high buffering capacity at harvesting, which complicates the process
of fermentation and results in a high pH and low lactic acid content (Liu, Zhang, Shi, &
Sun, 2011; Liu, Chen, Zhang, Shi, & Cai, 2012). The application of an acid additive
results in an immediate drop in pH, which inhibits the growth of undesirable bacteria in
the ensiling process (McDonald, Henderson, & Heron, 1991). However, using a strong
acid is unsafe during handling and corrosive to equipment. The fermented juice of
epiphytic lactic acid bacteria (LAB) has been recommended as a silage additive for
tropical grass silage (Bureenok, Tamaki, Kawamoto, & Nakada, 2007; Bureenok,
Yuangklang, Vasupen, Schonewille, & Kawamoto, 2012). Lactic acid bacteria (LAB),
such as Lactobacillus and Streptococcus, have been reported to exhibit antioxidative
activity (Said & Gilliland, 2005, Wu, Wang, & Pan, 2010). Wang, Yu, and Chou (2006)
also reported that the antioxidative activity of soymilk fermented with LAB was higher
than that found in the unfermented soymilk and the antioxidative activity increased as the
fermentation period was prolonged. However, this additive can be ineffective because of
the low substrate level of the legume. As mentioned above, dried mao pomace (DMP) is
acidic and contains some organic acid and sugar that may have the potential as a silage

additive to inhibit the growth of undesirable bacteria and stimulate LAB growth during
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the ensiling process. Based on the fact that both DMP and LAB have antioxidative
capacities, the aim of this study was to investigate the effect of applying DMP alone and
combined with LAB on the meat quality of goats fed with Stylo legume silages.
2. Materials and methods
2.1 Animals and management

Sixteen male goats crossbred Boer x Saanen goats (mean initial body weight £SD
(14.56 = 1.88 kg)) were used in a completely randomized design. Stylo legumes
(Stylosanthes guianensis CIAT184) were chopped into 2- to 3-cm lengths and mixed with
the silage additives. Dried mao pomace was obtained after juice extraction from a fruit
juice factory (88.32% DM, 6.98% CP, 49.45% NDF, 32.57% ADF and 7.19% ash on a
dry matter basis; total phenolic content (110 mg gallic acid/g DM; pH 3.7)). The
fermented juice of lactic acid bacteria (LAB) were prepared from fresh Stylo legumes
using the method of Bureenok, Yuangklang, Vasupen, Schonewille, and Kawamoto
(2012). The fermented juice of LAB was applied at log 5.58 cfu/g of fresh matter. Silages
were untreated (CO) or treated with 10% DMP (DMP), 1% LAB (LAB), or 10% DMP
plus 1% LAB (DMP+LAB). All silage treatments were supplied to the animals ad
libitum. The animals were fed a concentrated base diet intake at 1.5% of body weight,
and clean drinking water was provided. The chemical composition of the experimental
diet is shown in Table 1. The feed was offered twice daily at 08:00 and 15:00 h, and the
refused portions were weighed daily before the morning feeding. All procedures were
approved by the Ethical Principles for the Use of Animals for Scientific Purposes of the

National Research Council of Thailand.
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2.2 Slaughter procedure and post mortem aging

At the end of the 80-day fattening period, the goats were slaughtered after
electrical stunning at the experimental slaughter unit. After slaughtering, non-carcass
components (head, skin, feet, trachea and lungs, liver, heart, spleen, pancreas, kidney,
gastro-intestinal tract, diaphragm and testicles) were removed, and then the hot carcasses
were weighed. The dressing percentage was calculated using the slaughter weight. The
carcasses were then split along the vertebral column into left and right halves. The left
sides of the carcasses were stored at 4 °C in the chamber room for post mortem aging.
2.3 Chemical analysis

Feed samples were sampled, and the samples were analyzed for dry matter (DM)
and ash according to the standard methods of AOAC (1995). The neutral detergent fiber
(NDF) and acid detergent fiber (ADF) contents were determined by the method of Van
Soest, Robertson, and Lewis (1991) and were expressed inclusive of residual ash.
Nitrogen (N) was analyzed using the Kjeldahl method, and crude protein (CP) was
calculated as N x 6.25. The silage pH was determined with a pH meter (Lab 860, Schott).
Lactic acid and VFA (i.e., acetic, propionic and butyric acids) content was measured by
HPLC (Aminex® HPX-87H, 300 mm x 7.8 mm i.d; column temperature, 40°C flow rate,
0.60 ml/min, Shimadzu Co., Ltd., Kyoto, Japan). The total phenolic content was
determined according to the method described by Waterhouse (2005). The results are
expressed in gallic acid equivalents (mg gallic acid/ g DM).

2.4. Meat quality analysis
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A meat sample from the Longissimus lumborum (LL) muscle was ground to a
homogeneous consistency using a bowl chopper. The freeze-dried sample was then
blended with a 2-mm screen to produce a fine powder. One subsample was analyzed for
DM, CP, EE and ash concentrations as described by AOAC (1995).

After slaughter, a sample cutting for meat quality was made from the LL muscle
and stored at 4 °C for 24 h. The instrumental meat quality characteristics investigated in
the current study were the carcass pH, meat color (L*, a*, and b*), drip loss (%), cooking
loss (%), shear force (kg), and thiobarbituric acid reactive substances (TBARS). The
carcass pH was measured at 24 h post-slaughter using a digital pH meter. The meat color
was measured on the cut surface of 2.5-cm-thick samples from a fat-free area. The color
stability of the raw meat was measured 24 h after storage at 4 °C. The color was
evaluated using a MiniScan EZ (Hunter Associates Laboratory, Inc. Reston, VA) and
reported using the complete International Commission on Illlumination (CIE) system
color profile of L* (lightness), a* (redness) and b* (yellowness).

Drip loss was determined using the method described by Honikel (1998). Briefly,
the meat samples were weighed and then suspended in a plastic bag without any contact
with the bag. After a 24-h storage period at 4 °C, the samples were gently dried with
paper towels and reweighed. The drip loss (%) was estimated by the ratio of the weight
loss (initial weight - final weight) to the initial sample weight. For cooking loss, the meat
samples were put in a tightly sealed plastic bag and cooked in the water bath at 80 °C for
10 min. Then, the samples were cooled and removed from the bag, blotted with filter

paper, and weighed to determine the loss as a percentage of the initial weight. After that,
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the cooked meat samples were cut parallel to the muscle fiber direction with a cross
section of 1.0x1.0 cm for the shear force analysis using a texture analyzer (Lloyd
Instrument Ltd. Segensworth Fareham, England) equipped with a Warner Bratzler (WB)
shear force apparatus. The Warner Bratzler shear force values were reported as the mean
of all of the core values of the samples.
2.5 Meat lipid oxidation

The TBARS assay was performed as described by Buege and Aust (1978). In
brief, the samples (10 g) were homogenized with 30 ml of distilled water for 2 min. The
homogenate (2 ml) was then mixed with 4 ml of thiobarbituric acid/trichloroacetic
reagent and 100 pl of 10% butylated hydroxyanisole in a glass test tube. The mixture was
incubated for 15 min in a 100 °C water bath, allowed to cool in the cold water and
centrifuged at 4000 rpm for 10 min. The absorbance of the supernatant was then read
against a blank containing the same reagents at 531 nm using a spectrophotometer. The
TBARS values were calculated from a standard curve of malondialdehyde (MDA) and
expressed as mg MDA/kg sample.
2.6 Post mortem aging

The carcass weights and meat color were measured on day 1, 3, and 5 of aging.
Drip loss (%), cooking loss (%), shear force (N), and thiobarbituric acid reactive
substances (TBARS) were determined on day 5 of aging the sample using the method
described above. The hue angle (H*) and chroma (C*) were calculated as tan*(b*/a*) and

(a**+b*?)2  respectively (Hunter & Harold, 1987).
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2.7 Statistical analysis

The data of the carcass characteristics, meat quality and color stability of the meat
were analyzed using the GLM procedures of SAS (Statistical Analysis System, SAS
Institute Inc., Cary, N.C). Significantly different means were elucidated using Duncan’s
new multiple range test. To assess the effects of diets and post mortem aging periods and
their interactions, the data were analyzed using two-way analysis of variance (ANOVA)
followed by Duncan’s new multiple range test. A difference was considered significant at

P<0.05.

3. Results and discussion
3.1. Carcass yield and chemical composition

The carcass characteristics and meat chemical compositions are presented in
Table 2. The treated silage had a low pH value, especially when DMP was added to the
silage; the pH values were close to 4.00. Ke, Yang, Undersander, and Guoa (2015)
reported that the addition of 100 g/kg (wet basis) of dried apple pomace and grape
pomace as an acid additive resulted in a decreased pH value and an increased lactic acid
concentration of wilted alfalfa silage. The carcass dressing percentage was higher in
goats fed with LAB-treated silages compared with the other diets (P<0.05). In contrast,
the liver, heart, lung, spleen and kidney were not affected (P<0.05) by the feeding
treatment diets. The moisture, protein and ether extract content in meat samples did not
differ among treatments; however, a higher ash content (P<0.05) was observed when

feeding the animals silage treated with DMP plus LAB. Many previous research studies
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reported that the supplementation of phenolic content (Krehbiel, Rust, Zhang, &
Gilliland, 2003; Ahmed, Mun, Islam, & Yang, 2014; Kotsampasi et al., 2014) and LAB
(Krehbiel, Rust, Zhang, & Gilliland, 2003; Ahmed, Mun, Islam, & Yang, 2014) did not

affect the dressing percentage, which is consistent with our findings.

3.2. Meat quality characteristics
3.2.1pH

The pH values for LL muscle decreased after slaughter (Table 3). After slaughter,
the pH value of the DMP-treated silage was lower than those of the other treatments. The
pH value at 24 h post mortem was higher in goats fed with LAB-treated silage compared
with those in goats fed the other diets (P<0.05). The ultimate pH is determined 24 h post-
slaughter, and good quality meat has a pH of 5.4-5.7. In this study, the ultimate pH of
goat meat fed with DMP silages was in the same range. However, the ultimate pH in this
study was not different from the other research (Swan, Esguerra, & Farouk, 1998;

Husain, Murray, & Taylor, 2000; Simela, Webb, & Frylinck, 2004).

3.2.2 Drip and cooking loss of the LL muscle

The drip and cook loss percentage did not significantly differ between treated
silage at 24 h. However, the treatment showed a decrease in the drip and cook loss with
the storage period. Goat meat is less juicy than lamb, which is due to the lower fat
content in goat meat (Lee, Kouakou, & Kannan, 2008). The cooking losses from goat

meat are of interest because, while the water that remains in the cooked product is the
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major contributor to the sensation of juiciness (Forrest, Aberle, Hendrick, Judge, Merkel,
1975), cooking losses are often close to or over 35% (Babiker, Khider, & Shafie, 1990;
Swan, Esguerra, & Farouk, 1998; Dhanda, Taylor, Murray, & McCosker, 1999). In
agreement with this report, the cooking loss levels in goat meat at 24 h in the current
study ranged from 31.95 to 35.30 and decreased to 24.08-28.98 by day 5 of aging.
However, the drip and cooking loss were not affected by the treatment.
3.2.3 Warner-Bratzler shear force value

The shear force values of meat after 24 h post mortem and 5 days of aging were
not influenced by dietary treatment. This is in agreement with previous research, which
reported that shear force values of meat after 24 h post mortem was not influenced by
dietary antioxidant treatment (Karami, Alimon, Sazili, Goh, & lvan, 2011; Karami,
Alimon, & Goh, 2011). After 5 days of aging, the shear force values were decreased
from 69.73-94.83 to 36.97-42.17 N, but the value was not significantly different between
treatments. Bickerstaffe, Bekhit, Robertson, Roberts, and Geesink (2001) noted that the
shear force values of cooked meat samples accurately reflect the consumer perception of
tenderness, and meat samples classified as “very tender” by consumers had a mean shear
force value of 5.1 kg. Kannan, Chawan, Kouakou, and Gelaye (2002) reported that a
significant improvement in chevon tenderness occurred within the first 4 days of
refrigerated storage and was not improved thereafter. After 5 days of aging, the Warner
Bratzler shear force results in the current study were similar with the results reported by
Karami, Alimon, Sazili, Goh, and lvan (2011) for goat meat after 14 days of aging.

3.2.4 Lipid oxidation in the meat
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The lipid oxidative stability values can be found in Table 3. DMP-treated silage
had a significantly (P < 0.05) lower TBARS score (mg malonaldehyde/kg meat product)
than other silage, which would imply that the addition of DMP could slow the onset of
oxidative rancidity. After 5 days of aging, the TBARS values did not significantly differ
among the various silage treatments. The untreated silage had significantly (P < 0.05)
higher TBARS values than the treated silage groups.

There was a tendency for the aging treatment to affect the TBARS value, with the
5 days of aging treatment resulting in more oxidation than the 24 h treatment. These
values agree with the results of other studies that oxidation increases with aging time in
chevon cuts (Kannan, Kouakou, & Gelaye, 2001; Emami, Fathi Nasri, Ganjkhanlou, Zali,
& Rashidi, 2015). In this study, the TBARS assays showed that the addition of DMP
slows the lipid oxidation process. This is in agreement with the results of several other
researchers who also found that lipid oxidation was inhibited by feeding the natural
antioxidant diet (which contained phenolic acid) to the animals (Kotsampasi et al., 2014;
Emami, Fathi Nasri, Ganjkhanlou, Zali, & Rashidi, 2015; Zhong, Li, Fang, Sun, & Zhou,
2015). At 24 h, all of the LAB-treated silage resulted in significantly higher TBARS
values of goat meat compared with the untreated and DMP-treated silages. However,
after 5 days of aging, the TBARS value of the goat meat from goats fed with this silage
did not differ from the DMP-treated silage. Many researchers have reported that the
fermented juice of the LAB additive contained a mixed culture of LAB species (Yahaya
et al., 2004; Hiraoka et al., 2006). Virtanen, Pihlanto, Akkanen, and Korhonen (2007)

reported that milk fermented with mixed cultures of LAB resulted in higher radical
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scavenging activity than milk fermented with single bacterial strains. Ahmed, Mun,
Islam, and Yang (2014), who studied the carcass characteristics and meat quality of beef
steers fed fermented liquid whey inoculated with mixed lactic acid bacteria, reported that
inoculated silage can improve the lipid oxidation of meat. Kachouri and Hamdi (2006)
reported that the phenolic concentration of the olive oil process were higher with
inoculated Lactobacillus plantarum and decreased with storage time.
3.2.5 Color stability

The color of the LL muscle was lighter (P<0.05) for goats fed DMP-treated silage
and its combinations than for goats fed the LAB-treated silage (Table 4). The red color
(a*) values and Chroma index (C*) were not significantly different among treatments.
The yellow color (b*) was lower (P<0.05) for LAB-treated silage than the control but
was not different among treatments. This is in agreement with the results of Rojas and
Brewer (2008), who reported that the b* value of beef patties decreased when containing
natural antioxidants. The red and yellow color were decreased (P<0.05) at 5 days
compared to 1 and 3 days of the post mortem aging period. This result was not observed
for the lightness of the meat. Generally, the lightness is not considered an appropriate
index of meat discoloration (Dunne, Monahan, O’Mara, & Moloney, 2005; Sapp,
Williams, & McCann, 1999). The loss of redness (a*) and changes in yellowness (b*)
over a period of storage have been used to describe meat browning (Mancini & Hunt,
2005; Morrissey, Buckley, Sheehy & Monahan, 1994). However, the hue angle (H*)
value, which is calculated from the a* and b* values, is used to indicate the more realistic

perspective of meat browning than a single color (Luciano et al., 2009). The H* value
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was higher (P<0.05) for the control than the other treatment. Emami, Fathi Nasri,
Ganjkhanlou, Zali, and Rashidi (2015) also reported that meat from goat kids fed phenol-
rich pomegranate seed pulp showed a lower H* value compared to the meat from goats
fed a control diet. The decrease in the a* and C* values and the increase in the H* value
are used to demonstrate the meat discoloration due to their positive relation with
metmyoglobin concentration in the meat (Luciano et al., 2011). This study found that the
H* values were increased and the C* values were decreased significantly when the
storage time was increased. This is in agreement with many previous studies that reported
that the H* values were increased and the C* index decreased with the storage time of

goat meat (Karami, Alimon, Sazili, Goh, & lvan, 2011; Karami, Alimon, & Goh, 2011).

4. Conclusion

Stylo silage treated with LAB improved the carcass dressing of growing goats. In
addition, Stylo silage treated with DMP improved the lipid oxidation of goat meat with
no adverse effects on carcass characteristics and it can improve lipid stability by reducing
lipid oxidation. The color stability was higher in meat from goats fed with the treated vs.
untreated silage. In this regard, DMP can provide an inexpensive alternative feed
ingredient for feeding goats while reducing the environmental impact of waste disposal in

the mao juice industry.
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Table

483  Table 1 Chemical composition in experimental diets

Item Concentrate  CO DMP LAB DMP+LAB
DM (%) 89.51 3450 40.00 36.50 38.50
CP (%DM) 16.05 10.74 1160 12.75 10.89
NDF (%DM) 25.75 6843 6496 66.51 74.12
ADF (%DM) 45.65 4515 4041 41.46 53.22
Ash (%DM) 7.02 1125 14.18 13.3 17.46
Total phenolic content (mg
gallic acid/g DM) - 4.41 7.25 4.15 7.88
Silage profiles
pH - 441 3.95 4.25 4.02
Lactic acid (%DM) - 0.69 1.15 3.87 2.78
Acetic acid (%DM) - 0.99 1.89 2.37 3.61
Propionic acid (%DM) - 0.13 0.11 0.16 0.67
Butyric acid (%DM) 0.63 0.20 0.43 0.46

484  CO = untreated silage, DMP = dried mao pomace, LAB = lactic acid bacteria, DMP+LAB = dried mao pomace plus lactic acid

485 bacteria.

486

487

488

489

490

491



492  Table 2 The effect of Stylo silages treated with dried mao pomace and fermented juice of epiphytic lactic acid bacteria (LAB) on

493 carcass and chemical compositions of meat goats.

CO DMP LAB DMP+LAB SEM P value
Slaughter weight (kg) 15.50 15.55 15.50 13.63 0.56 0.5619
Carcass weight (kg) 6.40 ® 644 *® 715 ° 525 °  0.67 0.0606
Carcass dressing (%) 4135 ° 4134 ° 4616 ° 3875 ° 056 0.0040
Liver (kg/100 kgBW) 1.93 1.90 1.50 1.89 0.07 0.1879
Heart (kg/100 kgBW) 0.82 0.80 0.74 0.85 0.04 0.8329
Lung (kg/100 kgBW) 1.12 1.27 1.26 1.15 0.07 0.8344
Kidney (kg/100 kgBW) 0.45 0.45 0.45 0.45 0.03 0.9865
Chemical composition (%)
Dry matter (%) 21.53 21.98 22.98 20.64 0.25 0.1925
CP (%DM) 14.35 14.89 14.5 14.82 0.11 0.3195
Ether Extract (%DM) 6.20 6.11 6.03 5.48 0.24 0.7187
Ash (%DM) 685 ° 640 ° 6.70 ° 797 * 016 0.0220

494 *PWithin a row, different superscripts indicate the difference between dietary treatments (P<0.05).

495 CO = untreated silage, DMP = dried mao pomace, LAB = lactic acid bacteria, DMP+LAB = dried mao pomace plus lactic acid
496 bacteria.

497  SEM = Standard error of the mean.

498

499

500



501

502 Table 3 Effect of Stylo silages treated with dried mao pomace and fermented juice of epiphytic lactic acid bacteria (LAB) on the pH

503 and color of goat meat at 24 h and 5 days of aging.

CO DMP LAB  DMP+LAB SEM P value
At 24h
pH 58 ° 576 ° 581 ° 6.00  0.03 0.0434
L* 4495 ® 46.07 ® 4139 ° 4554 * 054 0.0379
a* 14.25 12.16 13.59 13.67 0.39 0.3217
b* 13.02 12.42 11.02 12.01 0.37 0.3172
Drip loss (%) 12.08 12.65 7.68 6.60 0.94 0.0949
Cook loss (%) 35.30 32.20 31.95 35.30 0.66 0.1732
Shear force (N) 89.9 94.83 74.70 69.73 443 0.2445
TBARS 1.04 * 055 ° 176 @ 1.78 * 0.08 0.0009
At 5 d aging
Total weight loss
(%) 35.07 39.02 22.09 27.79 3.55 0.3773
Drip loss (%) 3.80 475 6.40 5.65 0.78 0.6778
Cook loss (%) 28.98 24.08 24.50 26.33 1.38  0.5965
Shear force (N) 41.58 36.97 42.17 38.97 2.36 0.9344
TBARS 338 ¢ 100 ° 189 ° 1.84 ° 021 0.0224

504  **Within a row, the different superscripts indicate the difference between dietary treatments (P<0.05).
505 CO = untreated silage, DMP = dried mao pomace, LAB = lactic acid bacteria, DMP+LAB = dried mao pomace plus lactic acid

506  bacteria.



507 SEM = Standard error of the mean.
508 TBARS = thiobarbituric acid reactive substance value (mg DMA/ kg meat).

509 Table 4 Effect of the silage additive and storage time on color stability of raw LL muscle at 1, 3 and 5 days of aging.

Diets Storage time P value
Item CO DMP LAB DMP+LAB 1 3 5 SEM Diet Time Diet x Time
L* 4259 *® 4492 * 4071 ° 457 *  44.66 43.08 42.7 0.52 0.0078 0.2877 0.7850
a* 14.61 15.28 14.69 14.84 1599 * 1553 * 13.04 Y 0.23 0.6866 <0.0001 0.6454
b* 11.08 * 1027 ® 921 ° 952 ° 9.93 ¥ 1089 * 924 Y 021 0.0127 0.0086 0.6127
H* 3724 * 3397 ® 3248 ° 3223 ° 3246 Y 3427 ¥ 3521 * 041 0.0004 0.0308 0.9243
C* 18.34 18.44 17.35 17.66 1847 * 1937 * 16.00 ¥ 0.28 0.4835 <0.0001 0.6013

510  *"°Within a row, the different superscripts indicate the difference between silage treatments (P<0.05).

511  *Y*Within a row, the different superscripts indicate the difference between storage time (P<0.05).

512  The values are least- square means.

513 CO = untreated silage, DMP = dried mao pomace, LAB = lactic acid bacteria, DMP+LAB = dried mao pomace plus lactic acid
514  bacteria.

515  H* = hue angle (calculated as tan(b*/a*), C* = chroma calculated (a*?+b*?)2.

516 SEM = Pooled standard error of the mean.



Feed intake and nutrient digestibility in goats of silages prepared from Stylo legume
(Stylosanthes guianensis CIAT184) treated with dried mao pomaces (DMP) and lactic acid
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Abstract

The aim of this study was to investigate the effect of applying dried mao pomaces (DMP)
alone and combined with LAB on the fermentative quality and nutritive value of Thapra Stylo
legume silages. Silages were untreated (control) or prepared with DMP, or DMP plus FILB
(DMP+FJLB), or DMP plus Lactobacillus plantarum ST1 (DMP+Lp). DMP was applied at 100
g/kg of fresh matter (FM). FILB and Lp were applied at log 6.03 and 5.58 cfu/g FM,
respectively. Four male ruminally fistulated crossbred Boer x Saanen goats (~ 16 kg body
weight) were randomly assigned to one of the four dietary treatment silages in a 4 x 4 Latin
square design. The 28-d experimental period consisted of a 21-d feed intake and 7 d of sampling.
All goats were received concentrate at 1.5% of body weight (BW) and ad libitum silage.

Dry matter content of silage was increased with addition of DMP portion. Without any
additives, the silage showed the highest pH value. The NH3-N contents of DMP silages was
lower (P<0.01) compared with the control silages, but did not appear to be significantly different
from the combined silages. Silage intake tended to be higher in goats fed with DMP silages.
However, no significant differences (P>0.05) of nutrient digestibility were observed in goats fed
silages.

Keywords: dried mao pomaces, Thapra Stylo, silage, goat
Corresponding author: asmerjai@hotmail.com
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Abstract

The aim of this study was to investigate the effect of applying dried mao pomaces (DMP)
alone and combined with LAB on the fermentative quality and nutritive value of Thapra
Stylo legume silages. Silages were untreated (control) or prepared with DMP, or DMP
plus FILB (DMP+FJLB), or DMP plus Lactobacillus plantarum ST1 (DMP+Lp). DMP
was applied at 100 g/kg of fresh matter (FM). FILB and Lp were applied at log 6.03 and
5.58 cfu/g FM, respectively. Four male ruminally fistulated crossbred Boer x Saanen
goats (~ 16 kg body weight) were randomly assigned to one of the four dietary treatment
silages in a 4 x 4 Latin square design. The 28-d experimental period consisted of a 21-d
feed intake and 7 d of sampling. All goats were received concentrate at 1.5% of body
weight (BW) and ad libitum silage. Without any additives, the silage showed the highest
pH value. The NH3-N contents of DMP silages was lower (P<0.01) compared with the
control silages, but did not appear to be significantly different from the combined silages.
Silage intake tended to be higher in goats fed with DMP silages. However, no significant
differences (P>0.05) of nutrient digestibility were observed in goats fed silages.
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Introduction

Mao luang is edible fruit tree (Antidesma thwaitesianum) divers in Northeast of Thailand.
Mao juice and mao wine have become increasingly popular in Thailand and waste
product such as mao pomaces from the process is plentiful. Several researches revealed
that mao pomace contains high antioxidants, organic acid, amino acid and sugar
(Samappito & Butkhup, 2008). Thus, dried mao pomaces (DMP) may have potential as
silage additive by stimulating the lactic acid bacteria (LAB) growth on the ensiling
process. Thapra Stylo is one of the most promising legume available for ruminant
production in tropical area which contain high protein and grow over variety of soil types
Thapra Stylo silage without any additives was difficult to make good quality silage, with
high pH value and NH3-N content (Liu et al., 2012). The aim of this study was to
investigate the effect of applying DMP alone and combined with LAB on the
fermentative quality and nutritive value of Thapra Stylo legume silages.
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Material and methods

Fermented juice of lactic acid bacteria (FJLB) were prepared from fresh Thrapra Stylo
legumes by the method of Bureenok et al. (2011). Thapra Stylo legumes were chopped
into 2-3 cm. length and mixed with the silage additives. Silages were untreated (control)
or prepared with DMP, or DMP plus FILB (DMP+FJLB), or DMP plus Lactobacillus
plantarum ST1 (DMP+Lp). DMP was applied at 100 g/kg of fresh matter (FM). FJLB
and Lp were applied at log 6.03 and 5.58 cfu/g FM, respectively. Four male ruminally
fistulated crossbred Boer x Saanen goats (~ 16 kg body weight) were randomly assigned
to one of the four dietary treatment silages in a 4 x 4 Latin square design. The 28-d
experimental period consisted of a 21-d feed intake and 7 d of sampling. All goats were
received concentrate (comprising (%); cassava chips (54.5), rice bran (25.1), soybean
meal (4.0) whole cottonseed (8.0), molasses (4.4), urea (1.8), salt (0.9), dicalcium
phosphate (0.4), sulfer (0.1) and premix (0.4) at 1.5% of body weight (BW) and ad
libitum silage. Feed and silages were sampled once a week and kept for analysing. Faeces
samples were collected at the end of each period and analysed for DM, CP, EE, ash
according to standard methods AOAC (1995). Neutral detergent fibre (NDF) and acid
detergent fibre (ADF) were determined by the method of Van Soest et al. (1991). The
data were analysed using the General Linear Model procedure by SAS. Silage profiles
were compared by Duncan’s multiple range test. Data of feeding trial were analysed by
using the procedures of SAS for a 4 x 4 Latin square design.

Results

Dry matter content of silage was increased with addition of DMP portion. Without any
additives, the silage showed the highest pH value. The NH3-N contents of DMP silages
was lower (P<0.01) compared with the control silages, but did not appear to be
significantly different from the combined silages (Table 1). It is generally accepted that in
well preserved silages, pH values should be <4.5 and NH3-N < 100 g/kg total nitrogen
(Umana et al., 1991). Clearly, all the treatment silages met these criteria. Silage intake
tended to be higher in goats fed with DMP silages. However, no significant differences
(P>0.05) of nutrient digestibility were observed in goats fed silages (Table 2).

Table 1. pH value, NH3-N concentration and chemical composition of Thapra Stylo
legume silages.

Treatment Control DMP FJLB +DMP  DMP+Lp SEM  P-value
DM (g/kg) 305.81 ¢ 40459 @ 33327 ¢ 36728 ° 509 <.0001
pH 449 * 401 °© 431 ° 398 ¢ 003 <.0001
NHs-N (g/kg TN) 89.30 * 5236 ° 80.30 ® 69.01 ® 9.85 0.1235
CP (g/kg DM) 107.12 105.79 100.55 106.44 3.70 0.6011
NDF (g/kg DM) 646.05 ® 570.87 ° 588.47 ° 57003 ° 16.95 0.0251
ADF (g/kg DM) 365.15 337.44 340.13 328.60 11.13 0.1703

Means within the same row with different letters were significantly different (P<0.05).



Table 2. Feed intake and nutrient digestibility of Thapra Stylo legume silages in goats.

Items Control DMP  DMP+FJLB DMP+Lp SEM P-value

Silage intake

%BW 2.5 3.1 2.4 2.6 0.11 0.314

g/kg BW® "™ 51.8 64.9 50.8 55.0 2.25 0.309
Apparent digestibility (% of intake)

DM 67.1 63.2 60.1 715 2.17 0.446

CP 66.9 68.6 61.6 75.6 1.77 0.224

NDF 62.0 53.7 52.0 65.4 3.12 0.511

ADF 64.8 59.6 55.7 67.7 2.46 0.446
Conclusion

Ensilage of Thapra Stylo legume with DMP showed a significant reduction in pH value
and NH3-N contents of silages. However, addition of 100 g/kg of DMP did not affect on
silage intake and nutrient digestibility of goats.
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