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ABSTRACT

The objective of this study was to determine the effects of three different energy sources in
concentrate (ground corn (CO), ground cassava chip (CA), and pineapple stem starch (PI) formulated
as a 40% in concentrate) and ageing period (14 and 21 days) on meat quality of dairy steers. The
Longissimus thoracis (LT) muscles collected from the right side of thirty-six Holstein Friesian steer
carcasses, 22 months of age and weighing 453 + 35.3 kg, fattening period of 206 days were used in this
study. The results showed that the differences in energy sources in the concentrate and ageing period
had no significant (P>0.05) effects on pH value, meat color, thawing loss, cooking loss, shear force,
and texture profile but thawing loss on 14 days of ageing was significantly lower than that on 21 days
of ageing period (P<0.05). There were no significant effect of three different energy sources on protein,
moisture, and fat percentages (P>0.05). The ash content of pineapple stem starch group was
significantly higher than that of ground corn and ground cassava chip groups (P<0.05), there were
1.24%, 0.94%, and 0.91%, respectively. The different energy sources had no significant (P>0.05) effect
on soluble collagen, insoluble collagen, total collagen, collagen solubility, and fatty acid composition,
except for oleic acid and erucic acid content (P<0.05). Hypoxanthine, Inosine, and GMP content did
not differ among the different energy sources and ageing period (P>0.05), but IMP content was the

highest in pineapple stem starch group (P<0.05). The different energy sources and ageing period did
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not affect on inosine content (P>0.05). The 14 days ageing beef had significantly lower hypoxanthine

content but higher IMP and GMP content than those in 21 days ageing beef (P<0.05).
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muzay Wulandvuialaseidlugni lauuiugous Tamemisianyuzainauginsg
d' Y g’ d' 9 a [ 1 9 3' (% =
aumasy ause I lasmagld 5,000-8,000 nlansuaoszezns 1Hiuy (305 1) tagll
™ = PR 4 = » /. 080 |\ WA ' ' A
lugiumae 3.5 wosisuatu 1l TorgdeTonsaiug (Puberty) 08lur19 12-15 HoU AWNTONAN

@

. ol : - - R
Wit lddauseny 18 aeu annsaligniusnuaz i Idiienny 2 1a3e Tagergiie Taiaui

u
Y Y

I~ { o o a % o @
Ysznim 6-7 Y Tamad Tadufogiiiamin 800-1,000 Alansy Tamalsvgiiianin 600-700
a v AAao 1 9 A =\ ] 1 A Qs’l gl @ o"dy (] 1 9
nlanfu iildonoudiuies Taundie luime wie oy uag Tageiugi hiinudeeimaiou
a a 1 @ o’dy (1 a o
YUNYNV0I0IMATUNUND 26 A ITATFd TniugHrzwey waz lunosnue1isila
a g’ 9 4 z; 9 [ W] 1 a 9 a gl
Ysmaniwaaas 195z Temninnermsvenunaning 1 lua dawaaonisauld USuaninm

Sz o Ja ' < o . < a g A
3125 53“%\1“?\’]1“@7“233@7‘]“‘5@1 VliJ‘vmme Iﬂﬂ!ﬂw'lglﬁll llagﬂﬂﬂjﬂlﬂuiﬁﬂwﬂ’]qﬁslulilﬂla@ﬂ

a

[

[ o 4 1" Av @ o @ @ @ 4 4
(Blood parasite) 1Ad10 (501 01371, 2553 ; nguIseuaz i Taul dniniauwusdad nsule
o J
aan. w.a.1l)
d’ % 9 a dy q‘ d? 1 1 d‘ o Y a dy
eanniligiuanudesmsus Inae Iamnduod1easiiied i limsnaaiio laanns
dﬁl o 4 dy (= [ 3 a dﬁl 9
e Taaenus Imde lufiesne aviunisndaiiie Tnon Tauumad Taonniz Tagnuedwy
o dd’ =K I = A £ A da' tﬂ' a dy d'
Tead lariw5:iwou Juiludnmudenutishaunsnfesyuiiionaaiionsaqann osnn Inde
@ a'dyd vAa 1 9 o o Y dy ~ 9 1 1 dﬁl o 14 ds’
Wugtiauauiamulumsadieluviuunsn Mldden Idvzunninile Tannaroiug lale
] = Y] ~ d' VN~ 1 % o =1 @ 1 ] o dy
UAeNUA1T19N 2.5 Mugasliaunaeniug lnund luduunsnnnhareius ladie Tag ag
a 1 o { @ 1
Ugu myawasy uazaueg (2562) 180U Tagnwan Teaa lminGizoud lvduunsnuinniila
Muwanay 91 1.80 1ag 1.29 Mua19l a9andean1U Malau-Aduli et al. (2000) 5189141 Taae
o o P = o ~ VW A o 2 v o A a
WUBI05% (Jersey) 3 lusiununsnuiga iy 1.34 sosaanfenuguend Boivosa tazdydu

(Limousin) UAUNINU 1.25 1.03 az 0.88 MNa191
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13190 2.5 Vl"llllul,miﬂ"llﬂiliﬂuil waz latile

Marbling score Reference
Crossbred Holstein 1.80 AU MYIUATY LazAME (2562)
Kamphaeng Saen 1.29
Angus 1.25 Malau-Aduli et al. (2000)
Hereford 1.03
Limousin 0.88
Jersey 1.34

2 S |
2.5 ﬂ1§!ﬁﬂﬂiﬂuu!ﬂ@ﬂﬁﬂ!u@
dy 9Yq 9 dy Yo =2 Aav @ dy @
ﬂ’ljlaﬂ\jiﬂunLWﬁainu@ﬂmﬂ'lwqq ll@iUﬂ’]jﬁﬂLH']j%ﬂl!agW@Ju’lﬂig‘ﬂjuﬂ']ilafl\iﬂ’liﬂﬂﬂ']i
) A = g4 gy & &
nazmsliormsiminzaulums@os Tauumadioasuile Tnquamngs Tasmsidesgninlu

vy A o I Yo Ao y & v
ANNLINADUNIU VIS AN ﬂﬁﬂq@iiﬂ%u'lﬂ'ﬁclﬁhlﬂ5‘]_]?(’]5@’]1(7’151/]“ﬂmﬂ’lwsluﬂ']ﬁﬁi']\uu@ WIDU

q

a ~ a o A Yy ¥ a &
‘]Jigllluf.i%ﬂgl’?lfﬂluﬂ'li"QUIﬂ Tﬂaumimuqnmiwa@‘wﬂmummwaiﬂﬂwaNamuaiﬂ

q

9/ =y,
=3 ]

1 1 % iy I a J 4 ™)
AuINge Maumsnadeulunquerdiaiasudini o NMiuazsamaaninilenala

D}

(@UANUNNUINTIVINTIIYAST. 2561.)
a o " v a 4 I
q30z Az UUN LaZANE (2560) NE1291 NTHAALTE9IN 1AW (Dairy beef production) 11U

0 v o 7 o 9 s A 1y Aao ¥
msinewmanasy lavasnsiihsu Iauuidgn TamadTuhsy vieuslantanvuzuesnis v

' Fl E P
AA A

J o A& 9 Qo o ! A A A yga oy D)
Wi Fagiasaninazaneen mades lnuuieMsHaaahiassde iy lunsdgnuaiuin
v Y v
wonoz 19aee1d Tagn
3 R
2.5.1 gunumsdeslavuienaniileo
"y v ) . . P g v ]
2.5.1.1 M31D89YUAI8911M 159U (High energy ration) M3tdeauunil Inazdau uaz'la
2 o 2 & = A ya S Aqu 2 2 o A
1152 annazlumsaes i Isaseu uagldnusvisaui lanarlunsaeedy Tnaed
d’d :j 9 1 a [ 3’ 9] d' 1l A a @
T Tandimiln 5211719 200-400 0 lansy vaziiminNawwmalane 500-600 A lansy
Y £ . . s g 9 g
2.5.1.2 M3@eayuuuulaIned) (High roughage ration) M3staganuuil Iavg Ing Tagide
1 9 a a 9 A A I [ 1 9 :j o 4
daeeld la niydau Tauumlasagh nsenuemisneruilunan suniee I minanaa

Y ]
innaanaia Uszana 450-550 A lansy
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a a

Agastin et al. (2022) 51891471 F2UUMS I s RaiudINanem T aay Tamnasae

g

v
v A

v Y 1
U (P <0.0001) TaglanguitasanuutInen (Indoor fed) INsnsauau Tamasao IunuInni1ln

9

VoA dy J 9 Y A [ = 1 g’ Y
nauiaesluszuuana (Pasture fed) s2UUMI Inormsnasnu lulinasetihmingadie (P =

q

Y] 1

2’ @ 1 :} v J g} o < Qs’l {1 @
0.385) Whwtindain hiinenngu wazihminanndu dnneszuums Itemsiaiuddawa
1 1 J = oA dy = o 1 12
aomosnlsznoumaniivessin Taglanquitdesuyluneni luiuuinndi 0.001) ualinszgn
A1n11(0.006) ANULANAIIDINM T QAL TamAsae TUTEnINTZUUMS TR IMIT 01N

o @ Ao M Yo ~ @ Aq Y A 1 @ A VoA
ﬂUWﬁQQWHiH@WﬁWi‘ﬂﬁﬁ’ﬂﬂiU uazuwaﬁqmﬂﬂum'i!,ﬂa’é)ullmgmmsmﬂu Lu@ﬂﬂTﬂIﬂﬂ'ﬁqN“ﬂ

=

Y [ v v 1
@odluszuuganagniinanaeulviunni Tanguidesudsnenaziiimingnuiniig
A v A A ~ A = [ dy 1 9 A
ﬁ']ll'liﬂl"]f@MIENﬂ‘]Jﬂﬂﬂiillﬂ'lilﬂaauhl‘ﬂ:]‘ﬂaﬂaq L?J@l%ﬂﬂﬂﬂﬂ1§£ﬁﬂﬂ1ﬂ1u3gﬂﬂn\1wm'\ LUBDIN
A A 2 o q AN\ 4/ /o : Ay vy A v
ﬂ1§!ﬂa@u1ﬂ’31ﬂﬂ1ﬂmu Vnsh/ﬁ']\?ﬂ']flﬁ@'Ju’l]l"llnu’ﬁ’lﬁ’f]\1Glu51\1ﬂ18!W@ﬁ51\1ﬂa’]NLu@N11% (MOOI‘C

et al. 1999) A4A1519N 2.6

M319d 2.6 wavesszuuMiliomsnauiudemsnIumula uazdnyuz3nvellnnou

wasou

Indoor fed Pasture fed SEM P-value
Initial BW (kg) 174 172 3.0 0.594
Final BW (kg) 349 341 T+ 0.385
ADG (g/day) 786 517 29 <0.0001
Slaughter BW (kg) 324 316 7.0 0.397
Hot carcass weight (kg) 183 172 4.9 0.106
Chilled carcass weight (kg) 179 168 4.8 0.094

Estimated carcass composition (g/kg)

Muscle 704 709 5.6 0.253
Fat 164 145 4.5 0.001
Bone 132 146 3.0 0.006

ADG = M3y Tamasao i
SEM = A1A1UAAIANA0 UNIATYIY

N : Aanagen Agastin et al. (2013)
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v d v da A
2.6 "ll'].l'J‘Hﬂ'l58?)8?\151']]113!9]5916119\1@9]3!?]83!99@
A o 1 1 o c’dy dy I v Jdaa A I o & A a1
1517359 NHU (2560) Na1IN dadineudeudfudainnunniunan s lunsezlaivues
A 1 a ~ 4 o = 9 o o
wolvodlulSinungs Tavesdszneunanvesirlsznouaromsulamsa awmsoswunaiy
o I 1 [ o { [~
anvaz Iassadweonmiu 2 ngu 1dun a5 Tulaasaf laduTaseadre (Non-structural
, J < < '
carbohydrate) 134 1119, 1hea W udu wazas Tulaasandlulasee$ra (Structural carbohydrate)
1 a a [ 9
15U 15ag lad wwiwag laa maau Hudu
] AR o 1 Y A
2.6.1 M3690 LAZNMUBATUVDIAS U laasa lunszimzaumi (M 2.1)
4 2 ' < s 3
iWee1r1sninas luletasa ludesiudszan lidulassairaniedssianmiu
9 9 1 a =4 1 . Y 3 gl
Tnssadradignazmiz gy 9wgnauNnIo01elunIsimz 311808 Polysaccharide Tiiluiiiana
! : { IS o { @ ¢ <
Tutanaifed (Monosaccharide) tazildsuiiu Pyruvate 1ag1i1 Pyruvate 0 laundansiziiilunsa
luiiuszinald (Volatile fatty acids; VFA) F9au e 14un nsaaz Fan (Acetic acids; C2) nia In
Y
59 191in (Propionic acids; C3) 1azn3A1i173n (Butyric acids; C4) nsa ludiusziieldmaiiiazgn
=< 1 Y A J
AaFuEIUAT gL LB Tadae 1)
2.6.1.1 M35908 polysaccharide
a 4 [
1. ufle szgnaaunidlunszmizgulaun uuafiise Bacreriodes amylophilus,
Succinivibrio dextrinosolvens, Selenomonas ruminantum W& Streptococcus bovis GEL SRR E )
a o ¢ g S a I~ @A
WA Oligotrichs 1agazwantoy 193] Ol-amylase ¥ utou lasi¥iia Endoenzyme 1Huou losiih
4 1 A o 1 o . ) a3
ANFDUENYALTOUABUBIMTINA WU O-1,4 glycosidic linkage 117 |dnananilu Maltose 1z
[} 4
Oligosaccharides Tae Maltose ﬁlzgﬂﬂeﬂﬁamaullw Maltase ieig Maltase phosphorylase Ulgfﬂgiﬂﬁ
Y [
118 Glucose-1-phosphate @3UH1A1@NWIN Oligosaccharide 5‘14”] i]%gﬂﬂ@ﬂvlig])ﬂgiﬂﬁ 11ae Fructose
o = = I
nniuvgnulaswilu Pyruvate
a 4 1 1 4
2. magiaa ﬂzgﬂi;auw%nqn Cellulolytic bacteria igoedue el Cellulase 92
Y a g A a dgj A 1< '
lawandniilung Ina uag Glucose-1-phosphate lagng lag MAavy azgnilaswily Pyruvate 8819
< an .
529157 1ag3D Glycolysis
a a 2 d a Jd A . 4
3. 1gtwag lad wwgnyaunsdnaaon leivila Non-specific Tagtou laiazausn
Wwmensosnevovaliag laandwmis [3-1.4 xylosidic linkage 18 Xylobiose uazgndousio 1114
& Y] PR .
Xylose m%zgﬂ"lﬂu Pentose phosphate pathway It Fructose-6-phosphate (181¢ Triose phosphate

: oaj Y Y 4 { I [
F91599 2 @Tl 92191 Glycolytic pathway tiver/asulmilu Pyruvate mllounungInd
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A A

a 1 a a 4 1 a
4. INANUY %%Qﬂﬂf)ﬁl%’)ﬂﬂﬁu‘ﬂiﬂﬂWﬁﬁl@ull“lfll Pectinesterase L"IBJHEI’EJEJ“]JiL’Jm Ester
% [ 1 4 { 1
bond 1A Methanol 1182 Pectic acid #4992 N808A0A1810U 1951l Polygalacturonidase Ne3 1991 Tag
[ 9 § I J
T15Tad2 14 Galacturonic acid %Q%Qﬂ!ﬂaﬂmﬂu Xylose ADUILIVI Pentose phosphate pathway
< o 4 { &
nazaz1d1du Fructose phosphate N1 Triose phosphate CRRY ) ) aeu i Pyruvate Taoy
Glycolysis pathway
= <4 @ £
2.6.2 M3ulasy Pyruvate iunsalusiuszive’ld
o A YAy ¥ aK Y a
ﬂ'ﬁﬂul"llll1«!‘1/]38!,1’7Elhlﬂ‘ﬂUlﬂﬁnﬂﬂﬁmlm‘ﬂ@ﬂcﬁllﬂlﬂﬁ Pyruvate Gluﬂizmwgmu Ulﬂllﬂ NINDTEY
a a a A aa dyw Y [ a ] =& ) [ 4
an ﬂiﬂi‘W'ﬁWI@uﬂ HagnNIAUINGN u@ﬂiﬂﬂuﬂﬂllﬂ CO, LﬂuNﬁWﬁﬁi’JﬁJ G]i\iﬁ?iJTii‘llﬂul‘iJﬁ\iLﬂﬂgﬁ
IS
i cn, 18

a

% 4 4
2.6.2.1 MIFAUATIEUOLHIAN (Acetate) uazosm (Formate)

v 1

o A 9 a I v R A (a
a5 1y lawmsangnuingeslunszimggmuas Idozdan (Wuran aalivsua 60-70
S 4 A A A 4?} A o M Yo ] A Aaaa 9
wosiua uazvzlUSuaiugaiuiodarlasvomsvenuluszauge Taasulfnsediens
Y o aaa o Y
L"llﬂ/n‘ﬂ;]ﬂi 81 Pyruvate N Co-enzyme A (coASH) 14 Acetyl-coA, CO, Uae H, 130 Acetyl-coA
4
[ ) aan o 4
11a2 Formate L1a21on1nH Pyruvate mmmsamﬂgmm N1 Phosphate 4 Acetyl-phosphate, CO,
A A a 4?} 1 £ A <
1az H, 1130 Acetyl- phosphate 118¢ Formate 1918 Acetyl-coA MAAUUAIUMH Iz a NIt
Aa 1 { I 4 ay aan a
pzdan 14 lagass uazdnduvzilasmiu Acetyl- phosphate uaziiioaugalynse1ns ldos s
1 Y
1AM &1 Formate NNATUIZYNBNG lad 14 CO, tag 1,
@ o a .
2.6.2.2 MIAUATIZH INSN 191N (Propionate)
A a Ao S Y = s ~
nsalnsilonandunsizdIdlunszmiggmuiilszunm 25-30 Wosidud uazazil
a A d? A Yo 9 4? [ o a
YSuaunuiuiie 1A5U011m5TUINATY TAINTLUIUNITTUATIZH INT W 191UN 910 Pyruvate
a 9 A
aunsonald 2 AszuIums fe
> 4 . 4 < a & ARy Y
1. Dicarboxylic acid pathway ¥4nszuaun1sHezinadulunsaindndlasueIns
{ o 2 { oz Y ' < b g
o1 1A Pyruvate inaduazgailasuiiu Oxaloacetate tazmlaouan 11 18Ty Succinate duilu
. Ao o @ o a
Intermediate NA1AY 1UNMIFUATIZH INTH To1UN
. . g a & Aoy o
2. Acrylate pathway (Direct reductive pathway) N3&UIU msivznadulunsandga
o o a { < ¢
185vermstsziansyisludiunaunn Tae Pyruvate veilaswilu Acrylate ¥uilu Intermediate

Tumsdunsizy Insi lomm
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(% sa A
2.6.2.3 MITUATIZHUININ (Butyrate)
1 1 a aaa 9 @ an . . &£
daulvgiiiannil§aserdeunanveedd [B-oxidation ¥4 1un15591 Acetyl-coA 2
o 1 H { < o A o
Tuanardidrenunoufazilaeuilu Butyryl-coA 310 uiasuiily Butyryl-phosphate t1ag
A I Aa a dy o da A [ a dg’ Y A
aswiudiifien vennniimsduasigiiiniem fansanatuldannszuiunmsne Acetyl-
o aaa Y] 9 A a [ 1 < [ 4
coA 1 Tuana vzh1Ugnsenny co, 18 Malonyl-coA aziaiisn uaode lsnammsdunsizy
A a 9] o 1 2 A ~ ~ . .
17150 A2enTruIUNTAIna1vdwlansesaludu lasweaiva (Adenosine triphosphate;
ATP) NINTLUIUNITUIN
o A Y o = ] ]
nsalusiunszmeldnianszuaumsninlunszsmizguurzgnaaduiumianszimz
1 9 { o [ % { ya 4 o Y
mur11d1 1111 Portal blood Nindea ldsdulugivesnsa luiiufiszme lasass e 1114
I 1 @ ) v c’dy dy o @ 4 £ Y ]
Wunnawmdsnudmsvdatinendoslasmainllduniizing Ina davgdosriiunszuaums
. . g & . 3 )
Oxidation 1U1§2997 Tricarboxylic acid (TCA cycle)

v
~

NTZUIUMILMUDaFUYRI INT N TN LazdIMIn aznavundy Tagnudszuna

e

A [ 4

s 3 o A A~ A ax
80 1losi¥uavesInsilown nilunszumaoaszgniumueaguiiodunsizyinglnd lay

1]
= %

N321IUNI5 Gluconeogenesis 1M VUININ AHIUMTIUMIVBAFUAMITINIZINIZFIUUIZYN
A1 . .
lasuiilu Ketone body %¥91/5¥NOUAIY Acetoacetate LA (D)-B-hydroxybutyrate Tawaziir 114

v

1A A a o 9 1 5 . . £ o A A o 1 1

aoNAY Tuanz oz Fan 3 YNUNVNY Peripheral circulation mgﬂuizumaaﬂmaﬂﬂmmu@mq
d & o cd o w A o ! 5 & .

0351 9MauSuIuLINDe 40 1osiFud vansa luiunszme lananuagaaziirll sl uuvas

k4 [
WA nagduns g luiu Taoiiodon 199499319018 (115125591 QL. 2560)
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DIETA RUMEN INTESTINOS FEZES

o Fiber néo digeridos

Forragem — ees—gp Celulose &

Hemicelulose

Grios —— A0 - = (Amida) » [Amido nfio digeridos)
¥
{
Gas Glicose (Blicse)
(COy & CHy). Energia
Ianeackios = SR N i
v s
Butirato VFA's (Lactato) Fr: rF :_Lstﬁrqm
PAREDE Acetato | : i
RUMINAL Comos Propionato P
—~.__Cetdnicos “
(.,II CULAC, \0
Butirato
Acetalo
Acidos grax ua Propion
FIGADO ‘ 0) -
v GI csc -1 - Amino acidos
= Corpos Gl'c 056
S.ﬂ E
{Cir A Lelhicea '\ce Al “
(. o I [ Carpos cetinicos |‘ " 5 Y e ,.,. o
g oy Giicoze | () A?\E celbnicos Glicose
Glicoge = oy r _l N &
Corpos... ™ * % w
cetonicos | Corpos "| o Ln, Glicosa Corpos \_i;u:u'gria) Glicose
Acelatp -~ cetdnicos I cetlnicos Y
' Eu.a.gm Acetato Giicerol Acetato Gliceral
F'r stethd Gordura e—J
(Triglycerides) Gerdura Lactato
# {short chains)
MUSCULOS TEGIDG ADIPOSO

(o outros tecidos)
GLANDULA MAMARIA

d‘ af o @ o’dy dy
MNN 2.1 ﬂi&iJ'JuﬂTi!ﬂJVﬂU@ﬁ“lﬂJﬂTiIllllalﬂiﬂiuﬁ@ﬂlﬂﬂ’ll@ﬂﬂ

301 Wattiaux and Armentano. (2006)

o 4 '
2.62.4 Mydunsizring Inalus1an18 (Gluconeogenesis)
I o 1 T Aa { 1 a 1 4
nszuIumMsgosns 1y lawsadmIvginannszmzdiunih uazifadoilowasanis
@ o ' J {1 1o 3| o J {
3N (Fermentation) W19 1ufin1s Tulaimsafiges ldnaunde lga 14 lunalidanfendes
@ T U o % o v @ | a
lasungTaa Lieswevinuuaumsdosns 1ulamsa et lddadde)Sunldsumsmwmived
=< Y A a A Y <Y Y A Y] 9 [ [ o’dy
Fulailsganinmioadng uaznusnuing Ina Tiiisanefiuanudeansvedsany dadined
dy 9 [ 4 [ &~ 2/} Y v o o A a
wodlang Ina Mnnszurumsdunsizying laalusine Fallasaeduardidgao TnsiTommn
A { ) ' < '
TagTusiiTotun azgniaeuiilu Succinate 1821491 Krebs' cycle 18111 Oxaloacetate %99

= | o @ o A Yo A 1 a A A 9
L‘iJaEJL!L‘]JuﬂQTﬂﬁ ﬁ"]‘ﬁi‘Uﬂiﬂulﬂli]uﬂiglﬁﬂllﬂﬁﬁﬂu“] FFUH D BAN HAZUINLTN AUITDLUY
Y 13 . . A Y 1 1
Krebs' cycle lauailu Long chain fatty acids A9 9&1U1g Krebs' cycle 1ugﬂmaq Acetyl-coA LI
A ] A I A Y o 09/’ o o’dy dy
109910 Acetyl-coA "lummsmﬂaﬂmﬂu Oxaloacetate ﬁﬁ@ﬂ@jﬂﬁ "lﬂ muu‘lu’dmmmmm 31N

v 9 v
nia lugiunszmelavefiiios Insi Tomun mniuiaunsonaang laa Taduauun Tnsilomwn
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A uaj d‘ =< d' 1 [I-Y] 1 . 1 9 1 =\ d!
evnauagngaduiguuszgndelUgaununig Portal vein Tao luidngszvumyuiion
' a qazl o < { o
ueraan Insi Torn iwnagni ldadailung Tnadiduy
@ J 1 (3 o'dy dy a dy A o A o a
Tumsdunsizving Ind lusunmevesdainendosrzinatiuiduuaz la Taefiduezina
o ¢ ! = ] a J ' ¢ o ¢
msdunsiznng laalusname uiniga TageglsInsiToun Wuuvnasmsvenludunsigy
' a o o (% J o
ngladlusnnme TagInsilomundiuou 2 Twana awsoih lduasigdidungTne 16 1
' A
Turana uaznunng Iaa Uszunm 30-60 nlosisua Noglunszumaoaldannnizuiumsmniue
a a o @ 3 Y Aq Y o J A o w a
aduyeaIngiloiun dmsvasdsdunlylumsdunsizinglag MUANNEAYI0I9IN TN
A a £ o s ' i gk G 9w ' o o
Torun Ao n3Aezl 11 (Amino acid) Fedan1zving Inarlusneme upuitzinnudidyaoda?
{ o Za 1 1 { a a
TuszezNviaunaue s wiodainodlusieilinanang (Wattiaux and Armentano. 2006 ; 1
31359 NHU. 2560)
1 as 4 ° Y
2.6.3 Midoonazmmuoaguuesns 1ulamsalud1dian
X { o o < 7 { 1
a3 1y lawsandndsdr1didnlsgneudae mis lulamsadszaniduTaseai vaz i
I 9 =~ (] 1 a A J 4 1 ~ 9
Wulaseadren higndesningdunidlunszmng gy vazms lulamsauiediuin ldoinms
o s a Al o w 1 s o N ¥ o s A oy
dunasiznyaunse dsumsdesns 1o lamsalud 1danzerdoeu ladnnaasind  1dianuaz
o ' 1 o Q { 1
duaou laun tou'land Amylase, Maltase, Oligo-1, 6-glucosidase 1ai¢ Glucoamylase Gﬁﬁllﬂﬂﬁgﬂﬂflﬂ
° < ¢ o @ o < 1 o
Tudr 1danvzgngadu 1dTaeas ddugdvesngTaa dedaiausai ) Induumandsnuld
% ' ) < IS [ a a 1 '
Taoase Fanunmsgadung lad mnd1ldanlddundsaniilss@ninmgeniimsdesuils
J 4
Tunsgmnzgmun 42 n)esiHua (Owens ctal. 1986)
1 a o o 9 '
2.6.4 MigoolazmmuoaTuUeIns 1 lamsalud1dlvg

i Tulaesadsznniidulassasidandd 1 dnajdwlvajazduwinaag Taa

g

=1

a A ' ° v % ' 2 A g
meamcﬁagjﬁﬁ‘ﬂiﬂﬂiﬂﬂﬂﬁEJ’E)EJGl“L!ﬂi$LW1$§,L3J1JLLﬁ$a1UlﬁLﬁﬂ cmmwaamﬂu‘lammmﬂu

=} o A

Tassadalud 1dlunjazordogauns dmidounundesnislunszmz sy Fwanaai ldanns
Y H 1
gooms 1u'lansaviiatioy Idnsaluduiszme’ld uaz ca, Tasnsalusiunszme ldaziisasidiu
1 [ a A o ga a a o a 09.:’ o 9 4
uaNANAUAINITAYeIeIMITNdAINY azazgnyauns o luusnaini 119 Tead waz
\ = v PET a s o 1 Y ' Y = o A
vndmzgady 1 191se Tenilusrne wandavesns Iulamsalud & najrzadiendanun
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wadumelunszmzgmulasnuiuiados ldiszuna 6 weosidudvealSuamsdoantla

=

qu’ & a A 1A o Y Il Y g 1 @ v @ o Y a ada
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2.7.8 n3a vy (Fatty acids)

1 i)

C- J aa . . A A [ 1w
ﬂiﬂvlelmu%mﬂuﬂiﬂﬂTiUﬂﬂ%ﬁﬂ (Carboxylic acid) NW#1y -COOH NS YLAGIND N

U

4 Y o A Ao Ao J IS o
l’laiﬂﬁﬂqﬁﬂﬂua'lﬂﬂ'nlﬁu@'iﬁ ﬂﬁﬂhlélluucl/]wuﬁlu‘ﬁﬁill‘lﬂﬁllﬂlm']u?uﬂ'lﬁﬂﬂu@%ﬁ@lllﬂuﬁnuju

1 1 v A < (R ]
1 5211 4-24 ozaon waznuluginsaluiudase (Free fatty acid) antios uadaulvanylu

sufaza1elulviiu (Saponifiable lipid)

v A o . < o { A o 1
2.7.8.1 N30 1UUdUA7 (Saturated fatty acid) 1 unsa luguniisiuinlelasnuezaouog
<3 =\ [} 4 3 [R= Y 1 o a d”l o 'd
dw G g5 veudau uaz liflisuseg (Double bond) N3 lusiuwiiafisumeausodunsizn
¥ o 1 g o { 1o o . .
Y ldee 393 dunsalusiuin1ai3uilu (Nonessential fatty acid)
% A o : 1< o A P4 o 1 o
2.7.82 nialugiulidonaa (Unsaturated fatty acid) tJunsa lusiunlseneuaroiuseg i
Y a a' A Y =1 1 % a ;sy 1 = 1 d‘ =\
Thinanauiulddie taelsend nsaluiuriaiidaunindauainiensuinigs iewini
o a A s S 4 o2 v v Yo
nsa ludusesians umeuysivazdad himusaduniiziyuela dedldsuainenis
1 09’1 ] 9 o A v, a A . =
w1y wazanusauta ldidunsa lvdu lidudusufer (Monounsaturated fatty acid; MUFA) %4
I v A ] o A [ 9 o (= ) 1 1 Y ISa a
WulydunTgmuemeuiulumedroiusegiios 1 dwnd sy nialuiiuadd Taman
o a I o ]
(Plamitoleic acid: C16:1n7) tag n3a lviiuTe1adn (Oleic acid; C18: 1n9) 1Wudu uag nya lusiu 1y

A o a9 A IS o Aas s A Y Y
UANYIFDU (Polyunsaturated fatty acid; PUFA) Wunsaluduni a5 vewdeunuluaiodoe

E4
% 1

Wuszgsans 2 Ay wu nsaluiud Tasy Iasd usn (Eicosatrienoic acid; C20:3n3)1az
nya lugiule Tawe 138 Tudn (Eicosatetracnoic acid; €20:4n3) 151udu (69931 Houar aznae.
2556 : GE7 ATUUNTUT LAZAME. 2557)
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Y v 1q 9 a = 1 Y dy 1 o Y = =
nszurumsIinasuuuy lildeondiou sziimsazanedlundile sz dinaiiliozd Tudu
v g = 4
lasveala aaredily TuTuiinnale'lng (Mononucleotide), D@ 1@y lavoaivla (Adenosine
diphosphate; ADP), praludy Tulueatvla (Adenosine monophosphate; AMP), o ludu Tulu
Woeana (Inosine monophosphate; IMP), 8 Tudu (Tnosine) waz laTiluyuiny (Hypoxanthine) AIUN?
= 09.1’ a U 3 =
Tudu TuTunoaivla (Guanosine monophosphate; GMP) WuinavInmsaatedvesn Tudu las
X W I~ [ 1 4
Wo i@ (Guanosine triphosphate; GTP) #3n2 Iudu Tasdeamla iuars 1¥wasnugaunaag

(MNN 2.5)

= 0911 [ Y = .dy = :/I A A= o (= J o [
nnadeaansany ldNnausaveuilovzininaunnalseass vaz lunelsyaan s1nsy
A A = L4 a dy o T—— Y o 9
nausanwlszasrernnauanaistlsznsuluiiodad e 1dsuanuiouazulsanin
{ I { A 1 A
nlasuslumsdszasunldnausea 1dun o= Tudu TuTudeaa, 8 Tudu TuTudemla uaz'ls
3 I~ a $ @ 1 1 < 1
Tdusuny Fuilumandan lannmsaatedrvetezalugy lasoava uaog1alsAarunu
- L A ¢ e Bl d.2 22
ooz Tudu T Tuneamme 1Waswdud Tugu Tuluwomia sz 1o dainnausanaau il
4 a I~ Aa i A o §
1199910 0 1udy TuTueama Wunananninaanmsaaiedives o=a ludu Taswomvlea &l
5 ) <3| J 1 ' a aaa 4 . '
aa 15 Tud (Ribose) 1 upedlszno nagvz dananon151nA1f)n5 81 Maillard reaction 521319

1ana uaznsaozi luluile (Dunford and Shahidi. 1998 ; #355NUA ﬁ'@ﬂé}”ﬂ. 2562)
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GTP ATP
Nucleotdase P P, «-g  Nucleotidase
GDP ADP
Nucleotidase v"" Foe ‘ Nucleotidase
GMP AMP
Nucleotidase v.t *P IMP « P vy Nucleotidase
Guanosine e Adenosine
Inosine
v v
Guanine v ) Adenine
Hypoxanthine

v o
Xanthine
o, .
Uric Acid

MNA 2.5 Miaaedavedozd ludy lasoama taznrTudy lasveavia

17 Mancinelli et al. (2020)

2.7.9.2 ATA0YH 11

v
o @

(] [ a 4 a dy v I v AaA
Ma et al. (2020) a1 Ysuaazesnilsznouvesnsaozil luluiodantluasind Ay
Y Y
) (9 a U @ [ T [ -4
dmsunsUsziiuguaimielnyuinisveaiio uagdedananonaninilodaiondae n1s
4 o a g [ o 1 [ [ [ [
iwouanimvesilng waznsaeziilulwiodatazsaeilsudlgeanvazmalszamduda
= [ a ng; 9 a 3 A oy 9 £ o A 1
smdalsuigesama msasduvessamnaiiuas luanavina@niazaeinla aduiygiun
I 1 Aa o a 4
Wudauilsenevvosnsassh 1y tazais 1ulaasa 52099 0 TudY (Inosine) tag TwanlilIna
A ' = ( J = 4 A A a 4 Y
(Polypeptides) t¥U (1D ULEDTU (Anserine) HALAIT TudUY (Carnosine) mmua@ugﬂmmm@u
= . = % =3 o = . ' <3 Y v
N93U (Taurine) 211 (Alanine) LBUIFDTH LAZATS IUTHY (Carnosine) VzaAaI0d 15U la%a
{ a Y /= X .
Tuvaziitaals Tuaezvineld Fafiau (Histidine) 1591 (Arginine) 131 19119411 (Methionine)
713U (Valine) ESIRETNIEY (Tryptophan) Tnlsdu (Tyrosine) loTwaqau (Isoleucine) CREAT
(Leucine) ttaz WHaoza11u (Phenylalanine) H5duy Tuvsei 02a11u U (Serine) NT 1Y
(Threonine) 1AA& W (Glycine) 1A% W (Lysine) 1WFaU (Proline) oz laasond Insau
(Hydroxyproline) U5a%211 Ti@gunga1ua (Sodium glutamate) ttag Isdautoailuna (Sodium
=\ <3 [ a . . a . . a aA
aspartate) YT LAY drunsauodaian (Asparticacid) NTANYANT1UN (Glutamic acid) FANAU
G = dy
(Histidine) LagtdaN1519U (Asparagine) Ysanlsen
Aaaa = o @ 1 @ =\ a dy v ¢ 1
YN381 Maillard unuindrdg lunisnedlivesduazsariavouiodndluszning

o’/‘ 1 A 1 1 q a o 4 aaa %
ﬂlu@]@uﬂ']ﬁﬂiﬁ@']‘ﬁTi ﬁ"liLL@Nﬂﬁuiﬁclu’fﬂﬁ”Iﬁﬁ')uﬁlﬁﬂ]ulﬂuwﬁﬂﬂﬂ!“ﬂ%TﬂﬂQﬂﬁEﬂ Maillard GLI?Q
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A 9 [ Aaaa AA 9 1 4 a a ] oy aa o
MUY PRI NANNFUTUTEHINATUsznRUMI VB HAaz DN TW 19U 1MIe1a3 AUy
nyaeLi 1u LazNaREITUAINAUTANHAINHA1Y (Ma et al. 2020)
2.7.93 nga luiiu
v A o o a Ay v J dy A % Y a
luduiidrudraglunsWannsamnaluiledad eowe ludug Idsamamnizveg

Y

A o J % I £ v Aa 1 a A a % A o =R
wodad luviuilunilsluiledeniinasesamnaiiosnnytiansa ludu we'lududwanasuman
o a a 1 o o 1 4 a o 1A %
vz ldinasanad Wunnswdulaenilidinesdlszaeu uazdSuraveansalviulidudd
a 9 dy [ o’dy dy 1 [ d? (Y% Ao Yo a dy qu a 3
wasouluiedaufendeIa I 1My 9NN IMIT AN IATY SEAUDALTIUNAIINEITAY
9 ~ dy a @ dl 9 @ dy [ o"d‘ d’ @ d‘ [ = o =1
aununnite lidasiugenu lan T luiteda INsegn e lvsiudouanin oad lanazil
Y] ~ a 1 9 U =& KX o A 4
anyaz NNz Iuu19¥ia 15U 2-alkenal 1ALA Hexenal, Heptenal, Octenal ¥957uD9007 lag
1 4 ' v
A00AIU Octanal, Nonanal a1 Decanal Lﬁﬂ’Jﬁlgl}’ENﬁﬂﬁﬂiﬁﬂf1ﬁllﬁ$ﬂﬁﬂﬁ£ﬂw1$
4 1 1 [ Y 1 v J Y g
(19991032 VVIBIDIMITHANVUANA DU NMTASANVDINITA LU UL INIFA3IAE1DD4
v J ~ = 1 @ dy 3 L L2 Y A o v A
nazdainszmiziendaanaany Tude In uazilonnzwud Insa ludu liduaaTuszanigs
Y ¥ v [ '
nNUloNIND231F 1A1N (Arachidonic acid) NANIBRATIATY dZhAanTsznouni Ifinanay
NOU N Trans-4,5-epoxy-(E)-2-decenal, AAIY 1-octen-3-one, 2,4-decadienal, 2,4,7-tridecatrienal

1ae Hexanal (Arshad et al. 2018)

A
2.8 pauMwIalauN
a 1 J 1< 1 9 dy o P

ﬂ\‘]ﬂgll MYIULTTY Lasae (2562) 51891UN ﬂWﬂ’NﬂJ&ﬂuﬂi@-ﬂN"UﬂﬂﬂﬁﬁJlu@ﬁuuﬂﬂ nl
o o v ' < ' 9 o o ' 1
GH'JIﬂJQﬂWEJWaQ%1ﬂﬁ@’J@1EJ ﬂ1ﬂ’)111lﬂuﬂ§ﬂ-ﬂ1\1GUfJ\ﬂﬂuiJ!WﬁZ! Llﬁ3IﬂWHﬁﬂWLLWQLLﬁuthLW]ﬂ@HQ
] A (] o o 1 o YA a1 I [ [
U LL@]LN@!’JﬁWWWUUlﬂ 24 GB’JINQ nay 7 31U W‘U'HIﬂﬂ']L!.W\?!LﬁULWﬁ@uﬂWﬂﬁWNlﬂuﬂiﬂ-ﬂNLﬂWﬂU

o w o ' 1 < 1 1w
5.59+0.07 Ua5.47+0.10 91Ua190Y A1NI fﬂﬂ’JﬁJL‘l]uﬂiﬂ-ﬂN"llﬁNIﬂUNLWﬁé} MNY 5.73+0.13
0o w (= d’l [ 1 dy 1 [ d” QaJI

1ag 5.68+0.21 MuUa1AY mmuaTﬂﬁlugﬂmmma’nwmma WYIIA1 L* "IJENLHFJI?]‘VNE‘TFN?HEJ
@ 4 ] % 1 A v o w Aaa (=1 dy 1 Y
WuﬁllﬁﬂﬁﬁﬂuﬂﬁlN]’lﬂﬁJuElﬁWﬂiyﬂNﬁflﬁ memu’aiugﬂ a* llng b* “W‘iJ'NIﬂuiJL“WﬁEJlIﬂW a*

J

' o o { 4 o ¢ 7 o
o b* ﬁ@ﬂﬂ?WIﬂﬂWlLWQLLﬁU ﬂ’Nllﬁnﬂ'ﬁi‘l{luﬂﬁélll“L!1"’11@QLﬁ@Tﬂﬂﬁﬁ@QﬁWﬂWHﬁWU’ﬂlﬂ’E)’a'!,GI)'L!GI
g’ J 3 o 4 cf/’ o JdY 1 @ 1 ' 2’
ﬂﬁiji‘glﬁﬁluWiﬁfi"JNﬂﬁmUﬁﬂ‘]aﬂﬁll’E)\ilﬁ@Iﬂ‘ﬂx‘lﬁ@\iﬁﬁlwu‘ﬁqlliJ!LﬁﬂﬁNﬂu LMW‘U’NﬂTit:(iLJLaEJHW
[ dy o = 1T W s @ 4 1 dy
’58“ri"JNﬂTi‘lJ‘J:Qf,Iﬂ"U@\‘Hu’E]IﬂﬂHLWQLL’GT‘L!?JﬂH“VHﬂ‘U 39.53+1.03 1los1Fua uinnInie Iauw
I3 J [ ] dy ° ' dy o Y I ' dy
35.77+1.80 1o FUA WUNAWTIAARUYDUUD TauudnI e Ianwwaay uaaslimuinie

= [ 1 dy o o A (A @ 9
Iﬂu3J3Jﬂ')13J1§3JNWﬂﬂﬂﬂuﬂIﬂWH‘ﬁ‘ﬂHLW%!ﬁu Eluﬂlﬂ!$ﬂﬂﬁﬂ1mhlﬂlﬂullﬂiﬂ (MIFNTAEINAY
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a 4 = 1 tﬂy 9y @ 9 dy 1 tﬂy
718601) Ll’d$fﬂi’JLﬂ51$ﬁﬂNLﬂiJ°V‘I‘1J’NLL!E)IﬂuﬂJlWﬁlﬂﬂJul"UiJuﬁgﬂiJsluﬂaﬁJlufJiﬂﬂﬂ’NLu@Iﬂ

MUNILAUAIATT N 2.7

a & o o A o 0 )
19190 2.7 ﬂmﬂ’IWLu@IﬂuugﬂwamWuﬁiaaﬁhl@u‘i/\li!{’]fﬂUﬂUIﬂﬂulWQllﬁu&Wﬁfﬂ@@u

Traits Crossbred Holstein Kamphaeng Saen P-value
pH
1h 6.37+0.20 6.31+0.18 0.136
24h 5.734£0.13 5.594+0.07 0.001
73 5.68+0.21 5.47+0.10 0.001

Meat colour

Lightness (L*) 43.01+4.37 44.51+4.93 0.199
Redness (a*) 14.50£2.10 19.7243.65 0.001
Yellowness (b*) 14.56+2.40 18.23+3.34 0.001
Drip loss (%) 2.87+£2.33 2.244+0.46 0.159
Thawing loss (%) 1.86+0.91 1.07+0.25 0.002
Cooking loss (%) 35.77+1.80 39.53+1.03 0.001
Shear force (kg) 3.84+1.56 5.69+1.94 0.004
Marbling score 1.80+0.68 1.29+0.47 0.025

N3 : aauiasnn aslgy Mmyauasu uazaae (2562)

2.9 MIUMHOEA I (Meat aging)

P
1 v
2.9.1 ﬂ’ﬂiJWiﬂEJ"UfNﬂTi‘U?JLﬁ@ﬁG]'J

a

2 XA o 7 o ' y d A ~ <
m‘immuflﬁ@’mmmimﬂmﬁmwu ﬂqm‘ﬁﬂuﬂizmm 1-4 93AE LY o L“JJuL’Jm 2-4

U

a o I

[ Jd a dy o A oA < < 421 o 9 dy
’L’f‘]J@'IW ﬂ@uﬂWi‘UiIﬂﬂ !u@ﬁ@]ﬂ]‘ﬂN'l‘uﬂ'l‘i’UlIﬂQﬂ!ViﬂiJL!%!EJHL‘]JHL’JQ'IHWHWH %3%1114&‘14’6?(@]’3%

u

A Y A

] 2 ] dy a o 4 L& g ~
ANUYULINTY ANUYuveupmaInnsicuveseu 4w Calpain Fuiluwou laindivdn
1 [ a 1 J 4 v J 1 4 4 { @
goollsaunguluTelusaais1UsAu (Myofibrillar protein) luiiiodad uatiloigoineawu

Y
(Connective tissue) in'liinamsgeslusgnnamsuuile (Nishimura et al. 1995)
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1 dy Y .
2.9.1.1 MIVNUDLUULAN (Dry ageing)

I ax v 3 dy LA Y A A a dy = a
Lﬂu’)‘ﬁﬂﬁﬁ]ﬂlﬂﬂluﬂﬁﬂ’ﬂuﬂ'ﬂTWLlﬂﬂaﬂuﬂuﬂﬁﬂ’lﬂﬂﬂqmﬂau HASAIUTU VU
v Jd

1 = ~ dy [ 1 J 3 Jq9
FTHINAY 0.5-1 9AUSATI VANNFUTUNNTOATLHIG 75- 85 1osigua Gl‘lﬂ’mT]Jﬁ%ﬂﬂﬂ! 6

U

o 4 S o 9 1 dy o Y a = dy a a 9 o Y a
aian fﬂilﬂ‘Uﬁﬂ‘H1ﬂ’JEIﬂﬁ‘U3JLL‘U‘Uu“VIﬂWLﬂ@ﬂTiﬁiULﬁElﬂ’Nll%uEﬂ1ﬂ‘]JiL’JillW’J1’i“L!1 ﬁ]%“l/lﬂ‘ﬁlﬂﬂ

u 9

Y

A < v IR Y @ 1 Qy A o dy o I ]
laenuvssouwIngn’ mﬁ@]@ﬁﬂﬂl!ﬁﬁ@@ﬂﬂqqﬂ lﬁJfJu'lﬁJ']ﬂ'i;\?@W‘WWi IUDEAINWNIUN TUULUULNN

A % dz A o A A < I A {
%zﬁﬂauiﬁmwwﬂ@ﬂm%wmu,mﬂauimmmu&muﬁm‘uum tazemzdnaumiy TN

= Y1 42' Y S W de? 1o o A 1 d‘a}dy v
Mﬂﬂ‘]ﬁﬂﬂijﬂ VUBYNUBDIYLASNITINUINH ﬁﬁ%?@]ﬂﬂﬂll&@gﬂﬂ“ﬂﬁ]%&l@uﬂ WU 011150 1H1ae9da’

U Q

' A < A

a < [ 4 [ 1Y 4 [ 1
U M Mo aaie guugl lumM U tazaNuFUduENT taz ldnauniimsuuuy
AJen (Olivier, S. 2018)
1 ~ \
2.9.1.2 msvuuuien (Wet ageing)
1 ; ~ I~ ] [ ] v J I~ ay ] I3 d,; ~
Msumenuvlen umsuuvasnnmsulsngnleonidluruaiu Tagazmnuiion
afe [ ~ Adzﬁy I~ [ < dy [ ( A Y a
QUNYUAINI 5 DerarFoe Inilumsdamnuiodn I lugagaaine (Vacuum) s liinan1s
[ [ 4 1 A i ] [} g Qy 4 [ (;
vumeluussyius mstndsilegsremstlesiumisgydennusuoenanduilo Sninnu
9 R & A e 3 ° 3 o g .
yoaiio Mlviidlenumuiu uazaamitudlen shldliegmsnusny UL (Olivier, S. 2018)
] 1 4 = dy o J
2.9.2 szeznarlumsvugossnllszneumaniluiioda)
k 9 1 dy 1 d‘ [} ] 1 S
Kim et al (2019) 1as1891u91 tie Tadauaz Innd luriunisty msuuweuudlontaznis
) 9
vuuuuni lidnaaedsunaanusuuazdsua iy ualsuna Tdsauvesite Tadiuaz Tnnd

\ % 1 A v o % 1 = = a = d’ 1 v
ANNUANANNUDYNUUITIAY Iﬂﬂﬂ?iﬂullﬂﬂlﬂﬂﬂuﬂiﬂ1mjﬂi@]ut;fﬂﬂf!ﬂ NNy 22.80

o

I 3 J { A 1Ly a 1w d 3 4 {
wosisua nagiien ludufidsua Tdsaudfigamany 21.67 wesidud (151990 2.8)

d' ] T s = dy v d
M99 2.8 Wavesszeznallumsuuaeesndsznoumuniluiiodn?

Aging method
Traits Non-aged SEM
Wet Dry
Moisture 69.85 70.98 69.99 0.549
Fat 6.59 5.08 5.48 0.711
Protein 21.67° 22.08% 22.80° 0.294

o v

ab = = ! U 1 A o =S %
T HUYNI UANUUANA NN UD YN HITIAY (P < 0.05) Tunouaeanu

o

31 : aau)ada91n Kim et al (2019)
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1 4 o d {
2.9.3 szeznarlumstuilodainenuninile

a J o 9 1 1 dy 1 9 dy [ =
NYITUNT INNBI Lashale (2553) llﬂiﬁl’ﬂ Mo lagiund e dunon UNane
Y v

A =t d?' =1 1 1 I~/ 1 dy 1 A o o
Aamwitie In Tagszeznallumstunnuauinaaeaiinnuiunia-aveaioedauisd 1Ay
aa dy d' [ [ I~ % = 3 1 [
N19809 (P < 0.05) TaatiaNWi1un1suuilumal 17 14 uag 21 3% 1a19 101 Unsa-a19 1imin
o o 4 N 3 1 1
572 £0.07 5.71 = 0.07 5.48 + 0.07 1A% 5.54 + 0.07 MU0V Taetiionuudlunal 14 Ju ia1nnw
I~ [ o [ [ a d’l AQ Ya| ¢ A
Wunsa-a19a1nga Jay (1996) N81791 0191AANNITUTIPHOUUU g INAN 5N duNnnIs
@ a 9 Yy KR I Y dy = I~ [ o' 1
Hosnueangnudioonlad TJwordluaunglitelisanuiunia-atsdias Anuuana1aves
v A 4 A SR ' s 2 o v, S I Ao o W
szezna lumsyuieninIulHadonlossuaAmMsgadsina1nn1slgegnedaiisdiAgnig
aa a A I~ 1 dy ~ c; A 421
ana (P <0.05) 9190ANNNITNAIANUTUNTA-A19UD UL NAARIAIAINT L8N VN UIUIY
0o 9 Y v a v g & Yy o o2 @
Mldanuamnsolumsguihvesldsaulunduiiodias Garzaeandenuilosisuanis
= 3’ < [ A A 9 A 42} 1 ~ 49"
qade1nnIsAuTaINUuu Ty uaIuszez a1 lunIsUN N U N Y
VoA A g v A a3 o '
(P =0.0544) Tasnquiumiotuszeznan 1,7, 14 uag 21 U IMIgaaoimingznienslya
(Y S 3 4 o w
ANININY 24.33 £0.90 25.63 + 0.90 27.66 + 0.90 Ay 27.65 = 0.90 1o 315 Ua MUSIAY TrozIal
Y ]
lumsuuiinaaeaussdaruiloodnadiiisd Ay neana (P < 0.05) Taswu oszeznalluns
] di’ A 4? 1 o ] dy = ﬁl A I ) s o 1 ~ A
Vufouay AMusadartoszuAmanad itenluiumnal 13 YA wsdaiiuuniga Ao
a 1] ] g i I~ 1 { @ [} g Y
11.55 + 0.54 A lansy arnuilenuuilumar 7 14 uag 21 1 UASIHARIUTIDMING 10.47 + 0.54
A @ o w < 91 1 1 9 dy ~ [
8.23 +0.54 Uz 7.09 £ 0.54 1 lansu mwdwy szwiu ldnszeznarlumsiugelditelinnuy

£ ~
YU (MI1TNN 2.9)

v Y
M3199 2.9 wavosszezna1lumstuaogunniie In

Ageing time (day)
Traits P-value
1 7 14 21
pH 5724007 5.71+0.07°  548+007 5.54+0.07°  0.0305
Drip loss (%) - 1224023  1.80+023  2.03+023  0.0544

Cooking loss (%) 24.33+0.90" 25.63+0.90" 27.66+0.90" 27.65+0.90"  0.0324

Shear force (kg)  11.55+0.54° 1047 +0.54°  823+0.54°  7.09+0.54"  <0.0001

ab =KX A ! [ 1 A v o w =2 @
T UUIEON UANUUANA NN UBINNUITIAY (P < 0.05) Tunoupednu

d' [ a J v
1 : aaudasnn NYIUNT NNV LagAe (2553)
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v [ Y d' 9149’
2.10 wiaswasnulurvstunlsasaln
9
2.10.1 917Twa (Corn)
9 QA g o 9 ' = o a a Y
1 Inailunisdugnimanua Ugndie Togdu annsansy@ula ladlugnmaves
[ 1 J §y a 0 4 o 1
UszinatIne 3aoglured Gramineae J¥0IN1PNAATI Zea mays L. naziiFoaisinin Cormn 3o
. Y [ [ A Aa o W I v W 9 = 9
Maize Tagd1n Tnailusyisnlanudiagilusudy 3 veelan seawnndad wazd
Yo A ' 2 9 & A A v
awnsnilgnldm U Tuwagliomeeugu wanedeusu naziuinvwadon
@ ! ] < 1 [} LY
PaytudnInandgnludlszmelneutsesmilu 2 nguinaq Ae 412 Tnailnaa uaz
J o J o 4 ) % a 1 ' Y v o
A Inadesdad TasdnInadnaalgnielddmsuusinauazdsoon daudnInadesda iy

a

A a o [ o oI A Y I [ a o 7 &
FNUANNAIAYADYATINNITNDINITAND eennlmduiagaulumsnane1visdnd o9

aQ

=n

e

v A J 1 9 Ao w Y (% @ 4 =\
waniluunasilgndnInandingveslszmalneg laun Tandamesysal uasadu g
~ s o v Y o o A s ' 1
an1y3 uazuAIaIIIN UM Iwau lmilueimsdaitieanineenilszneuvesdiulvgues

] v < A= o\ v & o oda
waad Inaduutlswag Tsau Janmzdmsmihmnlfiduemsnesdaintiguninuazsim
A 3 v o o v a P ' <
a0 Tagnanaamandnd Inadmauwngnii g lumswanemsiaesdad isu 1n vy ia uay
F4 4 4 ]
Taun il vndszmalasmuizdlszmalumouglsdazdgndin Inaudrdadn Tnansduie
o . Yy o - — N Y L P a
m"lﬂ‘wmmumuﬂ (Silage) T VABITN (DFzNININNNTATHAZINA 11 1ad. 2561)
2.10.2 Juanlzvias (Cassava)
o ) o A a J o [l A % a £ [~ A
NWua1lenas (¥0INETAS: Manihot esculenta (L.) Crantz) (1 UNFHIBUAN T 1T UNY

v Y v A A

{ o ol 9} 4 O'J 4 1
2IMINAAYBUAL 5 38991011 U1 1na "IBJJTJ ez ups %ﬂﬁ1ﬂﬂ]l‘iﬂﬂ1’iﬁ1€l"]ﬁ@l%u Cassava,

9 9

; . . o 9 [~ 1 o Ao w v

Yuca, Mandioa, Manioc, Tapioca Tﬂﬂuumﬂwmmmmmmﬂﬂammwmﬂmﬂamuuamm
S = ° ks 1 o ° 3 A o o
Wudsdawsoihunldlsz Tent ldgadiu wazdsawrsohuulsylillundasusiaindu
) @ Y 1o Y . . v v oo . o o Y .
drilenas laun siudu (Tapioca chips) NUBALNA (Tapioca pellets) nazudlaiudlevda (Tapioca

A Y @ a o A 1 9 o I qQY v g’ %
starch) 1o 15w ingauluniausounas lumagaaivnssy wu Idtueisuyyd Iganaiiniu
{ { 0 9 v S v
nfiguamanawsoih 114 lugaaunssuen 18 Mdluemsdad ifudu

@ Y < a o 4 o o o AA Y13 A Yo A

Tdu fusdasuiinndudilenasnoe IindumsulsgUnlnddnnsasnsunige

A < A v o Y ) 1 o y A v v W [~ Qy <]
IWIZIUBDINUNYININUTALA IS UITAIATUNU ﬁWll'lﬁﬂ!lﬂﬁgﬂIﬂﬂi%iﬂﬁ@ﬂﬁﬂﬁ’]ﬂu!ﬂu%ulaﬂﬂ

[ a

Y o a s A Y 2 9 &o 3 A < Yo
umm'lﬂmﬂuumwmuuﬁ LlJ’E]!L‘Vi\iﬂ!L'ﬁ’)ﬂ‘ﬂWﬂﬁLﬂ‘ULW’E]EN"IHEJL‘I]uﬂ@]ﬂﬂﬂi‘ﬁﬂﬂ@ﬁﬁWﬁﬂ‘iiM

Q

v Jd A v @ < 1 a o o a o a [~ %
DINITHN Wiﬂq@]ﬁWﬂﬂiﬁNNu@ﬂm@ﬁﬂqﬂ Unauaaduiu 2.5 nlansy drursonanduiiu

a [ o w E4Y [ 4
@u'ld 1 0Tansy (@NTnNUABATHAL ANNIAIINIAUATEAITIA. 2564)
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2.10.3 dulesa (Pineapple)

o 3 A . AA a e a
dutlgsalunslunszna Bromeliaceae N¥DINANAATIN Ananas comosus (L.) Merr. 1

[ d v ~ [ [ 1 U = dy ~ =~ dy Y1
anuznINgEmaasaeglnni 2.6 Tasduilzsataeglunquitesludeudsiiiie ldceu o1y
a 1 A ~ a a Yy Y Y 4 Y
mansyaooanuiaellawnsansa@y Talaa lugnimeimasou nuanimuiauds gnld

a o ' a { { o < o
Tudum 1y Tivevaunianudugalszmalnelimsigndudesadludmaumn dszmalned]
o [~ o a @ a Y v oa

msdgndudesallusiuaunn 1udl 2563 mandanndudzsaiidiuia 1.83 dudu (Fud 119

103 UATAML. 2562)

Crown

Multiple fruit

Slip

Leaf

Sucker

(SREh. Basal stem
=t
YIS

144

Fibrous roots \

Y @ 4 @
ﬂ]Wﬁ 2.6 aﬂHmZﬂWQWﬂﬂ‘Bfﬂﬁ@lﬁﬂ]@Qﬁ'Uﬂgﬁﬂ

3 : Vieira et al. (2022)

2.10.3.1 wawaananannisdgndulzsa Ae waduiysa (Fruid) Asiudadiu 45

s 3 4 o (% o
nesisudvesduduilzsa nazlinanassldaninmsignduilzsa Usznovdlre d1du (Stem) 1

[

dadmlszaina 16.12 Wosidue uazly (Lea) Hdaduilszana 38.78 1Wosidua sadlunanaos

v Y

1dMmaevinuasilgn uagwanaos Idvinnszurumsnandulesanszilo nivtrdulzsa
Y [ 9

18un 11J@0n (Peel) unu (Core) 30 (Crown) naziAabiiodulzsa (Pulp) 1 1d91nn15Haan

S o

] 1 A ya I [ 1 S I 4
Fuilzsa Tasaziidadrupumasuaznanans laaatludaaiuiszuna 70 osiFud voana

] [} o ¥ @ = [l ~ Y o < = o o @
qulesa davarudaulesa ﬂ@ﬁ?u‘ﬂllﬂﬁaﬂfﬂ']ﬂlﬂﬂlﬂfJ'JNﬁﬁ‘U‘iJgﬁﬂ FINITDUINITNALDITT
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1 ] g a a a o o o [ 4
a9 1 eu laai Tusiay wazdIaiiud Tagsid1duuninnuazela tazuaazideanouile
1 H @ o a o [
wasndgnszuumanlsgd (mud 2.7) lunszuaumsanaeu ledTusdmunnddudulzsa
o I ¥ Sld' o @ A o v [ =9 Y o d' 1
wihld lananaselandany Ao mndrduduilzse @Taguitanazans Tulamsanazatedioga
' A A § o o A I
AnAYIMansiadu) uazuilamdurnawassldainmsanaeu lsy Tusiay (Juilailu
s ' s I 2 & ' 2z A A o d 1 Aa
peAlsznouganInndl 90 Wesigud) iluundsuesas 1u'lamsaniisiagniadunva il
v
(% o ) a 4 .
WaINU mngdmsiwasalnlussezyu (q382 a2 NUUN. 2561) Khongpradit et al. (2022)
Y ' v < ¢ A v oA A Y ' o A
18510991 Tngnuauaieiug laad laiwsiBoumad Midesyu 206 Tu dronvaanaeaIui
[ Y] L= 9 % o [ o 9 [ 1 1 d'dy
LANA1INY 3 urad Ao A1 Inaua dudlzrasua uaznihnndrduduilzsa wuh Tanguides
Y o ¥ o a9 1 b |~ 1w A = [ 1 d'dy Y
arontlanndrdududesatidunumeornidifganiiny 16,117 v Weoudunguiaoidle
v o o Ay ' 1w VoA 9 )] A Y
Tudnlzvdana NTAUNUAIIMITININY 18,734 VN 1aznauNasad18917 Tnaualaunu

A0S 19,811 LN

100%
anudulyse

§

URl

!

A 50%

Jutiieuennineen - Be3 oo
AMnaImuaUUZIn

10%

Juigaiiawentenin —

40%
drdlalvanmeuleilusiauy

mnutlandinudulzse

d' ~ o Y o o [ 19
MNN 2.7 ﬂ1igmEmamumJﬂzmmmmaummﬂiwm

M : g50z aznUU. (2561)
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J 1
2.103.2 eentlszneumaunil nazgam M InsuInsveuAEiae tazHanaoy Id9INMs
a [ A =) 9 a (% 1 [P= Y] Y o' =\
nandulzsa tapidenienanasy ldoinTssnundadulzsadiulngifaguitedwazil
dy 9 1 o 9 o A Y < ' 14 1 dy

anuiuge snduludivesdrduduilzse (19190 2.10) naaaliriudwanase ldmartimune

= ° Y A o A 3 YyyqUg Y A a
mgihunlFlugduuvaa viondnmenu 13 1dduemsluszezenn’la iwesnniinis lulansa
d’ Y Y 1 [} a tﬂ' A A 1 a [ 1 d‘
nazaelage Tnemsniing e HeUsiadug nTendudbmasuaazsialudadiun

i1 k4 Y

minzauieaanNuduliweminzaenszuiumswin Tasszauanuduveuruaoaziunls

a 1 a J
AmunszUIUHan Iuaas 159914 (’Qﬁﬁlg TEANUUN. 2561)

a s ~ A v a o
M1519N 2.10 99A1U5EADUNMUANVDUABIKIAD Lm%NaWﬁ@lelﬂfl]'lﬂﬂ'liNﬁ@ﬁUﬂgiﬂ

J 3 J gl @ Y
(Lﬂ@igmu@mmummq)

DM CP  EE Ash NFE NDF ADF GRNGR
IAHIAD 136 52 19 67 531 726 581 fisziand uazame
210 153911 (2554)
ndulesa 1926 7.50 - - - 5057 2587 UM UAzAME
(2542)
ludulesa 1891 659 - - - 3944 2425 SR taznne
(2541)
1laen 1418 570 - - - 5686 29.85 nsuiladad(2547)

duilzsa

DM = Jaquits, CP = Tuls@uneny, EE = luiiu, NFE = a3 1u lamsaiiazaieldde,

o c’oa.;’ ] ) A S
NDF = Winwiiaesaananya, ADF = aaundluaniiuuaziwag laa
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4 = 1 % ~ 1 [ 1 [ 9 A A
2.10.4 99A152NOUMIANVDUNAINAINUNUANANAY 3 rad o 91 TnaualdSuiu
a a o o 7o "o ¢ 3 dw v
Tdsauneuy ﬂ'imm”lwu UAZHUABaaMINUAININY 8.1 4.37 Lag 18.3 Lﬂaiwummum
o w d! 1 [ ) (% 9 [ a a a a
AU meqammumﬂwmm Llﬂgllﬂ\iﬁﬂﬂﬁuﬁﬂﬂziﬂ ﬂimmaﬂuuuaxwagiaﬁ SIEFVRLN
9 ~ ] a 9 = ~ (Y] o Y] a1
mm"lnazmﬂsluﬂiﬂ uazﬂﬁmmmmmwmqmqﬂmmamumﬂwawmm 6.0 0.10 e

I 3 o Y o w 1 a @ Y a 1 9
2.9 Lﬂ@il“ﬁuﬁ’!@lquﬂi ATuaIAY muﬂ‘immmqum uazﬂimmuﬂwamwmuﬂwm@u

'
I=)

dullesanaaa

U

Vo -4 /3 o 9 o o o A
f:;fﬂ MNINY 95.1 L?J?Jﬁ!ﬂfuﬁ ag 86.7 Lﬂ@il%u@ﬂﬁquﬁﬂ ATNAINY AR NN 2.11

4 4 1 [ { 1 o 1
ﬁnﬁ"lﬁﬁ 2.11 ’ENﬂ‘]JizﬂEJ‘]J‘V]NLﬂﬁ"llfN!LWﬁx‘iWﬁNTNﬁLLGIﬂG]Nﬂ‘H 3 UnaN

Starch source

e Ground corn  Ground cassava Pineapple stem starch
Dry matter (%) 88.6 90.6 95.1
Crude protein (%DM) 8.1 1.8 1.4
Ether extract (%DM) 437 0.49 0.06
NDF (%DM) 18.3 10.6 8.3
ADF (%DM) 3.7 6.0 4.1
ATA (%DM) 0.01 0.10 0.08
Crude ash (%DM) 1.5 2.9 1.4
Starch (%DM) 72.5 66.6 86.7

4
%

o 4 1 A a A a FY A [
NDF = Wanwiaisaanaving; ADF = druiidludniutezisag lad; AIA = Usmnanti luazaie
lunsa

131 : dau1las91n Khongpradit et al. (2020)
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=< 5% k4 v
2.11 NﬁﬂTEﬂﬂ‘tﬂfﬂi"l!iﬂﬂHN!WﬂQﬂ]ﬂWQ‘Wﬁ@ﬂﬂﬂﬂ]ﬂﬁﬂﬂ%iﬂ

~ 1 =KX 1 ~ o dy = a a 4
W'ﬂﬂ']ﬁﬂﬂaﬂ\ﬁ/lfﬂgﬂaTJﬂ\‘]!ﬂJuWﬁﬂWﬁﬂﬂﬁ@Qiu’igﬂgllﬁﬂ ﬂaumzmmamﬁﬂyﬂummuwu‘ﬁ

Yy 9
[

=
GER
2.11.1 dussauzmanTaay e
E4 [
Khongpradit et al. (2022) 5189117 TuTamadaouiibosu 206 Ju wud ngui ldsuuils
19 = oy v A A dg’ A Aa = T W ~ A = = o
nnduilzsaihminimudu vazmansyau Tamasae Tugaiga (P<0.05) iWenSouieuny

Y T o

VoA Yo 3 9 = | oy Ay Yo
ﬂqw"lmmmmnﬂwwﬂuazﬂmﬂaﬂumwmﬂumwuﬂm@mummﬂqwﬂmmgﬂqmﬂm

9 @ = o' 1 =1 a A 1 [ = Yo < 9 1 A o o w
audulesaiiaifindi (nﬂﬁzﬁmmwmmmw) ﬂ’(,jll°I/Illﬂi‘]JLiJﬁﬂ"’U']’)IWﬂ‘]JﬂfJ‘(’ﬂﬂJufJﬁ']ﬂﬂJu

Y
Y o @

\ v g4 AfLF /o 4 b, S o Al Z
(P<0.05) aruIauwARao uMABIYY 344 Tu Tilmdnauay hiningane hviniiuay
a a ~ Y] = 3| oy v o 1w [ 1 @ ~
msnsyay lamdsae it maldsuormsiluihmindine v uaz luuanaieny (a15199 2.12)
Yy Aa FZ 9 d' dy Y o ¥ [ =] a a d’ [ 1
uaz Idesue1A9 Tauumeadaeuimesaronisnndrdudulzsalimsniady Tamasao Tugs
1 VoA dy 2 9 1 4 A o o =
i languilidesdlsdna Inaua e1auiainunasnis lulamsanaisnu Tagaslulaasaill
a A 1 1 a (Y d' 1 Y Q' [ d’l Y 9 3' [ [}
ANTNADEININABATUS InAveInasnungos la mswunasnundesla danalmiimiingn
a a A [y A dy o a’/‘ A (9 ] o 1 Y
uazmsns A Tamagae iy duiu weszauutllunvasnis lulamsege azdanaling
a [ < g g; o { A g v o a Ao Jda
U3 INANGIIUN 92 93U (Freitas et al. 2013) thnilnMAvTuveIda dininaanmsndainu
9 1 a o 9y w 3 Aa A 9 dg} [} 1
91115 ud1eMIgneoeuInud1 1 duiv dszaninimms lemnszuediudiudsznonlu

ORLRELA Gl’i (Svihus et al. 2005 ; Stevnebg et al. 2009)



H 1 [ 0 [ 1 a a a a Y
ﬂ1§1~1ﬁ 2.12 wasuml,maqwamuﬁmmummmmymuTmtazﬂimmmiﬂu”l@

35

Y01 IAUUNAGAD Y
Item GC CA PS SEM P-value
206 days

Initial weight (kg) 455.58 454.17 453.90 36.08 0.99
Final weight (kg) 623.00 630.33 641.00 38.52 0.74
Weight gain (kg) 161.5°  176.17° 187.20°  13.05 0.03
ADG (kg/d) 0.81° 0.86" 0.96" 0.06 0.03
DMI (kg/d) 10.59 10.57 10.24 0.56 0.53

Concentrate (kg/day) 8.06 7.99 7.61 0.60 0.42

Roughage (kg/day) 2.52 2.58 2.63 0.18 0.63
Feed: gain ratio (kg DM intake/kg gain) ~ 13.09° 1241 113.2° 1.09 0.04

344 days

Initial weight (kg) 436.38 454.17 459.75 37.70 0.66
Final weight (kg) 663.50 686.17 689.50 25.25 0.31
Weight gain (kg) 227.13 232.00 229.75 24,77 0.96
ADG (kg/d) 0.66 0.67 0.67 0.07 0.78
DMI (kg/d) 9.68 9.80 9.37 0.46 0.37

Concentrate (kg/day) 7.37 7.49 6.99 0.45 0.65

Roughage (kg/day) 2.31 2t S 2.38 0.18 0.19
Feed: gain ratio (kg DM intake/kg gain) 13.67 13.79 13.56 1.42 0.97

< % ) @ o [
GC = want Inaua: CA = iudnlzndaua; Ps = uilandrduduilesa

ADG = m3niny 1au Tamasasiu; DMI = m3us Inadaguits

** gronyinannuluuoufenuianuuana e liied A (P<0.05)

an : aaudasuan Khongpradit et al. (2022)
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2.11.2 AUMWHIN TAUNINSE
. Y ' ' [ Y A o 1 =
Khongpradit et al. (2022) 1@518\‘]11!'31 Llﬁﬁ\i"ll@\iwa\‘l\ﬂuﬁluﬂﬂ”i'lﬁ"lluﬂﬁ'l\iﬂu 3 LL‘I’iﬁ\‘illiJll
J < 4 J < v @ @ dy A Y o dy [ o
Wﬂﬁﬂlﬂﬂﬁlcﬁu@]GﬁWﬂqu FINLEYU mmwuwm"lﬂmuﬁuwm NUNHUIAAIUDTU ulfllllull‘lflﬁﬂ tag
' < 1 A @ v o J A dy @ o P Y a
manudunsa-a1e n 7 AURAITANINENNITALIYU 206 U LLag 344 U (135190 2.13) llﬂf)‘ﬁﬂ?fl
Y [ A A 9 I [ a a A 9
hl')'ﬂ ANHWUS YN LlagwaN'GWW]llﬂl‘ﬂuﬂWiﬁﬂUﬁu@\ﬁﬂﬂIﬂ“ﬁuWﬂWi f]@lﬁWﬂ'l'ﬁLﬂﬁfgm‘UIﬂ 21gNL
] [~ 4 @ 3 =2 A 4 Ao Yo A 3 @ 1 o
N LUATINA Wuau muummma‘mﬂaﬂuuﬂm”l@ﬁmmmi‘ﬂﬁm"lmu ﬂﬂﬂﬁﬁﬂﬁ?uﬂl@ﬂllﬂluu
Y v 4 ' Y
usnluiiovwiuAiuaueiguesdad szoznaInines 6aTdUVDIDNITVUADDITHIL LAY

o 181&}1.!‘13’:"11’60’(?{’ @’j (Aalhus et al. 1992 ; Vasconcelos-Filhoa et al. 2021)
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H 1 [ 4 1 [ U Y [
ﬂ1§1~1ﬁ 2.13 wasuml,maqwmqmﬁummmu 3!,!,14?1\111!?]1141561]1! ADANHUSEHIN

Tauumagaou
Item GC CA PS SEM P-value

206 days

Hot carcass (%) 57.32 57.95 56.91 1.33 0.42

Cold carcass (%) 54.76 55.30 54.28 1.0 0.21

Backfat thickness (cm) 0.63 0.58 1.08 0.42 0.11

Longissimus dorsi (LM) area (sz) 86.61 85.48 85.23 8.46 0.96

Marbling score 2.00 1.00 2.00 0.64 0.71

Meat pH at 7 days post-mortem 5.64 5.56 5.72 0.08 0.29
344 days

Hot carcass (%) 55.52 55.13 54.67 1.39 0.58

Cold carcass (%) 53.44 53.41 53.11 1.23 0.88

Backfat thickness (cm) 1.30 1.04 1.06 0.58 0.71

Longissimus dorsi (LM) area (sz) 82.45 83.87 83.29 7.25 0.95

Marbling score 2.00 2.00 2.00 0.45 0.74

Meat pH at 7 days post-mortem 5.51 5.49 5.50 0.07 0.47

<3 o o Y] o )
GC = waavm Inava; CA = Judnlzudaun; Ps = uilnndrduduilesa.
SEM = Standard error of the mean

a1 : Aauaan191n Khongpradit et al. (2022)

Y
2.11.3 anmiie Tnuumag
. ' J = a dij o
Khongpradit et al. (2022) 51841471 93AUIznoun1ay (Usuimanuau losiu uay
= = 2’ 1 v ~ ] 1 U o
Tdsaw) HAZMIFUIAIUITLHINMTIAUND (A1T19N 2.14) TunuanuuanaiaveumaIngsny
Y A v A dy A A o v 1 <3 I @
“lummiﬁuummﬂuwmimmﬂ;um 206 1150 344 Ju uaee1alsnay msﬂ;mﬂunm 344 9 In
9 A dy F2 7 o [ =\ 9 T A ~ £ 1 VoA dy
umwmjmumaﬂm’JsmufmJzwamﬂmmﬂummmﬁum (a*) QINGA FIWINNNNYUNLAYY

o [ <
doutlnndduduizsa uaz waad Inaua (P = 0.08)



d' 14 = dy v Jaa 1 [ 9
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Item GC CA PS SEM P-value
206 days

Moisture (%) 68.11 66.33 66.70 0.03 0.53
Crude fat (%) 7.36 10.11 8.92 2.97 0.34
Crude protein (%) 24.53 24.76 25.01 1.42 0.45
Crude fat (%DM) 22.49 28.31 25.61 6.39 0.34
Crude protein (%DM) 75.40 69.13 72.97 7.65 0.40
Drip loss (%) 2.15 1.90 2.21 0.90 0.75
Color

L 40.04 39.68 39.05 2.46 0.78

a 20.45 22.72 1979 2.86 0.41

b 18.00 17.99 17.58 0.98 0.75

344 days

Moisture (%) 67.31 66.66 67.68 1.75 0.65
Crude fat (%) 10.83 9.85 9.07 2.59 0.62
Crude protein (%) 23.07 23.85 25.49 1.49 0.11
Crude fat (%DM) 31.06 28.13 26.70 5.11 0.70
Crude protein (%DM) 67.07 69.21 71.88 4.77 0.32
Drip loss (%) 1.74 1.47 1.43 0.68 0.12
Color

L 42.64 40.32 40.99 2.13 0.37

a 17.01 21.5 19.41 241 0.08

b 14.99 13.63 14.97 2.78 0.72

< @ o [ o [
GC = waain Inaua; CA = Judnlzndava; Ps = uiliandrduduilesa.

SEM = Standard error of the mean.

3N : aauasnian Khongpradit et al. (2022)
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2.11.4 esdtlsznovvesnsaluiuluiio Tnuumead
Khongpradit et al. (2022) Wy dauwnnsa luiiulu LM veeTauumstdasuiinisyu 206
30 344 Tu'hinanaeiu ondulunsa lusaan (C14:1) uaz nsaai@eIn (C18:0) NMTYU 206 T

J { o o o 1 { 4 @ 1 { [ <
Tagnqui lasuuthondrduduzsa Jageiiga (P <0.05) iedeunungui lasumwaadinTua

=

v o @ 1 < { Y a 1 §
va uazdudulznasua og1elsnain lunisyui 344 Su nsaleadn (C18:1 n-9 cis) Yoangqui

=

Yo o ¥ o = Y o 1 J Yo s 9 C [
1ﬂﬁﬂllﬁﬁ%1ﬂa1ﬁuﬁﬂﬂ$ﬁﬂhLLu’JIuN@Wﬂ’Nﬂ’QMﬂ asuwaatn Inaua taziudulevaiua

=

{ a 1 a I o { o ! a {
(15199 2.15) laesuren nsaTermdnidunia ludunininigalu luiuumsn msinsalemoni

Ao A

o Yo A~ < ! o
q%ﬂmﬂulW‘ﬂZﬂ?ﬁvlﬂﬁﬂﬁﬂTiTi‘VliJLLﬂ\iq\i L!'ﬁ$@TVHTVNJﬁﬂlwmﬂuﬁﬂuﬂizﬂﬁﬂﬁﬁﬂ TANNTA

9

v A o A @ A o o 1 8 o ] g v .
lusiugua vazimunsa lviiu lududninse guilsdwmisluilodad (Huerta-Leidenz et al. 1996

; Hwang and Joo. 2017)
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a @ o &L Y A Vo )
19190 2.15 f]\?ﬂﬂigﬂ@Uﬂl@\?ﬂiﬂllelllluﬂl‘lxl!u@IﬂuﬂJLWﬁﬂ@’ﬂu%Nl!ﬂa\iwa\‘l\ﬂuﬂlu@’lﬂ’limu

NANNY 3 vag

Fatty acids (%total fatty acid) GC CA PS SEM P-value

206 days

C12:0 1.03 1.38 132 0.36 0.29
C14:0 437 6.22 5.04 1.00 1.02
Cl4:1 0.89" 2.10° 1.53% 0.57 0.03
C15:0 0.77 0.50 0.54 0.38 0.89
C16:0 33.20 33.05 33.52 2.39 0.87
Cl6:1 6.34 6.70 5.82 0.67 0.12
C18:0 11.34° 11.35° 12.45° 0.84 <0.01
C18:1 n-9 cis 40.89 38.03 39.59 3.00 0.23
C18:2 n-6 cis 1.48 091 1.18 0.37 0.30
SFA 50.71 525 51.87 2.50 0.94
MUFA 48.12 46.83 46.94 2.79 0.99

344 days
C12:0 1.15 127 1.41 0.53 0.72
C14:0 5.81 6.42 5.80 0.85 0.42
Cl4:1 1.68 1.92 1.77 0.51 0.80
C15:0 0.36 0.41 0.37 0.15 0.90
C16:0 33.95 34.29 32.96 1.41 0.37
Cl6:1 5.83 5.90 6.04 0.83 0.92
C18:0 11.66 11.56 11.96 1.69 0.93
C18:1 n-9 cis 38.45 37.05 38.80 1.51 0.19
C18:2 n-6 cis 1.10 127 0.97 0.17 0.07
SFA 52.93 53.95 52.50 1.99 0.42
MUFA 45.96 44.87 46.61 1.72 0.22

<3 o o [ o Y]
GC = waavnInaua; CA = Judnlzudaua; Ps = uilinndrduduilzsa.

SFA = n3a luiududa; MUFA = n3a luiiu lddudiusegniladwmia

SEM = Standard error of the mean

fan : aautlaunon Khongpradit et al. (2022)
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TngnwauTead lais Boumadaouniibes laad latiwsiseuannndt 50 wosigua 1

Y
36 1 ©1g 22 1A Y 11HN 453+35.3 N 1anTu 2821IA1Y1 206 Tu

32 ewnsiiideadal

3.2.1 pnsneny e wanuileswiin wazihadn Tassud 1-74 Wndhudewin 3
Alansw@Su uag uf 75-206 Tinghiudlesain 2 Alansudadu fu vhad 0.9 Alanswdy
U

3.2.1 unasndsnuluonsduild 3 gasiiensiu fe wdadnInaua (ground com (CO)),
Judnleviaque (ground cassava chip (CA)) (9 uilnddudulesa (pineapple stem starch (PI))

o I~ 1 [ J 3 4 { {
Tasmmuald lgluuranasnu 40 losdud Moty (3199 3.1 1ag @13 199 3.2)

dq, v d
3.3 MILasIan
dy a A ds’ = @
Lﬁﬂﬁiﬂﬁluﬂﬂﬂ!L“]J“]Jﬁ%“U‘UL‘]JWVINLLWHHWQﬁ@QUHWHﬂ@Mﬂiﬁ (11.25 913108 5/2 AY/ABDN) IﬂEJ
[ T:4 I 1 1 % c?/’ @
uiNdaloandu 3 Ny NQNaL 12 a1 611’9?]911’71‘5 (BWﬂWi‘fl}uLLﬁZfﬂWﬁﬂmU) 2 A133/94 1701 07.00

U. 1ay 16.00 U.
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d' J Y a Y
M1319N 3.1 ﬂﬁﬂﬂigﬂﬂﬂmﬂﬂﬁﬁflﬂﬂiuq@iﬂTH’]TU‘L!

Concentrate
Item (%DM)
Ground corn  Ground cassava chip  Pineapple stem starch
Ingredient
Ground corn 40.24 - -
Ground cassava > 40.28 -
Pineapple stem starch - - 40.23
Soybean meal 6.75 6.22 6.99
Rice bran 13.38 13.35
Defatted rice bran 16.25 2.81 2.81
Defatted palm kernel meal 26.06 25.55 25.50
Molasses 7.83 7.68 7.66
Urea 0.16 1.04 1.20
Vitamin and mineral mixture 0.52 0.52 0.52
Sulfur 0.11 0.10 0.10
Salt 0.32 0.31 0.31
Dicalcium phosphate 1.24 1.21 1.21
Sodium bicarbonate 0.52 0.51 0.50

lan : aauagu191n Khongpradit et al. (2020)
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- @ a ) Aq v
19190 3.2 ’E]\‘lﬂﬂ‘igﬂ@ﬂﬂWQlﬂMﬂlﬂﬂ@WﬁWiﬂlullﬁ%@1W15W81U‘V]Glﬁlfcl,uﬂ'li‘ﬂﬂa@Q

Concentrate Roughage

Item (%DM) Ground Pineapple Napier
Ground corn Rice straw
cassava chip stem starch  grass silage

Nutrient composition

Dry matter (%) 87.06 87.46 87.74 20.42 91.30
Crude protein 16.79 16.34 16.28 6.32 5.90
Ether extract 3.13 3.25 3.17 1.71 -
Ash 6.91 8.68 6.60 11.37 -
NDF 40.81 38.45 37.74 73.20 74.00
ADF 31.07 27.99 27.54 55.03 44.50
Calcium 0.84 0.99 0.63 0.27 -
Phosphorus 0.80 0.63 0.63 0.24 -
Total carbohydrates 73.17 71.73 73.95 - -
Starch 37.54 38.63 38.70

N : Aanlasu191n Khongpradit et al. (2020)

d
3.4 gUnsamazansai
3.4.1 gunsal
o 3w dy o dy
3.4.1.1 ginsallumsinuanyazyoaio vazgUnTalinnammLeNMINIeN N
1. 1n30)Ad (MiniScan EZ, Hunterlab, USA)

4 o v I 1 o a 4
2. 19509 Jamanuilunsa-a1e ez Iagungivoailo (Metler Toledo model SG2,
China)
3. awanaanla
= o U % 1 = =)
4. Nad S udaUAd LAz eaNaIaan

5. 1ATAFUVVAINDANATEY 2 @101 (ML802, Metter Toledo, Switzerland)

6. E’J'”IQ?‘I’J‘]J?]NQﬂlWQﬁ (Water bath; Memmert, Germany)
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7. m"?aﬁﬂqmﬁgﬁ (4 Channels Thermometer Model; TM-1947SD, Taiwan)

8. nagdon

9. QUBRMHNI - 20 DA UBAT O

10. QuagMUaN - 80 DI ITAITHY

11, anaaangayIne

12. m?mmammmwmﬁ (Ramon VP-600A, Germany)

13. Lﬂ?@ﬁlﬂ‘i wﬁgifaﬁ WHE (Texture analyser Model EZSX, Shimadzu, Japan)

14. L‘Vl’eJ‘g Tnﬁma§ (TM-19475D, Lutron Electronics, Taipei City, Taiwan)
34.12 gUnsallFansigesdisznouniunil

1. 91N

2. rewnIourh

3. 1503LAAZIBYA (WSG3OE, Waring, USA)

4. Ta@,ﬂmméﬁu (Desicator)

=
uny

el
o))}

A A o v A LY oY
6. AuALMITEMSUT AN e vl
9
7. 949U (Oven)
a A o o dy
8. MIULDEQUIUINTINTUNIANUTY (Moisture can)
) Q"‘
9. NIWUIANT
10. vInglasuy
11. NFEUDNAN
=\ J
12. UnNes

13. NTEAIYNITDI

= I o
14. Uﬂ!ﬂ@iﬂ!ﬂﬁWgﬁahliJu
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15. 1n399naU (Distillation Unit; B-324; Buchi. Thailand)
16. 19504 Scrubber (Scrubber; B-414, BUCHI, Thailand)
17. n3eaana L (Sox 416, Gerhaedit, Germany)
Y a o = .
18. ¥iaALNIAATIZH 11U5AY (Kjeldahl flask)
19. 1n50980Y (Speed digester; K-439, Buchi. Thailand)
21, 10T9FWVVAINRANATIY 4 AHUa (ML802, Metter Toledo, Switzerland)
22. 1n3e9ana vl (Sox 416, Gerhardt analytical system, Konigswinter, Germany)
L a Id a
34.1.3 QTJﬂﬁﬂﬂuﬂ’lﬁ')tﬂi’lﬁﬁﬁ’lﬂﬁﬂ'lﬂ!ﬂ@ﬁauﬂu
1. 1INTOIFIUVUATADANAUYY 2 AU (ML802, Metter Toledo, Switzerland)
2.1A394 Homogenizer (T25 Ultra-Turrax®, Ika, Staufen, Germany)
3. iaoanNAae
4.9 Nmus«quqmwgﬁ (Water bath; Memmert, Germany)

4 < i S 1 o a {
5. 1930919 IAMANUTIUNIA-A13 a2 IngUNN VDI (Metler Toledo model SG2,

China)
6. Lﬂ?ﬁ]\‘l’?ﬂ’qmﬂgﬁ (4 Channels Thermometer Model; TM-1947SD, Taiwan)
7. Microplate reader (iMark TM ; BioRad, USA)
8. Microplate (Maxisorp, Nunc TM )
9. NTLAIYNIBI whatman IJJ’E'J{ 111
10. m%ﬁ'jum%m (Centrifuge; Scanspeed 1580R, Labogene, Lillerod, Denmark)

11. lulasdula (Micropipette; Axypet, U.S.A.)
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o a d %
3.4.1.4 ginssilumsansizyinga luiiu

1.

9.

m?mizmammuuwyu (Rotavpor r-100; Buchi, Thailand)

REEGN MRl (Centrifuge; Scanspeed 1580R, Labogene, Lillerod, Denmark)
.VI9] 1J°113J1g|: (Erlenmeyer flask)
. NIYUYN (Separatory funnel)
. f)'NﬂM’J‘UﬂiJ’qmﬁgﬁ (Memmert, Germany)

A a o < .
L IA509UASIE ANz UULNd 1asu 1ans 1wl FID (7890B, Agilent,USA)
IAT0INENENT (Vortex; Scientific industries, USA)

CluTastlala (Micropipett; Axypet, U.S.A.)

T4 Homogenizer (T25 Ultra-Turrax®, Ika, Staufen, Germany)

10. W51dw (Parafilm)

o a 4
3.4.1.5 ginsallumsinsizrans

I.

8.

INS09UABTIDA (WSG3O0E, Waring, USA)

. Lﬂ?@d Homogenizer (T25 Ultra-Turrax®, Ika, Staufen, Germany)
auddldasdedis (Vial)

. m%imi"jum%m (Centrifuge; Scanspeed 1580R, Labogene, Lillerod, Denmark)

. m?m High-performance liquid chromatography (Chromaster, Hitachi, Tokyo, Japan)
 Quagungl - 80 oA uwaIFod

. NITAHNTON

J &
LU

4 [ <3| ' Y a {
9.1n303iIamANUITIuNIA-A19 uazTagugiiveuile (Metler Toledo model SG2,

10. W13 1983 (Parafilm)



3.4.2 @131All

34.1.1 MsnlidmiumsinnedlFimazvesslszneunaad
1. Petroleum ether
2. Sulfuric acid (H,SO,)
3. Sodium hydroxide (NaOH)
4. Copper sulfate (CuSO,)
5. Boric acid (H,BO,)
6. Hydrochloric acid (HCL)
7. Potassium sulfate (K,SO,)

34.1.2 a15lﬂﬁﬁ’l1’i%ﬂﬂ’lﬂ§i~l'lﬂ!ﬂ'é]ﬂa'lli]u
1. Activated carbon
2. Hydrochloric acid (HCI)
3. Sodium chloride (NaCl)
4. Sodium hydroxide (NaOH)
5. Potassium chloride (KC1)
6. Calcium chloride (CaCl,)

34.13 ﬁ13lﬂﬁ1uﬂ’lialﬂ5’l$ﬁ’ﬂﬁﬂhlsllﬁu
1. Sodium chloride (NaCl)
2. Hexanes (CH,,)
3. Sodium hydroxide (NaOH)
4. Boron trifluoride (BF,)
5. Chloroform (CHCL,)

6. Methanol (CH,OH)

47
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3.4.1.4 msailumsinngians lsTuidndTe Ind
1. Perchloric acid (HCIO,)
2. Potassium hydroxide (KOH)
3. Potassium dihydrogen phosphate (KH,PO,)

4. Acetonitrile (CH,CN)

AadA o a a v
3.5 I5AUUUNTIVY

[ 1 dy o A 9 = dy ¢ A 9 o

frou1uieanIN ¥ U SNyl mmﬂiﬂuugﬂwfmiaaﬁ”l@uﬂn%umﬁ@mummu 36
@ £ [l £ = ~ Yo o o Ao [ 1
A7 "]NUJuﬁﬁuﬁuﬂﬂ]ﬂﬁﬂTiﬁﬂ‘HTﬂqﬂiﬂnuﬁuﬂﬁ’iéuTI"IﬂﬁTL!ﬂQWH'Ji]ﬂLLﬁZWGMHWﬂWﬁLﬂH@]ﬁLLﬁQ

dszmalne svialnsems PRP6205031930), Khongpradit et al., 2020 tta& Khongpradit et al., 2022

1 Y
uilandududesanldlumsinuiil lauian usm v luTemy $1da Taviascens Usvma
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v o
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Tundsdainie Medrausnilinnunul 15 wudmas gnussy lugaaimauaziny 137 -80 o
=~ A a J (a a = J 4 v A 4

Lty e LW’E]'JLﬂiW%’HlI33J'lil!ﬁ']ihliiﬂu'3ﬂajf)hlﬂﬂ @Qﬂﬂﬁgﬂﬂﬂﬂlﬂﬂﬂiﬂl’lﬂluu AUAIICH

4 A = @ 9 dy a < a ~ [ [
asAdsznaumunil Ao lUsau L'lflllll! 01 LAZANUFU LAz AATIEHYTIIUADAA NN N 14 TUNAY

v @ 1

C R o v
dndae Aedeaiaeeninnuyi 1.5 muamas gnussyiugeganmeanu 139 1 ossmaaidod
IS @ Y =R o 3 YA a ~ A a J 1a a =
Wunan 7 Ju udrvaih lhnu PAngugil -80 esrusaifod o nszidsumars  1sluiing

To'lng 9121 Sundadaiae (A 3.1)

Fuft 11 14 Su: ad, manmiunsa-aa, msqn‘;kﬁuﬁylmnmm:aw,
msqnyﬁm":ﬁzniwﬂqqqﬂ. AmsadarIie Az
o

it 2 vu 21 5w : 30, ms quidsimnmsazas, mguidnhszn e

. lgaen, susadariie nas o duda

Fuit 310 14 50 ¢ Sainuans s Tuihad e Ind, oadisznouveansa
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uazifi ) uazlSnunoaauau

Fuit 410 21 u -+ Sliinanoaniou

~ gl JANE \4 A ) &
HNINN 3.1 ﬂ']‘ilﬂ‘]J@]’J'E)EJNLu@LW@ﬁﬂ‘H"IﬂWuﬂﬂ!ﬂWWLu@

Y
3.5.2 MsANEIRMN NI IANINIEN TN
[ < T
3.5.2.1 MsamANuElunTa-a19 (pH)

o I ' @ ' § o o 1A @ [V
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a8 TasldinTeadaninudunsa-A19uuuWANT (Mettler Toledo; SevenGoTM pH meter SG2,

China)
3522 mMIidamdusdtile

Y Y ]
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a g [ 1 4 o [
3523 ﬂWi'J!ﬂ'ﬁWgT‘iﬂHL'i\‘lﬁﬂWWULﬁ@ Llfrﬂgﬂ1§f1ﬂlulﬁﬁlu1§$ﬁ'ﬂ\‘lﬂ§\1’f1ﬂ
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U
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b4 Y 1 v
ganaaan miuiiaglddulueruihmiunugumgiin 80 essalBod WU 30 IR AIUNTENT
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a

=2 a dy VA ~ @ Y o a J
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9 Y
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Y
o A w 1 14
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3.5.2.4 MPAATIEHANT O TN
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3.5.3 msansieiesalsznounianil
a < a
3.53.1 M5ATIerUTInau (Ash content analysis)

a J (a Y o a o ¥ 9
M3 iaszilsuandl dauila9iniFmsvea AOAC (2000) 1demalandmn
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a d A g
3.5.3.2 MIuATIzHUS AR NLFY (Moisture content analysis)
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ﬂ'l'i')!ﬂiW%‘l’i’lJ'ﬁJ'lﬂlﬂ'ﬂil%u ﬂﬂllﬂﬁ\?%WﬂTﬁﬂTﬁ"’U@ﬁ AOAC (1999) fJ‘Uﬂ3$1JfNGlﬁT

v 4
A19614 (Can) Tudouguuagil 100 osraaiFod Uszuw 1-3 $21ue ntuhinszilolddredns

@ 1

| & g o + Vo ' o = G ]
Glﬁiﬂﬂﬂﬂi]m%u ﬂﬁwﬂm 30 UIN GIN‘LH“H‘Uﬂﬂ’izﬂflﬂ’d@l’;ﬂElNLLﬁZ“UU‘VIﬂLﬂu‘LHﬁUﬂﬂEJuEJ‘U B

Y H
~

% ' o 1 + 1o 1 v 2 g 0 v ' o Ay a

a10613 2 n3u ldnszilealddmedis naziiuiinidluinningiedie i loviigeungumgi 100
= o 3 ) 1 dal A o 3’ @ -~

partuaidoa U 16 %3 1ug vinvwi lld Tagannudu 30 wii vuhwiinuazsaifuindy

:‘ Y [ Y KX o J 3 4 dy Y [ dy
HINUNTIANDUY lla'Ji]\‘lﬂ’]u:]mw']lﬂ@ilcﬁuﬁﬂg’lucﬁuiﬂfﬂ%q@iﬂ\iu

((W1+W)—W,)x 100
w

Y
USiannusy Govay) =
091 o - 1]
=11111INA20819
3} % 1 +| L% 1
= Wminneuey (nszilelddiesnn)
F
w, = thutinnatey (nszileslddiedisraindi)
a J a = . .
3.5.3.3 msanszHlsuallsau (Protein content analysis)
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v Y v
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HazNABATIUANAZNBUIAY 6 N Hydrochloric acid 25 Taaans uanirldulusraiwiuaingy

= =

a { d Q'l 4 Q'I o
gaungil (Oil bath) Ngmund 100 oerusarFoa 1unar 18 %1 1u4 toasy 18 41 Tue 1hvaon

U

Y
@T’JﬂElN’é)fJﬂﬁﬂﬂ’E)NflWﬁUﬂ’JUﬂNQﬂ!ﬁQMLLﬁI’JMN Activated carbon a31uviaoaNAR0Y Ll'g’mﬁ@\‘i

(% J

J z I J 1 [ o @
ArenszaEnsounes 111 nnivdsuaanuiunsa-arsldedlugie 4.5-7.5 uazii ISy

o o

Usnas iy 100 faddes mnturiuiimaiens Tasthasdiodunnduiianaznowun
500 luTnsans nawiing 2.5 §adans ué”ﬁa@mmmmﬂmmiﬁﬁﬂ%wm (AR
azane'lduaz luaza1e) 400 luInsaas Ain Oxidant solution 200 11 1A5aN e el
20 U171 1AUAN Color reagent 200 luTnsans werldiu mmﬁ!zuﬁw"lﬂs?l'ualuénmmqmqmmglﬁ
7 60 parnEAEYE w1 20 1R HaBIREY L& T Sadheaseq Microplate reader (iMark TM,
BioRad, USA) ﬁmmi@ﬂﬂﬁuum 550 U1 TUINAS 1‘hwa‘ﬁ“lﬁ"lﬂﬁwmmﬂﬁWmmgmi%mm

Y 9 = = Y ) ~ =1 1 A a o
Wutuuedlaasond Insaummnu 01234567 llasniuvedlaasond Insauaoiaansy

cxfx100x8

Y
USuaneaaiau (Uaansu/nSuvoaisan) =
1000 x w

Yy 9 = =
c= ﬂﬁ?ﬂlﬂlﬂﬂluﬂl@ﬂllaﬂiaﬂcﬁTWfiﬁu
f= fl(i'lujulﬁ'lellf]\‘lﬂ'lﬂ%f]Fl]'l\?ﬁ'lﬁﬁgﬁ'lflﬁuléljﬂ'lﬂﬂ1ifiﬂﬂ
Taw Soluble collagen = 1
Insoluble collagen = 6
Y 2
w = Wnindegaiie (ATY)
a ' 14 Y
3.5.5 ﬂ'li':]l;ﬂi'lgWﬂﬁﬂﬂi$ﬂ@ﬂﬂl@\?ﬂiﬂulellllu
@ v 9 d o A v W 1 dy
msana lviiudlenas TswesuA I 1NITAY Folch et al. (1957) Tag Faded1uiinlszauna
[ 1 T A a aa y I 4 @
5 n5u ldluvragilauy 18y Chloroform : Methanol (2:1) 20 diadaas udrilulmduiomeriu
A281n594 Homogenizer 20 3119 1d2819%2111uA28 Chloroform : Methanol (2:1) 10 Uaaans
Y
NNUULAY Chloroform 10 NadaNJ 1A Deionized water 10 Hadang l,l,éjﬁqmﬁmmqaﬂuﬂi’m
Qa.ll a - 4 A aa u’.z’ Qy
LENTT (Separatory funnel) 1N1TUTUAN Sodium chloride 0.58 o3 idhud 25 Haadns uavdenald
o'a d' a9y d‘ = 1 1 Y
15 2119 Ngungined iwensuna1ns luwenarsdiulalaluviadunay (Round bottom flasks)

1 Y
nazii ldi 1dsemeuiad81AT04 Rotary evaporator 910171 19 Chloroform a19u3AAUNAN LAz
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Y
Usu1l51031718 10 Tadans miutlnladiedia 2 Haaans laluvadunae uday Internal

Y

standard (C19) 0.5 N 200 lulasaas waziinlsemeliudsdremas lulasou udr13u@y Sodium

F4
hydroxide/Methanol 3 adans 114299 Vortex 11n1iuti1 lAuNgumgil 50 osruaaidod 30 i

Q
Y

Yy a . . J 3 4 a aa Y =X o o Y A a
A UAY Boron trifluoride 10 11/051FUA 2 Hadans a2 Vortex mﬂuuuﬂﬂmﬂqmﬁgu 50 83

=~ ~ Y o a 0 ' o’l <3 =~ Yy a . .
gatged 10 4N umu1"hJaﬂqmwguiﬂﬂuﬂﬂwumm 10 UIN LAY Deionized water 2

D

Aana [ A aa Y =X 9 o Iy ~ ~ [} =~
Haaans NU Hexane 1 Uana@ s LiAI9d Vortex umm'lﬂﬂmmaw 2,500 59UADUIN Wuna s

v
=S A

4
i Ngungil 4 esradea niugadiulalduia vial nazthlduds dunilowd 2 seu

Q U

<] @ ' A

ifudaeie Neaigh -20 esruwaifed odesn1sdmaziesdlsznevvesnsa luiu IHdu
Hexane 1 iaaans 119 Vial vodudazfaoons mniniialliinsewé10ia30q Gas
Chromatography (Model 7890B, Agilent, Santa Clara, CA, USA) Glf]afjﬂﬁ)ﬁuﬁFused silica capillary
(100 m x 0.25 mm x 0.2 pm film thickness, model SPTM-2560, Supelco, Bellfonte, PA, USA) Taeil
GoulvdmsundaTnanlana il &l

3.5.5.1 Tdsunsugungi: quugdiaudu 60 eruwsaidoe Y 20 BerITAIFUase

A g S = 1 = 2 = =
HUIN L“lJ’LJ 170 93A NS ALHFYT 5 DIAUBALFITADUIN IUDI 220 DIA U UNIE LAY 2 DIA UV AKYT

Aoundi 15lu 240 eemaaiFea
3.5.5.2 Carrier gas : He
Injector : 1 pl, split 10:1
Column flow : N, 1.3 ml/min
Make up flow : N, 25 ml/min, H, 30 ml/min, Air zero 300 ml/min
3.5.6 myamseKlsuams s luidnale'lng

v Y
Fadregruitouaazvea 1 n5u laluvasanaaod @Y Perchloric acid 0.6 M 6 Jadans
Y o Y 4 A : A I a = @ Qa/z o 1
1d211 1 ude1n509 Homogenizer Al 23,000 g 11381 10 I11H Ha9 AT HINa DALY
O A Y o q9d ) . . A aa
g Wwaan 15 W uai miunaie@ie 0.8 M Potassium hydroxide 5.4 4aqans uag
a aa @ I 1 [ l 1< [
Potassium dihydrogen phosphate 0.25 Hadans Ysuanudunsa-arsvesaiedailu 7 nazilsy
ﬂimmxﬂu 15 adans @18 HPLC water mﬂuum”lﬂﬂmmﬂm 10,000 50 UAOU 111UIAT 10
UNYN 4 0IAUYATOA wmmﬂuumﬂﬂmuiﬁ (Supernatant) 1 Jaaans ldluvaoaviia
a3 wazii 1dusudai -80 eemuwaFea noumni limagiUsinaaslsTuiingle

a
104 Ao 8 Tudu ISJI‘LJ‘NE)T;TLWG] A Tudu TuTuroawa (Guanosine monophosphate; GMP), olu
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= =} A g a d o w U [~} ) Iy = A

5U Lgas"laiﬂmuﬂu LﬂJ’E]GI’éNﬂﬁ’JLﬂﬁW%ﬁHW]’JE]EJNL!“]SLL"U\‘HJ1ﬁ$ﬁ18l!ﬁ$u1]lﬂﬂulﬁ’w\1°ﬂ 10,000
1 A A A = A A 4

30UADUIN 1WUNA1 5 U N 4 BIrIsAITI (Scanspeed 1580R, Labogene, Denmark) W8 UATIEH

Supernatants #78 HPLC (Chromaster, Hitachi, Tokyo, Japan) A81n50905299U UV (UV detector)

3.5.6.1 Stationary phase: TSK Gel Amide -80 column (Tosoh, Tokyo, Japan)

Eution phase: Acetonitrile:Potassium dihydrogen phosphate (70:30)

3.5.6.2 @smasgiuneuengnlylunisdinalsnaaslsluiinile lnannnsl
VIATF1U (57510 inosine-5-monophosphate disodium salt hydrate, 14, 125 inosine, H9377
hypoxanthine, i8¢ G8377 guanosine-5-monophosphate disodium salt hydrate, Sigma-Aldrich, St.

Louis, MO, USA)
a Y Aaa
3.5.7 ﬂ'li'JLﬂi'lZﬁell@iJ”aWWQﬁﬂﬁ

a Jd 1 I U a 4 o = a Jd (a
3.5.7.1 ’J!ﬂi'lgﬂﬂ'lﬂj'llllﬂuﬂiﬂ-ﬂ'lﬂ ’JLﬂi'l%W’ENﬂﬂi%ﬂ@U‘ﬂ'NLﬂiJ ﬂ?iﬂ]m‘i?gﬂﬂﬁﬂ'lm
a £ Y & o A y A4 9 R
ﬂ@aﬁ’lmuLl'ﬁg’Jlﬂ‘i'131’1i’]\iﬂﬂigﬂ'E]'UGUE]\iﬂiﬂllalllluGU@QLH@I?]HNLWP{EGI@HT]L'@UQ@'JEJ?JWW'I?]"V]N

1 @ 1 @ 1 o a 4 a .
LUAINAINIULADNAIINUY 3 LH AN mmi’umwwﬁ’aﬂﬁ General Linear Model (GLM) @9{’38

(2

Y
aa 1 aa a 4
T5unsuMINGAA SPSS Version 21 NHUUHUNINADATUNIIUATIZH A1)

Yij = p+ai + €
A1 A da
Yij 79 AMANHUSAUNWUINANH

o Ao Aunden ludeninavese s ves

o D ONTNAVBIDTHITNNUHAINAINIUUANANNY 3 urad (=1, 2, 3)

=
f
€ A

3] mmﬂmmﬂﬁaummammam
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a s a L sl o a ' o /4 o
3.5.7.2 UAITHAITUDIUD UJfJ5l‘ﬂfu@]ﬂ']5ﬁflllﬁﬂu']ﬁgﬁj']\?ﬂ'ﬁﬂ']ﬂga']ﬂ lﬂ@ﬁ!cﬁuﬂﬂ’]i

u 9

= 2} 1 [ o [} Ay 1 dy v W a d a a =)
ﬂ'ﬂllﬂ'ﬂl.lﬁw’i’ﬂ\iﬂﬁﬂi\ii‘q(fl AULIIANANTIUIUD ANUDTUNT LLﬁ%’JLﬂ‘iWﬁﬂﬁiﬂﬂ!ﬁﬁulii‘uu'z]ﬂﬁiﬂ

LT Q

J dy 9 A dy 9 A J @ 1 @ J =
"lmmmLu’e‘)TﬂumwmmumammammimLmaqwaqamu@m@mﬂu 3 UraN HasuILeTIan

] H 1 [ [ @ v W J [ aa
TunsvuNuanA1aiY 2 $29981 (14 1ag 21 TURAIFAIN1Y) Taolinuuyunaadaluns

A3

[

a 4 =
UNTITH ANU
Yij= K+ 0i+ By + afij + €

A o A A
Yijk o ﬂ1ﬂﬂ1&|ﬂl$ﬂmﬂ17‘llu@ﬂﬁﬂﬂ1

L e aunaed lifisnswasushuReate

G D DNIWAVDID NI RINNAINEINUUANANTY 3 UNE (=1,2,3)
B Ao eninavesszezailumstufiuanaiady 2 %2901 (= 1, 2)
afy o BNTNATIWYEWHAINS 1A | azTzuza TN |

€k AP ANUATIANADUVDINTUNAAD
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a d av
HallaZ 313 UNANTIIVEY

4.1 Waﬂ1‘JﬁﬂH1ﬂﬂ!ﬂ1Wﬂl9@!ﬁ@ﬂ]Qﬂ]ﬂﬂ]W

1AM IANE TUNLENTNATIN (P>0.05) T2 MNWHAING I UNLana137u TueIMsTu ez
] [ I 1 dy = dy S I 4 =S c;y 1
szozna lumstuaeaNuilunIa-A1veule Maveule WosiFudn1sgaaeisenIems

o J 3 4 = c;y 1 1 o 0 dy 1 dy [
nazany L‘]JE]3LG])"L!G]ﬂ']'iQ’ﬂlulﬁflu”lﬁgﬁ’J”IQﬂW'i‘]JﬁqQQﬂ ANLINOANTULUD LIASAUUDTUNT

' [ { 1 o 1 g ' J <3|
LlﬁﬁQWﬁ\‘NWUﬁLW]ﬂ@n\jﬂuclu@']ﬁ'ﬁsﬁluﬂﬂﬂmﬂWWLﬁ@TﬂUN!Wﬁé}ﬁ@u WU AN unsa-

' L a L 23 AONT v 5 23 @ a
ANVDIUUD ATTUDILUD l,ﬂf)imm@m’i’qmulﬁfmﬁzﬁDNﬂ”ISVImszJ Lﬂﬂitﬁﬁu@lmiqmmﬂm

o v aa

Y k4
senINMslgegn sussdarwie uazauteduda lullanuuanaesiuedniivadagyniea

] <3 P2 dy VoA dy 4 o Y w ~ = °y 1
(P>0.05) Lm%mullmnuaTﬂumﬂqumamm&u‘ﬂdinﬂmﬂuﬁ‘uﬂziﬂ HNTPULTIUITEHINNIT

9
a o '

o 4 s I o w
Nagars azn1sgauaeniiseninansdgnganga (3.93 uag 21.73 1nlesiFud amaiay)
A VoA dy 9 % o [ S 3 4 o w VoA dy
5090911ABNUNIReIR UM LHaIua (3.48 uag 21.01 1Wasiud aua1aD) Haznguaes
Y, s v 43 < o & ] - & &L VoA
Aeaad 1 Inaua (3.30 1az 19.24 e sidua and1ey) Auseaanuiio o lauungua
dy Yy 3 Y a1 A A a 9 (] dy 1 d'dy Y o 9
AesdaganiInauaiimgeiige fe 6.14 0 lanTy aaiiie Tnuunguidesalenilsainddu
1% = [ 1 dy o‘ d‘ A a 1 d‘ ) =S [}
duilgsalinussdaiuveuiiodinga Av 5.44 Alaniu (113199 4.1) Tusiiue ufedINy Hattakum
etal. (2019) 518911 TUWUANNUANA BN TIFIAYNNADAVOIULHADINITHED 3 LHaeT
1 % 9 = 4 % 9 % 9 [ o
uana1eniy (e uidleswiin 917 Twaniin uagsanase lanindulzsandn) lueisnaunsy
1 1 1 [~f 1 4 1 4 :1 J o
a7 (TMR) asainnuilunia-aueaiio Advouie nsgadeiiiszriemsiiazals ns
g’ ' S W 3 J 1 o 1 g 1 o
gudehsenImInusne Msgaudeinsz Ml egn wazmussdaruile RNy
. . 9= = @ o F) A a [ Y Y AA o
Pintadis et al. (2020) TAANHUAGINUNAVDITZAUDIHITIU AD 4 5 6 LAz 7 1 lanTu/@d/iu flld
9 o I 1 1 49’ 9 1 o Y 12 1
Audulzsatluunasermsveruaegunwile Iaummadaou WU szaUe 1 IsTY lilinase
1 < 1 4 1 4 3’ 1 ° oy 1
manuilunsa-anveuile maveuile migydnihsenimsiazals Msgydeiiszyig
Y Y
1 o 1 1 1 o 1 <3 o 1 Y 1
M3gegn wazA AUl LANLNIMIFEoTEHINMINUTNEIIANULANANN LYY

A o o @ d‘ [ 9 Q' d? J =% Qy d' Yo
UHITAYUBDISAVUDIDIHITUUINNUYU Bunmee et al. (2012) 978911 N IﬂuﬂlWﬁmﬂﬂﬂﬂﬂﬂVlﬂﬁﬂ

v
1 =

d‘ 1 [} 1 A Yo 9 % 1 d‘ Yo (% L% o (%
PIWITNANNU 3 NQU ND ﬂﬁiJ‘VlhlﬂﬁJelﬂ’)IWﬂﬁiJﬂ ﬂqw"lmummiwmqmqq (uumﬂzwm +

q

=

9 7 ' Yo Y ° o ¥ 9y % 12 1 o 1
"’U']'JIW@'I‘Wllﬂ) HAZNANN IATUDTIHITNAINIUA (31917 + sll"l'ZlT“l/\l?@TI’ﬁJﬂ) ”lwmwmmnmmuafm
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v o w aa 1 4 1 g ¥ v g’ ' S o :’
ﬁu&lﬁWﬂﬂJﬂNﬁﬂﬂﬂlﬂﬂﬂTﬁﬂlﬂ%ﬁ@ ﬂuﬁﬂﬁﬂﬂﬁ MIFUITIUITEHINMSIOUT B mﬁqmugﬁam

LTV
Y
A

Y
[ o o 1 1 1 < 1 1 LY 1
ITUINNITNIATANY uazmiqmugﬁﬂmﬁzmnmﬁﬂ';;mﬂ LLG]E]EINul‘iﬂGﬂiJ WUNAULIINANTULIUD

q

TuTauungulasuemswasnugadivu Tudnngudu

= 1 dy d' 1 [ 1 dy 9 1 (= dy
mﬂﬂﬁﬁﬂ‘]ﬂﬁgEJ%!’Ja161‘1‘!fﬂﬁJﬂJL‘L!’E)“VIGlNﬂUﬁ@ﬂﬂ!ﬂWWLu@IﬂUMWﬁE‘MfJH WU ATTUDILUD

J 3 J = 3’ 1 1 Y] dy 1 da’ v @ (=) 1 o
L‘iJ’E'J3&“1)’1!&5]ﬂﬁij{m&ﬁﬁluﬁ%ﬁ’ﬂﬂﬂﬁﬂqﬁ@ﬂ AULINAANTUIUD LIDSAUUDTUNT ”luumwmmnmmu

1 A v o w aa dy VoA @ = J J = 2’ '

DYNWUUITIAYNNADA (P>0.05) 1ugu61ﬂuuﬂquﬂuu 14 U Mlﬂﬂﬁlcﬁuﬁﬂﬁiji‘glﬁﬂum’%“ﬁ’ﬂﬁ
o ' A J 3 = 1 dy VoA @ VA I I J 1 =
N1INIacagayn 3.08 ST %Qﬁ?ﬂ?WlHﬂIﬂHNﬂQN‘ﬂ‘UN 219U 2gN 4.06 1Wos1Fua 08191

v o w a

Y 1
Wed1AYN19ada (P<0.05) Hollyway and Wu (2019) 181991 M3gayiaeiiininnisiiazalsn
Q' g a d‘ = v - | 1 1
NV 2191NAINNSIdeNan INUed1U5AY nsaaledlved TsAuTEHI19nITUN uagg
PONFAFUUDITAY 15UIRYIND Kim et al. (2018) NA1II IUTLHINMSTUY HASHAIDINNITHY
< A o a A ~ o Y 1 |d?’ 2 o Y a
LMo MIazaIe p1aNANINMIIdoNda1sued IsAn i lnresisveelvayy veilmnans

a3 £
gryagININIU

= dy 1 oA A 421 1 Y % ) dy o ~
i]1ﬂﬂ1iﬁﬂ‘]d?uW‘U’JTi§ﬁEl$lﬂlﬁ'lcluﬂ15‘ljilWlWlI"lluﬁﬂNﬁi’ﬁﬂ"ﬂli\iﬂ@ﬂ1uL‘Ll’f]Iﬂull@n'ﬁ\? (M3 NN

$ 9 o ! ' ¥ I F
4.1) @Qﬁ@@ﬂﬁﬂﬁﬂﬂﬂ1ii1ﬂ\ﬂuﬂlﬂﬂ Franco et al. (2009) ﬁW‘U’N ﬂ?Lli\‘iﬁﬂN1Hﬂl@\‘]Lﬁ@ﬁi$ﬂglﬁﬁﬂﬂlu

MIUVUN 17 uaz 14 Ju Unranatedaliodian (P<0.05) N1 10.61 8.07 Az 5.87 nlaniy

AN



59

H 1 % { [ [ 1 9 1 g
ﬂ1§1~1ﬁ 4.1 Nﬁﬂl@\ill’l’iﬁ\iWﬁ\‘l\ﬂuﬁLMﬂﬁNﬂu 3 uwaﬂummiﬂm ﬁﬂﬂmﬂ1WLﬁflﬂNﬂ1EJﬂ1W

Turite Taunmedaen
RCR GRRRIE szazmIMsUuRAeTY
a1’ (T) (A) Prvalue

CcOo CA PI 14D 21D T A TxA
pH 5.5240.03  5.47+0.06  5.52+0.03 - - 0.635 - -
Colour
L 35.32+0.62  36.51£0.67 36.41£0.62  35.67+0.52 36.50+0.52 0.347 0.268 0.933
a 14.46+£0.48 15.294+0.52 14.78+0.48 14.96+0.40 14.73+£0.40 0.509 0.677 0.340
b’ 41.36+0.86 42.13+0.93  42.24+0.86 41.44+0.72 42.39+0.72 0.739 0.358 0.641

Thawing loss 3.3040.33  3.48+0.34  3.93+0.36  3.08+0.29°  4.06+0.27° 0430 0.019 0.777
(%)

Cooking loss ~ 19.24+1.13  21.01£1.22 ~ 21.73%£1.13  19.60+0.95 21.72+0.95 0.287 0.121 0.712
(%)

Shear force 6.14+£0.40  5.49+0.43  5.44+0.40 = 5.74+0.34  5.63+0.34 0.405 0.823 0.984
Kg)

Texture Profile

Hardness (N)  40.57+6.09 = 42.74+6.58 48.85+6.09 40.92+5.11 47.19+5.11 0.615 0.392 0.890

Springness 1.00+0.00 1.00£0.00 1.00£0.00 1.00+0.00 1.00+£0.00  0.473  0.695 0.636
(mm x 10)

Gumminess 24.2943.67 23.9543.64 26.38+3.67 23.00+2.83 26.76+2.83 0.863 0.351 0.931
(N)

Chewiness (J)  23.48+3.33  23.9443.60 25.95+3.33 22.274+2.80  26.65+2.80 0.858 0.275 0.945

Cohesiveness  0.57+0.02 0.59+0.02 0.55+0.02 0.57+0.01 0.57+£0.01  0.206 0.880  0.980

3 9 v o v o Y v
"o = waat1nInaua; CA = vudlenasua; Pr=uilimndrduduizsa.
ab ¥ @ A Y = (= ' [ A a A 1
’ G’I’J’E]ﬂ‘]el‘i‘l/WlNﬂuGl,uL!i‘l’JmEl?ﬂﬂﬂJﬂ’NllLLGlﬂGlNﬂHLUﬁ)\iiJWWﬂf]‘ﬂ‘ﬁ‘WﬁGU’E]\‘i‘i%il%l,’mﬂuﬂﬁ‘ﬂu

(P<0.05)
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I d S
4.2 wamiﬂnmmﬂﬂszneumamu

Y v v
prasnasnuluemsdulifinasedSum Tusaulwiie Tauy (P>0.05) Taslinunaoogh
J 3 J (a zﬂy ti’ A Y oaj 1 ] 1 1] an

23.5 losidud Usmuanuduveuile Tauui laemisnaaseni 3 ngu luuanaenunieada

= A A S < J (a 9 zﬂy VoA dy Y A

(P>0.05) Iﬂﬂilﬂuﬂaﬂﬂg‘ﬂ 66.1 1osiHua ﬂﬁaﬂmmmmwmmaTﬂuuﬂqumammammimw
o Y o I 1 @ S 1 1 dy oA dy 9 3 9

ufﬂﬂmﬂamuﬁuﬂmmﬂmmmwawm Mﬂ"qu‘]ﬂ'J']Lu@TﬂuﬁJﬂ'sjll‘ﬂLaﬂﬂﬂﬁﬂluaﬂﬂﬂﬁjwwﬂﬂ uae

dy VoA dy 9 ] o o 1 A v o @ an £ A d 3 4
Ll!fJIﬂﬂq&lﬂmﬂﬂﬂ')ﬂuuﬁ1ﬂ$ﬁﬁﬁﬂﬂ DYNUUITIAYNNADA (P<0.05) 511 1.24 osiFua 0.94

=]

S I 4 J 3 4 o w ! a o dy A Yo as.l' 1
WosiFua taz 0.91 1WosHua auaay ﬁTLlﬂiﬂ?ﬂ!vl‘llilusllﬂ\‘lLu@jﬂuﬂﬂqﬂﬁﬂ’fﬂﬁWiﬂﬂ 3nquy

IS

1 ] 1 [ an A A 1A J 3 J a o dy oA
ﬂWllil!W]ﬂﬂNﬂuvINﬁﬂﬁ (P>0.05) BINAURAYDYN 10.35 BIRETAS ﬂﬁhWﬂlVlﬂJNuﬂlﬂﬂlu@TﬂﬂQNﬂ
dy v o Y o dy P oA dy 9 3 9 A1 o [ dy oA
Lﬁﬂ\‘]ﬂ’)ﬂl!'ﬂ\‘]%WﬂﬁW]HﬁUﬂZiﬂ uazmaiﬂﬂ’qumammamamnﬂwam NﬂWﬂTﬂ?WLU@IﬂﬂQNVI
dy 4 o 9 o S 9y = . ' 9y A dy

et udleiasuaantioy (137190 4.2) Salami et al. (2021) 518391UI Iﬂ!Wﬁtﬂ@@uﬂlﬁﬂ\‘l
2 9 A A A A 1 o a A oA Yo Y 4 4 o A VoA
AYDIVITUUNUDINITLAIUNUANANIU 3 BUA AD ﬂij}l“l’lulﬂiﬂ‘lﬂ’lﬂﬁlaﬂ/ﬂﬁﬂ’JL“VI"?I?N naun
185y Corn distillers' grains with solubles (CDGS) (Lo g n ﬁ]: #1451 Wheat distillers' grains with

v Y 2 [
solubles (WDGS) Taongui 1asu ¢pGS HusuuTisauluiioge uafilsuiandrluiiedini

v
1A

Yo J 4 o A A A A % a zﬂy " Yo
ﬂi]ilVlllﬂi‘U‘UTime/ﬂWﬂQ’Jlﬁa’fN 139 WDGS Glummzﬂﬂimm‘lwu uazﬂﬁmmmmw”lu"lmu
v v
WanNsENU YoNv1nH Pintadis et al. (2020) ‘i'lEJﬂuﬁﬁgﬁiJ"Uﬂﬁﬂ1ﬁ1§%}uﬁllﬂﬂﬁNﬁu ﬁ’f’) 45610
a @ v @ Ao Y o [~ J 1 dy Y = 1
7 nlansu/m/iu mJmﬁuﬁuﬂzimﬂmmmmmﬁwmumqmmwmaiﬂumwmmu UlﬂJilNﬂﬁ’é)

9
a a % 1 [ J 4
Usmmanuiu uazdsune vl wu@edny Hattakum et al. (2019) s1eun Ingnaauaiowus
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H [ [ { [ [ 1 9 1 o
ﬂ1§1~1ﬁ 4.2 Nﬁﬂl@\‘IL!WaQWﬁQ\ﬂuﬁLLG}ﬂ@Nﬂu 3 uwaﬂummﬁm Glﬂ@iﬂﬂi%ﬂflﬂﬂ%‘lmﬁ

491 [ 9
Tueduuenved InuumeAgnou

HHAINAINUNUANA1A Y

paf1/5znoUNIUAT] P-value
co CA PI
Protein (%) 23.31+1.70 23.34+1.59 23.83+1.44 0.789
Moisture (%) 65.75+1.93 65.72+1.80 66.85+2.32 0.522
Ash (%) 0.94°£0.22 0.91°+0.21 1.24°£0.28 0.039
fat (%) 9.74+1.46 11.4942.35 9.82+2.94 0.344

< o o [ o 1%
"o = waadnInaua; CA = udilendaun; pI = uilondduduiesa.
> G nuIna1anu e AR N UNANVUANA D UILBINIDINDNTNAVD IHAINAINUNLUANATY

T3t (P<0.05)
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(Purslow. 2005 ; Lepetit. 2008)
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Parameter P-value
CcO CA PI

Collagen content (mg/g wet weight)

Soluble collagen 0.55+0.11 0.57+0.03 0.54+0.13 0.871
Insoluble collagen 3.45+0.56 4.15+0.16 3.984+0.98 0.209
Total collagen 3.45+0.62 4.72+0.16 4.52+1.09 0.265
Collagen solubility (%) 13.8242.27 12.16+0.86 11.99+1.44 0.125

< o o [ o @
'co = waatnInaua; CA = udulemdaue; P = uilanadidudulesa.
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UHAINAINUNLANA1aNY'

Fatty acid composition (%) P-value
CO CA PI
Lauric acid C12:0 0.18+0.43 0.19+0.47 0.17+0.57 0.776
Myristic acid C14:0 4.37+0.35 4.84+0.27 4.8340.65 0.133
Myristoleic acid Cl4:1 1.55+0.40 1.81+0.61 1.54+0.30 0.501
Pentadecylic acid C15:0 0.25+0.04 0.25+0.10 0.24+0.10 0.961
Palmitic acid C16:0 27.81+1.81 27.90+1.47 29.59+1.38 0.092
Palmitoleic acid Cl6:1 6.28+1.01 6.23+0.76 6.10+0.61 0.917
Margaric acid C17:0 0.57+0.48 0.55+0.45 0.60+0.11 0.477
Heptadecenoic acid Cl17:1 0.55+0.13 0.51+0.05 0.56+0.14 0.657
Stearic acid C18:0 10.93+1.27 11.39+1.57 10.68+1.33 0.650
Oleic acid C18:1n9¢c  43.70™+1.95 4236"+1.13  40.65'+2.34 0.027
Linoleic acid C18:2n6¢ 1.15+0.21 1.10+0.21 1.184+0.29 0.821
O(-Linolenic acid C18:3n3 0.23£0.06 0.23£0.10 0.18+0.04 0.383
Heneicosylic acid C21:0 0.24+0.10 0.23+0.11 0.19+0.08 0.580
Erucic acid C22:1n9 0.45"+0.09 0.47°+0.16 0.74'+0.27 0.021
Arachidonic acid C20:4n6 0.15+0.08 0.18+0.08 0.19£0.05 0.659
Lignocoric acid C24:0 0.11+0.05 0.13+0.12 0.17+0.08 0.413
Nervonic acid C24:1 1.49+0.57 1.64+0.77 2.40+1.05 0.116

< @ o [ o [
' o = waatnInaua: CA = sudilendaun; PL= uilanndrduduilesa.
> §19nuINA190 U 1HHD AABIAULANVUANA NN UL BINIDININTNAVD I AINAINUNLUANATL

fuluemsdu (P<0.05)
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ﬂ1§1~1ﬁ 4.4 (ﬂ'@)) wammgmmwaamuﬁlmnmmu 3 uwaﬂummimu 79a009A1U52No 1

Y
yoansa lugiuluile Tauumsdaon

HHAINAINUNUANAINY'

Fatty acid composition (%) P-value
CcO CA PI
Saturated fatty acid’ SFA 44.45£1.73 45494242  46.45+1.82 0.200
Monounsaturated fatty acids’ MUFA  54.02+1.80  53.01+2.45  51.99+1.82 0.202
Polyunsaturated fatty acids’ PUFA 1.53+0.25 1.51+0.26 1.55+0.30 0.956
Unsaturated fatty acid’ UFA 55.55¢1.73  54.51+£2.41 53.55+1.85 0.200
P:S P:S 0.03+0.01 0.03+0.01 0.03+0.01 0.925
Omega 3 w3 0.23+0.06 0.23+0.10 0.18+0.04 0.383
Omega 6 w6 1.30+0.25 1.27+0.26 1.37+0.29 0.814
Omega 6 : Omega 3 wb6:w3 6.14£1.93 6.48+3.01 7.76+2.33 0.442
Desirable fatty acid’ DFA 66.48+1.95  65.91+1.54  64.22+1.72 0.072

I Y o @ o [
' co = waatn Inaue; CA = Yudnlzudaua; PI = uthonddudulzsa.

? Saturated fatty acid = C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0

* Monounsaturated fatty acids = C14:1 + C16:1 + C17:1 + C18:1n9¢

! Polyunsaturated fatty acids = C18:2n6¢ + C20:4n6

* Unsaturated fatty acid = Monounsaturated fatty acids + Polyunsaturated fatty acids

*Desirable fatty acid = Monounsaturated fatty acids + Polyunsaturated fatty acids + C18:0

> Fr9nuIna1anu L AReINUNANULANA 1D UL BININDNTNAVD U AINAINUNLUANATS

A lue1113 9% (P<0.05)
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H 1 [ 9 ] { 1 [}
ﬂ1§1~1ﬁ 4.5 HAVDAUHAINGIIU oIS YU uazizaznaﬂummuﬁummmu

Ed
aoUsinaeslsTuiand o Inaluile Tnuumwadaou

Traits HABINEI9TY (T)" 522181 TUMSUN (A) P-value
(mg/lOOg)z CcO CA PI 14 Days 21 Days T A TxA
Hypo 31.76+2.62 33.52+2.83 27.61+2.62 27.13°£220  34.80°+2.20  0.294 0.019 0.507
Inosine 39.1843.24  36.43+3.50  38.06£3.24 40314272 35474272 0.847 0216  0.900
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Abstract The influences of three different starch sources in concentrates - ground corn (CO),
ground cassava (CA), and pincapple stem starch (PT) formulated as a 40% in concentrate - on
meat quality, texture profile, nutrient composition, and collagen solubility of the Longissimus
thoracis (LT) of dairy steers were investigated. Meat quality and texture profile did not differ
significantly between treatments (P>0.05). Nutrient composition did not differ between
treatments except that ash content of PI was higher than the other treatments (P<0.05). Starch
sources had no effect on collagen content and solubility in LT muscle. Based on the results of
this study, pineapple stem starch can be used as an alternative energy source in concentrates
without negative effects on meat characteris

Keywords: Starch source, Meat characteristics, Texture profile, Collagen solubility

Introduction

Most of the beef cattle raised in Thailand have the characteristics of Bos
indicus (Zebu) (Wangkumhang er al., 2015). The quantity of beef cattle is
insufficient to meet the demand because the population is growing rapidly and
economic expansion and prosperity are contributing to an increase in the
demand for food for domestic consumption (Tassapong, 2014). Therefore, the
production of beef from beef cattle breeds is not sufficient to meet consumer
demand. Castrated male fattened dairy cattles or dairy steers are a source of

" Corresponding Author: Chaosap, C. : Email: chanporn.ch@kmitlac.th



beef production that can significantly increase the supply for meat
consumption.

Holstein Friesian is a dairy breed that originated in Friesland and North
Holland. They are large dairy cattle with a distinctive black and white spotted
pattern (Sheffer, 2008). Female dairy calves are raised for milk production
(Ticoyong, 2018). Male dairy cattle are generally less suitable for beef
production due to their less efficient feed conversion. The percentage of
finishing carcass is 6-8 percentage points lower in the Holstein breed than in
beef breeds. In addition, Holstein steer carcasses (at constant weight) have less
marbling, total fat, and backfat, but more bone and protein compared to beef
breeds (Grant ef al., 1993). To meet current market demand, improving the
quality and quantity of beef is recommended. To improve these, superior
crosses between foreign breeds and indigenous species are used and nutritional
management is also improved. In addition, the effective implementation of the
fattened male dairy cattle system in beef production can increase beef
production and farmers' income and create opportunities for value addition in
dairy farming (Khenjan et al., 2015; Li et al., 2014).

Pineapple (dnanas comosus) is one of the most popular tropical fruits
(Wu et al., 2021). The main product from pineapple cultivation is the pineapple
fruit, which accounts for 45 percent, while the pineapple stems remaining in the
field account for about 16.12 percent and the leaves account for about 38.78
percent (Sawanon, 2018). Sruamsiri, (2007) mentioned that farmers use
pineapple waste as roughage for cattle because it is palatable. The high
moisture content and soluble carbohydrates make them a good source of
roughage for cattle, however, they rot quickly. Therefore, farmers usually
accept drying and ensiling as preservation methods. In addition, cattle prefer
fermented pineapple waste to fresh waste, which has a high acid content. Kyawt
et al. (2020) reported that feeding Myanmar local cattle with pineapple waste
silage as a roughage source at 25% of the diet improved nutrient intake, energy
balance, and body weight gain. Similarly, Hattakum et a/. (2019) reported that
fed cattle with pineapple stem by-products they had similar growth
performance, rumen fermentation, and carcass and meat quality but had lower
feed cost compared to feed them with two popular roughages - Napier grass and
whole corn.

The enzyme bromelain is a proteolytic enzyme that can be used in certain
cosmetics, dietary supplements, and also as a phytomedicinal agent (Ketnawa,
et al., 2012; Manzoor ef al., 2016). In the past, the pineapple stem was left to be
dried and burn before replanting. More recently, the pineapple stem has been
used to extract the enzyme bromelain, with starch as a by-product (pineapple
stem starch) (Ketnawa ef al., 2012). Khongpradit ef al. (2020) reported that
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pineapple stem starch can be used as an alternative starch source that
significantly improves rumen fermentation and growth performance of dairy
steers compared to ground corn and ground cassava. Khongpradit et al. (in
press) also reported that pineapple stem starch could be a cost-effective source
of energy in concentrates for beef cattle without compromising meat quality.
However, there is limited information on the effects of pineapple stem starch on
meat characteristics. Therefore, the objective of this study was to determine the
effects of pineapple stem starch as a source of starch in concentrates on meat
quality, texture profile, nutrient composition, and collagen solubility of
finishing dairy steers comparing with the corn and cassava starch sources.

Materials and methods
Animal ethics

The experimental procedure was approved by the Animal Usage and
Ethics Committee of Kasetsart University. Thailand (ACKU62-AGK-007).

Experimental cattle and Muscle collection

Thirty-six Holstein Friesian steers, 22 months of age and weighing 453 +
35.3 kg, were divided into three groups (12 steers/group) and randomly fed
three different fattening diets: ground corn (CO), ground cassava (CA), or
pineapple stem starch (PI) formulated as a 40% starch in concentrate. Napier
grass silage and rice straw were used as roughage sources during the fattening
period. After a fattening period of 206 days, the animals were slaughtered and
the carcasses were stored at about 1°C for 14 days. After 14 days aging, the
Longissimus thoracis (LT) was taken from the right side of each carcass. The
samples were trimmed of all visible fat and cut into two 3 cm thick subsamples.
The first subsample had its pH and colour measured before being vacuum
packed and stored at -20°C until the next shear force measurement. The second
subsample was vacuum packed and stored at -20°C until the subsequent
proximate analysis and measurement of collagen content.

pH measurement
Muscle pH of muscle sample (LT) from the right side of each carcass
were recorded at 14 d postmortem by using a portable pH meter with a spear tip

glass probe(SG2 - ELK Seven Go™, Mettler Toledo International, Shanghai,
China).
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Color measurement

The meat color values of muscle sample (LT) after a 30 minutes of bloom
time were measured using a handheld colorimeter (MiniScan®EZ 45/0 LAV,
Hunter Associates Laboratory Inc., Virginia, USA).

Water loss, Shear force, and Texture profile measurement

Muscle samples were weighted and thawed at 4°C and then weighed
again. The weight had undergone thawing were expressed as percentages of
thawing loss. After thawing, muscle samples were boiled in a water bath
(Oneld, Memmert, Buchenbach, Germany) for approximately 20 min until an
internal temperature of 70°C was reached. The cooked samples were cooled
under running tap water for 30 minutes before weighing. The weight loss after
cooking was calculated and evaluated as percentage cooking loss. The cooked
samples were cut into 1 cm thick slices with 8 pieces cut parallel to the fiber
orientation of the cooked sample. The shear force value was measured using a
texture analyzer (Model EZ-SX, Shimadzu, Kyoto, Japan). For texture profile
analysis (TPA), the cooked sample was cut into at least four 15 mm cubes. A
texture analyzer with a 36 mm diameter cylindrical probe was used to
determine TPA (Model EZ-SX, Shimadzu, Kyoto, Japan).

Collagen content measurement

Total, insoluble and soluble collagens were determined according to the
method described by Hill (1966). The 4 g minced meat sample was added to 3
mL of Y-strength Ringer's solution and homogenized using a polytron (T20,
Ika, Switzerland). The probe was then rinsed with 2 mL of % strength Ringer's
solution. The homogenized sample was placed in a water bath at 77°C for 60
minutes and then centrifuged at 2,500 x g for 10 minutes. The supernatant
solutions were hydrolyzed in 12 N HCI and the pellets were hydrolyzed in 6 N
HCl at 105°C for 18 hours. The amount of hydroxyproline was calculated using
the standard curve of hydroxyproline (CAS No. 51-35-4, Sigma-Aldrich) at an
absorbance of 550 nm. The collagen content was calculated using a conversion
factor of 7.25.

Nutrient composition measurement

Meat samples were analyzed for dry matter (DM), crude protein (CP),
ether extract (EE), and ash using AOAC methods (AOAC, 2005). DM was
determined by drying the samples at 105°C in a hot air oven. CP and EE were
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determined by the Kjeldahl method and the Soxhlet extraction method,
respectively. Ash was determined at 550°C for 6 hours in a furnace.

Statistical analysis

Data were expressed as mean + standard deviation. Differences were
tested by oneway analysis of variance to compare the studied traits of dairy
steer meat which came from dairy steers of 3 treatments fed with different
starch sources in concentrates. To determine the differences between the mean
of two treatments, Duncan's new multiple range test was performed. The values
P < 0.05 were considered statistically significant. Statistical analysis was done
using SPSS version 16 (SPSS Ine, Chicago, IL, USA).

Results
Meat quality and texture profile

The effects of the starch sources in the concentrates on meat quality are
shown in Table 1. The pH values of the three groups were similar (P>0.05) and
were 5.52, 5.55, and 5.53 for CO, CA, and PI groups, respectively. There was
no difference in meat color among the three groups (P=0.05). Although, there
were no significant differences (P>0.05), the CO group showed slightly lower
thawing loss than CA and PI groups. There was no significant difference in
cooking loss among treatments. Shear force was not significantly different
among the different starch sources of concentrate (P>0.05). Texture profile did
not differ among treatments (P>0.05), but CO group appeared to have the
lowest hardness, while PI group appeared to have the highest hardness.

Table 1. Effect of starch source of concentrate on meat quality and texture
profile of fattening dairy steers

Parameter Starch source’ (Mean + SD) P value
Co CA Pl
Meat quality
pH 5.52+0.91 5.55£0.10 5.53+0.07 0.792
[ 4 38.3243.32 40.7742.27 40.58+1.03 0.145
a* 16.36£1.17 16.05¢1.46 16.77+1.72 0.680
b* 14.61:1.49 14.56x1.11 14.54+1.25 0.995
Thawing loss (%) 2.62+0.74 3.10=1.56 3.53+1.30 0.540
Cooking loss (%) 18.64+3.50 20.2442.70 19.914£2.12 0.564
Shear force (kg) 5.91+£1.52 5.19£0.20 5.12+0.80 0.312
Texture profile analysis
Hardness (Nfcrn:) 35.58+17.60 39.21+26.30 47.97+23.88 0.587
Springiness (cm) 1.00+0.00 1.00+0.00 1.00+0.00 0.740
Chewiness (N/em”) 20.71£10.98 21.43+11.81 24.67+13.15 0.810
Cohesiveness (N/cm) 0.58+0.06 0.59+0.06 0.55+0.04 0.464
Gumminess (ratio) 21.98+11.88 21.43+11.81 25.55412.83 0.800

"CA = ground cassava; CO = ground com; PI = pineapple stem starch.
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Nutrient composition

There were no differences in protein content (P>0.05), which the average
was 23.5%. Moisture content did not differ among treatments (P>0.05) and the
average was 66.1%. Ash content of PI group was significantly higher than that
of CO and CA groups (P<0.05) and there were 1.24%, 0.94%, and 0.91%,
respectively. Although the fat content was not significantly different among
treatments (P=0.05), CA group appeared to have a higher fat content than CO
and PI groups, there were 11.49%, 9.74%, and 9.82%, respectively. The fat
content of Pl and CO groups tended to be lower than that of CA group.

Table 2. Effect of starch source of concentrate on nutrient composition and
collagen content of fattening dairy steers

Nutrient composition Starch source' (Mean = SD) P value
co CA PI
Protein (%) 23.31%1.70 23.34£1.59 23.83£1.44 0.789
Moisture (%) 65.75+1.93 65.72+1.80 66.85+2.32 0.522
Ash (%) 0.94"+0.22 0.91%0.21 1.24%0.28 0.039
fat (%) 9.74:1.46 11.4942.35 9.82:2.94 0.344

' CA = ground cassava; CO = ground com; PI = pineapple stem starch.

Collagen solubility

There was no significant (P>0.05) effect of starch source in concentrate
on collagen content including soluble collagen, insoluble collagen, total
collagen, and collagen solubility in meat.

Table 3. Effect of starch source in concentrate on collagen solubility of
fattening dairy steers meat

Parameter Starch source' (Mean + SD) P value
co CA Pl
Collagen content (mg/g wet weight)
Soluble collagen 0.55+0.11 0.57+0.03 0.5440.13 0.871
Insoluble collagen 3.4540.56 4.15+0.16 3.98+0.98 0.209
Total collagen 3.45+0.62 4.72:0.16 4.52£1.09 0.265
Collagen solubility (%o) 13.82+2.27 12.16+0.86 11.99+1.44 0.125

'co= ground corn; CA = ground cassava; PI = pineapple stem starch.

Discussion

In this study, there was no effect of starch sources on muscle pH, meat
color, thawing loss, cooking loss, shear force, and meat texture. Hattakum ef al.
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(2019) investigated the effects of three different feed sources: Napier silage,
whole corn silage, and pineapple by-product silage used at the same level in the
total mixed ration (TMR) on meat quality of Holstein steers. They reported that
nitrogen free extract or carbohydrate in TMR was higher when pineapple by-
product silage was used as feed source, but crude fiber was lower. However,
they found no significant effect of feed sources in TMR on muscle pH, meat
color, drip loss, thawing loss, cooking loss, and shear force. Pintadis er al.
(2020) investigated the effects of concentrate intake and pineapple stem by-
product as roughage source on meat quality of Holstein steers. They reported
that the intake of pineapple stem by-products decreased with increasing
concentrate content. However, no significant effect of concentrate intake was
found on meat traits pH, color, thawing loss, cooking loss, and shear force. The
only significant effect of concentrate percentage found in their study was drip
loss, which inereased with increasing concentrate percentage. Bunmee er al.
(2012) reported that culled dairy cows slaughtered immediately after culling or
others fed a 12-week finishing period with three different diets containing only
corn silage as the forage group, a high-energy group (cassava pulp + corn
silage) and a low-energy group (crude rice bran + corn silage) had no
significant differences in meat color, drip loss, thawing loss and cooking loss.
However, it was found that shear force tended to be lower in the high energy
feeding group than in the other groups. Texture profile analysis revealed that
the sources of starch in the concentrate had no effect on the instrumental texture
parameters of hardness, springiness, chewiness, cohesiveness, and gumminess.
This is in agreement with Salami er al. (2021) who reported that three
concentrate supplements containing either barley/soybean meal, corn dried
distillers' grains with soluble, or wheat dried distillers' grains with soluble had
no significant effect on the texture profile parameters of Longissimus thoracis
muscle of cattle.

In this study, there was no effect of starch sources in the concentrate on
nutrient composition; protein, moisture, and fat of LT meat of Holstein steers,
except meat from PI group had higher ash content than the others. This is in
agreement with Hattakum et a/. (2019) who found no significant effect of feed
sources on fat and moisture content. Moreover, Pintadis ef al. (2020) reported
that concentrate level also had no effect on fat and moisture content. In the
present study, fat content ranged from 9.73% to 10.54% and moisture content
ranged from 65.72.3% to 66.85%, which were within the range of Hattakum et
al. (2019) but higher than the results of Pintadis e al. (2020) who found fat
content ranged from 4.99% to 6.43% and moisture content ranged from 63.3%
to 64.3%. The possible explanation for the difference between the experiments
could be the variation in feed, animals, and fattening period. Bunmee et al.
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(2012) reported that culled dairy cows fed high and low energy diets had higher
meat fat content than the forage group, while meat protein and moisture were
not affected by the treatments. Salami er al. (2021) reported that three
concentrate supplements containing corn dried distillers' grains with soluble
had higher protein content in meat but lower ash content than concentrates
containing either barley/soybean meal or wheat dried distillers' grains with
soluble feeding groups, while fat and moisture content in meat were not
affected by the treatments.

Consumer perception of meat quality is influenced by the tenderness of
the meat. Collagen is a connective tissue protein that contributes to meat
tenderness and differences in texture. The tenderness of meat is determined by
the type, structure, and amount of connective tissues such as collagen and
elastin (Lepetit, 2008). Purslow, (2005) found that either the amount of
collagen or its heat solubility can affect the toughness of meat. In this study,
there was no significant effect of starch source in the concentrate on collagen
content, including soluble collagen, insoluble collagen, total collagen, and
collagen solubility. This may be a possible explanation for the non-significant
difference in shear force between the treatment groups. This is in agreement
with Bunmee et al. (2012) who reported that feeding cull cows high energy
forage, low energy forage, or green forage had no effect on soluble, insoluble,
and total collagen contents. However, Archile-Contreras ef al. (2010) found
lower total collagen content in cattle fed corn than in cattle fed pasture and
explained this by the fact that more myofibrillar protein was deposited in corn-
fed cattle, diluting collagen content. However, no significant effect of the diet
on collagen solubility was found. Cox ef al. (2006) reported similar values of
collagen solubility when comparing forage and grain diets. However, several
studies have found that cattle fed high-energy diets have a faster protein
turnover, presumably due to their rapid growth, and therefore their meat should
contain a higher proportion of newly formed, heat-soluble collagen (Miller et
al., 1987; Wu et al., 1981).

It is concluded that the effects of the three starch sources of the
concentrate did not affect meat quality, texture profile, collagen solubility, and
nutrient composition; protein, moisture, and fat but affected on ash content of
LT musele of Holstein steers.
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Abstract: The effects of different starch sources (ground corn (CO), ground cassava (CA) and pineap-
ple stem starch (PI)) and ageing period (14 and 21 days) on meat characteristics of Holstein steers
were investigated. Starch sources had no effect on meat characteristics, while meat aged for 14 days
had less thawing loss than that aged for 21 days. Meat from steers fed Pl had higher levels of inosine
monophosphate (IMP) than the others (2 < 0.05). With increasing duration of ageing, the content
of IMP and guanosine monophosphate in the meat decreased, while the content of hypoxanthine
increased (p < 0.05). Meat from steers fed CO had the highest oleic acid but the lowest erucic acid
(p < 0.05) in contrast to meat from steers fed PI, which had the lowest oleic acid but the highest
erucic acid. Steers fed CO appeared to produce healthier meat as this was positively associated with
monounsaturated fatty acid content, Meat from steers fed PI had higher levels of IMP, which may be
associated with good taste.

Keywords: starch source; Holstein steers; meat characteristics; meat flavour; fatty acid profile

1. Introduction

Pineapple is one of the most important economic crops in the world, and Thailand
is one of the countries with a large pineapple production. In 2020, 1.39 million tons of
pineapple fruit were produced, ranking sixth in the world for pineapple production [1].
Pineapples are usually consumed fresh or as pineapple juice, pulp or canned. By-products
from pineapple production and canneries can account for 70-75% (w/w) of the crop, in-
cluding peel, crown, core, stem and leaf [2]. For economic reasons, the large quantities
of by-products from pineapple production should be properly utilized. Otherwise, im-
proper waste management would lead to long-term environmental deterioration, especially
through large-scale land clearing, which usually involves biomass burning and soil and
water pollution.

In intensive production systems, strategic nutritional supplementation may be under-
taken to compensate for deficiencies in the quantity and quality of pasture or forage fed
to cattle prior to finishing [3]. High-concentrate commercial cattle fattening systems can
provide a sustainable and adequate supply of live cattle to meet domestic consumption re-
quirements with excellent meat quality [3-5]. High-concentrate fattening is easy to operate,
and the results are predictable [5,6]. The main problem with high-concentrate finishing is
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the high cost and it is only profitable if the starting value of the animal is low, concentrate
costs are low or there is excellent carcass and meat quality [3,5,7]. Male dairy calves that are
not desirable for dairy production can therefore be used for beef production, with lower ini-
tial cost of animals compared to beef breeds such as Charolais crosses, which are popularly
fattened for premium beef in Thailand [8]. However, dairy breeds require 20% more energy
and 25% more feed than beef breeds [9]. To achieve cost advantages, agro-industrial feed
by-products can be used as alternative feed sources instead of using a main feed source of
both roughage and concentrate. Several studies suggest that pineapple by-products such
as pineapple cannery by-products [10], pineapple stem [11], pineapple stem by-product
silage [12] and ensiled pineapple waste [2] can be used as a promising roughage source to
improve rumen function and production performance of animals without compromising
production quality and also reduce feed costs. In the past, the pineapple stem was left as
waste after replanting before being dried in the sun and burned. Recently, the pineapple
stem has been used to extract the enzyme bromelain [13] which can be used as a potential
phytomedicinal agent, so the rest of the by-product can be used as a potential starch source
for cattle. Pineapple stem starch has similar starch content, but higher amylose content and
smaller starch particle size compared to corn and cassava starch: 98, 101 and 100% (w/w)
for starch content; 34.4, 16.2 and 15.3% (w/w) of whole sample for amylose content; and
9.7,15.8 and 15.8 um for starch particle size of pineapple stem, corn and cassava starch,
respectively [14]. Khongpradit et al., 2020 [15] found that pineapple stem starch can be a
useful starch source with cost advantages for beef cattle to improve growth performance
and increase rumen fermentation when formulated as a 40% concentrate compared to
other starch sources, ground corn and ground cassava. In addition, Khongpradit et al. (in
press) [7] found that the use of pineapple stem starch as a starch source in the concentrate
for 206-day fattening dairy steers had a lower feed cost per gain compared to ground
cassava and ground corn (2.90, 3.62, and 4.02 USD /kg, respectively).

The most important principles for the palatability of meat are tenderness, juiciness,
and flavour, all of which are related to consumer satisfaction. Tenderness was the most
important factor influencing beef palatability, but previous research has shown that when
tenderness is adequate, flavour is the most important aspect of consumer satisfaction [16].
In addition, the nutritional value of meat, such as fatty acid composition, was an impor-
tant preference factor for health-conscious customers [17]. Monounsaturated fatty acids
(MUFA) are considered better for health, while saturated fatty acids (SFA) can cause health
problems [18]. Concentrate-fed beef had more tender meat, higher intramuscular fat with
higher MUFA, less connective tissue, and higher palatability scores compared to grass-fed
beef [4]. Previous studies have shown that high intramuscular fat can improve flavour,
juiciness, and tenderness [4]. Meat flavour is also related to the content of ribonucleotides,
such as inosine monophosphate (IMP) and guanosine monophosphate (GMP), as they have
an umami flavour [19,20]. However, hypoxanthine, the degradation product of IMP” during
post-mortem ageing, can cause a bitter taste. Apart from the feeding regime, post-mortem
ageing may also serve to improve the tenderness of the meat due to post-mortem proteoly-
sis by specific endogenous enzymes, especially calpains [21], which yield specific protein
degradation products such as the 30 kDa degradation product of troponin T [22].

Due to the limited information on the effect of pineapple stem starch in cattle concen-
trate diet on meat characteristics, the objective of this study was to investigate the effect
of pineapple stem starch and also ageing duration on meat quality, texture profile and
ribonucleotide content of dairy steers. In addition, the effect of pineapple stem starch on
fatty acid composition was investigated.

2. Materials and Methods
2.1. Animal Ethics
Muscle samples used in this study were from 36 Holstein steers that were part of a

study funded by the Agricultural Research and Development Agency of Thailand (ARDA)
(project code PRP6205031930), Khongpradit et al., 2020 and Khongpradit et al., (in press).
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The pineapple stem starch used in this study was obtained from Hong Mao Biochemi-
cals Co, Ltd. in Rayong, Thailand. The Animal Use and Ethics Committee of Kasetsart
University, Thailand approved the experimental procedure (ACKU62-AGK-007).

2.2, Experimental Cattle and Muscle Collection

Thirty-six Holstein steers with an average weight of 453 4- 35.3 kg and age of 22 months
were divided into three treatment groups of 12 steers each and each steer was fed indi-
vidually. The treatments were three different sources of starch in the concentrate: ground
corn (CO), ground cassava (CA), and pineapple stem starch (PI), all at a concentration of
40% (Table S1). From day 1 to day 74, all experimental animals were fed the concentrate
ad libitum with Napier grass silage (3 kg/head/day in DM) in a ratio of 75:25. From
day 75 to 206, steers were fed the same concentrate with roughage of Napier grass silage
(2 kg/head/day in DM) and rice straw (0.9 kg /head /day in DM) in a ratio of concentrate
to roughage of 76:24. Cattle were fed twice daily for up to 206 days. The steers were ready
for slaughter at an average age of 33 months. Before slaughter, all animals were housed
in an enclosure with access to water for 12 h. The animals were weighed, stunned, bled,
skinned, eviscerated and washed. Carcasses were split lengthwise and stored at 1 °C for
14 days. Samples of the longissimus thoracis (LT) were taken 14 days post-mortem from
the left side of each carcass. All visible fat was removed from the samples, which were
then divided into two 3-cm-thick subsamples and two 1.5-cm-thick subsamples. The first
3-cm-thick subsample was used for colour measurement on post-mortem day 14 and then
weighed before being vacuum packed and stored at —20 °C to further measure thawing
loss, cooking loss, shear force and texture profile. The second 3-cm-thick subsample was
vacuum packed, stored at 1 °C for up to 7 days, then unwrapped, meat colour measured
21 days post-mortem, weighed, vacuum packed again, and stored at —20 °C to measure
thawing loss, cooking loss, shear force, and texture profile 21 days post-mortem. The
first 1.5-cm-thick subsample was vacuum packed and stored at —80 °C to further analyse
ribonucleotide content and fatty acid composition on post-mortem day 14. The second
1.5-cm-thick subsample was vacuum packed, stored at 1 °C for up to 7 days, and then
stored at —80 °C to further analyse ribonucleotide content on post-mortem day 21.

2.3. Meat Characteristics
2.3.1. Colour Measurement

The CIE L, a*, and b* values of three measurement positions of the cut surface of
3-cm-thick LT steak were measured 14 and 21 days post-mortem after 30 min of bloom-
ing at 25 4+ 2 °C using a handheld colorimeter with illuminant D65 and 8-mm aperture
(MiniScan®EZ 45 /0 LAV, Hunter Associates Laboratory Inc., Reston, VA, USA).

2.3.2, Thawing Loss, Cooking Loss and Shear Force Analysis

Two 3-cm-thick subsamples, aged 14 and 21 days, were stored at —20 “C for about
2 weeks, thawed at 4 °C for 24 h and then weighed. Weight changes after thawing were
expressed as a percentage of thawing loss. Thawed muscle samples were placed in a high-
density polyethylene bag before sealing and then placed in a water bath set at 80 °C and
boiled for approximately 30 min until they reached an internal temperature of 70 °C. The
internal temperature was measured using a thermometer (TM-19475D, Lutron Electronics,
Taipei City, Taiwan). The cooked samples were allowed to cool under running tap water
for 30 min before being weighed. After cooking, the percentage weight loss was calculated.
The cooked samples were sliced parallel to the fibre orientation to obtain eight slices
(width x length x height, 1.25 x 1.25 x 3 e¢m rectangle) before measuring shear force
using a texture analyser (Model EZ-SX, Shimadzu, Kyoto, Japan) equipped with a 50 kg
load cell and a crosshead speed of 50 mm/min. The shear force value of each sample was
averaged from 8 slices.
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2.3.3. Texture Profile Analysis

Texture profile analysis (TPA) samples were analysed in the same manner as the shear
force samples. After cooling, the cooked surface was removed by cutting with a knife
to avoid a hard, dry surface, and each sample was cut into 15-mm cubes. The fibre axis
of each cube was perpendicular to the direction of the probe. A texture analyser was
used to determine the TPA (model EZ-SX, Shimadzu, Kyoto, Japan). Using a 36-mm-
diameter cylindrical probe, each sample was placed between special stainless-steel plates
and compressed perpendicular to the muscle fibre orientation in two consecutive cycles of
50% compression (based on sample width, 127 mm/min crosshead speed) with a 1 s pause
between cycles. The probe moved downward at a constant speed of 127 mm/min. The
force-time data of each test were collected, and the mean values for the TPA parameters
of each sample—hardness, springiness, gumminess, chewiness and cohesiveness—were
calculated from at least four tests.

2.4. Ribonucleotide Analysis

Frozen 1.5-cm-thick subsamples from 14 and 21 days post-mortem were pulverized
through cryogenic grinding using a micro-Waring Blender (50-250 mL). One gram of the
pulverized muscle sample was homogenized in 6 mL of cold 0.6 M perchloric acid at
23,000 g for 10 s (T25 Ultra-Turrax®, Ika, Staufen, Germany) according to [15]. After cooling
for 15 min, the homogenate was neutralized with 5.4 mL of 0.8 M KOH and 0.25 mL of
KH;POjy buffer. The pH of the combined sample was raised to 7 with 0.8 M KOH and the
volume was increased to 15 mL with HPLC water. An amount of 1 mL of the supernatant
was aspirated into a small tube and frozen at —80 °C after centrifugation at 10,000 g for
10 min at 4 °C (Scanspeed 1580R, Labogene, Lillerod, Denmark). The supernatants were
analysed by HPLC (Chromaster, Hitachi, Tokyo, Japan) with a UV detector for IMP, inosine,
hypoxanthine and GMP after the frozen sample was thawed and centrifuged at 10,000 ¢
for 5 min at 4 °C (Scanspeed 1580R, Labogene, Denmark). The stationary phase was a
TSK Gel Amide —80 column (Tosoh, Tokyo, Japan) and the elution phase was a buffer
of acetonitrile: KHyPOy, 70:30. External standards were used to calculate ribonucleotide
content from a standard curve (57510 inosine-5-monophosphate disodium salt hydrate,
14,125 inosine, H9377 hypoxanthine, and G8377 guanosine-5-monophosphate disodium
salt hydrate, Sigma-Aldrich, St. Louis, MO, USA).

2.5. Fatty Acid Analysis

The lipid extraction with chloroform was performed as described by [23]. Lipid
was extracted from pulverized muscle samples at 14 days post-mortem with chloroform.
Methyl Nona decanoate (SFA-013N, Accu Standard, New Haven, CT, USA) was added
as an internal standard during the extraction pracedure. A fused silica capillary column
(100 m x 0.25 mm x 0.2 pm film thickness, model SPTM-2560, Supelco, Bellfonte, PA,
USA) was used to evaluate the fatty acid methyl esters (FAM) by gas chromatography
(model 78908, Agilent, Santa Clara, CA, USA). The conditions for gas chromatography
were as follows: temperature program: starting temperature 60 °C, followed by an increase
of 20 °C/min to 170 °C, 5 °C/min to 220 °C, and 2 °C/min to 240 °C; carrier gas, He;
split ratio, 10:1. Fatty acid methyl ester peaks were detected by comparing retention times
with authentic standards (F.A.M.E. Mix, C4-C24, Supelco) and measured with an internal
standard, nonadecanoic acid (C19:0).

2.6. Statistical Analysis

The data were considered as a 3 x 2 factorial arrangement in a completely randomised
design, with 3 starch sources (CO, CA, and PI) and 2 ageing periods (14 and 21 days
post-mortem). The general linear model procedure (SAS Institute Inc., Cary, NC, USA) was
used for analysis of variance to analyse meat quality, texture profile, and ribonucleotide
content, including the effects of starch source, ageing period, and their interaction. For fatty
acid composition, only starch source was defined as a treatment. The PDIFF option was
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used to separate least square means. P values less than 0.05 were considered statistically
significant. Principal component analysis (PCA) was used to evaluate the relationship
between ribonucleotide content and fatty acid composition in relation to the different starch
sources and ageing period using XLSTAT software (Addinsoft, Long Island City, NY, USA).

3. Results and Discussion
3.1. Meat Quality and Texture Profile

In this study, there was no interaction between starch sources and ageing time on meat
quality traits (p > 0.05), as shown in Table 1. Neither concentrate starch sources nor ageing
time had any effect on meat colour (p > 0.05) as there were no significant differences in L*,
a*, and b* when compared among starch sources or ageing time. There was no significant
effect of starch sources on thawing loss and cooking loss (p > 0.05). However, ageing time
had an effect on thawing loss because thawing loss was higher for a longer ageing time
of 21 days than for an ageing time of 14 days, 4.06% and 3.08%, respectively. Shear force
was not affected by starch sources and ageing time (p > 0.05). Texture profile analysis was
performed to investigate whether the starch sources of the concentrate or the ageing time
affected the meat texture of LT muscle of dairy steers. No significant interactive effect of
starch sources and ageing time on meat texture was found (p > 0.05). Neither starch sources
nor ageing time had any effect on the meat texture profile (p > 0.05). The average hardness
of LT muscle in this study was 44.05 N/cm?, springiness 0.99 cm, gumminess 24.87 N/cm?,
chewiness 24.46 N/cm and cohesiveness (.57.

Table 1. Effect of starch source of concentrate and ageing period on meat quality and texture profile of fattening dairy steers.

i Treatment (T) ! Ageing (A) L p-Value
S co cA PI Godd, Bipdtl Sk T A TxA
Meat Quality
Colour

L* 35:32 36.51 36.41 35.67 3649 232 0.347 0.268 0.933

a* 14.46 15.29 14.78 14.96 14.72 1.79 0.509 0.676 0.339

b* 41.36 4213 42,24 41.44 4236 3.21 0.739 0.358 0.641
Thawing loss (%) 331 3.48 3.93 3,08° 4062 1.18 0430 0.019 0.777
Cooking loss (%) 19.23 21.01 21.73 19.60 21.72 422 0.287 0.121 0.712
Shear force (kg) 572 497 5.03 541 5.07 1.08 0.151 0.328 0.949

Texture Profile

Hardness (N/em?) 40.57 42.74 48.85 40.92 47.19 22.80 0.615 0.392 0.890
Springiness (cm) 0.99 0.99 0.99 0.99 0.99 0.00 0473 0.694 0.636
Gumminess (N/cm?) 24.29 2395 26.38 22,98 26.76 12.60 0.863 0.351 0.931
Chewiness (N/cm) 23.48 23.94 2595 22.27 26.64 12.46 0.858 0.275 0.945
Cohesiveness(ratio) 0.57 0.59 0.55 0.57 0.56 0.06 0.206 0.880 0.980

! CO, ground corn; CA, ground cassava; PI, pineapple stem starch. ? root mean square error; ** Lsmeans having different superscripts
within the same main effect are significantly different (p < 0.05).

The fact that no significant effect of starch sources on meat colour, thawing loss,
cooking loss, and shear force was observed in the current study could be due to the similar
pH of muscle from steers fed different starch sources as mentioned in the study by [7],
which used the same sample sources as the current study. According to Hughes et al.
2019 [24], pH was found to be negatively correlated with water holding capacity and
lightness. According to Moller et al. (2010) [25], muscle pH was negatively correlated with
shear force, implying that shear force tends to decrease as pH increases. Another possible
explanation for the non-significant shear force in beef from steers fed different starch
sources could be the similar intramuscular fat content, as indicated by the similar amount
of total fatty acids in this study. There was a positive correlation between intramuscular fat
and tenderness of meat [26].

Proteolysis of muscle fibres can be impaired by ageing, leading to degradation of
cytoskeletal proteins and then impairing the ability of muscle fibres to bind water [27]. As
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muscle structures loosen due to the degradation of myofibrillar and cytoskeletal proteins,
the ability to bind water decreases, resulting in a gradual release and drainage of intracel-
lular fluid with prolonged ageing [27]. According to Ledward et al. 1992 [28], the colour of
muscle tissue depends on the reflectivity and oxygenation of myoglobin. With ageing, the
ability of muscle fibres to retain water decreases, which may improve reflectivity properties
and thus increase brightness. Prolonged ageing may also improve the redness of steaks
when exposed to oxygen. Ageing may affect mitochondrial function, resulting in decreased
competition for oxygen between mitochondria and myoglobin, allowing oxygen to reach
tissues [29]. In this study, no effect of ageing on meat colour was observed. This could
be due to the fact that the effects of ageing usually occur in the early phase of ageing and
myoglobin may not be able to bind oxygen after the early phase. As Colle et al., 2015 [30]
found, L* increased post-mortem with longer ageing from 2 to 14 days, but there was no
difference in L* during ageing from 14 to 63 days. In the current study, cooking loss was not
affected by duration of ageing, but thawing loss was, because a longer ageing of 21 days
resulted in higher thawing loss than ageing of 14 days. The higher thawing loss at the
longer ageing duration in the present study might be related to the lower ability of the
degraded muscle proteins to bind water [27].

Shear force is an objective measurement of tenderness, measured physically by the
force required to cut muscle fibres. Shear force has been shown to be inversely related
to tenderness. A previous study has shown that tenderness of meat improves when
shear force decreases with increasing ageing time [30]. Proteolytic degradation of certain
myofibrillar proteins by calpain proteases is responsible for the improved tenderness
during ageing [21,31,32]. The presence of the 30 kDa polypeptide and the degradation
of troponin-T indicate not only post-mortem proteolysis but also post-mortem decay of
the muscle Z-disc [22,31,32]. Duration of ageing had no significant effect on shear force in
the present study, which may be due to the fact that little or no post-mortem proteolysis
occurred after 14 days of ageing. This is in agreement with the findings of [30] who found
that post-mortem ageing of Longissimus lumborum steaks from 2 to 14 days improved
tenderness, but no further improvement occurred after 14 days. Ageing also did not affect
meat texture in this study as there were no significant differences in hardness, springiness,
gumminess, chewiness and cohesiveness of 14-day and 21-day aged beef. Palka, 2003 [33]
found that the hardness and chewiness of raw meat was two times lower compared
between 5 and 12 days of ageing, but no significant difference was found in cooked meat.

3.2. Ribonucleotides

The interaction between starch sources and ageing time on ribonucleotide content
was not significant in the present study (p > 0.05), as shown in Table 2. There was no
significant effect of starch sources on the content of hypoxanthine, inosine and GMP,
but there was a significant effect of starch sources on IMP content (p < 0.001) as meat
from cattle fed with PI had a higher content of IMP than those fed with CO and CA,
107.21, 71.82 and 55.42 mg/100g, respectively. Ageing time affected the content of
hypoxanthine, IMP and GMP (p < 0.05) but not the content of inosine (p > 0.05). At
ageing of 21 days, higher hypoxanthine content than ageing for 14 days was found, 34.80
and 27.13 mg /100 g, respectively. At 14 days of ageing, the content of IMP and GMP
was higher than at 21 days ageing, 107.44 and 48.86 mg/100 g for IMP and 3.47 and
2,33 mg/100 g for GMP, respectively.

Muscle is known to be turned to meat as food during post-mortem aging. Post-
mortem aging improves the flavour and texture of meat. The increase in free amino acids
and peptides caused by endogenous proteolytic enzymes in meat during post-mortem
aging is associated with improved meat flavour [34]. Tt is believed that the increase
in free amino acids helps to enhance brothy flavour, especially the umami taste, while
the increase in peptides is responsible for the mildness of the meat [34]. During post-
mortem meat aging, nucleotide triphosphates such as adenosine triphosphate (ATP) and
guanosine triphosphate (GTP) are degraded, resulting in umami taste-related compounds
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such as IMP and guanosine monophosphate (GMP) [19,20]. Adenosine triphosphate is
degraded to adenosine diphosphate (ADP) and adenosine monophosphate (AMP), which
are subsequently degraded to IMP. Inosine and hypoxanthine are produced once IMP is
degraded [19,20]. Inosine is a tasteless substance, but hypoxanthine has a bitter taste [20,35].
Regarding the aging effect, IMP and GMP decreased with increasing hypoxanthine during
post-mortem ageing in this study, which is consistent with previous studies [19]. These
authors also found a significant decrease in inosine levels during ageing. This differs
slightly from this study, which found lower levels of inosine in beef aged 21 days than in
beef aged 14 days, with no statistical difference. The lower levels of IMP and GMP and the
higher levels of hypoxanthine during ageing in the current study suggest that prolonged
ageing has negative effects on beef flavour. However, there are many other factors that
affect meat flavour, such as fatty acid composition. Melton et al. (1982) [36] reported that
fatty acids such as myristoleic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid
and alpha-linolenic acid can cause good meat flavour.

Table 2. Effect of starch source of concentrate and ageing period on ribonucleotide of fattening dairy steers.

g Treatment (T) 2 Ageing (A) . p-Value
Tealt CA PI 14Days —2hPays B OF T A TxA
Hypo 31.76 3352 27.61 27134 34.80° 9.80 0.294 0.019 0.507
Inosine 39.18 36.43 38.06 40.31 3547 12.12 0.848 0.216 0.900
IMP 71.82% | 5542 1072% /107442 48.86" 3520 0.002 <0.0001 0.629
GMP 0 3.09 310 347¢ 2334 1.67 0.552 0.039 0.079

ab | smeans having different superscripts within the same main effect are significantly different (p < 0.01).; &4 [ smeans having different
superscripts within the same main effect are significantly different (p < 0.05).; ' mg/100 g.;* CA = ground cassava; CO = ground corn;
Pl = pineapple stem starch.; * root mean square error.; * hypoxanthine.; * inosine monophosphate.; © guanosine monophosphate.

Propionate production in the rumen and the uptake of glucose from the rumen bypass
concentrate in the small intestine are both major sources of glucose in concentrates, while
roughage is an important source of acetate produced by the fermentation process in the
rumen [5]. Theurer, 1986 [37] reported that dietary ingested starch can reach the small
intestine between 4% and 60% in cattle depending on the grain source and processing.
Optimizing starch fermentation in the rumen to produce propionate while increasing
starch digestion in the small intestine bypassed by the rumen helps improve glucose
supply. A very interesting finding of this study is the significantly higher content of the
umami substance IMP in LT muscle of dairy steers fed pineapple stem starch in concentrate
compared to ground corn and ground cassava as starch sources. This result suggests
that cattle fed pineapple stem starch may be more palatable than the other two starch
sources. The higher content of IMP might be related to the higher content of its precursor,
glucose, in PI fed steers. Khongpradit et al., 2020 [15] found a significantly higher content
of Ruminococeus bromii C1 and total short chain fatty acids (SCFA) in the rumen of cattle
fed P’I than CO and CA, suggesting that P’ is more fermented in the rumen, which could
be related to the smaller particle size of starch, lower neutral detergent fibre (NDF) and
lower crude protein and lipid content associated with starch, making this starch source
more degradable and fermentable than others. However, they found that the percentage of
propionic acid in the rumen fermentation profile, the main source of glucose production,
did not differ between starch sources. Therefore, the possible explanation for the higher
IMP content in PI could be related to the higher glucose supply through small intestinal
digestion. In a previous study, significantly higher amylose content was found in pineapple
stem starch than corn and cassava [14]. Goats fed high amylose corn in the total mixed
ration had more starch that was not degradable in the rumen and therefore more starch
entered the small intestine for digestion, resulting in higher blood glucose levels [38].
Further studies are needed on the effects of the different starch sources in this study that
could affect blood glucose levels.
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3.3. Fatty Acid Composition

The fatty acid composition of the different starch sources in the concentrate is shown
in Table 3. There was no effect of starch source on fatty acid composition except that cattle
fed CO had the highest oleic acid but the lowest erucic acid (p < 0.05), in contrast to cattle
fed PI, which had the lowest oleic acid but the highest erucic acid. The content of oleic
acid was highest in the meat of cattle fed CO and lowest in cattle fed PI, while cattle fed
CA were not significantly different from the others, 43.70, 42.36 and 40.65% of total fatty
acids, respectively. The content of erucic acid was higher in PI than the others, 0.45, 0.47
and 0.74% of total fatty acids for cattle fed CO, CA and PI, respectively. In addition, cattle
fed PI tended to have more palmitic acid than the others (P = 0.092), 27.8, 27.90 and 29.59%
of total fatty acids for meat from cattle fed CO, CA and PI, respectively. The most abundant
fatty acid in the meat of this study was monounsaturated oleic acid, followed by saturated
palmitic acid and stearic acid, which ranged from 40.64 to 43.70, 2781 to 29.59, and 10.68
to 11.39% of total fatty acids, respectively. Starch sources had no effect on MUFA, PUFA
(polyunsaturated fatty acid) and SFA (saturated fatty acid) (p > 0.05). However, meat from
cattle fed PT tended to have lower levels of desirable fatty acids (DFA), which include
MUFA, PUFA and stearic acid, than others.

Table 3. Effect of starch source of concentrate on fatty acid composition of fattening dairy steers.

Starch Source !

Trait o N ' RMSE p-Value
Fatty Acid Composition (% of Total Fatty Acids)

Lauric acid C12:0 0.18 0.19 0.17 0.05 0.776
Myristic acid C14:0 4.37 4.84 4.83 0.46 0.133
Myristoleic acid Cl14:1 1.55 1.81 1.54 0.45 0.501
Pcntadm:y]ic acid C15:0 0.25 0.25 0.24 0.08 0.961
Palmitic acid C16:0 27.81 2790 29.59 1.57 0.092
Palmitoleic acid C16:1 6.28 6.23 6.10 0.81 0917
Margaric acid C17:0 0.57 0.55 0.60 0.08 0.477
Heptadecenoic acid C17:1 0.55 0.51 0.56 0.11 0.657
Stearic acid C18:0 10.93 11.39 10.68 1.38 0.650
Oleic acid Ci8:1ndc 43702 423630 40.65° 191 0.027
Linoleic acid C18:2n6c 1SET 1.10 1.18 0.24 0.821
a-Linolenic acid C18:3n3 0.23 023 0.18 0.07 0.383
Heneicosylic acid C21:0 0.24 0.23 0.19 0.10 0.580
Erucic acid €22:1n9 10450 047" 0742 0.10 0.021
Arachidonic acid C20:4n6 015 0.18 0.19 0.07 0.659
Lignoceric acid C24:0 0.11 013 017 0.08 0.413
Nervonic acid C24:1 1.49 1.64 240 0.82 0.116
Total fatty acid 2 8.60 9.37 9.07 182 0.748
SFA 44.45 45.49 46.45 1.99 0.200
MUFA 54.02 53.01 51.99 2.02 0.202
PUFA 1.53 151 1.55 0.27 0.956
UFA 55.55 54.51 53.55 1.99 0.200
DFA 66.48 65.91 64.22 1.76 0.072

*F Lsmeans having different superscripts within the same main effect are significantly different (p < 0.05); ' CA = ground cassava;
CO = ground corn; PI = pineapple stem starch.; 2 2/100g muscle.; SFA (saturated fatty acids): C12:0+C14:0+C15:0+C16:0+C17:0+
C18:0+C21:0+C24:0; MUFA (monounsaturated fatty acids): C14:1+C16:1 + C17:1 + C18:1n9c+C22:1+C24:1; PUFA (polyunsaturated fatty
acids): C18:2né¢ + C18:3n3 + C20:4n6; UFA (unsaturated falty acids): MUFA + PUFA; DFA (desirable fatty acids): MUFA + PUFA + C18:0.

Feeding cereal grains is one way to improve net energy supply because energy-
rich grains can be used to form volatile fatty acids and glucose in the rumen and small
intestine. When IMF preferentially uses glucose as a substrate for fatty acid synthesis
while subcutaneous fat prefers acetate, the deposition of IMF is greater in diets with higher
concentrate content as explained by [39]. According to Park et al. (2018) [5], the uptake of
excess net energy is a key component of intramuscular fat (IMF) deposition. Konpradit et al.
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(2020) [15] reported the higher degradability of PI starch in the rumen resulting in higher
weight gain, average daily gain and feed conversion ratio in PI-fed steers compared to CO-
and CA-fed steers. However, the different sources of starch in the concentrate ration did
not affect the intramuscular fat content, as indicated by the similar amount of total fatty
acids in the present study. This is in agreement with Kongpradit et al., 2021 (inpress) [7]
who reported non-significant intramuscular fat content in the meat of cattle fed different
starch sources of CO, CA and PL. Regarding the fatty acid composition in the intramuscular
fat of cattle, the concentration of MUFA in adipose tissue is catalysed by the enzyme A9-
desaturase (stearoyl-CoA desaturase) [40]. Palmitic acid and stearic acid are the preferred
substrates that are converted to palmitoleic acid and oleic acid, respectively [41]. The higher
concentration of palmitic acid and the lower concentration of oleic acid in the intramuscular
fat of meat from steers fed PLin the present study might be due to the lower activity of
A9-desaturase. Therefore, further studies to determine A9-desaturase activity in the meat
of cattle fed PI are needed to understand how Pl affects lipogenesis. The other possible
explanation for the higher oleic acid in the meat of cattle fed CO, and the lower content in
the meat of cattle fed PI could be due to the energy balance between the different starch
sources of the concentrate, which is why a higher proportion of rice bran was used in the
CAand PI concentrate diets than in the CO concentrate diet, as detailed in Supplementary
Table S1 [15]. Since corn contains a higher percentage of linoleic acid than rice bran (56.5%
and 34.8%, respectively), as mentioned by [35], this fatty acid would be converted to oleic
acid by biohydrogenation in the rumen and then accumulate in the muscles of cattle [36].

Grain-fed beef is one of the most plentiful sources of MUFAs in the form of oleic
acid and may be a significant source of MUFAs in the human diet (18:1, n-9) [37]. The
importance of MUFAs in cardiovascular health has been extensively established. Higher
oleic acid content in beef is beneficial as it can increase blood HDL cholesterol levels and
reduce cardiovascular disease risk factors [12]. In the present study, it was found that
the significantly lower oleic acid content, a trend toward lower DFA content and a trend
toward higher palmitic acid content in the meat of cattle fed I could be a risk factor for
human health. However, previous studies suggest that the oleic acid content of grain-fed
diets is higher than that of grass-fed beef [13,37], including the concentrate base in this
study. The oleic acid content in the meat of cattle fed P1is still higher compared to natural
grass-fed beef and is therefore healthier.

3.4. Ribonucleotide Content and Fatty Acid Composition in Relation to Different Starch Sources in
Concentrate and Ageing Period

PCA was performed to evaluate the relationships between ribonucleotide content
and fatty acid composition of LT muscle from dairy steers fed different starch sources and
aged for different periods of time, 14 days or 21 days (Figure 1). There were two principal
components (PC1 and PC2) that explained 100% of the total variance (68.39% and 31.61%,
respectively). The first component, PC1, was strongly positively loaded by inosine at
21 days of ageing, IMP at 14 days and 21 days of ageing, PUFA, SFA and C22:1n9, but
strongly negatively loaded by hypoxanthine content at 14 days and 21 days of ageing
and MUFA, UFA, DFA and C18:1n9c content. The second component, PC2, was strongly
positively loaded by GMP content at 21 days ageing and inosine content at 14 days ageing
but was strongly negatively loaded by GMP content at 14 days ageing.

The PCA bi-plot showing ribonucleotide content and fatty acid composition at differ-
ent ageing times varied among the different starch sources. The different starch sources
exhibited different characteristics. It was found that CO was strongly associated with
MUFA, UFA, DFA and C18:1n9¢ content. Conversely, PI was strongly associated with fatty
acid composition, PUFA, SFA, C22:1n9 and ribonucleotide content; inosine at 21 days of
ageing and IMP at 14 and 21 days of ageing. CA showed significant differences in fatty acid
composition and ribonucleotide content from others, especially hypoxanthine at 14 and
21 days of ageing. From the PCA bi-plot, the use of CO as a starch source in concentrate
may provide healthier beef as it is positively strongly associated with the content of MUFA,
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UFA and DFA, while the use of PI as a starch source may provide tastier beef, as it is
positively strongly associated with the content of IMP.

Biplot (axes PC1 and PC2: 100.00 %)

Inosine14
.

5 GMP21

PC2 (31.61 %)

PC1 (68.39 %)

Figure 1. The results of principal component analysis (PCA) of ribonucleotide content and fatty acid
composition at different ageing times varied among the different starch sources: CA = ground cassava,
CO = ground corn, PI = pineapple stem starch, SFA (saturated fatty acids), MUFA (monounsaturated
fatty acids), PUFA (polyunsaturated fatty acids), UFA (unsaturated fatty acids), DFA (desirable fatty
acids), Hypol4 or Hypo21 (hypoxanthine content measured at day 14 or 21 post-mortem), inosinel4
or inosine21 (inosine content measured on day 14 or 21 post-mortem), IMP14 or IMP21 (inosine
monophosphate content measured on day 14 or 21 post-mortem), GMP14 or CMP21 (guanosine
monophosphate measured on day 14 or 21 post-mortem),

4. Conclusions

Pineapple stem starch can be used as an alternative starch source in cattle concentrates
without affecting meat quality, and it can also reduce feed costs. PI may also improve
meat flavour, as meat from cattle fed PI may have a higher content of IMP than meat from
cattle fed CO and CA. However, the meat from cattle fed CO appears to be healthier as it
contains more oleic acid than others. The optimum ageing time to improve meat quality in
dairy steers could not be more than 14 days because the improvement in meat quality did
not occur after 14 days of ageing, and a longer ageing time could have a negative effect
on meat flavour because the IMP and GMP content is lower after 14 days of ageing with
higher hypoxanthine content.

Supplementary Materials: The following are available online at hitps:/ /www.mdpi.com/article/
10.3390 ffoods10102319 /51, Table S1: Ingredients and nutrient composition of concentrates and
roughage (% DM).
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