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PAPHAPIN PUTTARAKSA : EFFECT OF FREE-RANGE RAISING
SYSTEM ON GROWTH PERFORMANCE, CARCASS
CHARACTERISTICS AND MEAT QUALITY OF THAI NATIVE

CHICKENS. THESIS ADVISOR : WITTAWAT MOLEE, Ph.D., 82 PP.

FREE RANGE/THAI NATIVE CHICKENS/GROWTH PERFORMANCE/

CARCASS CHARACTERISTICS/MEAT QUALITY

The objective of this research was to investigate the effect of free-range raising
system on growth performance, carcass characteristics and meat quality of Thai native
chickens. Three hundred and sixty 1-d-old chicks were randomly allocated to 2
treatments: indoor treatment, housing in an indoor pen (5 birds/m?) and free-range
treatment, housing in an indoor pen (5 birds/m?) with access to a grass paddock (1
bird/m?) during 8 wk of age to slaughter. Each treatment was represented by 6
replications containing 30 birds each. All birds were provided with the same diet and
were raised for 16 wk. The results showed that there was no difference between
treatments in growth performance, carcass composition, abdominal fat yield and
nutrient composition in breast meat (P>0.05). However, the chickens in the free-range
treatment had higher protein in thigh meat and more yellow skin than the chickens in
the indoor treatment (P<0.05). The collagen content and shear force value of the
chicken meat in the free-range treatment were higher than that of the chicken meat in
the indoor treatment (P<0.05). In addition, the proportion of n-3 fatty acids was higher
and the ratio of n-6 to n-3 fatty acids was lower in free-range treatment than in indoor

treatment (P<0.05). Furthermore, the feather pecking damage of the chickens in the



free-range treatment was lower than that of the chickens in the indoor treatment
(P<0.05).These data indicated that the free-range raising system had no effect on
growth performance and carcass composition, but could increase collagen content and
the proportion of n-3 fatty acids in chicken meat. The free-range raising system

significantly reduced the feather pecking damage of the Thai native chickens.
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a* = Redness

ADG = Average daily gain

ALA = Alpha-linolenic acid

ATP = Adenosine triphosphate

b* = yellowness

BW gain = Body weight gain

CRD = Completely randomized design
DHA = Docosahexaenoic acid

DM = Dry matter

DPA = Docosapentaenoic acid
EPA = Eicosapentaenoic acid
FCR = Feed conversion ratio

FI = Feed intake

HMG-CoA N Beta-hydroxy beta-methylglutaryl-CoA
L* = Lightness

LDL = Low-density lipoprotein
MUFA = Monounsaturated fatty acid
n3 = Omega 3

no6 = Omega 6

NSP = Non-starch polysaccharides
PUFA = Polyunsaturated fatty acid
SFA = Saturated fatty acid

TBA-RS = Triobarbituric acid reactive substances analysis
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Genotype Day Treatment BW gain FI FCR Mortality References
(63 (e (%)
Slow-growth 91  Control 2,105°  6,752°  3.21° 0°  Fanatico et al.
Free range 2,254°  8,459°  3.75° 3° (2008)
Fast-growth 63  Control 3,370°  8,087"  2.40° 1
Free range 3,389"  7,402°  2.19° 9°
Ross 56 Control 3,219b - 2.31° - Castellini et al.
Organic 2,861° - 2.75" - (2002a)
Ross 81  Control 4,368 - 2.89° -
Organic 3,614° - 3.29¢ -
Broiler 105  Control 3,748 ° 12,170 3.25 - Santos et al.
(Paraiso) Free range 4,021% 11,840  2.95 - (2005)
Broiler 105  Control 2,874" 9,560 3.39 -
(ISA Label) Free range 3,003 79,140 3.38 -
NSRB 112 Control 1,317 6,395° 437 - UWITIV YUY
Free range 1,230 5,918b 4.32 - uagame (2539)
Broiler 45 Control 2,580 \ - 1.97° 5.32°  Limaand
80  Free range 2,100" - 2.98" 134" Naas (2005)
Slow-growth 112 Control 1,256" - 3.95° - Wang et al.
Free range 1,065° - 4.41° - (2009)
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Genotype Treatment Breast (%) Thigh (%) Wing (%) References
Slow-growth Control 18.8° - 12.3° Fanatico et al.
Free range 18.9° - 11.5° (2008)
Fast-growth Control 30.5° - 10.6°
Free range 30.1° - 10.8°
Broiler Control 21.8" 32.8 10.6° Grashorn and
Organic 25.1" 33.4 11.1° Catia (2006)
Ross Control (56d) 22.0° 14.8° - Castellini et
Organic (56d) 23.2° 14.9° - al. (2002a)
Ross Control (81d) 23.5° 15.0° -
Organic (81d) 25.2° 15.5° -
Broiler Control 33.0° 22.9 - Husak et al.
Free range 33.7° 23.0 - (2008)
Organic 27.5° 23.9 -
Slow-growth Control 17.44 26.68 11.49 Wang et al.
Free range 20.17 27.65 11.85 (2009)
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Vitamin D @ Very few
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is tightly PTH [+) —.h-* -—+)jow POJ"  sources of
regulated 1.25({0H)zD vitamin D
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Intestine% Eone

Increase Calcium & Mobiliize
Phasphorus Absorption Calcium Stores

Maintain Serum Calcium & Phosphorus

metabolic bane neuromuscular
functions health functions
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Genotype Day Treatment DM Ash  Protein Fat References
(%) (%) (%) (%)
Slow-growth 91 Control 2599 410  13.56°  5.25°  Fanatico
Free range 2637 400  13.90° 4.47° etal.
Fast-growth 63 Control 26.50  4.00 13.00° 8.86" (2008)
Free range 2556 410  13.45°  7.90°
Ross 56 Control 24.46"  0.61 2236 1.46°  Castellini
Organic 23.72°  0.65 22.35 0.72" et al.
Ross 81 Control 25.15°  0.64  22.34 2.37° (2002a)
Organic 2422 072 22.76 0.74"
Broiler - Control 24.71° - 22.26" 1.92 Husak et al.
- Free-Range 25.19"° - 23.26" 1.80 (2008)
- Organic 25.02° - 23.31° 2.08
Slow-growth 112 Control 28.60 - 24.26 0.86 Wang et al.
Free range 28.08 - 24.49 0.54 (2009)
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Ingredients (%) 0-3 wk 3-6 wk 6-16 wk
Corn 38.55 46.65 55.30
Soybean meal 25.85 25.60 23.50
Full fat soybean meal 16.00 9.00 4.50
Rice bran 10.00 10.00 10.00
Palm oil 5.45 5.00 3.00
Salt 0.25 0.25 0.25
DL-Methionine 0.35 0.25 0.25
L-Lysine - 0.15 0.05
Calcium carbonate 1.55 1.60 1.80
Dicalcium phosphate 1.50 1.00 0.90
Mineral-vitamin premix” 0.50 0.50 0.50
Total 100.00 100.00 100.00

Analyzed composition (%)

Moisture 9.78 9.49 9.87
Crude protein 21.34 19.78 17.33
Fat 12.19 10.17 7.72
Crude fiber 4.88 5.21 3.83
Ash 8.70 6.80 5.10
Calcium 1.02 0.89 0.82
Total phosphorus 0.75 0.72 0.68

Calculated composition

Metabolizable energy (kcal/kg) 3100.00 3100.00 3100.00

Available phosphorus (%) 0.45 0.35 0.30

a o 9
HUYNA: "Tuemis 1 nlansuilsznovunie Vitamin A, 15,000 1U; Vitamin D,, 3,000 1U; Vitamin E,
25 IU; Vitamin K, 5 mg; Vitamin B, 2.5 mg; Vitamin B,, 7 mg; Vitamin B, 4.5 mg; Vitamin
B,,, 25 |Lg; Pantothenic acid, 35 mg; Folic acid, 0.5 mg; Biotin, 25 Llg; Nicotinic acid, 35 mg;

Choline chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; I, 0.4 mg; Se, 0.15 mg.
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3.2.5 Myaaztilavuzliiie
(Y] 1 dy 1 1 1 A o a 4 [
vadleg19veile Inludiusnuazdiuaz Inn Mo ins1zHamaAINIg

F
Tasuz Taun anudu Tisau Tuiu uazid) @135m5109 AOAC (1996)

a d < < v
3.2.6 MmsuasizrimaNnuiunsaiuas

] I 1 ~ [ dy 1 [ v o 9 dy
MANUITUNTAANIEIHAADAUN THYDULD TAsNUINAIINTATMENA I
wnanszuumsgesaais lnalanuuuylildoondmau i liinamsazavvoinsauaninlu
Y dy = 1 ] 3| 1 = [ I 1 ° [
AL LaziinanonIsann1nNMIUNIAAIe ¥ lunIsIannNulunsaa1aiinisia
[ A o 4 = v @ A Y] [} v A a 9 dy
NENAINNNTAINY 45 UIN LA IAT2 139N 24 H1a99INNITHT 1AIaNUTNIUNAINIUD

semimembranosus

v &' = U
3.2.7 MIAAIUASATIHI
v A dy o ~ =) dy - 1 1
Gl,umsmﬁﬂumLu’e]ﬁ]z1/11miL‘Lﬁismmﬂuﬁmmmmmzwuﬂﬂﬁﬂ dIUeN Lay
aauazInn A281A309 Minolta colorimeter (Chroma Meter CR-300, Minolta, Japan) AU
) [ I o [ g’/ 1Y) 1 o ] 1 o ] o o ?,’
fﬂzmmsaﬂi]znJu@1”|Lmmmunﬂﬂﬁﬂum‘nmmazmaﬂN Iﬂﬂoluu@]ﬁz@3@81Q§]$W1ﬂ153ﬂ"’b’1

1 { o o I 1 . 1 1
390 Tasa1niavzauunesnuilun L* (lightness) A1 a* (redness) LAZA1 b* (yellowness)

a d
3.2.8 Mm3aanzrdSnaneaanou
a d = a 4 I U A
MsunTITHASaAvaa N NITLENAIT AT IZoeNYY 2 @91 Ao Aeaal
U A 9y 1 ~ n Yy . =
puaunaza1ld (soluble collagen) ttazavaanauaiuiazaie’lsi'ld (insoluble collagen) &4
a s 1 g g A ' o qQ Ya o
Tunsiasie vuaily 3 Yuaey A NIsLEN M5808 LAaNMIIHINAT
1. YHABUMSUEN (Hill, 1969)
o & o 1 9 &’ 1 1 d' =t @ 1
MIN15FIAIvENnAIVdodINenNasdINay INnNUAALIDEA Al8d19as 4
n5u laluviaoa homogenize NUVUIA 30 WA, WANAUA15AZANY ringer’s solution

U510 8 wa. i3 homogenize 10,000 rpm HU1U 1 WA Al water bath 77°C WU 70



a &2 Y3 o 4 A A ~ ' '
i aana 13liEu 1 $2 7 nazumiesi 5,200g 26 WA LBNEIU supernatant Talu

Az uazdiu residue Taluvaagilsus wuRernu (auazuia)

2. YunBUMIERHNAZMIING (AOAC, 1996 )
IANN5A sulfuric acid 7 N YSua 30 ml asluanaglsuyuaziladaonszan

a

a 1 9 d' o a3 ] o d‘ ] 1
wim laludeuNguugil 105+1°C 1Wlunar 16 % Tuihasazateiiiumsdos
4 1 o =Y Bol
NT99RAIENTLAENTOAULBT 4 Jaaslu volumetric flask Y11A 100 ml YSuSuasaeni
& 9 H o A ° a A ¥ 1
naulrnsy wazvunaumsrha sxihimsuleasazareild 2 wa. laluvasanaass
1 %)I o %,I < a
YUIA 10 WA, (A1081992 2 91) 1Az blank TaglHinau 2 va. unuaTazaY ANETS
. . o ZI, Bldl a Y I =1 a
oxidant solution 1 ¥@. ¥1N13 vortex tazad IANgurnineuilunal 20 Wi @uds
color reagent 1 ¥a. Wweiui Uarhwasaldaiin i 1dulu water bath 60°C W1 15
A o Y3 = H 1 = ) [ A A
i imasalifiouTaematlati nariu 3 wiil vazih lddasminmsganauuasiinanu
d‘ 9 d‘ 9 o A o =Y
#1INAU 558 U1 TUIUAT AILLATOI spectrophotometer L1a111AN 18 1A 11am3 i
o 1 = Y v 1 P~ oy Y
AoAR U Mg taziuerdauiiavarsldagudag 7.52 nazaaunazareli'ldgudae

< ' A ¥ o W ] ¥
7.25 5'lfNTL!HJuﬂ’]LﬂafJ"UE]\1ﬂ%11']illﬂ'ﬁ]ﬁa’]mu@@u’lﬂuﬂ@n@ﬂ’lﬁlﬁ@

gos lunsmuiamaA)sum hydroxy proline

H (mg/g) = hx2.5x 1000

w

Tagl H= hydroxy proline, g/2 ml. 21UA1N standard cruve

Y )
w= HIMUNAIDYN (g)

3.2.9 MMIFYRNVOUUBIZTHINMIIAY (drip loss)

dy ' U o Yy Y [ (J P Y
IHoaIUDN me’tfnuﬁﬂWﬂ G]fﬂﬁlfﬁl,lﬁ\i VI’]ﬂ’liﬁﬂGl,Wllsllu']@ﬂ'J’NXfJ’]')XWu'I

T o a 4 3 o { ' Y g a o
ININY 1x2.5x0.5 EFUAUUNT "]5\11!1ﬁuﬂ"llf]\1l,ﬁ@ W@ﬁjﬂﬁ’lﬂ@‘ﬂf 2 ¥U ﬂﬁjﬂ\lﬁlﬂﬂi‘]ﬁwa'lﬁﬁﬂ uﬂﬂ
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umusluﬁmmu’qmwgn 4°C Wunal 24 G]f'JIiJQ HIIBIUTINUD u,axmﬂm”lmnmuammn
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1 < ¥ 13 ¥ Y [ 13
% ﬂ]ﬁqm!ﬁﬂu”liuﬁzﬁ:]”lﬁﬂ”ﬁlﬂﬂ = WINUNDDUUBYU — WINUNHAILBLIEIY x 100
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HINUNNDULLBLYU



a d Y] 1
3.2.10 MIIATISHAMIIAANIUIUD (shear force)

k2 2
oonuaziioas InndalituuanNaxenIxyu MU 1.5x3.0x0. 5IHUALAT

' E4
@ o Y

a A a 9 o 9 ! 3y o =
Faihminussgasluganaradntaainnuanuion thlUdulueraideu 8o°c w10 wii

o v a Y 1w Ay o 1 2 o & (J ' Y=
mdgagiianadiiminuguugiives Tasmsih lugiugu dnilendauadldiivuia

1.0x2.0x0.5 1% UANAT (Dawson, Sheldon and Miles, 1991) 1111/ Tad s sdar1ud 18150
Texture  analysis §U TA-XT2i  lagminuadnsinisiaaounvedluiia 2 uu./Iu1d

(Wattanachant, Benjakul and Ledward, 2004)

a d
3.2.11 MIIATIZHA Thiobarbituric acid reactive substances analysis (TBA-RS)

] b v

Tasmsyadiegnvoaioarventazaiuas Innnuaudd 10 nsu Tdlalule
b o 2 . , vy
T $3AVINAY 70 ¥a. 1T homogenize 15 119 LAz 19MABARILUINAU 30 M. adly
a a y . 0 < Y A 9y
flask LA 4M HCI 2.5 ¥a. 1A antifoaming 1-2 ¥ioa taziin lUnauliivaedszana so wa. 1ad
A & ) ) @ ' a

mmsialamsazarennaum 5 va. (aea blank 19 A UUNUAITAZA8AIDE19 5 Ua.) 1AW

Y

. ] o =Y I o Y]
TBA solution 5 ua. 11 1@u 1 water bath 100°C 1w 35 119 nalwgu uaziiliian1ns
] 1 ] i

@ﬂﬂﬁmm\‘lﬁ 538 nm A1GIATOY spectrophotometer 11 TBA VLIV 7.843 MT oxidation V2

mnuYS e malonaldehyde (MDA mg/kg muscle)

MIATUIUAT TBA number = malonaldehyde (MDA mg/kg muscle)

7.8 x OD

a d
3.2.12 nﬁmmwﬂﬂ%mmﬂmammma

a o o . . .
MIAATIEHIIAINITUD Rowe, Macedo, Visentainer, Souza and Matsushita
9
(1999) 1o lnduenuazas Tnn azihuanadsuia lviiudiea1s chloroform-methanol (1A
Y a = ° v o 1 & Vo '
analSuunoaamesoansndin ballldsau Tasiinmsredlredruiie lnaiuenuazaiu
gz lnnnuaaziden 5 54 laaslu round bottom flask LA chloroform-methanol-isopropanal
(90:5:5v/v/v) USUAT 20 ¥a. 1A 60% KOH 131195 5 wa. (1 1809619813 1 nF1) e 17
o o I & o Y3 A a9y o 1 @ [ 1
M M3 reflux 1Wunan 1 53T hnnaiiguaangamgiivied uazsiinsaigaedialaas
¥ L 1
U separating funnel 1A% hexane Y33195 100 ¥a. uaz@NinaudsuIas 25 wa. uaviven s
[ 3 < g‘/ 1 @ v [ g}z
nwilunat 15 uR HUNITHENFUYON hexane DHNFANUFIILDYFUUU LONT1TAZAY

hexane 1d erlenmeyer Flask tagsiinsthilaaisun 12.5 wa. ldudedaens dry d2e N, uda



o J A Y kY . T, o a 4
YA TIUNUNINIDZ A998 internal standard 1A 1 VA, @ﬂfcﬂﬂﬁ vial m"lﬂ’smﬁw

PSunaneoadineseanie gas chromatography (Hewlett Packard, HP 6890 series GC system)

a d U
3.2.13 MIINTITHNIA Y
a 4 o
MINATIZNNTA LU TYDa Folch, Lee and Stanley (1957) L Metcalfe,
. < @ ] { a 4 v { J
Schmitz and Pelka.(1966) Had198190 191115 AT12H 152 n0UAI8 ©IM1TdAT 1floaIuen
1 U 1 o 1 Q'/ 30’ -7 % ] -7
uazduaz Inn ared199zgni1 1¥ed lugilues methyl ester Tagn15¥a1M1inAI9619 15 NTW
1#3 chloroform-methanol (2:1) US11A35 90 M@, YuAIBATOI homogenize UM 2 WIT LAY
chloroform 30 ¥@. 4azTUDA 2 U1 NTBIAIINTZAIBATO 1AN deionize water 13195 30 VA
Aa = ] [ 2 %’, < %’, o 1
1AX 0.58% NaCl US 1105 5 wa. e lfmnduudananald 1 auliuensu imusuves lviula
[ A= 1
vaarunaey (mevewsa) tNuf -20°C
Y '
TUADUNITY methylation 1A 15¥edI0619 lusiud sz 25 un. Idaslu
o 1 1 o o Yy Y 9 (3
vapanaaed Ingnsgaaled i lduasananouazii il lduiedae N, gas auardisazate
Y A Y] 1T o @ %’ ) A Y o @ 1 ) a
ure asmwiznsa liiued W ldyaiminme 14 lunsdiuimaaedis iy @y 0.5N
= o U Y Y Y )=} v v
NaOH/MeOH 311035 1.5 W@, 1ns lao1niaae N, gas 1vinmdon 100°C 5 wiil 1we uan
H %l, ¥y3  a . ' v Y A a
ae 13 1%18u 181 14% BE, in methanol 1531105 2 wa. lae1nmeadae N, gas udalarh 1au C17: 0
(2.0 un./ua. Tu Hexane) 1531105 1 1a. Tao1mddio N, gas uantladh Idanudou 100°C 5
Y
~ v 4 < a a -~
w1 wen udraa 13 liian e deionize water 1151193 10 ¥a. 118 hexane 131193 5 wa.
v Y
Yaruverlddrnundias 13 1duensu @n Na,so, Usznmtaedoudndrs laaslunaoa
< 1 4 é’, g’; 1 =
naavvadnaealny IWeasaza1enensL gar hexane ldadluvina Vial @uSuie 1
wa. 1o 1At as 09 gas chromatography 131105 1 luTn3805 (Hewlett Packard, HP 6890

series GC system)

a d aa
3.3 N AUANNSHNINADN
o 9 A 9 a 4 1 . .
‘L!”I‘lJ’034“a1’1llﬂ3J”I’Jlﬂiw‘lri‘lri”lﬂ”lﬂ’NiJLLﬂi‘}Ji’Ju (Analysis of Variances, ANOVA) ¢
[l 4
HAUNITNAADIUUFUAUYTA (Completely Randomized Design, CRD) wazifFeuineunny
uANA9TEHINARas IuuAarifad8n15NAAB3IAI83F Duncan’s new multiple range test LAY
ANYIANHAUZANWTINIGVDIVUAAAANYGANTTUNMTINVY AI8ITA1INATOY  Chi-Square

Taol¥Tisunsuadad5agal SPSS version 13.0 (SPSS, 2004)
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A a ~ ' o R ' X A =
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u,ummﬂ@mqumﬂwaNm"l,ﬂhmi@@ﬂmmmﬂ UBNIINU Santos et al. (2005) ﬂEJ\ﬂ‘L!’Nllﬂ‘ﬂ
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ﬁ]1ﬂﬂ1i‘l/lﬂaﬂﬂﬂidﬁWU’J1ﬂ1iﬁulﬂﬂdﬁ’fNﬂquﬂu@ﬂ/ﬂiul@g]jﬁmﬂu mwa“lﬁumummazmm
v 1 1 % g‘/ 4 1 g‘/ 1 - U 5
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9 [ d' Id’ dy [ Y a Yo
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WALUNALNUMINKEN uuad tazdad lulinsrandunds Fwmamasnunaunuganain 'l
ﬁmﬁaﬁﬂzmaﬂaauw%i’ﬂﬂ?mmllﬁ’ (Moritz et al., 2005; Walker and Gordon, 2003; Wang et
] I = o 1 A 1 o a a A dy [
al., 2009) 0813 lsnaiiTadonareedreiiinanesaimsesgan Tnves Indesuuilase
(I I Y4 1 1 dy 9 = dy A
Tiegidluiug 1n o1g e 9113 A iulums@es anmwadoy msdinunlums
POAMAINIY 11azN3 135U IMITTITUMA (Gordon and charles, 2002. 8141A8 Fanatico et al.

2005)

q‘ dy 1 |l 1 a a Idy =\
M319d 4.1 wavesmanes Inluszuuildesdeaussouzmansaau Taves lniuiios

Age Treatment BWG (g) FI (g) FCR ADG (g)
0-8 wk control 448.47 1,213.18 2.71 8.01
free-range 456.32 1,251.80 2.75 8.15
P value 0.38 0.22 0.62 0.39
SE 2.48 8.49 0.02 0.04
8-16 wk control 953.96 3,231.05 3.39 17.03
free-range 964.46 3,258.54 3.39 17.22
P value 0.75 0.69 0.94 0.75
SE 9.14 19.4 0.03 0.16
0-16 wk control 1,331.24 4,561.14 3.35 13.86
free-range 1,381.88 4,599.58 3.27 14.33
P value 0.41 0.52 0.45 0.34
SE 17.09 16.61 0.03 0.14

dv \ \ % = '&’ A
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Q
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dy L% 'd‘ dal 1 A o = L3
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A = = Y 1 J I v A =) =)
N1 Wanuderiedosndi 25 edidua) anvusi 2 (Uanwdenigl unaid 25-50

s 2 o A a a ' s3I 9 ' £ '
nofidua) uazanbuzi 3 @anudemevosvuninni so wesidud) osninaaesln
HUVVITINRINTTBAIAYNNADA (P=0.001) SNHULANWAIWIGUDIVUNINANINNYANTTY

Tunsanvuvedln uaaslumni 4
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Feather scoring Control (birds, %) Free-range (birds, %)
no feather pecking 50 (30%) 128 (73%)
feather pecking 1-25% 41 (24%) 27 (15%)
feather pecking 25-50% 48 (28%) 17 (10%)
feather pecking >50% 30 (18%) 4 (2%)

P value 0.001
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Eviscerated carcass’ 65.48 65.17 0.51 0.27
Breast meat3 14.04 13.52 0.19 0.23
Leg mea’[4 18.24 18.63 0.45 0.29
Wing’ 9.34 8.75 0.24 0.29
Abdominal fat’ 0.34 0.35 0.89 0.05
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Meat quality Control Free-range P value SE
pH 45 min 6.79 6.78 0.94 0.01
pH 24 h 6.20 6.18 0.62 0.01
Water holding capacity
Breast (%) 6.53 7.93 0.12 0.13
Thigh (%) 7.74 8.92 0.24 0.14

Skin colors

Breast skin

Lightness 71.08 71.98 0.15 0.09

Redness 2.76 1.47 0.01 0.07

Yellowness 8.32 11.88 <0.01 0.15
Thigh skin

Lightness 67.77 73.08 0.01 0.15

Redness 3.52 2.44 <0.01 0.05

Yellowness 4.21 4.82 0.03 0.14

Meat colors

Breast meat

Lightness 67.77 70.28 0.13 0.24

Redness 1.72 1.87 0.69 0.05

Yellowness 2.03 3.69 0.03 0.11
Thigh meat

Lightness 63.15 65.71 0.05 0.19

Redness 6.51 6.95 0.64 0.13

Yellowness 0.58 1.25 0.30 0.09
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Treatment Meat Protein (%) Moisture (%) Ash (%) Fat (%)
Control Breast 24.18 73.79 1.51 1.59
Free-range 24.61 73.72 1.46 1.69
P value 0.38 0.91 0.56 0.60
SE 0.07 0.10 0.01 0.03
Control Thigh 20.45 75.48 1.03 3.18
Free-range 21.39 73.97 0.95 3.07
P value 0.01 0.01 0.33 0.67
SE 0.05 0.08 0.01 0.04
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collagen (mg/g)
soluble 0.60 0.56 0.01 0.002
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soluble 0.69 0.73 0.02 0.003
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total collagen 2.50 2.69 0.001 0.01
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Ruzi grass Amount

Grass intake' (dry matter) g/day 14.05

Chemical composition2 (%)

Dry matter 27.27
Crude protein 14.87
Fat 2.05
Crude fiber 30.90
Ash 12.62
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Fatty acid Feed

Ruzi grass
(%) 0-3 week 3-6 week 6-16 week
14:0 3.6 0.5 0.5 0.5
16:0 22.7 22.5 22.4 21.9
16:1 2.1 0.2 0.2 0.0
18:0 16.7 2.8 0.3 3.3
18:1n9 27.9 36.3 38.1 7.7
18:2n6 22.7 34.3 35.6 23.2
18:3n6 2.8 0.4 0.4 0.9
20:1n9 1.5 0.2 0.2 0.0
18:3n3 2.3 2.4 2.0 38.2
20:2 0.9 0.0 0.0 0.0
20:3n6 1.7 0.2 0.2 1.1
20:4n6 12.4 0.0 0.0 0.0
23:0 0.8 0.0 0.0 0.0
20:5n3 0.0 0.0 0.0 3.1
24:0 1.4 0.2 0.2 0.0
SFA 30.32 26.61 23.93 27.73
MUFA 31.43 36.70 38.47 7.69
PUFA 38.25 36.69 37.60 64.58
n-3 2.31 2.36 2.01 41.34
n-6 35.06 34.33 35.59 23.24
n-6/n-3 15.18 14.58 17.70 0.56

WUMA  SFA = nia luiuriindua (satuated fatty acid), MUFA = nsa luaiu lapusa asiia

WUBLIAYY (mono-unsatuated fatty acid), PUFA

WUT (poly-unsatuated fatty acid)
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Fatty acid Breast meat Thigh meat

(%) Control Free range P-value SE Control Free range Pvalue SE
14:0 0.10 0.23 0.32 0.03 0.41 0.52 0.58 0.03
15:0 0.32 0.70 0.45 0.07 0.62 0.40 0.62 0.06
16:0 19.99 20.93 0.51 0.21 18.34 17.12 0.29 0.17
16:1 0.04 0.04 0.99 0.01 0.78 1.08 0.54 0.07
17:1 1.39 1.36 0.87 0.02 0.02 0.08 0.16 0.01
18:0 10.96 9.87 0.04 0.08 7.98 8.35 0.65 0.12
18:1n9 18.50 19.42 0.71 0.35 32.59 31.48 0.48 0.23
18:2n6 20.49 20.61 0.89 0.14 27.86 26.21 0.20 0.18
18:3n6 nd nd nd nd 0.01 0.11 0.21 0.01
20:0 nd nd nd nd 0.17 0.32 0.27 0.02
20:1n9 0.04 0.02 0.50 0.003 0.54 0.62 0.72 0.03
18:3n3 0.04 1.07 0.02 0.06 0.81 1.23 0.72 0.03
20:2 0.38 0.26 0.12 0.01 0.36 1.34 0.30 0.13
20:3n6 0.50 0.45 0.73 0.02 0.21 0.29 0.43 0.02
20:4n6 24.14 21.73 0.08 0.19 7.89 9.38 0.42 0.26
23:0 nd nd nd nd 0.17 0.16 0.88 0.01
22:6n3 3.20 3.29 0.84 0.06 1.17 1.24 0.73 0.03
SFA 31.39 31.74 0.77 0.23 27.73 26.97 0.52 0.17
MUFA 19.97 20.85 0.73 0.36 33.97 33.26 0.52 0.16
PUFA 48.62 47.41 0.49 0.25 38.30 39.81 0.39 0.25
n-3 3.25 4.46 0.04 0.08 1.97 2.48 0.34 0.02
n-6 44.99 42.24 0.03 0.25 35.96 32.65 0.03 0.16
n-6/n-3 21.03 10.43 0.04 0.68 20.31 15.44 0.04 0.34

WA SFA = n3a luiiuwsiinduda (satuated fatty acid), MUFA = nsa luaiu laousa wiia
WUBLIAET (mono-unsatuated fatty acid), PUFA = n3alviu'liaud? siavate

WUTE (poly-unsatuated fatty acid), nd = not detected
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MNA n.2 Chromatogram of fatty acids Y93I91119 1A Fin51zidaeiAT 049 Gas Chromatography
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304 gas chromatography

No. Component Weight (%)
1 C4:0 (Butryic) 4
2 C6:0 (Caproic) 4
3 C8:0 (Caprylic) 4
4 C10:0 (Capric) 4
5 C11:0 (Undecanoic) 2
6 C12:0 (Lauric) 4
7 C13:0 (Tridecanoic) 2
8 C14:0 (Myristic) 4
9 C14:1 (Myristoleic) 2
10 C15:0 (Pentadecanoic) 2
11 C15:1 (cis-10-Pentadecenoic) 2
12 C16:0 (Palmitic) 6
13 C16:1 (Palmitoleic) 2
14 C17:0 (Heptadecanoic) 2
15 C17:1 (cis-10-Heptadecenoic) 2
16 C18:0 (Stearic) 4
17 C18:1n9c¢ (Oleic) 4
18 C18:1n9t (Elaidic) 2
19 C18:2n6¢ (Linoleic) 2
20 C18:2n6t (Linolelaidic) 2
21 C18:3n6 (g-Linolenic) 2
22 C18:3n3 (a-Linolenic) 2
23 C20:0 (Arachidic) 4
24 C20:1n9 (cis-11-Eicosenoic) 2
25 C20:2 (cis-11,14-Eicosadienoic) 2
26 C21:0 (Henicosanoic) 2
27 (C22:0 (Behenic) 4
28 C20:3n6 (cis-8,11,14-Eicosatrienoic) 2
29 C22:1n9 (Erucic) 2
30 C20:3n3 (cis-11,14,17-Eicosatrienoic) 2
31 C20:4n6 (Arachidonic) 2
32 C23:0 (Tricosanoic) 2
33 (C22:2 (cis-13,16-Docosadienoic) 2
34 C24:0 (Lignoceric) 4
35 C20:5n3 (cis-5,8,11,14,17-Eicosapentaenoic) 2
36 C24:1n9 (Nervonic) 2
37 (C22:6n3 (cis-4,7,10,13,16,19-Docosahexaenoic) 2




Condition of gas chromatography
Column: Supelco SP 2560
Column Length: 100 m x 250 pm
Injector temperature: 260°C

Column temperature: initial 70°C final temperature 240°C

Detector: FID 260°C

Flow rate: 1.0 ml/min
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M3 parameters T31UN33AMUSITARY GI81A309 Texture analysis 34 TA-XT2i
Pre test speed 2 mm/s
Test speed 2 mm/s
Post test speed 10 mm/s

Distance 35 mm
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