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Effect of Stocking Density and Dietary Protein Level on Performance, Meat Quality and
Serum Corticosterone of Slow-Growing Korean Meat-Type Chicken (Hanhyop 3)

Jun Yeob Lee?, Jeong Heon Lee', Myung Ho Lee', Yong Han Song', Jong In Lee' and Sang Jip Ohh'"

'Kangwon National University, Chuncheon 24341, Korea
*National Institute of Animal Science, RDA, Jeonju, Korea

ABSTRACT A total of 720 slow-growing Korean meat-type (Hanhyop 3) chicken were used to evaluate the effect of stocking
densities and dietary protein levels on growth performance, meat quality, bone mineral composition, and serum corticosterone.
Three (6.3, 9.5, and 12.6 birds/m?) stocking densities and two dietary protein levels (19% and 18%) were factorially (3x2)
arranged for six treatments. Overall body weight gain (BWG) was highest (p<0.001) at the lowest stocking density (6.3
birds/m?). The feed intake (FI) of birds at the highest density (12.6 birds/m?) was lower than that of birds at the other densities,

but resulted in better feed/gain (F/G). Among 18% protein groups, the overall FI of birds at 9.5 birds/m* was higher than
that at the lowest density; therefore, birds at 9.5 birds/m” had poorer F/G than birds at the lowest density during days 61~75.
Difference in F/G among densities was only significant (p<0.05) during days 61~75 but not significant (»>0.05) during days
41~60. Although there were no significant differences (p>0.05) in BWG and F/G between 19% and 18% dietary protein levels,
FI of the 18% protein diet was less (p<0.05) than that of the 19% diet. Although there was no difference (p>0.05) in meat
TBARS values, meat color differed (p<0.05) with stocking density and dietary protein levels. There was no effect (»p>0.05)
of stocking density and dietary protein levels on bone mineral composition. Serum corticosterone concentration increased (p<0.05)
with increasing stock density but was not affected (p>0.05) by dietary protein levels. This study indicated that a density of
12.6 birds/m® is not recommended for slow-growing chickens. Between 19% and 18% dietary protein levels, 18% would be
recommended for the Korean Hanhyop 3 chicken in the finishing stage.

(Key words: Korean meat-type(Hanhyop 3) chicken, stocking density, dietary protein levels, performance, meat quality, serum

corticosterone)
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2002; Tolkamp et al., 2005). ©]= W2] Al&o] Ex] Ag} o
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Table 1. Experimental design

Treatments

Dietary protein

levels (%) 19 18

Stocking density

(No. birds/m?) 63 95 126 63 95 126
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2) Alg M& & oo Ex HI7HTBARS)

AfFAE FE F A & 47 F 2455 TAE, o
52 AFH F 4T W Bty 2 F 247} 0, 5, 10,
159 A3ek & 7t A5 & Ul/d 22 TBARS(Thio-barbituric
acid reactive substances)E &7 F . EAWH-2 Botsoglou
et al.(1994)] W2 T4 st tha o] AAIsIAT A
o] AEES 04 g Fdste] 3AsA] & (propylene
glycol + warm tween + BHT + BHA) 2~34%<, TBA &
3 mL, TCA-HCL 17 mLE ¥3L vortexol|A] 2~3%3F &35}
et A]fﬂﬁrel nPHE ©3L 100T o] e el 30%3t 7t
gk & WAtk v E Gl 5 mLe] vhEHS A Al
Fol] £7131, o17]°] chloroform 2 mLE ¥-& Tt} 3,000 rpm
oA 1581 DA XA dEdE 530 nme] IHFelA] =
8 F F3=C 525 Fste] TBARS @t AlLtslA

3) FAEI}

7V vdels AlRE AF sk FHsHl 23 v, =
202 Chromameter(Model CR-410, Minolta Co., Japan)S A}
g3t 7+ Alg 53] WkEs
FAT)S S oM, ol FF
0.921, b*=0.783°]31 Tk

&L(L*:ug = a*:ﬁ. &ll T, b*=

Aol FrE L*=89.2, a*=

(1995) 8ol whe} EA515AT Ca, PO B4 AT 25
o]-g-ste] 600CllA 5A13F ] 23t F ALK(1:1) 10 mLE
7¥ste] AAs] 7h2ste] §-8iA121 § Whatman No. 6 ]2}
A& ol g, FRFR olFsle] YFE W AR A1ES
3, ¥4 ICP(OPTIMA 7300 DV, Perkin Elmer, USA)Z
o] g3l o, B %72 Plasma 15/min, Auxiliary 0.21/min,
Nebulizer 0.651/min, RF Power 1300W, Pump(Flow Rate) 1.5
mL/min ©-% *B}Oﬂ B AR ALt s Zelste] 2
w3 A 5 60C oA 745_6}04 A&

A8 ARG &
< Aestt

5) €& U Corticosterone =

AR RS Apolo] whel A 211: ZEd 2 Aol &
SHsP7] floto] 2B X 22 T
SIATE AV 5§ elek Aol A 4 mLe] DS A
g 5 dAs 2elesin, 2ud €3 24 A7 70

Toll BEFstATE EA = Corticosterone ELISA Kit(Enzo

Corticosterone= =%

.‘

. Stocking Density and Dietary Protein Levels on Slow Growing Broiler 221

Table 2. Formula and chemical composition of experimental diet

41~75 d, Dietary
protein levels (%)

40 d
19 18
%

Corn 4949  51.07 5440
Wheat 1000 1200  12.00
Soybean meal 31.04 28.16 25.08
Lime stone 1.30 1.30 1.30
M.D.C.P? (18%/21%) 1.60 1.36 1.44
Salt 0.24 0.22 0.22
Beef tallow 5.00 4.64 4.12
Choline chloride (50%) 0.12 0.14 0.16
DL-Methionine (98%) 0.37 0.36 0.39
L-Lysine (98%) 0.43 0.38 0.48
Threonine (98.5%) 0.09 0.10 0.14
Vit. premix” 0.20 0.15 0.15
Min. premix” 0.12 0.12 0.12
100.00  100.00  100.00

Moisture (%) 1155 1159 11.66

Protein (%) 2000  19.00  17.99

Fat (%) 7.22 6.90 6.44

Fiber (%) 3.50 3.42 3.33

Ash (%) 5.61 521 5.14

Ca (%) 0.90 0.85 0.85

P (%) 0.68 0.62 0.62

Calculated

composition Available P (%) 0.54 0.49 0.50

TME" (kcalkg diet) 3,080 3,100 3,100
ME® (kcalkkg diet) 3,082 3,106 3,117
Lysine (%) 1.36 1.25 1.25

Methionine (%) 0.66 0.64 0.66
Methionine +

cystine (%) 0.98 0.95 0.95
Threonine (%) 0.81 0.78 0.78

Y The vitamin premix contains the followings per kg of diet: vitamin
A, 18.000 IU; vitamin Ds, 4.500 IU; vitamin E, 31.5 IU; menadione
(K3), 3.6 mg; thiamine (B,), 1.8 mg riboflavin (B), 4.8 mg; pyri-
doxine (Bg), 3.6 mg; cobalamin (B;,), 0.03 mg; niacin (B;), 22.5 mg;
panthothenic acid (Bs), 15 mg; folic acid (By), 0.45 mg.

? The mineral premix contains the followings per kg of diet: Mn, 86.4
mg; Zn, 72 mg; Fe, 74.6 mg; Cu, 6 mg; I, 1.5 mg; Co, 0.288 mg;
Se, 0.216 mg.

3 Mono-di-calcium phosphate.

9 True metabolizable energy.

3 Metabolizable energy.
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Life Sciences, USA)E ©] 831591, S % =7l ELISA
reader(Powerwave XS, Biotek Co. USA)S ©]-&3}31t}.
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6023} 61~759 TRl BT ARSRETL ol &

Fol S7Hp<0.05)3k3 ek o & skl A T3k SA| ol

Table 3. Effect of dietary protein levels and stocking density on
weight gain

Weight gain (g/bird) by growth phase(d)

Protein Stock'mg

levels density Overall
L) %) OSP) 10~40d 41~60d 61~75d (10~
(birds/m’) 75 d)
6.3 842 806° 517 2,142*
19 95 822 752% 542° 2,132°
12.6 813 757% 435%™ 1,978°
6.3 844 751 536 2,093°
18 9.5 837 817° 480" 2,087
12.6 819 727° 406° 1,941°
SEM 21.72 43.00 59.78 56.96

PL NS NS NS NS
P-values SD NS 0.0501  0.0047  <.0001

PLXSD NS NS NS NS

™ Not significant.
#7¢ Means with different superscripts in the same column signifi-
cantly differ (p<0.05).

[e] o~z =
ST g g f=3o]

M= AR E] whet FAFS] 2] (p<0.05)7F LERRT
o] Meluzzi et al.(2008)3} Feddes et al.(2002)2] -0l A
A 7 AN WA o] STV E, S ARY R} ol
5 dg SA o] St Bt frAkeE Aol st
F Dozier et al.(2005, 2006) 2.3]8 AFSE Y} 5718k
FE SAHE ST Easle] 2 dF Aol o
= = YehiAth ol & A8 SA19 4% S50t
3, F8 o] o|FofR= F1to] tE P

2 Btk AA| =9 A& 4 $A
2 g A A= AR ETE Sl whet SA 2ol
43819 THTong et al., 2012).

2 AFA Ats @ e AE A SAlS] SA
ol J S m|X|A] ST Rezaei et al.(2004)3} Sterling et
al.(2003)9] Eiro] wrEW Al thla &efo] Zolyof uh
2} SA ol F7FIth 12y A& A SAIE dide R
A3 Lee et al.(2008) 59 F71(6~107%)°l A5 Tl
A F32S 247 18%S} 19%= Z2elste] FosldS w, &
3] 18% wolTollA & SAFS etk Basie]
ot a2y 2 AT E S5 AR oA e A
o|7} FA e F FEFE VXA Eg AR YEitt w
2HA] ol ARE Tt B, A& A A 15 A
Z SA ol Al e o] X = o] ztolrt Y&
F Ues HAFAh

Table 4= AMFEES} 457 ALR @A 0] AR
AH e nA s =
o] wiel A BAH TS Fasion, 53 U AR A
o H 0 Z(p<0.05) A =
7h oA s AlEAF o] AAb A4S thE Dozier et
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o we} AFEAFH Frell 2Ho](p<0.05)7F Ebstth. AAl A&
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7] B5F Alg AF o] A tHTong et al., 2012). A+
7h A2 AR = AlEAFH ol Ad A2 FolRl F
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of 9 v oz sMEt Als il 3wl
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~75%9 713 B 19% @A Abge] HE 7ol 18% T
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Table 4. Effect of dietary protein levels and stocking density on
feed intake
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Table 5. Effect of dietary protein levels and stocking density on
feed conversion ratio (F/G)

) Stocking Feed intake (g/bird) by growth phase(d) ) Stocking Feed/gain (F/G) by growth phase (d)
Protein densi Protein densi
levels v Overall levels ty Overall
o (SD)  10~40d 41~60d 61~75d (10~ o (SD)  10~40d 41~60d 61~75d (10~
PL) (%) . 2 (PL) (%) .. ,
(birds/m”) 75 d) (birds/m") 75 d)
6.3 1,793* 1,988  1,620°  5401° 6.3 2.13 248 3.20™ 2.53%
19 9.5 1,720 1,948 1,682  5,349° 19 95 2.09 2.49 3.12% 251
12.6 1,656 1,853 1,208 @ 4717 12.6 2.04 245 2.78° 2.39°
6.3 1,762  1,830° 1,572°  5,164° 6.3 2.09 244 2.95% 2.47%
18 95 1,734 2,001*  1,602° 5337 18 95 2.08 2.46 3.38" 2.55°
12.6 1,643 1,838 1,186 4,667 12.6 2.01 2.54 3.01% 241%™
SEM 7031 45.80 4228 108.06 SEM 0.10 0.12 0.41 0.08
PL NS 0.0461  0.0095  0.0361 PL NS NS NS NS
P-values SD 0.0065  0.0001 <0001  <.0001 P-values SD NS NS 0.031 0.0133
PLxSD NS 0.0007 NS 0.0258 PL*SD NS NS NS NS

NS Not significant.
"¢ Means with different superscripts in the same column signifi-
cantly differ (p<0.05).

H)gle] Z5 WE(9.5 F7/m’)TellA] ALEAF ol Ekeut
(»<0.05), 19% TNHE AlE FATANNE A BE T F5
U Pt zpo]7} gldith

AR LTEE AR ke e Ao
v AlRAF o] A3 Wid e e
T-&o] 713 weki=d, o] Tong et al. (2012)4 01% 73J+9Jr
frArtsth ole RUE oA SAlFe] B P = Hlg
o AFEAH T AaFo] FHAoR A, *}L&?gcﬂ 23]
2 G 2FEE 7] wEQ Aoz Helth B AddA A}

r}uﬂ;ﬂ _/':_,‘_O_ /\]_JEJ_ ;L%q =2 o:]skg 1:1];2]7(] o}o)\.q_ 1;]_
T 18% YA AR § e M= AR ST EC |
% T A}E?ﬂ T Fof| H|St] F-o]F 2 2(p<0.05)
Egto) Als il FE AR IFAS gl
o) do] It Park et al.(2011)2 AEAAH &
ST YR 55 22 7IAEE Fosi] g’
A}, FADH AREAY BT AR U] 2 ghad
Fol ogh Aol 7t gllthar skl aEu Als e
AR FEell wetA = zfo]7 gile), T SFo]
a5 27kt Basle] B dpdaels e
ANE BTk ey A58 SAS A5, ARG

= v
FolA AR

NS Not significant.
¢ Means with different superscripts in the same column signifi-
cantly differ (p<0.05).
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Table 6. TBARS values of meat from birds raised with different
dietary protein levels and stocking density

c AL SANM A

Protein Stocking TBARS values by storage times (d)
levels  density (SD)
(PL) (%)  (birds/m?) 0 5 10 15
6.3 0.2075 02955 0.5415  0.8086
19 9.5 0.1876 03165 0.5918 0.7816
12.6 0.1927 03205 0.5519 0.8233
6.3 0.2038 03104 0.5359 0.7846
18 9.5 0.2164 03011 0.6136  0.8056
12.6 0.1895 03143 0.5816 0.8113
SEM 0.0935 0.0906 0.1026 0.1193
PL NS NS NS NS
P-values SD NS NS NS NS
PLXSD NS NS NS NS

NS Not significant.

Table 7. Color of meat from birds raised with different dietary
protein levels and stocking density

Protein levels Stocking density Meat color
(PL) (%)  (SD) (birds/m’) = a* b*
6.3 54.24 2.73° 3.86°
19 9.5 54.33 2.15% 448
12.6 5369 255 6.30°
6.3 55.56 1.14° 3.92°
18 9.5 54.75 1.22° 375
12.6 55.87 1.87° 482"
SEM 2.54 1.34 1.40
PL 0.0326  0.0013 NS
P-values SD NS NS 0.0002
PLXSD NS NS NS

NS Not significant.
"¢ Means with different superscripts in the same column signifi-
cantly differ (p<0.05).

55 FA% 77t 18% WA AL E FHof gt ol H]std]
EL(p<0.05) 275 Yelth =S YERE bre A
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Table 8. Proximate and mineral composition of meats from birds raised with different dietary protein levels and stocking density

Stocking Breast meat Leg meat
Pr‘(’lth‘;l (lf/v)els density (SD) MO CP Ash Ca P MO CP Ash Ca p
° (birds/m?) N
(%)

63 72510 2585 1.60° 0.17 0.27 76.08 20.48 1.04 0.22° 0.17°
19 95 73.69°  2454° 172® 0.6 0.25 7619  19.79 1.03 0.15° 0.32°
12.6 73.10°  24.92°  1.95° 0.17 022 76.59 19.65 1.10 0.17° 0.22°
6.3 72.15° 24245 1.59° 0.14 0.26 76.93 2031 1.05 0.16° 0.18°
18 9.5 72.85% 2472 158 0.13 0.21 76.73 19.54 1.05 0.15° 0.16°
12.6 7297 25.12%  1.82®  0.18 0.46 76.84  20.09 1.01 0.14° 0.18°
SEM 0.92 0.56 0.19 0.03 0.17 1.40 0.89 0.06 0.03 0.06
PL 0.045  <0.01 NS NS NS NS NS NS 0.011 0.015

P-values SD NS <0.01 0.017 NS NS NS NS NS 0.016 NS
PLxSD NS <0.01 NS NS NS NS NS NS 0.047 0.015

Abbreviations: MO, moisture; CP, crude protein; NS Not significant.
#7¢ Means with different superscripts in the same column significantly differ (p<0.05).

H o
}\éT':T:

ot & AolA vYeRd S 7RSS
AE tidez 3 A4 (Kweon et al., 1995)°4] 71552 4
I, 2A, 2 205 ko] 747} 74.78%, 1.02%,

23.37%, 1.61%°]1Ut= B9 FARSIA T

A% 9% %

3. =4 W P, Ca &2t

Alg el 2 ARSI o] Zjo|7F ASAAF A Z
Zeo] 3%, Ca & P ol nIA= 32 Table 99} 2t}

=79] 3 S AR ThilE v AR R o)
g} 2to] & JeRlA] ekskth @A) 19% Tl AlRE Fo
gk TollAe AR ol Blste] = FollA EA 9] 3%
ol =hTHp<0.05). 12y B 5 Ca?t P FFelA =
2ol 7} §1 Tk Newman and Leeson(1998)-2 battery cage©ll
A ARSE Aol Bl aviaryoll A AMSE AHEAZE 2
o] SVt 249 3| EEEe] STkt skt
SA19] 75, WMol 52 D5 B85k 7 (Rutten et
al., 2002), ] =4 W &g A DHg ddo]
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AT
A

3% FA19] AL
ol A (Simssek et al., 2011) 2] 3]3&-gHao] A]
Ak B AP ALY A BN D 3

[e]
Sl

Ao 2 HuE ¢ THTalaty et al., 2009). 1= 1
(11.25 #/m*e} 7.5 °/m?) 3F ¥l
= Aol 7} ¢l

P

2=
=

e

1

5
ol 3% 47 872 B3 AZo VISl w3kw, FEYE
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Table 9. Mineral composition of bone from birds raised with

different dietary protein levels and stocking density

. Stocking Bone minerals
Protein levels .
(PL) (%) density (SD)
(birds/m®) Ash (%) Ca (% ash) P (% ash)
6.3 56.59 40.82 19.31
19 9.5 57.50° 41.10 20.01
12.6 57.82% 40.89 19.91
6.3 56.96° 40.62 19.99
18 9.5 57.61% 40.63 19.43
12.6 56.82°  40.84 19.52
SEM 0.66 1.22 0.54
PL NS NS NS
P-values SD NS NS NS
PLXSD NS NS NS

NS Not significant.

** Means with different superscripts in the same column signifi-

cantly differ (p<0.05).
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