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Abstract

The effects of seasonal differences and crating densities on the preslaughter losses, breast
meat quality, and physiological indices of broilers were determined. A total of 600 broilers
aged 35 days were divided into 10 treatment groups based on five crating densities (10.3,
11.5, 12.8, 14.1, 15.4 birds'-m™) with two seasons (i.e., summer and winter) to give six
replicates and were placed at various locations in the truck. The birds were transported in
crates having dimensions of 1.0 m X 0.78 m X 0.26 m. The transportation distance was 20
km for 40 minutes (average 30 - 50 km-h") during the early morning. The results revealed
that broilers transported at densities of 14.1 and 15.4 birds'm? recorded lower (p < 0.05) pH,
water-holding capacity (WHC), and muscle redness compared to those at densities of 11.5
birds-m™. Furthermore, higher (p < 0.05) cooking loss was found in birds stocked at more than
14.1 birds:'m” compared to the other treatments. However, no effect (p > 0.05) with different
crating densities on body weight loss, carcass traits, glucose, lactate, or muscle yellowness
was observed. Crating density of 14.1 birds'm? showed lower (p < 0.05) cortisol contents
compared with birds at 10.3 and 15.4 birds'm”. Winter transportation had higher (p < 0.05)
relative breast meat weight, cooking loss, muscle redness, and cortisol contents whereas
summer transportation had higher (p < 0.05) glucose and lactate contents in the blood
plasma of broilers. In conclusion, the stocking of 12.8 birds'-m? is recommended to minimize
stress responses and undesirable changes that could negatively affect muscle quality.
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Introduction
Sa17)9] An|gFat ArkeFo] x|&% 02 Z71Sho|| uhet 84 A2 i G455k Ad73ekal thYu et al.,
2021a). FAFE A2 AAd §8/d0] AT, FAHE Aol dHsHHA 25X 417 RS2 Q)
£2)10] 2 HF 44 4

o} &3, A YA Bl wfet 7% F4bES 919
Arh(Lee, 2021). =) I FEEA & ) 9

4] Jitol B8 FasA| AL
5 ]

(Hong et al., 2019; Chang et al., 2022) &% % =0 #HH AL 5L
9

50l FRE AL ARt
]

P
=
N
rﬂﬁ
1o
r O
it
|
5
Q.
z
o
rE
|o

© HU

diiF o2 A2 Agoltt AletAet Ee &
Al A = 57l A9 AbS-Ent ofuet 53 =52 §a17]9] FA-E E/GAIZ 4= = dFHo| 710l &
23 FE5A] @ 40f ZFHE thKoknaroglu and Akunal, 2013). = Hj2] 74 LYREA Q1 A 25U of U3t 7| F2
FASHARE, BEEA] 570l A ] A7 45D ol W 7|E2 gle A o2 XA

ol -

SEEAE fFRoIARE A AAA o2 AR Qlo] sfelofA = & E =l
21 THBenincasa et al., 2020). Hussnain ‘5(2020a)< o 5-0f] 1}7]| AEo| A -4 =9}
Al &4 23 sk vhgof et AGE 2=t of 54 o527t 2
50| 7L, 25 W7t =2 X257t 7| &4 o] 20 AE | AQ] JFFo]
WAtk 3FA1TF Hussnain 54(2020b)2 17| pH, drip lossol] T3t -4 U = o] JFFS A
2 WE]R] AT el o] A s =574 7he] A 2|7t A7) wiEel 2% A2 E

4 tH(Yalcin and Giiler, 2012; Khosravinia, 2015; Dos Santos et al., 2020). FFH
?47} Aer=tat v wsto] | w A 71E7) ol 24 A s 24 o] =4S ‘3@% %3
ok ey oFA7EA] Fufjol| A= 2 W ol thgh A7 X3 E vt Gl A 0 & melH

o0
rd
ro
-
ﬂllﬂl
™
o

ol
il

r

Mo

op

N
g
I

Ho

X

1o

4

2

o
52 g
b3
9 Mo
1 b

9
HU.'.

0
Sl &
ER
@ r
o
Lo

2 n:Zi

r lF _ll-l:l
E
S
>
)
i
§2
S
e
)

E
v
=
é

s FERAE DelsiRs 1) 870 25U Eel Aol The PALY, BAEA, 84, Bl B4 u
3L A9 5730l A9lE A o 2] 271(1.0m X 078 m X 026 m) W] &5} 44 292 F
2% U 5 el 7E Aol L4} Aol e YAV, §, Ase| A WSS BAsGI B A7)

o 57 AR

Autg uleo 2 A 720l wte 4 UES Megto 2K DEY BiY] NS §
ol 7)o} 4

QLT QHATH ZAFZ O] A0 2 X|S7h5 T BAUE 278 4 9 o AR

Materials and Methods

B AF o sty 5582993 A2)174(202206A-CNU-082)°1| 2Js] HEH T 4351 550 ]
4 G2 2 g s EAFE AL e 4 S F4ohl, S90S jdTt

Experimental procedure and birds

Ao A AFEE FAlEE-2 3557 Ross 308 6007+ (B 7] 1,750 g)ol ™, A<l Ax|xgre] oj2)ide] =2
Z1(1.0m X 0.78m X 026 m) U & HX] = 133 8A19] AR =30 kg'm” °|FhE EHE 24U =S A5}

A 2V A H= o2l W Bl 4 7|22 84%(10.3 birds'm™), 947(11.5 birds'm™), 104>(12.8 birds'm?), 114>
(14.1 birds'm™), 124%(15.4 birds'm*) 2.2 A7} 2 2] 6¥HE 0 2 2Ig¥siel o A2 of 5, AL F 28
Z8ystict.
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Climatic indices
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Transportation losses
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Carcass traits
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Physiological responses

Sf| %5+ 2™, lithium heparim©] T8 ¥ vacutainer tube©]] 4%

FA = w27 o]Fsiith Ho| EollS YA E 2T # plasmas
%5} Chicken cortisol (COR) ELISA kit (CUSABIO, Wuhan Huamei lotech Co., Ltd., Wuhan, China)Z absorbance
(Byonoy GmbH, Hamburg, Germany) =735} cortisol S =7 5}%1 1L, Lactate assay kit (Sigma Aldrich, Co., Burlington,
USA)E microplate reader (Tecan Group Ltd., Mannedorf, Switzerland)E- ©]- 85t FZHEE S4MNA Lactates &
ot N AY3kel 242 F5H GlucoseE ST
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Physicochemical traits

pH and color
2o 7158 1 gt T H 9 mLE 8% & 72 7](T25 basic, IKA” -Werke GmbH & Co., KG, Germany)Z- ©|
8510 13,000 rppmollA] 3027 FAGT, FH AL 2,090 X gol| 4] 1027 4 22](1580R, labogene ApS, Lillerod,
Denmark)$+ & /525 No. 4 o T}Z](Whatman, Maidstone, England)S- 55l {253 1 o2}l ] pH+= pH meter
(SevenEasy, Mettler-Toledo Intl Inc., Schwerzenbach, Switzerland)E- ©|-&5}0] =75}t
to] 7}&-8-9] 8-S Al = 7| (CM-3500d, Minolta, Tyoko, Japan)2] 30 mm plateS ©]-85}0] B =(L*), 2 A = (a%),
A& (b*)E CIE (Commission Internationale de 'Eclairage) 4f S = T o] Th2 BLEOo|| A 2312 S35t & YA 4HS

AFE3HSITY.
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Cooking loss

o] 7HE80] FAIE 715 9 JF THSH S 80°Co] -2 4-Z(DS-250WS, Daewon Science, Bucheon, Korea)©l|
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Statistical analysis

Algo]| o] 8- = t|o]Ef= SPSS 26.0 (SPSS Inc., Chicago, USA)2] GLM program (general linear model, two-way
ANOVA procedure, SPSS Inc., Chicago, USA)Z ©]-&5to] 2A5t o, FA| &4 2] 79 battery cageS SA T
2 A\l o™, EX|E, physiological responses, meat quality &-5-2 714 Ag ©9] 2 ALt ok ARS A
2 Tukey®] THE A4S 0|-85F3 11, 95%2] Al=]ol| A 9] 7242 A7t

Results and Discussion

Transportation losses and carcass traits

ol thg Ao FAEA, =AS B =AleE2 A4S AYE Table 19] UERASIT: F
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Table 1. Live bird losses and carcass traits as affected by crating density and season during transportation.
Relative breast meat Relative drumstick

Ttem Body weight loss (g) Dressing ratio (%) weight (%) SEETR)
Crating density (bird-m~)
10.3 41.13 89.37 28.61 10.65
1.5 39.20 88.96 29.23 10.52
12.8 47.00 89.69 30.27 10.36
14.1 39.59 89.93 28.71 10.33
154 44.04 89.37 30.33 1046
Season (S)
Summer 3727 89.83 27.70 10.56
Winter 47.11 89.09 31.16 10.37
SEM 2.561 0.275 0.362 0.103
p-value
CD 0.854 0.838 0.406 0.864
S 0.069 0.190 0.001 0.361
CD xS 0.986 0.606 0.023 0.222

Values are the mean of six replicates for five crating densities and two seasons.
CD, crating density; SEM, standard error of the mean.

EA|eg0] 749 AR 25D ol whE X 2Tt Atool| A {241 &7t gl THp > 0.05). F252] HE F
7H559] Hl &2 & E ol i X2t Abo]o| A f-o A Q1 Zfol= AR THp > 0.05), AZH 7H552] Hl &2
31.16% % o538 71552 H| 21 27.70% 0 #=-2(p < 0.05) 2|5 Y UTE =5, 7HE550] H| &2 252 =
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Physicochemical traits

AR U o] 2 He|7E52 7)o TS 24 ZA3h= Table 201 YEFHSICH pHE §2 2] E4J3t
217 Ql #Ho] Q= F 335 X ;o Fa17]| 9] pHe =5 T50llA glycogen®] Pt =5 & glycogen©| 24
O 2 HeE = HIEE A HT pH7 F2 7 Fa7 = B4 o] Wolx|n, o]= -2 cooking loss, drip loss 1
2] tenderness2] ZHAE- Z 2 SHH(Mir et al., 2017). Hussnain 5-(2020b)-2 5 of| M2 th2 252 % (10, 12 212

3115 birds-crate™)ol| whet A E S 2 aYstd et 52 Eof wh2 pHe| 5-2] 49l 2ol LR A] AT} Hussnain
5(2020d)9] A= PR 2 ALHo]| A2 T2 25U E=(10, 12 12| 3L 15 birds-crate™ )0l THE pHE| -F-2] 4
¢l xpol= il SlA|Tk & Ao A= A @4 T 7} =29 ] birds-crate” (14.1 bird-m?)2} 12 birds-crate”
(15.4 bird-m*)7} 8 birds-crate” (10.3 bird-m”)2} 9 birds-crate” (11.5 bird-m?) ZL2] 2L 10 birds-crate” (12.8 bird-m”)E.C}
2(p < 0.05) pHE YEFSTE. pHE| 79 Aol w2 A 2]752] §2]Ql xlol= gl 2tk (p > 0.05), 5L E
g A Ato|9] 45 A Gat= UERNRATH < 0.05). F20iA] Qo] 2AEA S HHA| T 218 w7k A G A=
catecholaminesE &3] &=t ool u}2 w2 Fo] Zra-3 WE5HA| &AL sarcoplasmOl|A] Ca™* o] 22| FZgH
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N

Z7h= 8-9] adenosin triphosphate (ATP)2] postmortem utilization®2} glycogenolysisE &7 A pHS] THAE 7}
A1717] wiiZell & pHe R Yehdl= A 0= FAFE] I THHussnain et al., 2020b). ‘I}a"q 2 AP At
SEUEE QIS AEYA HAY 0 & Ql5f| ThE X 2|5} pHe| HAavt 7H&3 ] o 22 28 W=

S0) 2% pH ol ATk AFREIT.

LR

e

Table 2. Physicochemical traits of chicken breast meat under various crating densities and different seasons

during transportation.
Item pH WHC (%)  Cooking loss (%) L a* b*
Crating density (bird-m”)
103 5.93b 75.28abe 19.17a 52.92a 10.50b 21.52
11.5 5.93b 77.70c 18.98a 53.15ab 10.44b 21.61
12.8 5.94b 76.13bc 20.20a 53.05ab 10.15b 22.20
14.1 5.74a 70.53a 24.04b 54.35ab 8.94a 22.57
154 5.74a 72.01ab 23.63b 55.36b 8.98a 22.18
Season (S)
Summer 5.85 73.22 20.54 54.11 8.65 21.90
Winter 5.87 7544 21.87 5342 10.96 22.13
SEM 0.011 0.603 0.246 0.267 0.130 0.161
p-value
CD 0.001 0.002 0.001 0.022 0.001 0214
S 0.285 0.071 0.009 0.200 0.001 0.487
CD xS 0.020 0.794 0.013 0.930 0.161 0.520

Values are the mean of six replicates per treatment.
CD, crating density; SEM, standard error of the mean; L*, lightness; a*, redness; b*, yellowness.
a-c: Values in a row with different superscripts differ significantly (p < 0.05).

R4le D)o Azt Ao] YUl e vlxnl ATr)) 1 F2 15H B4 F stoltkMir e
al,, 2017). & A 3o A= 8,9 12|11 10 birds-crate” Ato|of|A= B0 tis) - Z*& 21o]7F QIA 3 (p > 0.05),
9 birds-crate'= 11 2] 3L 12 birds-crate E.TF 5-2(p < 0.05) B8-S UERAATE FE5H B2 Aglo|A 11 221l 12
birds-crate’ 7} 242 Bk ofu]g} pHE Woket| o]&= W2 pHE 712 Ha7]= Wo B pea) ko] Qe o
At} A |5 tHZheng et al., 2020).

7FEAEE S 42 7 o 2489 #5 2ea 2Eo o g Qs A8 Hego| Akl o2
18] 7} 2k Z2eTh(Kim and Kang, 2020 3 Aglol A1 SR =7} 81T £ 11 122 12 birdscrae’
7H e A e R T =2(p < 0.05) 7FE A UERIAL, Al ebM & of FET AE&0] =2(p <0.05) 7+E
e WO A % SR Aole] A28 ETkE YERNGITHp <005). o F ATl Thigee 54
ol whet deprittal B E =t 52 Tl HEHE HA] 9= pHe M, 5.1 - 5.4 Abe] 9] gk 4F
(Alvarado and Mckee, 2007; Bowker, 2017). 51 0 2 B E] 28 pH7| Ho|A4E chill A v} 28 Adk52 o]
517} =olAH, &2 2ot M| E W 37to] T Wo| &x)5HA| B thHuff-Lonergan and Lonergan, 2005). t2kA]
Foj = =10 g_‘:}Ei 117]9] pH7} H =2 221 & (9 birds-crate” )7} B4l o] E9rom, Lhe pHE 71 1]
18] 31 12 birds-crate 52| 7FE7EFO] =0k Th TS o B H T AL 7HARFo] =2 20 & Kol 2 Ao
A= heat stress . TF cold stress”F 22 B &4 Zof SA|o|A] AEY| A0 A =7} =917 wj2o]at Al =)

lo o
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o 37]9 NS BojFm AujSo] sl 7ujo] AAE F8 7424 54 3 sholckFletcher
2002; Mir et al., 2017). 117]2] AHQ] HSH= X|Z pHO} pHO| Sl2HE& 2 Q15 2§ Tl WXAoj o] &34 Ftt
(Matarneh et al., 2023). & A1$] 2] 749 12 birds-crate” 7} 8 birds-crate” BT} 52(p < 0.05) B =S LFERAAL 11 28]aL
12 birds-crate” 7} Th2: 2] 2] L5 R T E-2(p < 0.05) A= E e o] = = =2 Qg AEG| A0
A0 2 G2 pH AJEol| A 28] o]t T12] 1 Tl o] '] wi ol =2 P =5 F7HAIZATHMir et al., 2017; Wang
etal, 2017).

12 of

i)

Physiological response

AR 5ol W A2 I AY5et Tvt_'—@‘ A= Table 30f] UFERH AT Glucose= 42|91 Al
o] A7 FFLolAF tial 7] Holth A1 Aol 2 AEAE FF =T 520 A5S oA A
Z Byrjojgton oj= & 7ho] Za2| 3l B2 Q 611 FY 3t Z10|ChZhang et al., 2009; Choe, 2018a). 2 A1&]o]]
M 5= Tolls 7oA 2hol S EolA] 2tk (p > 0.05), 95 250 A2d 2EEH 52(p < 0.05)
glucose 215 HEIATE. 0]= o153 heat stress= Q3] 73] dHoh 2B A0 A5 o] ¥317] i Zol2tal
A= T}, Hussnain 5(2020a)2 o] 5-dof] A4S 285191 45U == 2H2} 10, 12 18] A1 15 birds-crate” 2 A7
SHAET 2 At o] 5 &= Zhof] 5929l 2fo]= UFERFA] 984t Hussnain 51(2020c)= 742l A&
Ay LU= Zk2F 10, 12 12|30 15 birds-crate’ 2 AL FE2] 24U 5242 FoF o

2 glucose | 7F =%k

Table 3. Blood metabolites of transported broilers under various crating densities and different seasons

during transportation.
Item Cortisol (ng-mL") Glucose (mg-dL") Lactate (ng-pL")
Crating density (bird-m~)
10.3 23.38b 265.86 11.00
11.5 16.01ab 255.72 10.87
12.8 1591ab 262.14 11.40
14.1 12.25a 259.33 12.16
154 23.36b 262.09 12.23
Season (S)
Summer 10.79 266.62 14.73
Winter 2557 25543 833
SEM 1.029 1.371 0213
p-value
CD 0.002 0213 0.134
S 0.001 0.001 0.001
CDxS 0.014 0.796 0.767

Values are the mean of six replicates per treatment.
CD, crating density; SEM, standard error of the mean.
a, b: Values in a row with different superscripts differ significantly (p < 0.05).

550 AEYAE ¥-S W glycogen?} glucose 1231 glucose-6-phosphater} 22 7| A2 24k 2 ke )
oj= Zite] Ao 7 Qlsf| X|F pH7F Hol A Bluolz| &M B ol = JJFs u| X th(Zhang et al., 2009;
Choe, 2018b). = A ] 7% lactate2] 42]+= glucose@t B3 43S UERUHG=H 252 % o= /23l
zto] & HolZ| ko t(p > 0.05), 54 &0 A 2EFE =2(p < 0.05) lactate 2|5 YEFH ]I 514
Tk oll/dat gef 2 Adol A= Al 7he] §-441} pH 18| 31 B 4=ol| A 9] o)A UERA] kT o]of] tshAf
L =y}Aol g2yl W etz o 2 Ata g
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CortisolZ} corticosterone- &2 AEZ|A HRS-Z tFoh= S A H F ofLh=4] e 220] 11 QlTK(Virden and
Kidd, 2009; Son et al., 2021). & A& ol|A]+= 11 birds-crate” 7} 8 12| 31 12 birds-crate” BT} W-2(p < 0.05) 2| & LEF
WA, SR AEof H2(p <0.05) cortisolS LFERAATE, =5k AlA T @5 = 7Ho] 52 aite e}
L4‘]0411]'(p <0.05). 2 A3} 22 Delezie 5(2007)2 At=2] A ’\‘-J Q-5 9 24011 (0.0350, 0.0575 m’broiler )Ol|
2 st RS U7 =2 A7 25U e W2 AP ET 52 corticosterone?] AHE H
o7l 2 AdoM= ddid o s BE X247t 25E =7t LiL‘:‘]'E"] ol A7} L2 Z1 0 2 AbRET

=
O

H
L

Conclusion
1

A2

m>'
fuieL)
lo

mN'l.EJerrm]mJ_r

Aol AAxFe] of2]de] 27](1.0m X 0.78 m X 026 m) Wl &5t 4= 24 &9l s 2 5AIE 1L
ARSI E(30 kgm? o]shE EHE 25U EE A7gsto] 25U Tol Eq'e A, 4 8| AE
Askict 2 Afoide A2 the 25U 281 Ao g AR 9 =45 fe
‘—]’E]"-‘]'Z] Q&orA|qt o] 2% Qtoll 111t o] /-2 EA ]E]U:] Lo gy =0 ylod
= YER]7] wiioll 117]9] FZof] 44 FS o)zl 2= 9Jch o].z]u} e
E,]Z]‘ ekl 11ut & 24 2 3977 %cortlsol-J 42|12 e 9lch 5t 7:] X 8 &
Bl 7SS 1S, 70, A 2] cortisol 5941 glucose?t lactate= T 2 AL
A

ofl

Ho

o
=
kl
41:

N' rE
for

g

]_

o Pordkorie

l_n: —|-’
usi
)
z
]
>
fm
&

90] o

iC)

L

(¢}

rg J:l:
)‘i

> |
4

:

0 N
2 B oNC

™ oo e rlo

of

¢

o

FEEEAS T 8] ASUES Eoje A o4 w0 mak Ak, 87 12l A
Lal%e uf of 2l oloi] 107k2) 2 Y e s, A
st} ok AE T 94 o] mhe 8|0 A

i)

H

it

fo ofy kot
ot
T s
)
o °"
e %
rzi'

2 BYHOR WS U ARG oI5
9 5514 2ol ek F714e)

weh Mo & ol o

sk
L
g
>
i

Conflict of Interests

No potential conflict of interest relevant to this article was reported.

Acknowledgments

This work was carried out with the support of “The Cooperative Research Program for Agriculture Science and

Technology Development (Project No. PJ016214)” Rural Development Administration, Republic of Korea.

Authors Information

Myunghwan Yu, https://orcid.org/0000-0003-4479-4677

Elijah Ogola Oketch, https://orcid.org/0000-0003-4364-460X

Jun Seon Hong, https://orcid.org/0000-0003-2142-9888

Shan Randima Nawarathne, https://orcid.org/0000-0001-9055-9155
Yuldashboy Vohobjonov, https://orcid.org/0000-0001-6424-9997
Jung Min Heo, https://orcid.org/0000-0002-3693-1320

Korean Journal of Agricultural Science 49(4) December 2022 934



Evaluation of preslaughter losses, meat quality, and physiological characteristics of broilers in response
to crating density for the standard of animal welfare and to seasonal differences

References

Alvarado C, McKee S. 2007. Marination to improve functional properties and safety of poultry meat. Journal of Applied
Poultry Research 16:113-120.

Benincasa NC, Sakamoto KS, Silva 1JOD, Lobos CMV. 2020. Animal welfare: Impacts of pre-slaughter operations on the
current poultry industry. Journal of Animal Behaviour and Biometeorology 8:104-110.

Bowker B. 2017. Developments in our understanding of water-holding capacity. In Poultry quality evaluation. pp. 77-
113. Woodhead Publishing, Cambridge, England.

Chang JB, Lee Y, Jeong M. 2022. Consumer preferences for animal welfare certified eggs. The Korean Journal of
Agricultural Economics 63:83-102. [in Korean]

Choe J. 2018a. Pre-slaughter stress, animal welfare, and its implication on meat quality. Korean Journal of Agricultural
Science 45:58-65.

Choe J. 2018b. Overview of muscle metabolism, muscle fiber characteristics, and meat quality. Korean Journal of
Agricultural Science 45:50-57.

Delezie E, Swennen Q, Buyse J, Decuypere E. 2007. The effect of feed withdrawal and crating density in transit on
metabolism and meat quality of broilers at slaughter weight. Poultry Science 86:1414-1423.

Dos Santos VM, Dallago BS, Racanicci AM, Santana AP, Cue RI, Bernal FE. 2020. Effect of transportation distances,
seasons and crate microclimate on broiler chicken production losses. PLoS One 15:0232004.

Fletcher DL. 2002. Poultry meat quality. World's Poultry Science Journal 58:131-145.

Hong EC, Kang HK, Park KT, Jeon JJ, Kim HS, Kim CH, Kim SH. 2019. A survey on egg laying performance and
distribution status of animal welfare certified farms for laying hens. Korean Journal of Poultry Science 46:52-63. [in
Korean]

Huff-Lonergan E, Lonergan SM. 2005. Mechanisms of water-holding capacity of meat: The role of postmortem
biochemical and structural changes. Meat science 71:194-204.

Hussnain F, Mahmud A, Mehmood S, Jaspal MH. 2020a. Effect of transportation distance and crating density on
preslaughter losses and blood biochemical profile in broilers during hot and humid weather. Turkish Journal of
Veterinary and Animal Sciences 44:418-426.

Hussnain F, Mahmud A, Mehmood S, Jaspal MH. 2020b. Influence of long-distance transportation under various
crating densities on broiler meat quality during hot and humid weather. The Journal of Poultry Science 57:246-
252.

Hussnain F, Mahmud A, Mehmood S, Jaspal MH. 2020c. Effect of broiler crating density and transportation distance
on preslaughter losses and physiological response during the winter season in Punjab, Pakistan. Brazilian Journal
of Poultry Science 22:1-10.

Hussnain F, Mahmud A, Mehmood S, Jaspal MH. 2020d. Meat quality and cooking characteristics in broilers influenced
by winter transportation distance and crate density. The Journal of Poultry Science 57:175-182.

Khosravinia H. 2015. Physiological responses of newly hatched broiler chicks to increasing journey distance during
road transportation. Italian Journal of Animal Science 14:3964.

Kim CH, Kang HK. 2020. Effects of stock density on the growth performance, and meat quality of Korean native
chickens. Korean Journal of Poultry Science 47:1-8. [in Korean]

Koknaroglu H, Akunal T. 2013. Animal welfare: An animal science approach. Meat Science 95:821-827.

Lee MN. 2021. A study on eco-friendly food consumption value and purchasing behavior-comparative analysis
according to the level of involvement-. Foodservice industry Journal 17:305-319. [in Korean]

Matarneh SK, England EM, Scheffler TL, Gerrard DE. 2023. The conversion of muscle to meat. In Lawrie's meat
science. pp. 159-194. Woodhead Publishing, Cambridge, England.

Mir NA, Rafig A, Kumar F, Singh V, Shukla V. 2017. Determinants of broiler chicken meat quality and factors affecting
them: A review. Journal of Food Science and Technology 54:2997-3009.

Korean Journal of Agricultural Science 49(4) December 2022 935



Evaluation of preslaughter losses, meat quality, and physiological characteristics of broilers in response
to crating density for the standard of animal welfare and to seasonal differences

Son J, Kim HJ, Hong EC, Kim HS, Jeon JJ, Kang BS, Kang HK. 2021. Effect of single-sex or mixed rearing on growth and
laying performance, blood parameters, egg quality, and feather scores of laying hens in an aviary system. Korean
Journal of Agricultural Science 49:19-29. [in Korean]

Virden WS, Kidd MT. 2009. Physiological stress in broilers: Ramifications on nutrient digestibility and
responses. Journal of Applied Poultry Research 18:338-347.

Wang RH, Liang RR, Lin H, Zhu LX, Zhang YM, Mao YW, Luo X. 2017. Effect of acute heat stress and slaughter processing
on poultry meat quality and postmortem carbohydrate metabolism. Poultry Science 96:738-746.

Yalgin S, Giiler HC. 2012. Interaction of transport distance and body weight on preslaughter stress and breast meat
quality of broilers. British Poultry Science 53:175-182.

Yu M, Hong JS, Kim YB, Nawarathne SR, Ogola OE, Heo JM, Yi YJ. 2021a. Determination of mixed or gender-separated
feeding on the growth performance of Korean native chickens when compared with white semi-broilers and
commercial broilers at 35 days after hatching. Korean Journal of Agricultural Science 48:719-727. [in Korean]

Yu M, Jeon JO, Cho HM, Hong JS, Kim YB, Nawarathne SR, Wickramasuriya SS, Yi YJ, Lee H, Wan V, et al. 2021b.
Broiler responses to dietary 3, 4, 5-trihydroxybenzoic acid and oregano extracts under Eimeria challenge
conditions. Journal of Animal Science and Technology 63:1362-1375.

Zhang L, Yue HY, Zhang HJ, Xu L Wu SG, Yan HJ, Qi GH. 2009. Transport stress in broilers: I. Blood metabolism,
glycolytic potential, and meat quality. Poultry Science 88:2033-2041.

Zheng A, Lin S, Pirzado SA, Chen Z, Chang W, Cai H, Liu G. 2020. Stress associated with simulated transport, changes
serum biochemistry, postmortem muscle metabolism, and meat quality of broilers. Animals 10:1442.

Korean Journal of Agricultural Science 49(4) December 2022 936



