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ABSTRACT This study aimed to investigate the effects of seasonal differences and crating densities on the behavior, surface
temperature, and respiration rate of broilers during transportation. 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. Broilers were allocated to the crates (1.00 m x 0.78 m x 0.26 m) in a randomized design.
The transportation distance was 20 km for 40 minutes (average 30—50 km/h) during the early moming. The results revealed
that standing behavior of broilers during transportation was shown more frequently (P<0.05) in winter. Moreover, sitting be-
havior was significantly shown (P<0.05) more at densities of 14.1 birds/m* and 15.4 birds/m*> compared to other treatments.
Standing behavior was significantly shown more (P<0.05) in winter and lower crating density. Changes in broilers surface
temperature after transportation were higher (P<0.05) in summer. However, surface temperature after transportation was not
affected (P>0.05) by crating density, and interaction between seasonal differences and crating density. Respiration rate was
higher (P<0.05) in summer. But there were no effects (P>0.05) on respiration rate based on crating density, and interaction
between seasonal differences and crating density. Based on the results of the present study, broilers transportation is recom-
mended in winter rather than summer to minimize the climatic stress, but further research is required to identify proper crating
densities to improve the broilers welfare during transportation.
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Fig. 1. Skin temperature of broiler before and after transportation.
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Table 1. Influence of crating density and weather conditions on broiler behaviors during transportation

Crating density Weather' Standing (Min) Sitting (Min)

10.3 birds/m’ 9.13¢ 20.87*

11.5 birds/m’ 7.00° 23.00°

12.8 birds/m’ Summer 5.60° 24.40°

14.1 birds/m’ 4.89° 25.11°

15.4 birds/m’ 3.75° 26.25¢

10.3 birds/m’ 9.368 20.64°

11.5 birds/m’ 9.01% 20.99®

12.8 birds/m’ Winter 8.50" 21.50°

14.1 birds/m’ 7.68° 22.32°

15.4 birds/m’ 6.75° 23.25¢

SEM 0.037 0.037

Main effect
Crating density

10.3 birds/m’ 9.24¢ 20.76"

11.5 birds/m’ 8.01™ 21.99%

12.8 birds/m’ 7.05% 22.95%

14.1 birds/m’ 6.29™ 23.71%

15.4 birds/m’ 5.25° 24.75°

SEM 0.244 0.244

Weather

Summer 6.08 23.92

Winter 8.26 21.74

SEM 0.280 0.280

P-value

Crating density <0.001 <0.001

Weather 0.001 0.001

Crating density x Weather <0.001 <0.001

Crating density (linear)’ <0.001 <0.001

Crating density (quadratic)® <0.001 <0.001

! Weather: Summer = high ambient temperature (27C), Winter = low ambient temperature (—97T).

? Linear and quadratic effects of increasing crating density with the pooled data of broilers from different weather.
"¢ Values with different superscripts in the same row were significantly different (P<0.05).

SEM, standard error of the mean.
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Table 2. Influence of crating density and weather conditions on skin temperature of broilers during transportation

Skin temperature (C)

Crating density Weather'
Before transport After transport Skin temperature change
10.3 birds/m’ 38.57 40.87 2.30
11.5 birds/m* 38.60 40.63 2.03
12.8 birds/m’ Summer 38.90 41.33 243
14.1 birds/m’ 38.57 41.10 2.53
15.4 birds/m’ 38.87 41.60 2.73
10.3 birds/m’ 3737 36.53 0.83
11.5 birds/m’ 37.30 36.27 1.03
12.8 birds/m’ Winter 38.13 37.93 1.20
14.1 birds/m’ 36.90 35.40 1.50
15.4 birds/m’ 38.10 37.70 0.40
SEM 0.131 0.148 0.097
Main effect
Crating density
10.3 birds/m’ 37.97 38.70 1.57
11.5 birds/m’ 37.95 3845 1.53
12.8 birds/m’ 38.52 39.63 1.82
14.1 birds/m’ 37.73 3825 2.02
15.4 birds/m’ 38.48 39.65 1.57
SEM 0.167 0.460 0.173
Weather
Summer 38.70 41.11 241
Winter 36.56 36.77 0.99
SEM 0.130 0.183 0.101
P-value
Crating density 0.490 0.796 0.878
Weather <0.001 <0.001 <0.001
Crating density x Weather 0.787 0.198 0.218
Crating density (linear) 0.495 0.595 0.685
Crating density (quadratic)® 0.789 0.854 0.748

! Weather: Summer = high ambient temperature (27C), Winter = low ambient temperature (—97T).
? Linear and quadratic effects of increasing crating density with the pooled data of broilers from different weather.

SEM, standard error of the mean.
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Table 3. Influence of crating density and weather conditions on
respiratory frequency of broilers during transportation

Respiratory frequency

Crating density Weather"

(count/min)
10.3 birds/m’ 50.00
11.5 birds/m’ 50.00
12.8 birds/m’ Summer 52.00
14.1 birds/m’ 56.00
15.4 birds/m’ 60.00
10.3 birds/m’ 48.00
11.5 birds/m’ 46.00
12.8 birds/m’ Winter 46.00
14.1 birds/m’ 46.00
15.4 birds/m’ 48.00
SEM 0.721
Main effect
Crating density
10.3 birds/m’ 49.00
11.5 birds/m’ 48.00
12.8 birds/m’ 49.00
14.1 birds/m’ 51.00
15.4 birds/m’ 54.00
SEM 1.008
Weather
Summer 53.60
Winter 46.80
SEM 0.811
P-value
Crating density 0.368
‘Weather <0.001
Crating density x Weather 0.200
Crating density (linear)* 0.070
Crating density (quadratic)’ 0.109

! Weather: Summer = high ambient temperature (27C), Winter =
low ambient temperature (—97T).

% Linear and quadratic effects of increasing crating density with
the pooled data of broilers from different weather.

SEM, standard error of the mean.

57t S7kete A BAY] A, AWz, =AY &
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2 BAA & Al A B2] el BE =] E Ao

[
7] 4% AS E3 I LR STHP-0.05).
Son 5(2022)] wh2H £A7} & AEw A0 3143k v

| A AR HEE B AR Tl SE7t Bl e
W Aos AL, oS SA A BETE Holdes
4 2E 27t Aol A% 250t e Ao g Ae
ATk SHAIRE & A7) g BEEAS neFd S Ab
SUEGO kg/m’ °3hE Wige R £FUES A6,
oldl §7A19] EFFl FF= vIA TE LFUEI} w4
7] Wl o|#E Axrt Yehd Ao AlsHh

2 SESE 2RI

A5, AT oA 7 505103, 11.5, 128, 14.1,



300 ol 5 : TEEAE 1T S +F A 2F

15.457m)ell whe} 10712] 2 F2 o] eubg oz 49
< APt AdAn, &5 = §A12 A7) Y5 AF
Hoh Agol o B0](P<0.05) TdE = A= Yelith =

& TF D=7t 2S5 B AT Hla) 9] Aol #
[

(P>0.05). &

RS 2y 2= S&F we AEH
TFEUE AR dEFS WA E3UTHP>0.05). &
Aol Fgets Al wel 7 % A dEEte A
o] AFH. £ S &% A FFH 240 e F
Aol ¥ HES rEsh] A 7ML A7 28
Aoz Agdt

(ARle: B2 B4, S, % 2=, A, %)
Ab A}

2 AFe 3218 ATARIEHAH S PI016214)9]
| Aoz old] gb=fuUT,

ORCID

Jeseok Lee https://orcid.org/0000-0002-6829-029X

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

Shan Randima Nawarathne
https://orcid.org/0000-0001-9055-9155

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

Jung Min Heo https://orcid.org/0000-0002-3693-1320

REFERENCES

Abudabos AM, Samara EM, Hussein EO, Al-Ghadi MAQ,
Al-Atiyat RM 2013 Impacts of stocking density on the
performance and welfare of broiler chickens. Ital J Anim
Sci 12(1):ell.

An J, Kim Y, Song M, Choi J, Oh H, Chang S, Go Y, Song
D, Cho H, Park S, Kim Y, Park Y, Park G, Oh S, Cho

of Aol whe FE, AR 25, $FF S

b1

o,

7}

J 2023 Effect of loading density and weather conditions
on animal welfare and meat quality of slaughter pigs. J
Anim Sci Technol.

Andrews SM, Omed HM, Phillips CJ 1997 The effect of a
single or repeated period of high stocking density on the
behavior and response to stimuli in broiler chickens. Poult
Sci 76(12):1655-1660.

Arikan MS, Akin AC, Akcay A, Aral Y, Sariozkan S, Cev-
rimli M B, Polat M 2017 Effects of transportation dis-
tance, slaughter age, and seasonal factors on total losses
in broiler chickens. Braz J Poultry Sci 19:421-428.

Beaulac K, Crowe TG, Schwean-Lardner K 2020 Simulated
transport of well-and poor-feathered brown-strain end-of-
cycle hens and the impact on stress physiology, behavior,
and meat quality. Poult Sci 99(12):6753-6763.

Bergmann S, Schwarzer A, Wilutzky K, Louton H, Bachme-
ier J, Schmidt P, Rauch E 2017 Behavior as welfare in-
dicator for the rearing of broilers in an enriched husban-
dry environment: a field study. J Vet Behav 19:90-101.

Calder WA, Schmidt-Nielsen KNUT 1968 Panting and blood
carbon dioxide in birds. Am J Physiol 215(2): 477-482.

Chikwa K, Atkare S, Bhardwaj J, Nema R, Kumar J, Padwar
P, Viswakarma R 2019 Transportation of broilers: an is-
sue of welfare. J Pharm Innov 8:68-70.

de Jong IC, Bos B, van Harn J, Mostert P, Te Beest D 2022
Differences and variation in welfare performance of broil-
er flocks in three production systems. Poult Sci 101(7):
101933.

Delezie E, Swennen Q, Buyse J, Decuypere E 2007 The ef-
fect of feed withdrawal and crating density in transit on
metabolism and meat quality of broilers at slaughter
weight. Poult Sci 86(7):1414-1423.

Donald D, William DW 2002 Commercial chicken meat and
egg production. Kluwer Academic Publishers 3:187-243.

Duncan 1J 1998 Behavior and behavioral needs. Poult Sci
77(12):1766-1772.

Giloh M, Shinder D, Yahav S 2012 Skin surface temperature
of broiler chickens is correlated to body core temperature
and is indicative of their thermoregulatory status. Poult
Sci 91(1):175-188.

Gou Z, Abouelezz KFM, Fan Q, Li L, Lin X, Wang Y, Ma
X 2021 Physiological effects of transport duration on



Lee et al. : Broiler Welfare in Response to Crating Density and Seasonal Differences 301

stress biomarkers and meat quality of medium-growing
yellow broiler chickens. Animal 15(2):100079.

Ha JJ, Rhee YJ, Kim BC, Ohh SJ, Song YH 2011 Effects
of rearing densities on behavior characteristics in Korean
native broilers. J Anim Sci Technol 53(5):481-487.

Hall AL 2001 The effect of stocking density on the welfare
and behaviour of broiler chickens reared commercially.
Anim Welf 10(1):23-40.

Henrikson ZA, Vermette CJ, Schwean-Lardner K, Crowe TG
2018 Effects of cold exposure on physiology, meat qual-
ity, and behavior of turkey hens and toms crated at trans-
port density. Poult Sci 97(2):347-357.

Hussnain F, Mahmud A, Mahmood S, Jaspal MH 2020 Effect
of transportation distance and crating density on pre-
slaughter losses and blood biochemical profile in broilers
during hot and humid weather. Turkish J Vet Anim Sci
44(2):418-426.

Hussnain F, Mahmud A, Mehmood S, Jaspal MH 2020 Effect
of broiler crating density and transportation distance on
preslaughter losses and physiological response during the
winter season in Punjab, Pakistan. Braz J Poultry Sci 22.

Jeon JH 2021 Study on the revision of animal welfare certifi-
cation standards for poultry and pig. NIAS. PJO1360S.

Lee B, Kim T, Choi SW 2023 Overcoming ethical conflicts
and dilemmas in farm animal welfare: investigation of
correlation between ethical awareness level and com-
pliance with animal welfare-related regulations in Korean
layer farms. Korean J Poult Sci 50(2):81-90.

Lee DH, Jang DH, Kwon KS, Ha T, Kim JB, Lee JY, Yang
KY 2021 Analysis of behavioral changes in broilers in a
heat stressed environment. JKAIS 22(12):292-298.

Lewis NJ, Hurnik JF 1990 Locomotion of broiler chickens in
floor pens. Poult Sci 69(7):1087-1093.

Li M, Wu J, Chen Z 2015 Effects of heat stress on the daily
behavior of wenchang chickens. Braz J Poultry Sci 17:
559-566.

Mack LA, Felver-Gant JN, Dennis RL, Cheng HW 2013
Genetic variations alter production and behavioral re-
sponses following heat stress in 2 strains of laying hens.
Poult Sci 92(2):285-294.

Meluzzi A, Sirri F 2009 Welfare of broiler chickens. Ital J
Anim Sci 8:161-173.

Nascimento ST, Silva 1IJOD, Mourdao GB, Castro ACD 2012
Bands of respiratory rate and cloacal temperature for dif-
ferent broiler chicken strains. Rev Bras Zootec 41:1318-
1324.

Ohara A, Oyakawa C, Yoshihara Y, Ninomiya S, Sato S
2015 Effect of environmental enrichment on the behavior
and welfare of Japanese broilers at a commercial farm. J
Poult Sci 52(4):323-330.

Son J, Kim HJ, Hong EC, Kang HK 2022 Effects of stocking
density on growth performance, antioxidant status, and
meat quality of finisher broiler chickens under high tem-
perature. Antioxidants 11(5):871.

Song DH, Alam SM, Lee JA, Hoa VB, Kang SM, Kim HW,
Seol KH 2022 Effect of halal and conventional slaughter-
ing method with CO, and N, gas stunning on physi-
cochemical traits of chicken breast muscle and small
intestine. Korean J Poult Sci 49(1):1-8.

Strawford ML, Watts JM, Crowe TG, Classen HL, Shand PJ
2011 The effect of simulated cold weather transport on
core body temperature and behavior of broilers. Poult Sci
90:2415-2424.

Teeter RG, Smith MO, Owens FN, Arp SC, Sangiah S,
Breazile JE 1985 Chronic heat stress and respiratory alka-
losis: occurrence and treatment in broiler chicks. Poult Sci
64(6):1060-1064.

Thomas DG, Son JH, Ravindran V, Thomas DV 2011 The
effect of stocking density on the behaviour of broiler
chickens. Korean J Poult Sci 38(1):1-4.

Warriss PD, Pagazaurtundua A, Brown SN 2005 Relation-
ship between maximum daily temperature and mortality of
broiler chickens during transport and lairage. Br Poult Sci
46(6):647-651.

Yu M, Oketch EO, Hong JS, Nawarathne SR, Vohobjonov Y,
Heo JM 2022 Evaluation of preslaughter losses, meat
quality, and physiological characteristics of broilers in re-
sponse to crating density for the standard of animal wel-
fare and to seasonal differences. Korean J Agric Sci 49
(4):927-936.

Received Nov. 27, 2023, Revised Dec. 09, 2023, Accepted
Dec. 10, 2023



