R | AT7lEE|A) Al 51 Al 43, 187~194(2024) .
henrer | Korean J. Poult. Sci. Vol.51, No.4, 187~194 (2024)
updstes | hitps://doi.org/10.5536/KIPS.2024.51.4.187

MEERT| AIRAIA SHEH0| [HE S22 MO MAtd, HEEZEE
S =SAXE ROI0 25F A4

ZBA - o] 92 ZAG - AL - FOP - o] Al - T IS ES

LB
MpALFQ T, RSN FRRAATY AT, (TR FA L FIATPA,
; FAATR, FUSABAY AT FHATY

A Study on Differences in Production Egg Quality, and Welfare Indicators of Hens in
Welfare Rearing Facilities during the Early Laying Period

Hee-Jin Kim', Woo-Do Lec?, Hyunsoo Kim®, Jiseon Son’, Eui-Chul Hong3,
Jihye Lee’, Hwan Ku Kang’ and Sung-June Byuna
'Post-Doctor Researcher, Poultry Research Institute, National Institute of Animal Science, Pyeongchang 25342, Republic of Korea
“Researcher, Animal Welfare Research Team, National Institute of Animal Science, Wanju 55365, Republic of Korea
IResearcher, Poultry Research Institute, National Institute of Animal Science, Pyeongchang 25342, Republic of Korea
'Field Researcher, Poultry Research Institute, National Institute of Animal Science, Pyeongchang 25342, Republic of Korea
Senior Researcher, Animal Nutrition and Physiology Division, National Institute of Animal Science, Wanju 55365, Republic of Korea
%Senior Researcher, Poultry Research Institute, National Institute of Animal Science, Pyeongchang 25342, Republic of Korea

ABSTRACT This study was conducted to compare the differences in productivity, egg quality, serum biochemistry, and
animal welfare levels of laying hens in different housing systems [Density enhanced conventional battery cage (DCC) and
furnished cage (FC)] during the early laying period (25—34 weeks). A total of 300 Hy-Line Brown laying hens at 25 weeks
of age (average body weight 1,774+20.59 g) were used. Two housing environments were set up with 2 treatments and 5
replicates each, and 150 hens were randomly assigned to each environment, with a total feeding trial period of 10 weeks.
At 34 weeks of age, body weight was significantly lower in the DCC group (P<0.05), but the laying rate and egg production
were significantly higher in the DCC group (P<0.05). In terms of egg quality, there were no significant differences between
the groups in eggshell strength, Haugh unit, eggshell thickness, and yolk color. Serum biochemical results showed that the
FC group had higher levels of ALT, TP, ALB, Ca, IP, and lower GLU levels. Serum CORT levels were higher in the FC
group (P<0.05). Feather damage results showed higher damage in the neck and head in the DCC group (P<0.05), but higher
damage in the back, chest, tail, and overall average in the FC group (P<0.05). Therefore, it is concluded that productivity
and animal welfare indicators decreased in the FC group. Further research on furnished cages is needed to improve animal
welfare.

(Key words: animal welfare, egg production, laying hen, rearing facility, welfare indicator)
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Fig. 1. Type of laying hen rearing facility in this study. (A) Enriched battery cage. (B) Furnished cage.
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Table 1. Comparison of differences in egg productivity according
to rearing facilities for laying hens

Item DCC FC  SEM' P-values
Body weight, g 1,8374.6 1,960.0 9.021  <0.01
Egg production, % 95.53 88.73 1.718  <0.05
Egg weight, g 6478 6422 0304 0419

Egg mass, ghen/day 6188  57.12  1.145  <0.05
Feed intake, g/hen/day 114.66 119.61 1376  0.069
FCR, g feed/g egg 1.857 2.108 0.053  <0.01
Mortality, % 2.00 10.00 2719  0.149

' SEM, standard error of means.
DCC, density enhanced conventional battery cage; FC, furnished
cage; FCR, feed conversion ratio.
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Table 2. Differences in egg quality depending on type of laying
hen rearing facility

Item DCC FC  SEM' P-values

Haugh units 87.89 87.14 0373 0.321
Albumin height, mm 7902 7733 0073 0247

L* 55.10 5491 0097 0344
Eggshell -, 2011 2088 0.060 0.060
color

b* 3234 31.83 0088 <001
Egg yolk color 8707 8710 0.001 0.964

Eggshell breaking strength, kgf 4.555 4.638 0.042  0.329
Eggshell thickness, mm 0428 0427 0.036 0345

' SEM, standard error of means.
DCC, density enhanced conventional battery cage; FC, furnished
cage.
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b 9E & ek Wb Abg AlsRE A A 7] B
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3. " dslst £4
Table 3& 7} A AlAdollM AL AkghAle] o f A

shet 4 232 YRtk AST(189.86~192.52 U/L),
LDH(1,417.5~1,475.9 mg/dL), TG(1,265.5~1,412.3 mg/dL),
TCHO(138.23 ~148.35 mg/dL), CRE(0.288~0.293 mg/dL)<
A3 oAl Aol glddth FC ARFe =2
ALT, TP, ALB, Ca, IP 5 $& GLU 5% YehRL
THP<0.05). @& W Astet i 2EH 2 Als, &5 5
A 9 thekat a9lol YU W Aoz A o,
53] 2~E#g|2~e AST % ALT, Z¥|2HE, TG 59 F4
o Jg& nx e Aoz A UTHArf et al., 2019). €

Table 3. Comparison of blood characteristics according to type
of laying hen rearing facility

Item DCC FC SEM'  P-values
AST, UL 189.86 19252 2.585 0.620
ALT, U/L 2.637 3.769 0.267 <0.05
LDH, mg/dL 14759 14175 8526 0.742

TG, mg/dL 1,265.5 1,412.3 44.76 0.102

TCHO, mg/dL 138.23 148.35 4.153 0.233

GLU, mg/dL 141.74 104.78 6.429 <0.01
TP, g/dL 4.950 5.355 0.067 <0.01
ALB, g/dL 1.987 2.163 0.027 <0.01
Ca, mg/dL 26.47 29.01 0.437 <0.01
IP, mg/dL 6.936 8.166 0.208 <0.01
CRE, mg/dL 0.288 0.293 0.002 0.244

' SEM, standard error of means.

DCC, density enhanced conventional battery cage; FC, furnished
cage; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; LDH, lactate dehydrogenase; TG, triglycerides; TCHO,
total cholesterol; GLU, glucose; TP, total protein; ALB, albumin;
Ca, calcium; IP, inorganic phosphorus; CRE, creatinine.
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9 THVirden and Kidd, 2009). Shini et et al.(2009)2] 1+
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Dong et al.(2017)2] AolA = 71& Alo|X] ¢} s} X
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9 dotek AR e o3 YA = 2~Ed s =S HUt
& & e Bx AFZ A ATkShi et al, 2019). Akt
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Table 4. Changes in corticosterone levels in laying hens according
to differences in rearing facilities

Item DCC FC SEM!
CORT, pg/mL 624.2 1267.4 113.8 <0.01

P-values

' SEM, standard error of means.
DCC, density enhanced conventional battery cage; FC, furnished
cage; CORT, corticosterone.
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Table 5. Investigation of damage to feathers of laying hens
according to type of rearing facility

Item DCC FC SEM! P-values

Head & Neck 1.633 1.256 0.051 <0.01

Back 1.244 1.911 0.086 <0.01
Breast 1.378 2.011 0.097 <0.01
Wing 1.167 1.167 0.023 1.000
Tail 1.100 1.278 0.044 <0.05
Total 1.100 1.278 0.044 <0.05

' SEM, standard error of means.
DCC, density enhanced conventional battery cage; FC, furnished
cage.

2 FElE Hrlsle A EE, CORTS B 2lE z7)
33 Rk i O] 20t} Tactacan et al.(2009)-2 Al U]
S8 A7 2255 28 2] 3% TS| FolX

ucl, Asdeom *&%74]91 28 Y okl Aow
Byl wak FC A1 U] 3, £4] S X9 o8 7}
TR Q8 A NS B wjnich DA de]

35 Hog 1= tTactacan et al., 2009). Tac-
tacan et al.(2009)2] A= cage el whe} AbAl ] AqE
A AL o] JEF FA Ferh 5‘——‘-0}»\—1— o
ATFES FCO ALS Al o] AFgAIo] 7H3gh Z1E el
Ao ZgS = A2 BuslthAppleby et al., 1993;
Abrahamsson and Tauson, 1995). & Aol A= FC A2+
o] &, 7t el B ARkAQl Zld eyt i Zle s
Bttt o= B A R Abso g <lel Y &7 g
HAE ST Bdo] e Fo® AlRHY 27] dF
el A2 g AAE A R g dE Ak

AEE 733l i3t 371 9371 D838t} Tactacan et
al.2009)¢] Al wed, A7 Ad E4E 4L "9
EHo] A 7kt AL FAE el o B2 yA|
daw gith o|& Qlaf AbR &7} S7tstaL duvR] &
Tl ZoHd F itk mebA Als a8 423 FC7t
E2 AR 7S Ui, ojeld A= 2lE &
el g d &4 BT Al A5 98 FHQL AR
L7 il Ao AddEr

m1m ruR 2 OIH >1E offt

N o
= i

AT A A7) AMS Al FEol whe Akt
A, AREA, 83 Ashet 2 SEEA 79 2
slo] AAEtT 2553 4HehAl(Hy-Line
Brown) 30053 A5 1,774 g£20.59)2 T8k en, U
= 71 At Alo]X](density enhanced conventional battery
cage, DCC)®} &% #|°]|A|(furnished cage, FC) 2712 A5
FAL Fo] 2x7] sHHE0 2 o] 7hz} 1505 T2
Hj| 8k o, & 1073 AbF Adsknh 10572K345%)
A F& DCC7F o8 o & gk oLk(P<0.05), Atehs, Akeh
Fol| A= DCC7t oA o2 EUThP<0.05). Al #4 2
= 2 A=, Haugh unit, F25F7, G M= X E]
T 7] feHQl Aol fiith. A Astet 449 FC
A TE =S ALT, TP, ALB, Ca, IP 53 ¥ GLU 5
5 YERAThP<0.05). =3 &3 U] CORTY] &2
A FeA] S TS HERIATHP<0.05). 21Ee] ]



Kim et al. : Characteristics of Laying Hens according to Type of Rearing Facility 193

© 53 #EolA e DCC Ae]FolA & &5 B
LHP<0.05), 5, 71, =] 2] FLol &
5 SAEES HATKP<0.05) thEbd B A7 AlFE
FC 3o Ae] A& Ak Bl Egiz] AL ol B
ol Y& F= Aoz HAAX Y, &F ik 3T

B4 A%E g3le] FC A4Sl F7 A7t 9a g

ne B F EE %F

_I_z

o
i
oy
‘

l‘

o M1

Y, ot

(MQ10] : FREA, WYL, WA, ASA, BAA )

Al Ab

2 AT 20249 FEATH TUSFATSY S ATAL
AN E: PI017226)3 AEATH 74

Fol ALz ofd ZAL=HYT.
ORCID
Hee-Jin Kim https://orcid.org/0000-0002-6959-9790
Woo-Do Lee https://orcid.org/0000-0003-4861-4637
Hyunsoo Kim https://orcid.org/0000-0001-8887-1318
Jiseon Son https://orcid.org/0000-0002-5285-8186
Eui-Chul Hong https://orcid.org/0000-0003-1982-2023
Jihye Lee https://orcid.org/0009-0004-1948-0275

Hwan Ku Kang https://orcid.org/0000-0002-4286-3141

Sung-June Byun https://orcid.org/0000-0001-6909-1025

REFERENCES

Abrahamsson P, Tauson R 1995 Aviary systems and con-
ventional cages for laying hens: effects on production, egg
quality, health and bird location in three hybrids. Acta
Agric Scand A Anim Sci 45(3):191-203.

Ahammed M, Chae BJ, Lohakare J, Keohavong B, Lee MH,
Lee SJ, Kim DM, Lee, JY, Ohh SJ 2014 Comparison of
aviary, barn and conventional cage raising of chickens on
laying performance and egg quality. Asian-Australas J
Anim Sci 27(8):1196.

Alig BN, Malheiros RD, Anderson KE 2023 Evaluation of
physical egg quality parameters of commercial brown
laying hens housed in five production systems. Animals
13(4):716.

Appleby L, Desai PN, Luchins DJ, Gibbons RD, Hedeker DR

1993 Length of stay and recidivism in schizophrenia: a
study of public psychiatric hospital patients. Am J
Psychiatry 150:72-72.

Arif M, Hayat Z, Abd El-Hack ME, Saeced M, Imran HM,
Alowaimer AN, Swelum AA 2019 Impacts of supple-
menting broiler diets with a powder mixture of black
cumin, Moringa and chicory seeds. S Afr J Anim Sci
49(3):564-572.

Bulmer E, Gil D 2008 Chronic stress in battery hens:
measuring corticosterone in laying hen eggs. Int J Poult
Sci 9:880-883.

Campbell AM, Johnson AM, Persia ME, Jacobs L 2022
Effects of housing system on anxiety, chronic stress, fear,
and immune function in bovan brown laying hens.
Animals 12(14):1803.

da Silva Pires PG, Bavaresco C, Prato BS, Wirth ML, de
Oliveira Moraes P 2021 The relationship between egg
quality and hen housing systems-A systematic review.
Livest Sci 250:104597.

Delvendahl N, Rumpold BA, Langen N 2022 Edible insects
as food -insect welfare and ethical aspects from a
consumer perspective. Insects 13(2):121.

Denli M, Bukun B, Tutkun M 2016 Comparative performan-
ce and egg quality of laying hens in enriched cages and
free-range systems. Sci Papers Ser D Anim Sci 59:29-32.

Dikmen BY, Ipek A, Sahan U, Petek M, Sozcii A 2016 Egg
production and welfare of laying hens kept in different
housing systems (conventional, enriched cage, and free
range). Poult Sci 95(7):1564-1572.

Dong XY, Yin ZZ, Ma YZ, Cao HY, Dong DJ 2017 Effects
of rearing systems on laying performance, egg quality,
and serum biochemistry of Xianju chickens in summer.
Poult Sci 96(11):3896-3900.

Englmaierova M, Timova E, Charvatova V, Skiivan M 2014
Effects of laying hens housing system on laying perfor-
mance, egg quality characteristics, and egg microbial con-
tamination. Czech J Anim Sci 59(8):345-352.

Erensoy K, Sarica M, Noubandiguim M, Dur M, Aslan R
2021 Effect of light intensity and stocking density on the
performance, egg quality, and feather condition of laying
hens reared in a battery cage system over the first laying
period. Trop Anim Health Prod 53(2):320



194 4% AR AEAA ool ThE FEEA A

Hartcher KM, Jones B 2017 The welfare of layer hens in
cage and cage-free housing systems. Worlds Poult Sci J
73(4):767-782.

Heerkens JL, Delezie E, Kempen I, Zoons J, Ampe B,
Rodenburg TB, Tuyttens FA 2015 Specific characteristics
of the aviary housing system affect plumage condition,
mortality and production in laying hens. Poult Sci
94(9):2008-2017.

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 J Poult Sci 46(2):55-63.

Konkol D, Popiela E, Korczynski M 2020 The effect of an
enriched laying environment on welfare, performance, and
egg quality parameters of laying hens kept in a cage
system. Poult Sci 99(8):3771-3776.

Lay DC Jr, Fulton RM, Hester PY, Karcher DM, Kjaer JB,
Mench JA, Mullens BA, Newberry RC, Nicol CJ, O’Sulli-
van NP, Porter RE 2011 Hen welfare in different housing
systems. Poult Sci 90(1):278-294.

Meng F, Chen D, Li X, Li J, Bao J 2014 Effects of large
or small furnished cages on performance, welfare and egg
quality of laying hens. Anim Prod Sci 55(6):793-798.

Onbagilar EE, Unal N, Erdem E, Kocakaya AF, Yaranoglu B
2015 Production performance, use of nest box, and exter-
nal appearance of two strains of laying hens kept in con-
ventional and enriched cages. Poult Sci 94(4):559-564.

Pavlik A, Lichovnikovd M, Jelinek P 2009 Blood plasma
mineral profile and qualitative indicators of the eggshell
in laying hens in different housing systems. Acta Vet
Brno 78(3):419-429

Philippe FX, Mahmoudi Y, Cing-Mars D, Lefrangois M,
Moula N, Palacios J, Godbout S 2020 Comparison of egg
production, quality and composition in three production
systems for laying hens. Livest Sci 232:103917.

Pohle K, Cheng HW 2009 Comparative effects of furnished
and battery cages on egg production and physiological para-
meters in White Leghorn hens. Poult Sci 88(10):2042-2051.

Rehman MS, Mahmud A, Mehmood S, Pasha TN, Hussain
J, Khan MT 2017 Comparative evaluation of egg morpho-

metry and quality in Aseel hens under different rearing

systems. J Appl Poult Res 26(3):401-409.

Shi H, Li B, Tong Q, Zheng W, Feng G 2019 Influence of
nest boxes and claw abrasive devices on feather pecking
and the fear responses of layer breeders in natural mating
colony cages. Appl Anim Behav Sci 220:104842.

Shimmura T, Eguchi Y, Uetake K, Tanaka T 2007 Behavior,
performance and physical condition of laying hens in
conventional and small furnished cages. Anim Sci J
78(3):323-329.

Shimmura T, Hirahara S, Azuma T, Suzuki T, Eguchi Y,
Uetake K, Tanaka T 2010 Multi-factorial investigation of
various housing systems for laying hens. Br Poult Sci
51(1):31-42.

Shini S, Shini A, Huff GR 2009 Effects of chronic and
repeated corticosterone administration in rearing chickens
on physiology, the onset of lay and egg production of
hens. Physiol Behav 98(1-2):73-77.

Singh R, Cheng KM, Silversides FG 2009 Production
performance and egg quality of four strains of laying hens
kept in conventional cages and floor pens. Poult Sci
88(2):256-264.

Son J, Lee WD, Kim HJ, Kang BS, Kang HK 2022 Effect
of providing environmental enrichment into aviary house
on the welfare of laying hens. Animals 12(9):1165.

Tactacan GB, Guenter W, Lewis NJ, Rodriguez-Lecompte JC,
House JD 2009 Performance and welfare of laying hens in
conventional and enriched cages. Poult Sci 88(4):698-707.

Valkonen E, Venildinen E, Rossow L, Valaja J 2006 Effects
of dietary protein on egg production of laying hens
housed in furnished or conventional cages. Acta Agric
Scand A Anim Sci 56(1):33-41.

Virden WS, Kidd MT 2009 Physiological stress in broilers:
Ramifications on nutrient digestibility and responses. J
Appl Poult Res 18(2):338-347.

Weimer SL, Robison CI, Tempelman RJ, Jones DR, Karcher
DM 2019 Laying hen production and welfare in enriched
colony cages at different stocking densities. Poult Sci
98(9):3578-3586.

Received Aug. 7, 2024, Revised Sep. 10, 2024, Accepted Sep.
19, 2024



