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Comparison of Blood Gas, Biochemical Factors, and Hormone
Concentrations, and Muscle Stress Response Factors of Chickens in
General Farms and Animal Welfare Farms

Kim, Hee-Eun - Park, Jin-Ryong - Lee, Jeong-Eun - Kang, Da-Rae -
Jang, Ae-Ra - Choe, Ho-Sung + Shim, Kwan-Seob

It is generally recognized that high stocking density can increase the risk of
immune dysfunction and reduction in productivity cause of elevated stress in
broiler farm. The domestic livestock industry is implementing a certification
system for animal welfare and livestock farms to reduce the problem of dense
breeding. This study compared broiler from the general farm and animal welfare
farm to confirm the effectiveness of animal welfare farms against stress. Gas
concentrations in a farm of general and animal welfare farms were analyzed, blood
(n=10) of the 28-day-old broiler was collected, the partial pressure of the gas in
the blood was analyzed using whole blood, and biochemical factors and hormones
were analyzed using the serum. Glycogen and L-lactate are analyzed using ELISA
kit on finely pulverized muscles (n=10). CO, and NH; levels in the farm were
significantly higher in general farm. Partial carbon dioxide tension (PCO,) in blood
was significantly higher and partial oxygen tension (PO,) was significantly lower
in the general farm. Creatinine (CREA), glucose (GLU), aspartateaminotransferase
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(AST), and creatinekinase (CK) in the blood were significantly higher in the
general farm, and total protein (TP) and globulin (GLOB) were significantly higher
in animal welfare farm. Blood corticosterone and norepinephrine were significantly
higher in general farm and epinephrine was significantly higher in animal welfare
farm. These results imply that animal welfare farm provides a stress-reduced
breeding environment.
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I. M =

7 AFe AAZ Q] o]9)e Q] Tl AR AS S8 Skt Tomhave and Seeger,
1945). SFAITF AL FE7) F71eb B R fafivts Ao ST, 715 ~E
s fFdetal 98-S AeAA Aol FHofeHA e 5, A4l 82 |F
% 1] 2 THShin et al., 2004; An et al., 2012). °o]X 8 WH A&o] EA|d 3} LnAE2] oA
A Fol the BAlo] FoiRle] wel FEEA gk #Alo] FUFSFATHKIm et al,
2018).

2EH 2e HFF5E AGSHE-S3FA- A SH(HPA axis; hypothalamic-pituitary-adrenal
axis) S A A 2E#H L TZERI corticosterones WO Z WFEA| ZITHMicale and
Drago, 2018). o] €Al F7}3t corticosterone= /34 &4, WA A S| FAE 47|+ &
AREH QD A 75 FA A FakS v th(Selye, 1950; Roussel et al., 2004; Lee et al.,
2007). E3 2Ef e SAY AR AHAFE TAANA FEL ol A7 A7, o]

afAstr] 9ish "37“'54 HAREZo] o] &&= FYFALE FHsIH W]-/] il o ARk

o

Ba)sled AYArAd o] 743K Bains 1996; Mashaly et al., 2004). ©]¢} 28 7} A4, A
7 2 G ZAE Ast] YA E 7S *Eaﬂ*a Zol& Zlo] Fasith ol
Me BEEA Fbsd ASAE 2012958 AlYsh, 52 AMSE B3 BEY
Eg 2 ZAE 7|Uska At (Yoon et al., 2018). 2] & %Xl AT sE5A Y Md
TU e TN LE B3l HA H8ete AFE FHHASH(Na, 2014), HA 59| 715
o] ZEH 27} Atk AS A3 ARE BA k] gRlgh o]3srA Q] A= A ¢
= &&olth

kA B AFE dibe A FEEAEHY gas FE, SA Y WY gas B, T2

W glycogen¥ L-lactate &S Hlalste], §A9] ~E# 2o tgt
3}



e FEEASE HY] A W gas, SR 2R FE G ZH W 2EH 2 REEIA L 417

Toll o]l &® FAAMEE IWE0.04 m¥YF, A5 F)H FEEAF(0.06 mY

& SA(cobb)o] A& 7+ AT 10574 B AN AHs @

w42 fl8 AEL EDTA tubecl] Rsted F4of ARS8, S 223

#2448 913l micro centrifuge tube®l] 3] H41F-](3,000 rpm, 4C, 10 min)

Aol AbgatATh 252 @tdolA It B FEEAFES] 9§84 107
o

o
A Ttk AR EARNA =A F AP o]t tEse £ B dAdEE
=]

o

=7 W Gas (CO,, NHz) 24

CO9F NH;= 8= 9TH(H, 3, Fx 3, 3, )22 Uro] ST COx= Telaire
7001 CO, Sensor& 7 vlgtel] oF 307+ a1 452, NH:E 714 A3 7] GV-100S
(GASTEC Corporation, japan)®l Ammonia detector tube 3La (GASTEC Corporation, Japan)<
7192 So vl EoldlA S5

3. g g PCO,, PO, 4

gl ff o]4ksteka EQKPCO,; partial carbon dioxide tension)¥} 24 EH(PO,; partial
oxygen tension)< & 2o AYE o] &3l A3 TE A= Nova Profile pHOx

Ultra (Nova Biomedical Corp, Waltham, MA, USA)S AR8-3}%3 T}
4, €H ] s2F 24,

i Y 328 B @S mehEo] st 20T oA 1A By & 47
(13,000 rpm, 4°C, 10 min)3te] FAT FFHE LC-MS/MSE ©]&3t Fah3 Tt 242t
EFEZ L Sigma (St. Louis Missouri, USA)ell A F+43}e] AF831% 3, dopamine, serotonin
2 corticosterone< Water xevo TQ-S, epinephrine % norepinephrine-> Agilent 6410B= &4
R om, EZAL Table 13 2o}
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Table 1. LC-MS/MS condition for dopamine, serotonin, corticosterone, epinephrine and
norepinephrine

Consist Conditions
Items Dopamine, serotonin, corticosterone Epinephrine, norepinephrine
Machine Waters Xevo TQ-S Agilent 6410B
Mobile phase A: 0.1% Form.ic Ac.id .in Distilled Water
B: 0.1% Formic Acid in MeOH
Column Synergi Hydro-RP 4 pum, 150 x2 mm
Flow rate 0.2 mL/min
Injection volume 5 uL 3 uL
MRM ESI positive
Time (min) / B% Time (min) / B%
00/0 00/0
1.0/0 1.0/0
Gradient program 4.0 / 100 10.0 / 100
4.5 /100 11.0 / 100
50/0 140 /0
100/ 0 2007/ 0
5. o o) skl 24

% U alkaline phosphatase (ALP), total protein (TP), total bilirubin (T-BIL), creatinine
(CREA), cholesterol (CHOL), triglyceride (TG), uric acid (UA), alanine aminotransferase (ALT),
albumin (ALB), blood urea nitrogen (BUN), glucose (GLU), aspartate aminotransferase (AST),
creatine kinase (CK) % globulin (GLOB)2 Hitachi 7180 automatic analyzer (Hitachi Ltd.,
Tokyo, Japan)= ©]|-83te #4313t

6. <% W glycogen ¥ L-lactate ¥4

5 W glycogen¥ L-lactate -2 & 7HEHS HAZALE ol 85t EA st
Glycogen ELISA kit (Abcam, #ab65620)2} L-lactate ELISA kit (Abcam, #ab65330)= ©]-8-3}<
2R,
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¥ A= SAS 9.4 software program (SAS Institute Inc, USA)9| Student’s t-test=
ol o4 AR S AAEAT B A TXv BT ESAE UERl e
™, o $FELS P<0.05, P<0.01Z A= AT}

W8l SEEASEY 4 W gas = S @Y W gas w2 47 Fig. 13 Fig.

20] JeRSTE 3 U CO9F NH; 55+ 25 dutsgolA o8 = thFig. 1,
P<0.01). &4 W = 5
frolshAl =AU ThFig. 2, P<0.01).

4 dHEE 54 U CO, NH; 50 9% 2ok 32 =7 =02 | NH;

| 748t 3 Ul NH; 5571 =0l tHCai et al., 2009). =& F52] NH;= A

W 84AE S7HIAA A998 S AA7IH, 753 4 =] A4 RAE 9

] X1 tH(Donham et al., 1989; An et al., 2012). =3 =& Bl

H A2S w37] sl d3o] WA, AL 2dS A8 A9 4a

A

o] F7}3+tK(Tan and Knight, 2018). =0}3] 4t4h AR FL SFTE S7/HAA, %
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Fig. 1. Gas concentration in farm. Asterisk represent statistically significant differences
among the treatments (**P<0.01).
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Fig. 2. Partial pressure of gas in blood. Partial carbon dioxide tension (PCO,), partial
oxygen tension (PO,). Asterisk represent statistically significant differences among
the treatments (**P<0.01).

F57) Zolx Al Aok(Lasiewski, 1969). &7] F9 H&

E ST, HO LAIFQl AHEstE oA SF S, 7, B9HE S7MAIXITHBattaglia,
2017). &, B 22 2Edf e HEY B
<8 8] Atole] =AY A5t W oH St &7 AT dAysi, E
ZItH(Meerson et al., 1989).

2 AFoAE dabsdelA Co%t NH;9 s =71 3T, ol dubksdy] 2=t
o =97 WiEolgta AdEY, duksae] A oA PCOE & AL & 5
%9 COE 93] AUE FUHE CO7t F713 Ao g FdEh PO YubsgolA v

o

A Aol $AVL U e AEASE web] WEola Bd

rlo

2. @Y W 32&

Fig. 32 &9 Y 52& v‘f—’ﬂ A3E YEM T Dopamined} serotonine *] 2] 73t -2
Z7F glglor, 2EdH 2 3202 U#Z corticosterone> PREEA A Fo5HA =%
THP<0.01). Epinephrine< U REF&s7oll Al w3k S ™(P<0.01), norepinephrine> YHHE7ol A
oJsHAl ZUATHP<0.05).

Dopamine} serotonine =5 oA 7] &34
F7het A2 71 #Ho] lon, F
ATHAshby and Isen, 1999). Serotonin2 F+=, & I JG#Fol &5 wj/st= 417 % ‘:]'%7,‘:_1
2 FA7 SV A9 34 718 Bl )M (Mitchell and Phillips, 2007), -
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Fig. 3. Dopamine, serotionin, corticosterone, epinephrine and norepinephrine level in serum.
Asterisk represent statistically significant differences between the treatments (*P <
0.05, P <0.01).

=9 A X7} FAFcKDfarhud et al., 2014). 3212k Roth 5(1982)2 WHEEHE= ~EF
27} dopamine} serotonin == T1EQ] thAF AHEo] ALY FFES XA FAtkaL B s}

nom, B AT oleh FARGE AFS BTh

Corticosterone<> glucocorticoid hormone 2.2 F-Alo A WEHH, ~EF 2o &9 & &
3} o] ol th(Kant et al., 1987; de Kloet, 1991; Dobrakovova et al., 1993; Vallée et al.,
1996). 2~E# e AZShE-181<=a)-341 Z(HPA axis; hypothalamic-pituitary-adrenal axis)
S SA3AIA corticosterone s T4l FHo| A PHow WEte F FEE UM
3k w7k ol=#'d Y Al(sympathetic-adrenergic system)E A A T4l 2@} A4 T
oA ¥F{FE epinephrine?} norepinephrines HEA| I TH(Kvetnansky et al., 1978; Siegel,
1980; Elnagar et al., 2010; Micale and Drago, 2018). ¥ A9l A] corticosterone¥} norepine-
phrine& A¥HEolA oz Auksie] SAVF ¥ B 2EHAE B Ao=E B

T AT, epinephrineS FEEAEFANA F}oEE FIHAQ A7 Qs

o

4. B ) g3l

Table 2= & U A3t AAE 43 Aifo|t}. F CREA, GLU, AST, CK+= ¢4t
FAANA FolsAl =% H(P<0.05), TP} GLOBE S E3XA 54 =3THP<0.05). ALP,
T-BIL, CHOL, TG, UA, ALT, ALB % BUN-& AHg]F+7 §93 o)z gigich
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Table 2. Blood biochemical parameters of experimental groups

Treatment
Items
Control Welfare
ALP (U/) 3485.71 + 14.29 3300.00 + 144.75
TP (g/dl) 2.57+0.06 3.00 = 0.08™
T-BIL (mg/dl) 0.20 £ 0.04 0.13 +0.02
CREA (mg/dl) 0.27 +0.02" 0.21 +0.01
CHOL (mg/dl) 96.00 + 7.10 99.14 + 6.56
TG (mg/dl) 74.86 + 11.74 60.86 + 8.15
UA (mg/dl) 7.30+0.76 573+0.48
ALT (UN) 9.29+1.87 5.43+0.87
ALB (g/dl) 0.77+0.04 0.86 + 0.07
BUN (mg/dl) 2.50+0.18 2.14+0.07
GLU (mg/dl) 29343 +11.36" 226.00 +9.63
AST (U/) 220.43+£26.75 134.14 £23.21
CK (U/l) 2004.29 +178.95" 913.86 + 193.25
GLOB (mg/dl) 1.80 +0.03 2.14 £ 0.04™

Note: 1. Values are presented as mean + SE, Control (n=10), Welfare (n=10).

2. Asterisk represent statistically significant differences between the treatments (*P<0.05, **P<0.01). ALP:
alkaline phosphate, TP: total protein, T-BIL: total bilirubin, CREA: creatinine, CHOL: choleterol, TG:
triglyceride, UA: uric acid, ALT: alanine aminotransferase, ALB: albumin, BUN: blood urea nitrogen,
GLU: glucose, AST: aspartate aminotransferase, CK: creatine kinase, GLOB: globulin

Corticosterone< T2 73 s2H o2 8ot x5t A4 (gluconeogenesis) HF
S YoFIthKhan et al., 2002; Lin et al, 2004; Kataria et al., 2008). welx dF
corticosterone®] F7}etH @l F TP+ 4stH, GLU= F718th @9 W GLOBE T
WAl AEg 2ol WSl AE#AZE corticosterone®] =713 wiEl GLOBE 7
(Attia et al., 2019). % GLOBE Aol 2}8-3}= corticosterone?] ¥ &ol& JTS 3}
of &N Y corticosterone®] F7F5FH GLOB:= 7FA3HCH(Breuner et al., 2006). ¥ 1ol A
ks A9 9 U TP, GLOBE W3tom GLUE =%+, ols duksde] A9
A] corticosterone©] 71515371 wjEolgta FFETHFig. 3, P<0.01).

5 CREA= gty o2 A 7]55S ERIst= vho]l L ulARE AL8-H TH(Schneider et al.,
2010). @4 W CREAE A1l &43o] WAsh= 749 S7FstAl Eth ASTE T ThollA
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ASE 547 dF AST X 3 23 g oﬂ AHEEITHGoodla et al., 2017). 214 Z2 oL}

A, T 2 73] E4EE ASTZE ER/E WEEHo 8% AST 4171 571 Huang
et al, 2006). =3 HZF ASTE 2E# 2~ AN Z7pstes 43S ®<ItkSudhanshu,
2013). CK= YA 871 2 229 Mxda nEZ=goloA s, dF CK
FH = T8 &40 AEE AEETHBaird et al., 2012). CKE 2Ed 20 225U LS v

5 A LA sH= ADPOA] ATPES] 7H 2 Hgke] F712 a8 8 ) =7 S+
THHollands et al., 1980; Ostrowski-Meissner, 1981). ¥ A7ollA &F CREA, AST ¥ CK7}
ARbsAol A =AU AL Itede] SAVL v B 2E#HAE droba] HAG @4tolet
ek

H

gt

5. <% W glycogen ¥ L-lactate &=

Fig. 4= &5 W glycogen?} L-lactate 3+ &4 A F o]t} Glycogen?} L-lactate 27 | 2]
T Fo27) gt 2EHAZ 3] B4l Z oA epinephrine} norepinephrine®] W&
=™, epinephrine-> 1+ ¥ 5 glycogens N0 2 WEAA T =Y, 24 555 4
<A 21t Apple et al., 1995; Knowles and Warriss, 2007). o5 Wl L-lactate= »~E#|~& 1
S v FUlsl= 73S R QIt(Hutchison and Turney, 1975). & #3l+= ALSol mj$- &
SO EZ R 259 P71 Z7 A lactate dehydrogenase (LDH)7} 3@ 3Hg 2] F=84HE

Ql pyruvateE lactate® % 3+A|ZITHZhang et al., 2012). LDHE 123 22 2E#H 2 3}
A o] FolA W, T8 U pyruvateE lactate 2 A 35h= B &8 F7HAZITH(Zhang et al.,
2012). SFATE B AFo A= glycogen} L-lactate =5 528 Z}o|7} fIiTh
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Fig. 4. Glycogen (a) and L-lactate (b) content in muscle.
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