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Comparison of Stress Indicators in Blood and Muscle of Pigs in
Conventional and Animal Welfare Farms

Lee, Jeong-Eun - Park, Jin-Ryong - Kang, Da-Rae -
Kim, Hee-Eun - Nam, Ki-Chang + Shim, Kwan-Seob

Intensive farming methods that do not guarantee animal welfare can induce stress
in pigs. Stress, in turn, can reduce their disease resistance and influence their
hormones and metabolites in such a manner that productivity is negatively
affected. This study was conducted to compare the stress related factors and blood
characteristics of pigs raised on conventional farms and those raised on animal
welfare farms. We measured the levels of cortisol, epinephrine and norepinephrine,
biochemical parameters in blood and glycogen, L-lactate and heat shock protein 70
(HSP70) in muscle, as physiological markers of indicating the stress in
conventional farm pigs (Control, n=10) and animal welfare farm pigs (Welfare,
n=10). We found that there was a significant difference in the albumin-globulin
ratio (A/G ratio), as well as the albumin (ALB), blood urea nitrogen (BUN) and
aspartate aminotransferase (AST) levels between the two farms. Epinephrine was
significantly higher in conventional farm, while level of norepinephrine was higher
in animal welfare farm. There was no significant difference in cortisol, which is
known as a stress hormone, across the two groups of farms. Muscular glycogen
content was significantly high in animal welfare farm pigs. While L-lactate tended
to be low in the animal welfare farm pigs, the difference between them and the
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conventional farm cohorts was not significant. HSP70 showed high levels of
expression in conventional farm. Thus, we suggested that blood parameter results
showed a stress response in the livers of conventional farm, and that catecholamine
hormones, glycogen, L-lactate and HSP70 can be used as physiological factors of
assessing animal welfare.
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AAEEEA7ITHOIE) = SE5A"d o] HdAsta tetein F2 I 31 4T
B B S 2FE o, 1% FHE - AF5Y 5 dHE AA I
ZUolel &t THPark, 2017). H A At A AAZ o2 SFAE &R7F S71l wet

H 1
SEoAl 2EHXE fEshs FHoFH W oR SabE Ao o] Fojxgton, "MYAS
= A

Foll thg &njAEe] Aqlo]l A AAIR SR F7Fstal JTh(Webster, 2001; Grunert et al.,
2018). o]l we} ARAES SFAALAAE T BHste] T=29 A, A4 ' SEEAE
THI S AY4ES Yskal 9 th(Briggeman and Lusk, 2011; Van Loo et al., 2014). X3
2009%d FHEU FTACIA TEEAZE 8 AR A=) teti SEEAE o2 5
2ol A AAE S FR3Eta olF FA8H7] /g B2l 840 thBroom, 2010; Velarde
et al., 2015).

ARk o ® ZAFoA 715 2EH AT 7F, YU AASAE 2 25, dEE 9 F
Wifel o] WAYEH(Etim et al,, 2014), 2E# 2 3ol 3

Al Z(HPA axis, Hypothalamic-pituitary-adrenal axis)S 4 3}A|71H, HAA|, A-&A17A
2 &uA A AelA WMskE oF7|@th(Burchfield, 1979). 2E#H 22 13 E43lE HPA
axist= cortisol, epinephrine®norepinephrines WO 2 WEA| 7|11, o|52 A
A8l AW AR AHE HSAIZITFoury et al., 2005; Candiani et al., 2008). 53] =]l A
epinephrine ¥ norepinephrine®] 5718 =4 oA glycogend o] 7HAS|aAL, lactate 5
2 =olA|H o]& 13| DFD (Dark-firm-dry)52] A4 °] =% thBliss and Zwanziger, 1966;
Fernandez and Tornberg, 1991; Levy et al., 2003). =3+ AARS O 2 Q1% F7] 9 4=Y
of S7P7F A& AW dRUot S HH 25 Azl =4S e t(Jones et al.,
1972). WebA] FofA ARG WAl 0= QlEl TEo 2EH VL Ml A= AL =9 A4
SHdol| FHA] FeFe 71, & A o HefstAl ES5 9| m dth(Broom and Corke,
2002).
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YH 02 ALRE = 2EH 29 Aol g Myt AR S w FidE= A=A bt
-5-°]™(Moberg and Mench, 2000), Duncan (2005)2 AHE&E38HH 7|52 =
2 A 2Ed 2 kg F7Ee dHE JIAES AT E FEEATE RAEL A

of gk & Aed + Aok AT

HZ HA ] 2B 2 A F B9 FEEA A A& #F AT ool A=y
™ X (Etim et al., 2014; Martinez-Mir6 et al., 2016), =LA E 53 7159 A7 2 A3
2Eg 2 ghstol] A3 ATe] FoAC] T JAAN A 5 s FEEA
T AR 2Ed A AR} A A4S EASle] 2EHA FES ¥R =ES A
Atk kA B A7E S R Ao ks SEEX T A A4
am Ay A *Efﬂl* ?ﬁg vﬁrﬁs}@l F 549 FEEA 55 Y 2Ed 2~ #

—
o

Al EE

B AFfof o] g&H FAFEL IHHEH(Control) T FE5 A5 (Welfare) N A AHS-H =
Z(LYD; Landrace x Yorkshire x Duroc)% ZF 1074 AREStRth sEEA s HA= 7
o FAPFAA AAT FEEA e AN R whe} 60 kg oY o, HA F2
kol 0.66 m* o)/l 4 i&”dxiOl TG 1 m’ oo BE Byt AFHA g
ZFN A ARSETE ABES Ht 1809 % Y] HAE =5 F 54(Longissimus dorsi) -
AFHst] AFAZ o] 53R, 4 AR 80T o RASATE H AEL = A
e = ddE AfFst] Ao o] &3ttt
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EF A AAS dHBS LA E2(3,000 rpm, 10 min, 4C) & HS A3t &4 A7}
A -80C o B3R @4 U alkaline phosphate (ALP), total protein (TP), total bilirubin
(T-BIL), creatinine (CREA), cholesterol (CHOL), albumin-globulin ratio (A/B Ratio), triglyceride
(TG), uric acid (UA), alanine aminotransferase (ALT), albumin (ALB), blood urea nitrogen
(BUN), glucose (GLU), aspartate aminotransferase (AST), globulin (GLOB), creatine kinase
(CK)+: Hitachi 2070 (Hitachi, Tokyo, Japan)E ©]-&3}o] £A319 ).
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FH 9] cortisol, epinephrine ¥ norepinephrine 32 LC-MS/MSE ©] 83t #4313
ok @4 100 pLoll methanol 900 uLE ¥ vortexing 3Fed -20C oA 1A13L
AT BE AIELS gA] AAEE (14,000 rpm, 10 min, 4C) &, F5AS EF350] AZ
vialoll 3L LC-MS/MSOl F4atath 2 32290 7242 Sigma (St. Louis, MO, USA)
oAl Fd3te] AH&-3FS T Cortisol (Waters Xevo TQ-S, USA)3} epinephrine 2! norepinephrine
(Agilent 6410B, USA)®| 4] 2712 Table 13 2T}

F %<} incubation

Table 1. LC-MS/MS condition for cortisol, epinephrine, and norepinephrine analysis

Conditions
Consist
Cortisol Epinephrine, Norepinephrine
Instrument Waters Xevo TQ-S Agilent 6410B
Synergi Hydro-RP column, Synergi Hydro-RP column,
Column
4 pm, 150 x2 mm 4 pm, 150 X2 mm
Injection volume 5 uL 3 uL
Column temperature 35C 35C
Flow rate 0.2 mL/min 0.2 mL/min

. A: 0.1% formic acid in distilled water
Mobile phase

B: 0.1% formic acid in methanol

Initial to 1 min for 0% Initial to 1 min for 0%
1-4 min for linear increase to 100% 1-10 min for linear increase to 100%
Gradient program Hold for 0.5 min Hold for 1 min

4.5-5 min for linear decrease to 0% B | 11-14 min for linear decrease to 0% B

Hold 0% B for 5 min Hold 0% B for 6 min

4. 2% Y glycogen % L-lactate 3=

=5 U glycogen TS A xPA ] Aol whep QA Ao wpAAPES o] g3t 2
A B8 2822 50 mgoll A Glycogen Assay kit (ab65620, Abcam)Z ©]-&3to] E2]3HH
o} L-lactate $HF2 522 30 mgollA] L-lactate Assay kit (ab65330, Abcam)Z A Z A 2]
A Zel we}t A sk
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o5 Y @i Ee 2§ 23S FAHAE o] &5t B3 o2, EalE =3l protease
inhibitor”} Z&+¥ Radio immune precipitation assay buffer (RIPA buffer, Biosesang, Sungnam,
Korea)Z Y1 723} 3 & A4 EE](12,000 rpm, 15 min, 4C) 3t th LA R dto] 4
A5 9H9-S DC kit (Bio-Rad, Hercules, CA, USA)E o] &3] ©hild FTE AA3I ) o
A A T sample2 12% acrylamide gelollA F7|¥ 53t Eelatda, £ g
PVDF (polyvinylidene fluoride) membrane 2.2 % Tt} Membrane= TBST (20 mM Tris, 137
mM NaCl, 5 mM KCl, 0.05% Tween 20)°l 5%=Z 3]243} skim milkZ A-2l4 1A7F 30%
5<F blocking 3 tFS-, 12} & HSP70 (1:2500, ADI-SPA-820, Enzo, San Diego, CA, USA)
7} GAPDH (1:2500, sc-47724, Santa Cruz, CA, USA)Z 5% Skim milkoll 3]413}e] 4°C o)l A
overnight S} Th TBSTZ membraneS washingslil 22} &A= goat anti-mouse IgG (Enzo,
San Diego, CA, USA)Z 1:5000°.2 5% Skim milkol] 323t Ao 1.5 h ¥+-3AIZ] &,
TBSTZ washing 3t Th ©@¥ld @& 4232 ECL kit (SuperSignal WestPico Plus, Thermo
Fisher, USA)Z HE-&-A1Z] & iBright CL100 Imaging System (Thermo Fisher Scientific, USA)-<
ARgate] AlZbsE ekt O Ee GAPDHE EF3akdth

6. RNA #% = Real-time qPCR

5 U total RNATE Accuzol Total nucleic acid extraction kit (Bioneer, Korea)Z FZ3} %
31 Spectrophotometer (uDrop plate, Thermo Fisher Scienctific, USA)E AH&3te] A= 3ttt
1 ug® RNAE cDNA synthesis kit (Bioneer, Korea)E AH831¢] cDNAZ &7 A}Skal, mRNA
o] W& 1 uL2l ¢cDNAS} 19 uLe] AMPIGENE® qPCR Green Mix (Enzo, San Diego, CA,
USA), ultrapure distilled water (Invitrogen, Carlsbad, CA, USA)E A}8-3} CFX Real-Time
System (C1000 Thermal cycler, Bio-Rad, Hercules, CA, USA)Z Real-time qPCRS =343}
o} AZ-S 95C ol A 5 min 5<F initial denaturation3}al 40A0]E F<F 95C ol A 5 sec, 60°C

Table 2. The primer sequences for Real-time oPCR

Genes Primer sequences Accession number | Product size (bp)

F: 5'-GACCACGCTAATCCAGAGGA-3'
HSP70 NM_001123127.1 88
R: 5'-CAGGACTCCAGGTTGGTTGT-3'

F: 5'-ACCCAGAAGACTGTGGATGG-3'
GAPDH NM_001206359.1 79
R: 5'-AAGCAGGGATGATGTTCTGG-3'
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o A 30 sec &<t annealing= ‘3}%111]- Z} primer+ primer3 software (v.0.4.0)& ©]-83}o] A2}
SFATHTable 2). F-3AF FH-2 GAPDH Td S =Hsle] TF3)siAith

57 242 SAS 9.4 Software program (SAS Institute Inc., USA)= ©]-&3}o] == AT}
UtE AT FEEAFAE IF ¥ Student’s ttestS T3 4 HAAE ST BE 2
1=

(e}
I 32 B £F A (MeantSE)E YERH A oW, 79 5 P<0.05 Z P<0.01°] 4]

TP, T-BIL, A/G Ratio, ALT, ALB, AST, GLOB: 7+ A7 4+ HHH o7 = AAt
o)™, CREA. CK, BUN& A% 75, GLUE 3 WAL CHOL ¥ TGE A tjAlet #H =
°11}01E}. A/G Ratio®} ALBE YHHsAroll A YE9ka1(P<0.01), ASTE YubsaolA =4 vet
© 1(P<0.05), BUN d¥bsAol A & X5 EATKP<0.05). ALP, TP, T-BIL, CREA,
CHOL, TG, UA, ALT, GLU, GLOB, CK+= F &3 1 192 #ol& Holx| ¢t}

s FEEAEE e @ W Aser A #4) ZA3= Table 394 2T ALP,
s
o)

Table 3. Blood biochemical parameter values of experimental groups

Treatment
Items
Control Welfare
ALP (U/l) 109.10 +9.38 121.60 = 13.58
TP (g/dl) 6.48 £0.24 6.11+0.13
T-BIL (mg/dl) 0.12+0.01 0.10£0.01
CREA (mg/dl) 1.48 £0.07 1.50 £ 0.04
CHOL (mg/dl) 85.50 +3.37 92.70 £10.21
A/G Ratio 1.08 + 0.08 2.12+0.15"
TG (mg/dl) 41.40+2.41 40.90 £2.32
UA (mg/dl) 0.21 +£0.04 0.16 £ 0.02
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Treatment
Items
Control Welfare
ALT (U/l) 44.40 + 4.60 40.67 £2.67
ALB (g/dl) 3.34+0.17 4.12+0.14"
BUN (mg/dl) 13.50 +1.20" 10.05 + 0.88
GLU (mg/dl) 97.10+£5.36 87.60 +3.83
AST (U/l) 91.90 + 18.04" 42.60 +4.67
GLOB 3.14+0.15 2.40+0.41
CK (U/) 3683.50 +576.25 2461.10 = 476.52
Values are presented as the mean + SE, Control (n=10), Welfare (n=10).
Significant differences are indicated by * P<0.05 and ** P<0.01.
2. tﬂz—l L].] /REE.“ Iy s=22
g3 U 2Edg 2 34d T2E IFE B3 A3 Table 4), It o2 ~Ef X~ 52
o8 4HZ cortisol> T FH 1ol {Fo]A 1 2ol & HolA| ZSkT}. Epinephrine2 U RF
TAANA FoH o R =A YERGE S H(P<0.01), norepinephrine FEEA| s O &
TAE BATHP<0.01).

Table 4. Cortisol, epinephrine, and norepinephrine levels of serum (zg/100 ml)

Treatment
Items
Control Welfare
Cortisol 3.80+0.45 2.85+0.43
Epinephrine 0.61+0.10" 0.20 +0.06
Norepinephrine 5523+3.18 71.71+3.95™

Values are presented as the mean + SE, Control (n=10), Welfare (n=10).
Significant differences are indicated by ** P<0.01.

3. &% W Glycogen ¥ L-Lactate &=

oM =2 A

B A THP=0.122).

i lycogen&} L-Lactate®l] th$t A3}= Fig. 13 2t Glycogens 555X 5 7ol A
& H$IL(P<0.01) L-lactate= L¥+HE
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Fig. 1. Glycogen (a), and L-lactate (b) levels in the muscle tissue. Values are presented
as the mean=SE. Significant differences are represented ** P < 0.01.

4. HSP70 =14 8 mRNA %3d

<5 W HSP709] T & 9 mRNA & 24 A7(Fig. 2), Y¥ts72] HSP70 T4 b
o] FEEAFTARY & £ HIYO2H(P<0.01) HSP702] mRNA 2dE F 5% 3t

{al Control Welfare

GAPDH A —— ——— - —— o
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Fig. 2. HSP70 protein and gene expression level of muscle tissue. (a) Protein expression
bands of HSP70 and GAPDH in muscle tissue. (b) Quantification of HSP70 protein
level calculated by GAPDH. (c) mRNA level of HSP70 in muscle tissue. Values are
presented as the mean=SE. Significant differences are represented **P<0.01.
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23] Ao 9l BAE HA o] 2EH2E U8 2Ef 2~ 52850
AW tHAEE ] FEFoE %@ ol A ke vt ¢#HA AokBliss and
Zwanziger, 1966; Fernandez and Tornberg, 1991; Broom and Corke, 2002; Levy et al., 2003).
T3 Moberg (1987)& ~E# g W2 &9 Washd Aeet Aeed xte ~Ef 2~
T WH3lE SA43e Ao] T8 2EdS FES ¥aste /MY 2 AxEa ST
gl ) Ay3lst 212} 5 AST, ALT, ALP, TP, T-BIL, A/G Ratio, ALB % GLOB+= %+ A
JEIE UElY = E& o] thKim, 2009). ¥ A& oA AST, A/G RatioZ ALB7} F A&+
F frel ARl AtolE Bt ASTv EWHERl AsolA Y f B w55 HolAw, b
I AFo] EAFHAY 2EH2E B4 HH F57} 57180K(Zhang et al., 2011; Cho and
Oh, 2013; Kim et al., 2015; Ismail and Mahboub, 2016). A/G ratio2} ALB+ ASTS} tj &0 7+
718 YFEHE HHHoZ Yep= EZE, 7 &4 A 9 d giAl o)t A%
2 AMg-E ThHwang, 2009; Cho and Oh, 2013). £3|, & U] ALB X2 ZraE 9443,
&3l71 43k FAel, 598 95, 1 AF 59 99lE 7FXITHCho and Oh, 2013).
Chida 5-(2006)-2 iEﬁﬂ 225 WO ™ HPA axis7} 43 Ho] glucocorticoid®} catecholamine
< —2—7}/\1?11 ol& 7t @EREES XA 3+ A8S fddn st B A A
I, dubsAol A ASTE £& X5 B3, A/G ratio?} ALBE W& F35 YeRUth
weba dRbsAe] A7 e FE FEEAE QS FIE 2Ed s o) 1F &4
S de Aow AHY
CREA, CK % BUN2 4% 7|5 HE UEld= EZ&o]tH(Cho and Oh, 2013). Creatine
S AR ThllA AR E, FE FSO ARFEM, F 75 olUA R AMSE F CKell 23
CREA°] = 1il, CREAS Aoz WEFHo] 24S FalAT mjds= &4 o|thAdhihetty
and Beal, 2008; Kim et al., 2015). CK+= cortisol, glucose % lactate®} 7 2E#H 2 &
Yell= E2 2 AR8-= W (Siegel and Gross, 2000), A4 CK= A& 2EH 2~ 9 2%
4 F& ARE 2EH 27} %‘7}%]"?3 =27} Z713FCHFabrega et al., 2002; Aradom et
al,, 2012). ¥ A7 A3, ks FEEA T HAY CREATEE F 54 1+ & #bo]
£ HolA ¢ty CK 55+ %_‘t&o%fﬂ Ao A B = AFES B FoHd A
o]& UATE BUNE A9 mid 715& UEtll= B2 2 oA A8 EE i d tiate
% 2HE°|tKChu et al., 2007; Cho and Oh, 2013). Sutherland 5(2010)& SHA|7} 1 UE==Z
YR FheA EA 2EY 2of 9h-33te] @5 BUN® =7 S7Hetthal Raskainh &
AT, TEEATE Bt U3E oA A ksl BUN X171 o3 o=
=34
71=0] ~Eg| 2~ 3o =25 HPA axis®] 4402 W=5+= cortisol?} catecholamine

0
ol
=)
ool
r&'
Jlm ”*{”



< AW oA Al F8F TS s wiol, sE8A FES Bk AR o]
|5 o] 9k (Foury et al., 2005; Candiani et al., 2008). Cortisol & -

R &2 0 7 A5dhE T2 O Z(Barnett et al., 1987; Cronin et al., 1991) S{X|7} 4 2 4
2Ed 2~ 274 3ol 9L v cortisol®] A o] =¥ tHDalin et al., 1993; Pérez et al.,
2002; Breinekova et al., 2007; Ju et al., 2014). & AFANX = F 522 cortisol T2 Lxt
oA O & AFE Baou 1A Aol= gt

Catecholamine ] S Z#<1 epinephrine?} norepinephrine> T4 % TH3 2E# 2of HH-&-
3t o Yol A Frhels = Eo|th(Bliss et al., 1968; Roth et al., 1982; Goldstein, 1995;
Koopmans et al., 2005). Z&] 1} Bliss 5(1968)2 T4 2E# & W& mice, rats, guinea pigs,
dogs, cats, rabbits & monkeyl| 4] norepinephrine <*|7} Z4AH AL SR/ WA, TEE
A7 3] utEFolAs Fe £Fo 2 A H norepinephrine 3= Y2 A
S0l TEEAFTHY HARD g4 2E# 2z Wg Ao R A"

2Eg 2o 93 eplnephnne«] G 3= cori cycles T3l Aol A glycogend e T
2AA TGS A, &5 W lactate FFS F7HAZITH(Bliss and Zwanziger, 1966;
Levy et al., 2003). =3+ 3 3 2 T 2Ef 2ol 93] &5 W glycogeno] ZASIH, 5
T FAo] o]Fa Tkste Az DFDO A4 o] f- =% ™ (Fernandez and Tornberg, 1991;
Adzitey and Nurul, 2011), 543 2E# 2ol 28] &5 U glycogen©] 743}l lactate”} 52
o] &5 U pHZF Wolzl 7% PSE (pale-soft-exudative)S-©] A4 E th(Bowker et al., 2000;
Adzitey and Nurul, 2011). &5 U] glycogen¥} L-lactatet2] A 3} Uubg7dol A glycogens
gHo g e S B, Llactates A<l Apol& gldloy &2 s YelTh
ol dntsg Aol A T & tr] 2EFH2E 3| =3 epinephrine©] 5 U] glycogene
38l L-lactateE F7HAZ1 202 AL HETL

2Eg 2o tig HSPO TS i FE9 ol FEollA #FHASH, AY BE
FEj o] 2E# 2of ¥HgSle] 0] fEHI, T 2EH 29 HEE AS-FTHDe Maio,
1999; Gupta et al., 2010; Valros et al., 2013). HSP70& ~E @2~ Ao A 714 Bo] f25
+ HSPo]Th(Lachapelle et al., 2007; Gupta et al., 2010). Liu®} Steinacker (2001)= HSP702
YHtr o2 2EY2AE B2 T il FHgo] 8~10A17F Fol] Hazxe|| Gk 1 l'1_‘,:_7}
M Fe FAETYI AT T3 Sepponend} Poso (2006)= T 2E#H A 9 AR =
A 2= HSP70 & 2ol AA &S FA Fom, A7} FAolA e w4 }\Eﬁﬂ
E Yepdt} stk =8 A Z5olA HSP70 T FUhek 3 5 59k fAFH,
Rate] ZF oAM= E F 5 I71E FEl7F FA 2Dt Currie and White, 1983; Khassaf et
al, 2001). ¥ A5 A3}, HSP70 ©ld-2 Uubzidoli fFoldo=m 2 LIS B
™, HSP702 dRbeAds} sE5Ae% HA e 2Ed 2 +5& Blusted 9o, W =

o

Edze) AR 2Y + YL A
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T Lt B SRR Ao A AeF 2EH S £

ANAEES Flstaat FRHAT. AP 4
EEAZ A3 7+ 75 ASE R AL, epinephrine,
norepinephrine, glycogen ¥ L-lactate= 7 - ¥ ~EHAE Qlste] Al 3 dk-g-o] dojyto
o, HSP 708 914 ~Eg 2o 93] dubsAol] dld vk =320 Zv)slgn). 223
o7 AN BAAN 71 BE A FA 2EH X 89-2S B Y, catecholamineZ] TE
3} glycogen, L-lactate & HSP70 WA 2Ed 2~ Qo] tidt TEEA H7} QA Z 9]
7FeAE BRom &5 ol tig AFS A% FUrA77E Easith

B ol
A

[Submitted, October. 13, 2020; Revised, November. 9, 2020; Accepted, November. 9, 2020]
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