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Abstract

With the scale-intensive production of animal husbandry, whether animals feel
stressed during transportation has gradually aroused the concern of the public. Thus,
animal transportation has become an important issue in animal welfare discussion in
recent years. The study aimed to investigate the transportation of commercial pigs in
Southern Taiwan. The saliva samples were taken from several pigs randomly before
loading, after loading and arrival at the meat market in each transportation. The cortisol
level was tested via ELISA. The relationships between cortisol level and various stressors
were analyzed via simple linear regression, multiple regression and nonlinear regression.
Basal experiments were done before investigation, including recovery rate of saliva
collection device, circadian rhythm of salivary cortisol in swine and response of salivary
cortisol to stress in swine, in order to ensure the accuracy of investigation.

The results of basal experiments showed the saliva collection device in this study
has acceptable recovery rate; peaks of circadian rhythm of salivary cortisol are at 09:00,
11:00 and 15:00; salivary cortisol in swine can instantly reflect the degree of stress. The
results of investigation of transportation showed no significant correlation between
cortisol change after loading and stressors, for example, the use of electric sticks

(P=0.9184), loading density (P=0.5294) and loading time (P=0.6760). Same results were

\"
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found between loading density and cortisol change after transport (P=0.2456). Similarly,
no significant correlation was found between cortisol change after transport and transport
time (P=0.5520). However, there was a significant correlation between time and cortisol
change after transport when the duration is between 35 to 70 minutes (R?>=0.5699,
P=0.0187). Also, a significant correlation was found between cortisol change after
loading and after transport (R>=0.3947, P=0.0161). There is an almost significant
nonlinear correlation between total time and cortisol changes (P=0.0871).

This study focused on the current status of swine transportation in Taiwan.
Interestingly, during the process and the handling of transportation, the use of electric
sticks and loading density, the stressors that assumed to compromise animal welfare, have
no significant correlation with cortisol changes in pigs. Whether the pigs are able to adapt
in the situation of transportation requires further studies. Correlation between cortisol
change after loading and after transport showed part of pigs are not sensitive to loading
stress.

In conclusion, it’s sure that cortisol change after transport is related to cortisol
change after loading although the main stressors that exactly affect loading and transport
are unclear. Good animal care should be provided when loading pigs into vehicle, in order
to improve animal welfare during transportation.

Key Words: Animal welfare, Animal transportation, Stressors, Cortisol
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Fig 1. Model framework of stress response of animal

( Moberg, 2000 )
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Mo R PALERAFT RO R TEEHHREALT R D20 58 AL
ATt £ (energy flux ) (Dallmanetal., 1993 ) - — k335 > i'ff?:‘ﬂ'ﬁ J& F H-P-A

Bhenik S mm4#wwﬂbi*&@%?ﬁ%io

. H-P-A $h2 2 &
4 P Rnaed S s 0 TALE 2 75 % 3 % (paraventricular nucleus, PVN) H ¢

v e A ghR € 1 ¢ AR (median eminenxce ) A it E “ﬁtﬁ’» Tz
% (corticotrophin releasing hormone, CRH ) 2 ## "%k 4c i 2 (arginine vasopressin,
AVP )i » FPRR Lt g JR o T 0EH ’I‘LPQ%}&,E’LT\&“?J e ’%jui ¥ % ‘m# (cortictrophs)
F o RESRETH ’if]lii # % (adrenocorticotropic hormone, ACTH) % 5 /& ¥ » #
ﬁAdHM%?JWﬁ?%%%€$£&m%ﬁ£?%(Mmﬁ@adjmﬂo
W~ PR SRAPESEA T A :t:&sggi;—li PETESRPABELA TG 0 TS T B F R
¥ ?r‘ Wk PF 4274t CRH 22 ACTH 9§ w 4833 3 (negative feedback ) » i
A TARE B %i’*’ﬁ'\ﬁ # > $r4] CRH ~ ACTH 4 % > #F 438 & 1% H-P-A #h

( Manteuffel, 2002 ) -
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H-P-A $h3 2 DB 4 033y 2746 > CRH 5 2 £ ¥ @R 3ahp i3
(Riverand Plotsky, 1986) > § # &+ Bf 6 F " {1 ACTH 4 & 5 @ AVP ¥
# ACTH ehA# A1l % b £ ¥ ?f:& T et s s ACTH (Scott and Dinan,
1998 ) - ”mafr’“)]‘{” ZFHBNRE TR A2 ACTH > bl4cF ¢ ’”j"c,% ( Giguere and
Labrie, 1983) 12 % % % (oxytocin) (Link e al., 1993 ) o gt ¢t » At fpF >
H-P-A 7 2 PIFReen) 5347 "MES PV AT AR B v % ~ "oir ~ T 7R
(subfornical organ ) 27 :% % % %t (limbicsystem ) 4<% 4 2 L U BL5 15 T 5
’v’%}i””j"\lfi’ Tt Hij"\lﬂ"lﬁ & (Morméde et al., 2007 ) » &= H-P-A $hen® B AR (487 4p
HEEFB M o A¥ ﬁﬁ'{%ﬁiﬁf}f’él’j&ﬁ R o
H-P-A $h A e fe R o P p kg2 ohend 2 Fr ph s > aFfEies i
WAL d  BA R R EM AL E R o A 5 H-P-A fhe i cnF &

> % & & (circadian thythm ) &?ﬁﬁ?&{é_i NORMEE HRETFE o

ii. H-P-A #hi? p 72 & 22 B 55
AFFFIARARGEG SEE EMFFTITFIRT - FHELFHRT
-t ppES WHL P & E (diumalthythm) > £ 2t e 125 f@“f 7 H-P-
Aph B ATHABH IR B SAR PR S ES S B B E 4% (Ingram
and Dauncey, 1985) o & 244k 4 - §8 ]\ 12 @ p54s (endogenous oscillators ) 23 437
(Aschoff, 1963;1966 ) - # TR pFés iy g & & 1B Hp 2% 1 itk 8 5]+ (zeitgeber) » &
B EE 2 S BB UM A T AR L A R .

— A g o kR BRAPTHP-A P A& EHE R RRF]F > kaREL
v iAiE B~ TALE W E gl % % (suprachiasmatic nuclei, SCN) & {733 & o p
Flddet g2 s Bz wE o B ACTH S8 A T2 wif B 2 pEFE €
ETFE AP S RFEE RSN P ABREE G - AL RBH IR L
piafdd > FpEsp Al T & o is B % & = (Koopmans etal., 2005) o 12 F 4
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o
Bk
=
=y

w1 B AR AR BT 5 ISngmlo A Bt = T 45 ng/ml
% % & (Barnettetal., 1981); 2@ » 5 #7745 H-P-A $hF g & AT
o P X LS F L P (Hillmann et al., 2008) - & 57 1) H-P-A $herp &
?‘f‘"%i'bi“,%’l RER > A H S Fl R AR bdoE e [ w] Bf-‘sy-t (Ruis et al.,
1997; Boumans et al., 2017 ) »

H-P-A ghift2 i & g 6 F ebta A £ & 0 b - 2 L R
HAFADRAEN » TR 2 RN DR LR AR JER B B A
1R -

iii. PEREA B &2 i

AT 2B E Al LFE B R PR L B AY ARG
A B g (Cortisol ); & 5 s H & 477 2 & & 4 Ffr (Corticosterone ); & F fh#+ 4>
A H A BAPIT (6 $,1996) 0 1 A RS § R & oA L AR S 6] S 4

B~ B MR R 2

ARz &R B

*& 7% (cholesterol ) 5 A ff ch Sgfr > 7 5387 § s jr e AP i ph B (acetate)
£ o MR AT A AR e po T f N R Y B A
L EEACR 2 2t 0 A& S et F S "R FIEE R14a% f3pF (Cholesterol side-chain
cleavage enzyme ) ~ 17a-¥5 i* & ( 170-hydroxylase ) ~ 3-B =% i* F ¥ f% %t & iz (3-B
Hydroxysteroid dehydrogenases )~21a-2% i* f# (21a-hydroxylase ) & 11p-%5 i fis (11p-
hydroxylase) o £ B fsd w BT 2 > 273 AF > pd e ERE

e EALA L E .
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Cholesterol —Hethyl growp

Major Pathways in Steroid Biosynthesis
v . !
17 Dehydroepiandr
Pregnenocione m'e:':::ze w‘m‘:‘
CYP1? - CYP17
=) (=)
= ‘35&50 w0 l3BHSD o

_‘33}{30
17-hydroxy o

R progesterone  {=° Androstenedione
T Yovraaz ¢ Jovraaz g

0
117;31150
lCYPlSD

cortice ““I i b ) i?ﬂ Estrone Testosterone ou
o _l_cvpual o j A
lc
erone

YP11B]1 "0 '
Il?ﬁHSD Jovee
OH

Corticost

Bl2. MMM ied2 4 SR T o

Fig 2. Pathway for the biosynthesis of steroid hormones.

(Bowen, 2001 )
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B.R?ﬁiﬁﬁﬁ@%
B R S PR s R FREA ST TR W

RALFR S TR G P R A R0 EAIATR kALY T 00%:nd RS i o

X

pan :
= é: =N

I

BEHE AB B FRE AU T 5 SR (free forms)s B F 4 i

AR ATIE e N S F R o i@E v 5 A %‘fﬁgafl”ﬁ MAfed hFe A+ & Z 0
v (albumin) £ A B #F FfE 418 3o (corticosteroid-binding globulin, CBG ) *

"'F’f”f*’:“li FRpalferd 2 - >0 39 Mfrd Mien P 7EF 0 2ATMRSE

2

v

AR B L T EREE hv MAcd o A R EPRIS(5 #,1996) ¢ 5 i

-

oA FHAMBERY fFATHARRLSLE A Ty bA TREAREH
Bf F e s Al PREE A FERDE O T ERAMEA TR ST 2
(Gayrard et al., 1996) o i& » P53k %k SLis » A FER(F% S0 4Rcn B 7 3 2 S WAL S 3
PO o B L EYFS A R - LA AQES B PF o L TR BEA 22 T & B
AeB] 3T AR A AIFRD A AT HREH L BT RS ° T RAFREL S 2
AW & fRR T P eh B S S B A F MR 5§ pERER: (glucuronic
acid) A FRpA B4R T A WA 0 R 2 2 L HARE S M1 0 Mok A T A S
FORRERIR S e s~ g g e o d LI (25%) #0 T d TR R i
3Rk o d B (75%) £ 3188 b (Honour, 1984) o @ & B F% 373828 THRE (7 14

3

F_L

P g e R BT 4 ST o 00 L TRIE AR S AL B

Ao g

C. A e for ol s mat g
LS U A M R~ B s 5 0 e R R A A A
AP AL SEHE B E R B AR PR S E 2 e PR

LR e Sk F I R B B KRS AT R TR H AT T 0 bl A B
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Hypothalamus
Pituitary

secreted under stress

Higher amounts of glucocorticoids are

Cortisol
Blood
Glucocorticoids are excreted
metabolism via urine and feces
N Urine
QY
decon'ugnﬁon# # #
Gut : : i =) Feces
bacterial metabolism
) =

B 3. Bt AR A A 2T AR

Fig 3. Schematic diagram of the metabolism of adrenal cortisol

( Mostl and Palme, 2002 )
Sa-REDUCTASE
11 B~DEHYQROGENASE SU-H_EDUCTASE
CHOH CHOH |
hnI::O -‘—

CORTISONE CORTISOL

e SA-REDUCTASE
'.IZH,Drl Ja-REDUNCTASE

HC=2
o CH, | g
CH, CH,
HO* i) HO o
TETRAHYDROCORTISONE IETRAHYDRCOCORTISOL.
+ G REDUGTASE
CHOH CHOH
HEI: —oH HE —0H
SH Lol o CHy_l.. oH
CH,
HO® g HG™ )
CORTOLONE CORTOL
o COMJUGATION, -
EXCRETION

Bl 4. F 1 SUL AR SRR R R LR
Fig 4. Pathway for the metabolism of adrenal cortisol

( White et al., 1997 )
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RS E A e d 0 S BT RHE R A FEE - ARE A &4
H

> ., e . s sy & e
?ﬁ%miﬂiésb’]‘/w\%‘/i’ PEE AR B

a. ¥ £ AP B

AFTER A 142 % [l sk (peripheral tissues) ¥ F-v & 7 fend it i
(catabolism ) 4 f& 1) g% 28 » & e % Bl ey Jie i (5% % i nre 3
Vel e S TR LT G A e B A S R TR AT E
FERTA & iF* (gluconeogenesis ) fr PF 3 18 FFE 22 5 ]T%} B8 =% (McMahon
etal,1988) « ¥ *b » f F i drdl e S H FHEOFIT o @A B4k S G
Foawo DAPHGIEY ATARE S SRR Bl Y LA R
Fleng F s LM 2 P e 87 1% 12 (Tempel eral., 1994) - £ & fiz
e T A R A ’ﬁt}@*ﬁ?:&/}ﬁfﬁ P TR EP G L kT i (i
W%éFéF@%

WEA PRI ey R AR ERGE A R0 F R
AR S S EERE RS PR X T
PR IAAL Ny 0 E R A S M- 30 T # 2 #5995 (Devenport ef al., 1989) ¢
PR RN ERTA TR R TABEEA T RER S RERSRFH— R
ook AR > P ERSAETT XIE T TR -

b. ka2 T2 sz B2

AFMEREATEAG L 32k RAL me P p cnBEEL T
F AR RS L TR glsl g F i (Pascual-Le ef al., 2005) o B2 2R & 57 A% 4
KRB TR 2Z TR RGALTE > L w e RS2

o MR RS Ak B K S REIRE R
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C. ¥l XL Rk ks

BFUREALLEF BVARL B MR AR -’rbm"f EF & R
B gl o TR ’éf’:‘)‘ﬁiiﬁlié’ﬁT BF R4 ez 3 E (Munckeral.,
1984 ) o $204F X F i > L B R ¥ Frplae ot LK pdef B 30 T o B 3R
efre m B HL B 0 R S E X F RAcE e 24 BB R e T o
WA R B F o & F R A R % 870 i Ay (phospholipase Ay) e B o Frdld B
Pafis Az slAzenT R — i 2 v %A (arachidonic acid) o 1524 w4 AL S
7| H]&% (Prostaglandin ) ~ & = % (Leukotriene) 1% % & A Ap B p 42 &t chn
PRA o Jhd Fralie A w G s o LR RITLRF -

R DL TR~ g FRALRF Bl BRI gL R o ko

ISP gt E I é},‘;‘arﬁ -3 SFF RN

d. $#p A0k sz P

A T S8 v AT T AR E B2 E A i CRH & ACTH » iR
RAFMHAREIAHAE - FRYEE DL TR §HTARE ~ Mg
SR gl ERTIORATEG S TIRAGREN o R psF far g
LR TR blho i it o 2l FRREE T > TARE IR R

#% (gonadotropin-Releasing Hormone, GnRH ) #t#r4] » B T 357G af;ﬂ,j{ ke

FRERWER DR E PG AR T A B R X T e bR

T BN A s kT F 0 2 4 Rk ehd I B AR TS PRS-

—R

() Fizz R

F#FE 5 Cannon #r3k e d - H4 PRI Aofd 2 4 it *

R

(:m\&
.aaa
)
—=\

o\

Wy

%%'E* 4 32 % sienw 48 B (feedback circle ) @ #-% 38 4 I8 & g 8N it

(EN

C

2R T

F_&

@_'1

FEE
(i &2 F MG PR P o I i B KA BT RTRE B
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ﬁﬂE@ﬁ%°§?ﬁ%@?’4#W@i%7’%¢4W5@£W? 4 5He

%%_EJ —;F;F)gﬁﬁ,;‘,‘-qf%’# (E:'l”i"}.\fi'ﬁ )ﬁ:)’ avé@?j-T 8k~ iqu}}lTﬁ%@f}z’ iy ?T‘ o

>

WHEmFE PP HERT Y 2 S AR aE: F 2§ 2 Hd8a6ngs
SIS SR L ER S SO R AR AN S MER LR R BEEE
BRAFEATRLNE EER

0 RIS R % > McEwen (1998) & 117 #4814 (allostasis)
4 o Allostasis 2473 #4450 sc @I B K E P8 B AR R 4 o F 2 P
UECBUE-SER L S iFRm,T Wik W K2R E&7 2FHEELELATA D

BB ERRAFE BALHET SR FREE i Wik iy o X2 |

I* E?Kfﬁﬂ*ﬁ«ﬁﬂ?ﬁs‘éi}ﬁiﬂ'i > 459 Allostasis > i%%ﬁ%ﬁ,l‘iﬁ[@?fﬁi&?jﬁ b ¥
AREFER - ATEFE R kE X P BhETFed R Rr ¥ 2 REF DY
Tesdle 3 & o &8 Allostasis & o7& fo2 AL et AL AL
# (Allostasis loads ) » i ¥ &' F B ILA b 4 o

* Allostasis LA DR FAGTRGE » 7 LR ERE R A2 1§ 4 2k
L&fﬁ}@?ﬁ;ﬂ()ﬁyfﬁé BAEL ,;‘ﬁgb L g7ds - e pF R X TR = (Distress )> % Allostasis
loads 1R b 47 pF > R A B P AR 4 £ o it & K > Allostasis & = & 305 #
%ﬁﬂﬁéﬂﬁwxﬂmehmwﬁﬁSPUﬁWﬁ%%$@%$ﬁ%@®m%
2000) > # i FEIFT i#’ﬂ%ﬁ”‘f TRAFHA R RE R EF 4 2H i (F1LF2F3
2 Fo)r 35 A% (reserve) st @45t 2438 k hendh s> Fd b g g h AP
R PR f@ﬁT W@ iR4o®] Sa#rm 0 Td @ﬁT WRPET G AR 2
BHRE®FENNEP R B8 F 2§ N8 Fﬁm?w@%@Sbc
T R E S RLARE T L FAFAE FRFEFER S T R B
2R PRy PR BASHERS B AETIR AR

% 11 H-P-A $hzif Allostasis FF¥ 4t 3% 2 end I 4 > § P A § 5l 27 en
H-P-A $hF Ji» fE 8 A FARE » 953k 0 5 BP0 R A v st g sndris Rl 7
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a. Stress response
Reserve eyt Reserve
F1 F1 F1
" F2 F2 F2
@
e
3 F3 F3 F3
w
o
g
s Fri Fin F
9
2
m
Basal Basal Basal
function function function
Narmal Stress Normal
function function
b. Distress
Reserve Reserve
Fi F1
F2 F2
ul
@
o
3 F3 F3
a
[y}
@
o
g
E’ F'n Fn'
] iy
2 F'n
Basal Basal Basal
function function function
Narmal Stress Normal
function function
c Summation of a stressor
Reserve m
Fi F1
w F1
5 F2 F2 =
= - ’ -
2| ra Fa Fa
; % E ;
E
o
i=3 Fn' F'r' En
o
8
i3]
Basal Basal Basal Basal Basal
functions funetions functions funchions funetions
Normal
function

B S #4 /@ﬁﬂf‘ﬂzﬁra B ede

Fig 5. Hypothetical process of how animal respond to stressors

( Moberg, 2000 )
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Frb 2™ ¢ R SIRE e R EI 2 BIER H 4 (Roozendaal,2000)  $f
WAKE AP FEALFTHET EALLAF REATASFE A EE AT E R
ok SLEROE i e (Dhabhar and McEwen, 1999 ) - it & &3> & i £ & 7 [
SH R B SRl o A R PR A TR A B Bin s 2
B o S ARehi B R s 0 RIS 3% Rk F B
(Brindley and Rolland, 1989 ) - %%+ #tif > H-P-A $h: 584 B H 4p > £ 5 Az 1135
2 ehge e ~ Allostasis /?u*ﬁ TR ® it RS Ea ARl S~ f

= 8 R
1] m,ﬁg,_g- °

2.2.4 R R T ;}Fl %
M FAGTIBEE TR R PREP T L pd ap b A W+’QFTL@’5K

1@%@%@ﬁﬁ’$ﬁ%ﬁ#él AR I AR R T

B2 PRt e BN (AR BREGT T F kg ) P EE O
B A EF) F AR (SR ki L) enmy (s Wi B

Pt g mrp ) mT i Jh (Martinez-Mir6 et al., 2016) > ¥ 3 3 % & % ﬂ}j‘fﬁ;}ﬁ
gl ‘ﬁ'ﬁ&r@'ﬁi&] (Roldan-Santiago et al., 2013 ) ## 4 4. (Fell and Shutt, 1986) % - &
K/}FIJIEF’@TW/}ETH’JSJEE:(AE N ;L;—BT“EI/}E‘] Wend ) BEFER (4

ﬁw&ﬁﬁﬂ%ﬁ)ﬁ%woTw@mawawM%%i:ﬁTw@m%?’%a

>‘1\

FrEE F bt hE J R R iﬂ#%°%#wawF@mﬁ§ 2 E I EEFE
ﬁ*ﬁ%’iiﬁﬁﬁﬂﬁwwﬁi%’ﬂ&%@?ﬁ%%(%mMMMMO’%
;%@%&@%%ﬁﬁiﬁﬁﬂﬁi?%%ﬁiﬂ%@°
gﬁﬁﬁafiﬂﬁ?ﬁﬁﬂiﬁiﬁﬁ@»maé%m,wuﬁwggﬁ%
ATF 2 ALK F R R g2 2 %#mf\ioéﬁﬁkﬁ%iﬁ’ﬁ
SlAz % 50 % %%ﬂTwF@ aprﬂﬁb%ﬂﬁﬁm;oﬁﬁj’?ﬁﬁﬁéﬁﬁ

ﬁﬁ%ﬁﬁﬁ%w»%@ﬁi%iﬁ%%ﬁ?&?ﬁ%ﬁﬂ%f‘i:@@ﬁ%
19

d0i:10.6342/NTU201902562



o R A PR AR BT A TR R E SR s R R
TR AR g B R A R o W AT ROR 2 i A T
YR AR 0 bldos ¢ PFRER AR MR § BB R BIRAT MR pb de il etk
AR BER S RFIY 0 Fd B u 3y A (Packed-cell volume ) & #cie ¥ 11 & pt
oKk Rk 0 @ §U L 2 9 uiL ' (creatine kinase ) sk B T4 L B Es 4 e chp) 7] 22
vop R A2 A2 R 0 o F 4o B A (vasopressin) 7% F R F AR B0 4618 %Jﬁﬁ“ 1
pz 2 B (Knowles and Warriss, 2000 ) e

B dp kg G L FURLEFELT LI ENFLL Ko kAR
ALRGFERT LB mT ERELT R Erd G R E R ¥ g

24T i Hp e T

(1) »= &g mmsf

F2 FEZEY B JRoanFRARE PrzfEgrddaie > 22l

FoET IHERE AN AR KA RIS o - pEREEY
FARB A7 B4 T H TR AR P 0 BB P ARTIAR G T A £ 3P (Knowles
%

and Warriss, 2000 ) © 2km » &= F (¥ 4 ?f‘;g;}ﬁf,”ﬁ Hitako J‘zg‘ﬁ;ﬁ@‘@?]lﬂ;z L)

BRI S R dpdR o B A R G R P T = el SR,
B W b K LRI G T A A IR o R
WE A R e ARG g A R R R kg B R R

TR TR EES o%;:;‘f;%’kim (PSE) £ @iz (DFD)> 5 38 fij i 42
POVUR R R E i ¢ B ERE R B 4L Bl ¢ Blie B A TR o A f D
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S EE RS RN RRE IR S TR EEEE R TR L £

o8
=

(2) 4 7 5

LS S S

B B ek B

LFER BT UE s 4 4 et R G o

RS 0 T 4

PTG R B AR B BLed R (30 2015) ¢

B g % AR 0 L BB B INE K - R S F R

LT R R s E R T

ERONEES S5 N SR R i e g

PO RS SRR S S #ch (Ayoetal,2002) -

ﬁsa]ﬁﬁi“ pheniz o g1t EE PRI

FoH) 54 e

“f&E o blhe @SR (100 3L pF) g s E S A

e =

4—-

EE PR

Gl ek x Bk T s (5

GERELT) SECE o & P g

( Bradshaw et al., 1996 ) »

REFIGHLYAYFERES LR EmBERRGE BLTF VL@ RERS > I
% % i (Lambooij and Engel, 1991 ) ; A m &4 £ MEpE 77 F f o L2 7 i o

Knowles ef al. (1999 ) % £ #p @ﬁ%} (B> 24 ) F

Ko LR L

@F&g&%ﬁ%ﬁ

AR e - A E

S NUENE ¢ BENIEE ST S OF R

thiz & o

(3) &1 WA S
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¢ ACTH kR # FiR5 ¢ CRHER % it 5 2|47 H-P-A phit § 5712 ( Vernikos-
Danellis and Heybach, 1980 ) %3+ £ #p m?f‘ 1€ F o7 i {7 F &1+ (responsiveness )
SRR o 4o 4 H R ACTH & CRH §1j H-P-A $h3 » & & & BF A s 4

( Gaillard and AI-Damluji, 1987 ) °

345*
~r¥t
el
"

'é'*%"”‘]lli?ﬁﬁ%lpkaTwiﬁﬂ”ﬁ il PR sg i
g ens i 5 % et (pulsatile)>) M 94 L 2485 ¥ ot BF IR AT LS

5]4c 4 (Folleniusetal., 1987 )~ 2 (Thunetal.,1981) £ ¥ (Fulkersonetal.,1979)-
¥k B H:]‘u% eeE R M AP %P (Popovaetal, 1981 ; Sarrieau et al.,
1998 ) ¥ g3 ( Garcia-Belenguer et al., 1996 ; Desautes ef al., 1997 ) F 4 v &

q.ll:l

o BHIREZ 3?2 XFAFF IR R L A THAREHE  (CBG)

A F B B Rk OA TR (Desautes et al., 2002) ¢ F 1 HLA s i T
23 & :E‘,%“f Ghap R VA RAEE O ATHRAIREEER RS ﬁé;ﬁé&f

Wihz 2R FALHIBELEERZWATRE DT ET B LRI REEF
%(Cmnmmzmmoiﬁ’%ﬁ%ﬁﬁﬁﬁﬁﬁﬁ%?Jﬁﬁﬁﬁﬁ@%éﬁ
L33 H-P-A $higdo 4 0% cHP-AEFTTREBFTDFEE A FRHRAR
ok 3d il G - BB o ‘f#i‘fﬁiﬁvfﬁ%ﬁﬁt@ﬁr_ﬁﬂﬂ?‘?@i PR ¢
P RR A AR R v SRR KT (Mormede eral., 2007)
FRURAFEN L - BERF AT ?ﬁﬁﬁ@%ﬁ@’ﬁ%ﬁ%iﬁﬁﬁﬁ%z
AAFpo-Frfd o BLALHERY- B TP TE DG H DG

FRFE> RE T ’Jf]‘\)i FEkRIrE A2 eqple (Jensen et al., 1996) -
ﬁi%ﬁ’?*%A?mwpuﬁﬂﬂ?wﬁ@xfwﬁﬂ’vUFW%#4
Dk i~ AR A o BT ORA TR RS SEREBUFZFRL

B AieIE B E“T‘ Rz FEERR T 3 T rr Y% o
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225 §1 ”ﬁl)i B g2 3T
NS £A SBol el WA G F RIS R WEFEomF LT
’”]Ui FEsTie 2 o JGRE 3y F 4 472 (Competitive protein binding analysis,
CPB) ~ 2z ¥t d. % A 7% (Radioimmunoassay, RIA ) & i3 B T2 % 4 & &~ 172
( Enzyme immunoassay, EIA ) » & fL ¥ % & % & & = ¢ 2 ( Enzyme-linked
immunosorbent assay, ELISA ) e ELISA R332 5 B2 M A dih b > 5d LA F
B> AR BEFMS L1 - 4o~ AF (substrate) AAFEZ R ¢ F g X I B¢ 2
Bk B Y R RR S TR o B E R AR TE G SRR o AR
BRI E gt g e L s b7 o6& L2 (Blake and
Gould, 1984) > 37 & % AL 22 4 (* $jFie s » #c§ ELISA n@ e/ » © i b 8 3

BRIEE TR A «fﬂ??%‘f B F 5 %A% (Monroe, 1984 ) - ELISA 7

%‘R

Gap o APk E @ L ApEE 4 A 172 (competitive EIA ) o RIZ 5 4 *
FiiEiR (e Es PPN ) ARUp Rt RI A B

BRAFAA R F B SEEERRN T RER PR AE 2 iR S T
ki d WE R p Koo akR o

KF P~ Bk e N2 ¥ 40 5 &~ ;8 (invasive )¥2 25 & ~ ;% (non-invasive )°

>

FHERT BL BB LM ol SRR R e BT R
ALY A GBI AT R R HE T G T R R
AR At PR enlicEd B G2 e @ 2hEr NERRERT ¢ AP
AP RNELLFHA DR FOREERY BPART T o F Lt

FRRHAER SRR LR S RELER A IR LR TV R

Tl A B anfle A @RGP L E WS R FRTIATR 28

SER-F 3 ALy SO0 T
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(1) = %

LE AR Y ?j%{/»\%‘—’r TR PR S A AR R Y iRl 7 iR P
Fop A TERE R o RITL R R BE LT R b E R Bl
e kR B REEY RPIET Hﬁlﬁi %% (ACTH) -~ %2 ¥ 5 "= (catecholamines) ~ 5
Mefrd o SR BcE & Al ¥ 2 H-P-A bt i U5 AR M endp 1&(Mormeéde et al., 2007 )-
M ARG a5 i li%'ttﬁﬂ%ﬁfﬁ"B"?gﬁﬂ@ﬁigié‘?‘ﬁ“ﬁj?fﬁ’7 e sg = & P A5 1

EEREE T ANE T EE

(2) E g

Prife B PR AL AR chA R BT 2 - > R P L TR TR AL A
o gd BERE R ) 4’@/##”"%‘!"” P IELZEE Nl BB EARE 7 €
CEERES PR VY T T AN S P SR PRy €

"

Fied SA 2 ERT - KPR HP-A fhEd 4 chip b - x
A A TR AR o eI & R L RS SRR R - At
MR E RN RFEQY AR SR L E
p_*rfmp\m%"mﬁué,,;;ﬂ A CR e

(3) v&ip
r R TR AR SR T RIR Y R B S TR KR L i
e A & d = $eE9 (salivarygland) 2 2 > ) S SR AL e S e
o) o MUE AR A T AR E R R Y Gl B A ) S
AL R A o W R R H L F e L iR (Vining and McGinley, 1987) -
g AHLE o te m??r'@ (tight junctions) » & /% ¥ ¥ 5 5 P mi2 p d Higlire:
RP AR E T ERE R AT R B pl P AR Y Gk RE MO
s o @ PRELEE SDFRRAT N R R G R LT de Peid B RS AT Vi e
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fm¥e (Riad-Fahmy et al., 1982 ) > iz & Hrdjp P e B PFHAE S 2 0 § 5 n R
PLFRER 5-10% 5 % 0 Tl B RFACA 3T & S PEA AL A T AR AL B 4
g b e o adE s ]l*i‘ﬁ’%/fé Vg R ER T T FlteiR Y 4 FERER
7 % Pl i B 28 (Vining and McGinley, 1984 ) - 4 % i 1 kIE H-P-A fhF &
g ¢ L PR A pE s B gk B AR R A R PR R R R g 4 T
(Bushongetal., 2000 ) o %% F #7if » rivdjp ¢ F Hﬁlﬁ‘» B B% s ?ﬂ#ﬂ L

2 A TR, B PR o TR BRERST R T2 T EfER

R v s KRB TEEER FOH U] 0 R Y PR e T
BIER T in? A TR 55-10%0 % 0§ & RACHS T Rk d
Mend Bz €0 ¢ ERErERY IS Fd WA Fv G5 A UL R (gingival
crevicular fluid ) E\ﬁ R AR ER A TRER € XTDIBRE IR E TR
Lot AfardRz w0 ¥ §ALAMRBEEF DT ZF R LT TG b RA

BEFEF ML AR arER G WAL AR EIREE T RV
B RAETPF Y RAEREE 2R LRSI Ra > ALY

MRABBFEERMNE L GLEEDFALLmEE S 2 -

2.3 ﬁ'ﬁliﬁfi" j‘fﬁiﬁlé‘«’ﬂﬁﬁ*#"‘#%ﬁ‘liﬂ"g‘

ﬁv%ﬂ@ﬁﬁ{ﬁé‘ 3t £ & enle 384 (Speer, Slack, & Troyer, 2001 ) » ¥ ¢
WER ¢ HE P AaTle * B 5 (Grandin, 2000) - & 4 L@ fEAEY §8GX G -
KA~ ppH I 2P BEMET G T %27 it (Schwartzkopf-Genswein
etal.,, 2012 )& @]@ﬁia % I8 i iﬁriﬁﬁﬁfﬁﬁ'ﬁ(duration)‘% & & § % & (Loading
density) ~ 1 ¥ % R #% ¥+ ;2 (handling) & & §mpcIk 3 (trailer microclimate) % >
-3 35‘@% K2 JIAIARR L E o pp 3038 ﬁ]ﬂ*mfﬁ«#’%ﬁ? S R U
2 s 2 t’s'ﬁﬁﬂﬁﬁ“ o e 4w 2
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241 EHER
B by Wﬁ»mkaT R HEFRFLE] L8 '“‘“,Tiéi/%li‘ﬁlﬁﬁ%fi’iﬁ

ﬁsa]ﬁwﬂ?*“’ o — HING EEHPF R N FEALAR L Jﬁfﬁ#:@%\mT 18 4% < > 4 Voslarova

=,

etal. (2017) %@ﬁ%ﬁ&%&& 51 BEE (<50Km,50-100 Km, 101-200 Km, 201-300

\>

Km, >300 Km) > # R &5~ Fg@dfegp L a + 2 > é_iéf’ﬁie?lﬂ?%ﬁ*i# 3 AR

~E

ST 3 5 % (Warriss, 1993 )e 2X @ > 7 4 #2 3 &7 1149 & ¢h’ % > Haley etal.(2008)

=
RS
[laxs
J
0y
)
it
oy
=
=y
(s
&
i
)

g5 e o B I E R 4 50 Km ¥

R M= FE T bl LEY > E ﬁs?‘] P PERE LA ¢ gt e (lactate) & A

THRAPFE SRR I ER N ERER L OB 2R o
Sutherland ef al. (2009) % 3Ry & = F E@ﬁ%lfﬁ?ﬁ’? 30 A48% 4 PERF LA f
BEEPEREAGE AL T RO A TS R AR B B
SRS E R (B3 30 A 4) 0§ ORI SRAR DN 0 B R A G R RE 2 4
(Grandin, 1994) > & J1 84 & A BERHIRE > RSt RS ik i - EHE
B2 B% e FEARY R ok fApRAR T R0 KPR @ T R R L

BRLZ TR F 2o g R TR L) PERY fHE LS

—

Ao
B e E R R (E 7 g B ERR  ERTRPER BT L

@ﬁ%@ﬁi“ BRI A ~Bp i ¥ 222G (Bradshaw eral., 1996) > @ A$ % pF

A

ER DA B LR R AR e ERIRR D 2T L

oY ) <~

AR P R P AR 0 5 S W ETA R g A REREE DN
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242 HERPHE
REXPRAHEFFENNELAE 2220 FREKE 5
HEIWMPFEIAI TR FE PRERREE AR ERSFRS

L4 LKA - A ~ % 1§ (Eldridge and Winfield, 1988) > B &

a
E
fi

% & ;2 {7 4_ (non-ambulatory, non-injured, NANI ) » # % 7* = (' death on arrival,
DOA) > izt L& F iR 2 e £ ehif 4 o § b0 KPR RS 27 - 4p2
ITFNSEREEEL > W seFa T A E R AL E o

Bt & i ek £ B B Rittereral. (2006) ot £ 5 % B § 8 A AP

® A %_0.5m%100kg (200 Kg/m?) # & & 0.4m?*100 kg (250 Kg/m?) p¥ > 7 &

Y

= % 1£.0.08%F 2 3 0.27% F3n i %A €048 m*Y/100kg (208.3 Kg/m?) p&
B BRI A o A £ PR B R H R L R Lo
5 > 7= F4a3 (Whitingand Brandt,2002) » @ 3T & k7 3 L 4p P K % R 4238

éis?lﬂi‘ﬁa&i BRI > g AP RARpKD —'fs’z%i@ﬁ%ﬂ’:‘ R IR Sl S

(Guardia et al.,2004) > 5 & 3 ?{ﬂi@éiﬁ i B AR iE ﬁe?lﬁﬁ? ®FFRAR R BE
(EU) #t % & 245 (235.3Kg/m? CEC,2005) 7 4sE ki * Az = | pren

CEPHREFSODE G f LR YRS R ER L T U
ﬁﬁiﬁﬁj%ﬁ’;ﬁﬂﬁ%%%%ﬁ KU R R S E TS D % A T4

35 27 FEIHEFDPER G

243 1A R i

@'ﬁ%}iﬁﬁi“‘ » 1 IFA B ITARBEY ASRAE L T B hrkE (loading and
unloading) > * ¢ F %4 4p§ ~ mafr‘:ﬁ ° F I RFPERALEALAT Bf:ﬁ 1
T4 B &fd 4 975142 eh T i (Hemsworthetal., 1997 )~ i 427 BE g * ~ 3 &

[

SRR A B ARG od 2V B B P A RF DG T s LR 95 Dewey
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etal. (2004) st 4 > EAPEREALY 7§ F OB G SS%OINAT oy
i R e

FRALEPF A - BERORTF F L IFA R R ER GBS AER R
BB G RYH I E - FGEAG ST (Atkinson, 2000 ) o F B #
RALF i GBS DY E S AF LSRRy A TREFALAEL - A
EFAABRPHEE)ZIRAR I T BELSEHTV (VR EMBE - 5R
TR ATRE S § F Puledand £a 2L Bokpd F 3 B RGA @ S SRAL RIS )
P PE R AR ¢
SRALEE L RER O BHFIAIBRY OBE > RSEAR RIS L o

%

S BT R R oAb 4 RE B G E TR Y g RIS

—

PRELRE AT R THAPRERBELISHTIEMY

i i3, (Guise and Penny, 1989a) - g T #45 § s > &

RR o FE g QAR RNt o o s f o BEIEI0 S LR W £ R
PEFFTECEALR

T o FlE AR AR RHA MR NRYT €A TURALTELR 0 B

RIF R T VRE SR TP g e R BRALL B 0 T ASALEMAY & E

F_:r/ﬂ()(‘r
UL R ;»m,T.:ﬂo

244 B IEHIRE

2 §@iicTk B (trailer microclimate ) i€ % &4y 218 313?]@ AeP B RN IRGVE R 2R
BoBPEREd o g FEEIRRFF M WER SN ¥ 2 R
Bl ¥ &R R & (critical temperature ) e+ T LR 5 ,7,};.{26 °C x 31
°C & o j¥ gj}g SRA ’?L?‘E' BB PARTI g X P E  REF L g ER
Voslarovaetal. (2017) # AR+ TR L > &2 TP EF = FH T E X
2o EF FE O R R T‘xé s B *“%?b?f @ Haley et al.(2008 )
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I RAe £ 4 0 % ch@ Az RS L2 1°Co = FRIH 4 5 R A 1.26
BooHTEF R m@ﬁ%ﬁi? 5o i%’"f%f@?fi‘ﬁﬂ#‘f% » Grandin  (1994) &% § + F 4p
e %o b AR R AT 35°C FE = & £ 0.15%+ 2 3 0.30%¢ @ Sutherland
et al. (2009) Pl & * NANI# DOA i¥ 5 ¥ i dpfh o % L8 AR & 3% 25°C 11 1 ¥
P FEFom 0°C M T RN PR EZFADEREMIEERA T E P
0°CHTEhg il 3 MEHELOEET kL HEimfld 24T

fo i #ens % o Randall (1993) £ 3RE 82 fmp 8 B 7 537428 30°C » @

S%iﬁéﬁﬁ%iﬁ%%%’%ﬁﬁﬁﬁ@ﬁﬁ%Wﬁﬁ%&%ﬁ%?ﬁ’ﬁ%

I~

i%ﬁ&%ﬁﬁéﬁ%ﬁoEéﬁﬁﬁﬁﬁﬁﬁﬁ%g’ﬁﬁiﬁéﬁpfo
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=z HHEaE

3.1 BB g
SRE L} ERELSY VN N

@%ﬁ%ﬁﬁgkéﬁiyﬁlr%ﬁ% LB B AR RS
B

(ERHF XL o x it fm) 2 YLD (ERframgx g * B x

B R G A LR IR A S

N
NS
=t
P
-
o=
et
|
A
k'l
g
=<
)

PR o) MENAA 1102 120 =7 FF > iﬁﬁﬁﬁiééﬁ%f“# e

B Lo ELSE g L S R R S B S

5 R PORR A EP R BRI B e E AR 0 P
AL * 2R Pk RSB RE > R B hp BRI o dE T P s (8
WEr FRAFED el SFERERTEHRAEARLET I p o B
FWED o B S F ERPRT e A B FERIE S
¥oe b= NBF gk ?s@j“%}%’*é’wﬁ S Nl Ei’%ﬁﬁi%]ﬂﬂfﬁﬂ'l?

RUBITE A R RLA R P TRREL TAREMT PP a7

WERRE X NFEPEE R P R R R R

302 P 7 H sk R Rk

PR R R RS ROFARBESE B85 LYDRA  HRABEA
Brédr > X 8ERE LB  TRF L RENRE > BEREAN2425C > b7
BOCR 3 MBI B T BT T BRI T R o
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32HMERE 2
321 ek B

AFE G v ¢ b sﬁp\ Tasies % i ;}ﬁﬁl s F el R B L A E R o AT
3o * kg X ¥ 5 Cortisol-Salivette® (Sarstedt) > o © F ~ i 5 ~ P F B IR
BEEd o oB 6477 o L g i M A KRR A R o g > B R
e 30 452 1 A sardiR m B IR (S BB A ST B B o 2 15 0 B iR
NE R CE v E > 1000 g 2 A4 (T MR IREEP
Fr120C iRt s 0 BFERIATHEE -
3224 B

FELRWUABEREF RO RERLEA EEABE 0 T 118G £
(TERUMO) £ 10 ml th4+F (TERUMO) & {74k o $Ra ch3 N 5 75 & ads

PR R RN IPAS T > T L FENINA RIK - MU 0 B A A R (T e

BB 2 2N E4) EF - BEERUEG CBEEd TA L ULE LR
WRaF R S EP R RERERE TR EME R P AT IEEREETE G AR
MEF e F AL RIE T P T LA B R G o R~ A o TR 2R R

DR IEATE % RS0 1,000x g #o BB iRl 0 £ Bk B 20C %
&

331 H R LR T ORA TR B

RN RER T AR AR Vi i VL SRR SR RN Sl
e F é_iﬁ%]i@ﬂv‘ AR EERREE ERR PP EAL YL o LR
FHFH R (5 - ) SESAESF 1 3 WP (5 - 8) SETRISE P G
BE (% ZB) 4ol 7 9 o dRFRDS o vER R B F L1500 4C S 20CH T o F F
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M6 sty d P aTECE CHE SR FEERES -

Y

Fig 6. Saliva collection device are made of cover, swab, inner tube and collecting tube.

B 73885 L o B 7-1 5 BRAL s B LA RHET W N Bl 72 5 SRALEAT - B

Fig 7. Each stage of transportation. Fig 7-1 show pigs in the picked-up facility before
loading. Fig 7-2 show the processing of loading. Fig 7-3 show pigs on the vehicle after

loading. Fig 7-4 show pigs on the vehicle after transport.
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SEATERT R BRFFTH IR b s Fd AR 08

\

e i TR S AR R R - DR LR 2 R
EHEALY 7§ B IRAL S R R (minutes) s P48 B SRALR € 7 e 4
(times/minute) 4 % 7 & k' % & (Kg/m?) % ?f B RgiE -

MR LS o R rER AR Y- RS R DL

\F‘b

=1|v

i

s

IS

L BRAL T (S P TR % TE B TRAL Bf‘ ¢ (loading stress ) ; fr 32

._\/‘

BT‘ (transportstress) T & 75 & f % = PR BLE 5 - pERF Bheredp 4 FTRR A @ o

34

&Bff (total stress) B 5 7% & B ApSRAL &2 @ An® hll TR > 2% =8

P-4

A E - B B o 3&-.5;?3&?‘?33 > @ﬁ%}?zﬁfﬁ?ﬂ R RS A
BE~THhir R % ?fsﬁ o A H B A b ( simple linear regression ) ~ % ~ 4§ i
Eﬁ? ( multiple regression analysis ) £7 2L40 14 1% frpc ( nonlinear regression analysis ) #% 34

ThAL - R 202 F 0L R i -

332 E AR v T FER

¢ * Cortisol-Salivette®2_ % » & F AFERM,HFE AT HA THETF Braw
fo g o A3#5% 12 10ng/ml ~ 20ng/ml ~ 40 ng/ml ~ 80ng/ml = Bk & A FEE3 R > &
P~ 1 ml j§ ** Cortisol-Salivette®=rif i F » SiEdp e S RITH AL TRER » €47 =
oo ¥ P R A B R RGBT FRRER TR indlie o Kz E AR

T35k ek R T T 5 .

333 P & E@E%

ARG AR EE prER T A TR R R 8 & LYD
e Ep e S A4 3 - X 505:00 ~ 07:00 ~ 09:00 ~ 11:00 ~ 13:00 ~
15:00 % > BRrrghix e » ¥ V20C HF R B EF SRR HATRHRZ E
BlToFTRESEm A P R4 FPHEHBEHREER- 230 RHEY FHiFIARN
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334 T<E EEL
MRS UBE H BE R R Bf RV ’ﬁ%ﬁﬁ%%iﬁiﬂ?‘fi’ﬁ?’
Hebip po g % ¢ %"P’”]'Ui '}frﬁg BlL-RXHB¥REP OERKZ ZFIR 8 ELYD

Epl
M

o & LK ga‘%’%%ﬁ%ﬁ{:ﬁ’é“f*iff%?fs‘éﬁa‘%%“%i&’J‘wéii%%%'%?f
ﬂ%iﬁ»?ﬁ?’]‘l’:}v‘l N Y ﬁ*wéE,T‘E‘ Ibi?éﬁ%ifﬁ—‘fﬁ”i‘f&’iifﬁ?i
PER 3 AZE S /”\'—%—nﬁi‘ﬁg?? I A A Tk‘ FieEgErER > 2tz
A b - T‘E‘ s & ’Fﬁﬁ% kT2 g "«P\?-J TEARS L RN 4 TR B
B EFHFE M R RA I RRE LA TR R F AR ERWOTIRT 5
0.5 ] FF » £ FrpF 4 | p&

R RS L B R o AR RHRFLENFTRNIOAE FLRAALE
W ACH G 1502 1000 x g o B bR F 0 B oMk F RN 20CHG £ F

RIZATREZE -

3ATEIRATEEER LRSI

RGP SR Y T L R S AR A 472 (F-ELISA) #2428
WA R R R (cortisol-antibody ) ~ fi% % &1+ (cortisol-HRP) % & & 4431 %
PR AT kR k5 (B0 1999) B0 T RA FRREA AR A
i 2 R TG o BT M2 ARl % — 14 (cross-reactivity )~ & 57 & (sensitivity )
L B A (precision) 3 24 A M (LI HE S L) L TR E L& A {72

HRL S E AT

(1) REZ2 L
96 3t jiciF % (Costar 3590 )
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ELISA Reader (Biotek = # » 4% ¢ 1 Quant)
#e FE E (Hamilton = # > 3150 : Microlab 500 series )

Meif % & (Dynex 2 & » 4]0 : Ultrawash PLUS)

(2) B (Fe™ $-00er) 2 &

FukEex ' (coating buffer) # L% w7 (blocking buffer)
& 47 % fiwe (assay buffer ) e e (washing buffer)
Hifie @ e (PB6.0) 5k (35%H202 )

8N Frpaiz e (SNH2S04 ) 35%

% & & # - ¥ - "= (o-phenylene diamine, OPD )

Q) E=Earpd
= 10mg/mL A B fE (Cortisol; Sigma ) » 7% ** 99.5% 7 f# 10mL > = 1 mg/mL
2R 3% (stock ) 14 A 7 5 R & v ﬁr% % 1.563+3.125~6.25~12.5~25 %

50 ng/mL e &2 7% > %33 30-20C o

(4) #ciF 4 Fs 4 (antibody coating )
ﬂ-s—:,"mﬁ %ﬁ‘ﬁ%,}"m’gﬁ'l;}'rugﬁ")» IT”Q?WT’}’?_&’Q# I" ﬁ’{;y » e N 200#L%/\/(v(/ﬁ:’ Az ’]{% L)
ACH#E - 26BN EFw R > * /f&vi’/[‘gfé/%"ﬁtfia” PLAREIR: 3 i pics /‘%‘/716 1 i3 & ’]‘é/fl‘

4300 L R EHR ACHEI 8 EEEY S TR G2 o

(5) A FFH R 3 % & R A 47

AATEHRMCF S FH BB R AR AT ED RE DRRART IS - M
FAkd REEERG  FHAG L 2 RERR (RHEA)S0uL 2 150 L
BiLh N FETERE B304 (B RTWB I EL) Bt iaE bk el
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iRk fe ¥ 10 mg OPD +25mL

FAERLE LR 0 £ 0 E 4~ 2000 L2 OPD iR (= #
PB6.0+25uLH02)» 3B T#XE 4 F i 20-30 4 48 (

ENERTW R8N
H2SO4 5 % 2F &> & fh4e » 50 L %3k 5 & F i o @ * ELISAReader /2 490 nm j&
£ ple k@~ 630 nm A £ 2 uf%t BB ERRER R kB2 R R U AR

HE AR RR -

3.5 st
>IN edchp TAL L 3 0k SASV. 9.4 447 - REG 425 % % (ProcREG) #

Z

XU EE LN Ve 1 I EEL EEE Y SRR £y Sy

N~

?ﬁ?%lLéY‘?ﬂ/}ﬁﬁtlﬁ_;X (Model Y=Xi; Model Y=X; X2 X3...)°

i F Y b miE B2 (forward) ~ v (5 E B2 (backward) #23F  it

o

5
(stepwise ) & {7 ?T" WIRE R o LM ETTT Al 2 SAS Enterprise Guide i& (7 4 45 ° &
TR R Eg ?f:g BEE %Pl * GLM (General Linear Model ) #25%3% 3

#F ANOVA 4 45 B f4 875 & v e ¥ ¢b » GLM ¢ ¢ Student t-test » A& i #* o
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4.1 A HBHRRE S
s 3k B K B Cortisol-Salivette®2. w e & ~ gt Bvdje 4 g2 p e &b 222
Bf BIRERE > F R AFAT Ah—FHE ﬁ%ﬁi‘ Mg B OROL TR 2 S e
AAGER  FERE R SRR E LR G BUOT RS 3 ¢ RFA TRk
B3kt Fopl i fgkahiT Akt Tz 220
REERL > S NFEETRREIEREFRE > R EE TR L O5RALY
@'ﬁ%ﬁf:& ° TR & }@ﬂT‘B%mL/ Greki LR RRR T 0 D AU RRR AT Y vk

LR S T

4.1.1 % & %% Cortisol-Salivette®2_ ¥ Jz

& * Cortisol-Salivette® %= 4855 & (10 ~ 20 ~ 40 # 80 ng/ml) & e 2 %
4o 1 #7170 10ng/ml 2% T35k & 5 11.90ng/ml > 442k & 5 11.87 ng/ml >
20ng/ml jew) T 39k & 2 21.00ng/ml > #7242k A 5 19.20ng/ml > 40 ng/ml ‘e %
T 3k B 5 41.99 ng/ml > ek R 5 39.92 ng/ml > 80 ng/ml j % T 350k B
% 86.48ng/ml > ¥4l kA 5 77.85 ng/ml »

TSR f MEdlEk R ATED w4 E o A 10~ 20 ~ 40 £2 80 ng/ml & IR
A% 5 100 ~ 109 ~ 105 £ 111% » & 41 i¢ * Cortisol-Salivette®:he ] » H 4 A%

B GBA GEP E A TS 0 R R A e

412 B GeEi L R P R
ANEIYDRE A- X BEFREL(05:00~07:00~09:00~11:00~13:00~15:00)
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AR T RA ARG BAck 2977 0 29§ 5 Bk A G L5 Agn
B2 ARR] o HpER MRS L TR M R WA ITRE > oW 80 T o ekip 4 T

£ (Mean+S.EM) % 09:00 (24.27 +2.74 ng/ml) ~ 11:00 (21.70 £ 1.50 ng/ml ) ¥
15:00 (27.17+3.24ng/ml) + #&B HF25 > @ & 05:00 (17.32+1.97 ng/ml) ~ 07:00
(12.68 = 1.26 ng/ml) #2 13:00 (8.03 +1.20 ng/ml) } i i< ehfFA) -

518 ANOVA %7 4472 88X A & L i8I » 05:00 ~ 07:00 £2 13:00 7k &
shie L BTS2 R BEE AR > 05:00 ~ 09:00 ~ 11:00 £ 15:00 chzk & vbize 4 F AR 2 FF
EBFZLZE 0500 07:00 ~ 09:00 ~ 11:00 chzr Eedjp L Fp2 B g g ¥ £ 8 -
2@ 5 15:00 #2 07:00~ 13:00 4p v > 7% ek 4 A 7 £ H FRF (P<0.05)09:00

2 11:00 srvdie L FRE 7 B4 0t 13:00 B F A (P<0.05)-

L5 4 BT LR T ik L TR R R SRR PR B e e
Bl 9o ik *?%@%4‘5‘6*@%%‘5& P R IR A TRRR S

6 BF b B Pk L AR AN TR RIFE 0 A L A TR RS 9By T
F 4B T o T R 9 Y o iR e A AR AR 0 e NS
FOA TR E L) BRRELF T aEF LA (P=0.12870.2162) - ¥ & %
DL BMEIRE NPT R A TR EEFRERFENLRTT 54 No2»
No.3 ~No.4 ~No.7 #F #F ek o R o #¥Fizr & @7 ANOVA ¥ 247 »

9 BB BHFRTFHFLE (P<0.001)> $%4-B 10> B3 BN M A%

9

‘hs

¥

DL

34

T8 ¥ b3 B e B L R R 2 BRI YA
AFRRE R R EE R0 o BT SR E pE g AR DR
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% 1. Cortisol-Salivette®¥+ % F & F % Jk B i3 i ehw Jo

Table 1. Recovery rate of Cortisol-Salivette® to four concentrations cortisol solution

Conc. (ng/ml) 10 20 40 80
Cortisol level (ng/ml)

No.1 11.96 20.31 41.33 86.54

No.2 11.95 20.57 45.38 90.57

No.3 11.80 22.11 39.27 82.33

AVG 11.90 21.00 41.99 86.48
Control 11.87 19.20 39.92 77.85
Recovery rate (%) 100% 109% 105% 111%

° @ﬁ$;iﬁ&a%uﬁﬂ£&&

Recovery rate is average concentrations divided by concentrations of control group

22 AR A FRERL D REE

Table 2. The circadian rhythm of salivary cortisol in swine

Time 05:00 07:00 09:00 11:00 13:00 15:00
Pigs Cortisol level (ng/ml)

No.1 7.61 14.82 12.03 23.63 7.80 44.29
No.2 15.11 4.81 6.16 28.80 5.46 17.29
No.3 21.11 14.58 35.82 16.83 2.79 #
No.4 7.44 7.34 18.08 24.99 2.10 17.29
No.5 10.22 22.30 43.19 35.86 13.92 #
No.6 27.24 18.58 21.14 20.78 4.76 15.27
No.7 10.92 # 46.52 10.26 19.35 41.69
No.8 38.9 6.33 11.18 12.44 # #
Avg 17.32 12.68 24.27 21.70 8.03 27.17
S.EM 3.93 2.52 5.48 3.01 2.40 6.48

® NHRBE A TXI|FL A EER T arEREA

® Use symbol # to indicate the sample that is unable to measure due to contamination
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Table 3. Concentrations of saliva and serum cortisol of swine in a stress test

Pigs No.l No.2 No.3 No.4
Time (hours) | saliva blood | saliva blood | saliva blood | saliva blood
o o | -1.5] 2697 17.29 38.37 20.22
< é -1 | 14.62 21.65 18.53 4.81
B2 05| 558 35.66 25.02 8.9
" 0 9.01 16.15 | 7.95 6.44 569 18.87 | 4.49 9.52
é 0.5 | 1072 19.76 | 2.98 9.45 8.8 32.31 | 11.09 12.03
7 1 15.79  13.67 | 34.38 2625 31.81 | 724 1434
s | 15 718 26.67 44.38 18.87
L2 |m 13.71 325 | 1551 28.13
1252077 897 3.9 12.64 | 7.21 4.92
Pigs No.6 No.7 No.8
Time (hours) saliva blood | saliva  blood | saliva  blood
o , | -L1.5 14.53 5.82 26.45
€8 | -1 | 2038 25.84 28.24
BT 05| 1057 23.53 7.68
" 0 22.23 8.94 7.91 9.34 17.68 11.39
f;g 0.5 36.20 25.47 5.91 40.24 7.24 13.57
7 1 14.35 21.59 | 30.54  63.83 5.80 19.76
e 1.5 11.51 64.56 25.30
€L 2 | 2638 26.20 11.97
” 2.5 26.79 # 16.20  31.77 | 44.17 8.38
® i chHE 5 ng/ml
® UHBEL LT R I|F LA m P ARk A
® No2FF%4ra = ﬂfi » BB RARR S - SR S NoS T L kB
PESIEES SIS SEER S
® The unit of value is ng/ml
® Use symbol # to indicate the sample that is unable to measure due to contamination
® Pig No.2 was stressed only twice, so there are less 1 sample in the entire process;

pig No.5 experienced more stress during sampling, thus quit its sample.
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Circadian rhythm in salivary cortisol
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Concentrations of cortisol (ng/ml)

5.00

0.00
05:00 07:00 09:00 11:00 13:00 15:00

Time points

Bl 8. s lrdpd Fag2 p eérE (N=8)» nT33kk (Mean+SEM) %7 © i
i AVONA %= 2475 EF L 8 > L (78F (Duncan) & & WL > 2 p 32 £
T —‘ﬁi FihFx432 (P<0.05)° %% &% 05:00~09:00 ~ 11:00 ~ 15:00 & & &
*Z 2 >05:00-07:00~ 13:00 F & 8% £ £ > 05:00 ~ 07:00 ~ 09:00 ~ 11:00 FF & &g
FAE > m 09:00~ 11:00 ~ 15:00 +* 13:00 & ¥ & F > 15:00 +* 07:00 &g F & §

Fig 8. Circadian rhythm in salivary cortisol of swine (N=8), expressed as average
concentration (Mean = S.E.M). There is a significant difference between time points after
ANOVA F-test, which is compared with each other by Duncan multiple comparison.
Result shows that there is no significant difference between 05:00, 09:00, 11:00 and 15:00.
There is no significant difference between 05:00, 07:00 and 13:00. There is no significant
difference between 05:00 ~ 07:00 ~ 09:00 ~ 11:00. However, concentrations of cortisol in

09:00, 11:00 and 15:00 are significantly higher than 13:00, and concentration of cortisol

in 15:00 is significantly higher than 07:00.
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Time (hour)

MO Fiirmd LERe (5HFIE0S M) f ki (@) & ([D)
A TR 5k A (Mean+ SEM) (N=7) ¢ § i Gid gt 4 56854 o 7
Flebipe bt A FEER &5 683 2 il d > ek L PR &8 7 BE T F

Ak A TR OB Pl E 4 Bk T o KA K3t 7 I BRONE 8RR

- o mis

(RSO ER R 2 A

Fig 9. Average concentrations (Mean + S.E.M) of porcine salivary (4) and serum ([_])
cortisol in each experiment points (0.5 hour interval between each points) (N=7). Stress
is induced at points 4, 5 and 6; the concentrations of salivary and serum cortisol tend to
increase at points 5 and 6. The peak of salivary cortisol is at point 7 and at point 9 serum
cortisol returns to the level of point 4. However, there is no statistically significant

difference in salivary and serum cortisol between each experiment points
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B 10. = & 2 MApiTenE & (No.2 ~ No.3 » No.4 £ No.7 > N=4) &?ﬁ?ﬁ%‘? LIS
PrRTEL (& BERIE 0.5 /) pF) cnT 3ok L TRk R (Mean+S.EM) - ANOVA #
AT REFALARL SWEY (Duncan) R TEFA A VRO IR FA LT A F 2
By EELE (P<005) %% AT %f?ié%:;%c fo o L ARSI AY S B
Fig 10. Average concentrations ( Mean = S.E.M ) of salivary cortisol in each experiment
points (0.5 hour interval between each points) from pigs with similar performance (No.2,
No.3, No.4 and No.7, N=4). ANOVA F-test shows significant difference, and after
Duncan multiple comparison, there is significant difference between different letters.

Result showed the peak of salivary cortisol is at point 7.
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M a4k e & ELISA IR el % o A4 25 Apit L8 REAR Y 5§ 1)
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SRR L ARE EEUEE SHE B T RS Tl S5 S LR N A £
SR IR o b PR AR E R RS S TR R
B R gl fo ¥ chE R BERT - F 7 a B84 9% 3 ELISA a7 &
PR Z R AR RS & apie s > EReER Y L TR R R &2 A% ELISA X
Sthipl CRRAZDAGRIPR) & 5 PIBT 5 Apik LEWDE A F LR ¢ 4250t
PR P - R SRR AP RA R LA R LI Aok 5T AL
Fenge 450 2 5] 19 2 4 IR cnfe {40 22 5] 138 248 THhiR ¥ 5
chfis ) /13 340 T] 13.60 % % A 48 0 7% &R R & s B 40 282.16 3] 377.84 2
SHET N, ¥ g @]ﬁﬁic‘ BAEA LR AL R R K/)@ﬁ%lﬁﬂ%ﬁiﬁi/ﬁéaﬁ—”ﬁ
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B AEREAY 2 B R B TR R 1 A

-

By - FERAER

B 28 Bpardip o H A FAET355 € (Mean+SEM) 3 26.18 +3.62 ng/ml -

)

r - FREEREED 20 Eardi o HA FRTE7 5 28.80+4.52 ng/ml >
S HRERERED IS bR A FRET9Z 2 5 33.82+4.55 ng/mle
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fH e e R 13 97 0 A K PRI 2 Y=0.1323x-38.581 27 > T R &
AT ARR e ] Kg / m? > 5%71&T € R4 0.1323 ng/ml PR FARZ & o A gt
B3 RE S 0.0167 ~ P-value & 0.5294 @Wfﬁaﬁﬁﬁm%ﬁl.%ﬁﬁ%
Sk @ 4P AR LBRALEART SR o A H LG B e ¥ b ik SRR
LR R R R A S AR 315 Kg/m® & i 315Kg/m* R e o ﬂﬁ?ﬁii‘ffi
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IR TRV P ATRAL AR B LR DA TR R YR

i, TR

AT TRBT R Y AEF A 340 7] 13.60 & A4 o lf'i’%ﬁ:i"ﬁﬁiﬁ&ﬁ?
B F AU R AW 14 40F 0 A F BT 0 Y=0.1867x+ 1.8178 £ 75 0
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Table 4. Concentrations of salivary cortisol during transportation in swine

Sampling point 1 Sampling point 2 Sampling point 3

No. Date Trip. Farm -
Cortisol level (ng/ml)

1 718 1 A 57.69 79.29 31.34
2 718 2 D 25.93 23.15 20.14
3 719 3 B 19.17 7.01 35.82
4 7/19 4 A 18.09 16.35 #
5 719 5 E 9.68 19.89 #
6 721 6 E 13.32 46.18 #
7 724 7 D 34.46 14.00 #
8 724 7 D 68.29 15.15 #
9 724 8 D 65.13 93.34 27.45
10 7/24 9 C 29.85 12.96
11 7/25 10 B 5.18 6.26
12 7/27 11 D 20.74 37.80 16.74
13 730 12 A 13.35 23.58 13.77
14 7/30 13 D 27.32 24.62 42.40
15 8/1 14 B 4.65 7.85
16  8/1 14 B 31.00 8.60
17 8/1 15 B 17.53 85.85 39.76
18 8/1 16 C 27.67 46.49 #
19  8/5 17 C # 9.80 78.05
20  8/6 18 C 6.50 41.70 31.43
21 8/6 18 C 46.65 33.35 28.11
22 8/6 19 C 6.58 21.83 60.57
23 8/7 20 C 63.26 57.38
24 8/7 20 C 32.19 15.91
25 8/7 21 A 16.87 12.13
26  8/8 22 B 3.63 2.88 44.48
27 8/8 23 C 40.73 38.90 #
28  8/9 24 B 7.92 7.60 14.88
29  8/9 25 D 19.71 25.23 22.36

® VNHRE LT XINAA D EF P EArEREK A

® HEE-nSAETEE B LSREDHE FREZ LEREHEE

®  #indicates the sample that is unable to measure due to contamination

®  Sampling point 1 was before loading; point 2 was after loading; point 3 was after transport
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Table 5. Condition of each trip of transportation in swine

Loading Transport  Total Use of Loading
No. Date Trip. Farm Time Time time electric sticks  density
(min) (min) (min) (times/min) (Kg/m?)
1 7/18 1 A 12 134 146 # 306.49
2 718 2 D 12 50 62 # 337.30
3 719 3 B 10 110 120 # 308.00
4 719 4 A 10 # # # 303.78
5 7/19 5 E 10 # # # 305.00
6 721 6 E 14 # # 6.31 344.86
7 724 7 D 17 # # 4.78 341.08
8 724 7 D 17 # # 4.78 341.08
9 724 8 D 19 64 83 5.06 377.84
10 7/24 9 C 14 # # 8.60 #
11 7/25 10 B 16 # # 8.60 308.65
12 7/27 11 D 17 22 39 8.20 375.67
13 7/30 12 A 11 86 97 3.40 282.16
14 7/30 13 D 2 26 28 11.50 312.43
15  8/1 14 B 17 # # 4.65 310.81
16  8/1 14 B 17 # # 4.65 310.81
17 8/1 15 B 9 60 69 9.89 331.35
18 8/1 16 C 7 # # 4.00 321.62
19 8/5 17 C # 35 # # #
20  8/6 18 C 9 38 47 8.89 315.14
21 8/6 18 C 9 38 47 8.89 316.75
22 8/6 19 C 7 38 45 # 316.75
23 8/7 20 C 5 # # 13.60 316.75
24 8/7 20 C 5 # # 13.60 316.75
25 8/7 21 A 5 # # 12.40 302.16
26 8/8 22 B 6 47 53 # 358.92
27  8/8 23 C 6 # # # #
28  8/9 24 B 9 138 147 # 332.97
29  8/9 25 D 17 39 56 # 325.16

® HEELAT R LEEELT AL FR A iR

® #indicates the missing data of condition of transportation due to human factors
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Concentrations of salivary cortisol in three sampling points

during transportation
40.00
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Before loading After loading After transport

Bl 1L @ = B f gt L TR0 A (Mean+SEM) > & - B2 $ 4
Bein 280 F o BR2 B AHcE 290 = BR2 i A#ch 150 5 AVONA %> » 471
= ;F'k TR HEFLR 47 R %.@@ﬁi&éfﬁﬁj?g R L TR R ERT
Fig 11. Average concentrations (Mean = S.E.M) of salivary cortisol in three sampling
points during transportation. Sample size of sampling points 1, 2 and 3 is 28, 29 and 15,
respectively. There is no significant difference between sampling points after ANOVA F-

test, which indicates that porcine salivary cortisol do not change after loading or transport

Pprocess.
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Correlation between time and loading stress
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fl 12. ,5;&%@255‘&&?? B2 BH TR b BB (R2=0.0068 ~ P=0.6760 ~ N=28 )
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Fig 12. Simple linear regression between loading time and loading stress (R? = 0.0068 ~
P=0.6760 ~ N =28) - Result indicates that there is no correlation between loading time

and loading stress.
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Correlation between loading density and loading

stress
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Fig 13. Simple linear regression between loading density and loading stress (R?=0.0167 ~
P=0.5294 ~ N=26) - Result indicates that there is no correlation between loading density

and loading stress.
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Correlation between use of electric sticks and
loading stress
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°
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Usage frequency of electric sticks (times / minute)

B 14, =i * ﬁﬁ;’%&?ﬁ;é&?ﬁ:‘éi fH E AR bR (R2=0.0005 ~P=0.9184 - N=
18) X TR tei ﬁfﬁﬁ,ﬁi‘,ﬁ;é&%’ﬁﬁi FiXF BB o

Fig 14. Simple linear regression between the use of electric sticks and loading stress (R>
=0.0005 ~ P=0.9184 ~ N=18) - Result indicates that there is no correlation between the

use of electric sticks and loading stress.
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Correlation between transport time and transport

stress
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40 °®

20 [ ) y = '01588X + 12318
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S
2

-80
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Bl 15. @ﬁﬁfﬁﬁ“ki’sﬁﬁﬁl?:ﬂa BH T AT b ) (R?2=0.0274 ~ P=0.552~N=15) -
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Fig 15. Simple linear regression between transport time and transport stress (R>=0.0274 ~
P=0.552 ~ N =15) - Result indicates that there is no correlation between transport time

and transport stress.
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Correlattion between time and transport stress
80
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20 y = -3.0219x + 140.45
R2= 0.5699
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-40

-60

Cortisol change amount in transport (ng/ml)

-80
Transport time (mins)

® 16. sé’ﬁi%]%ﬁ“ i 353 70 Qﬁ%’ﬁﬁﬁ%%ﬁi HE fslﬂi&ﬁfﬁ?](R2=0.5699~
P=0.0187 "N=9) 2% kT g RF/F 13353 70 ~ 4505 > 3 —‘ﬁifé"?# EENY
£HBg 5 -

Fig 16. Simple linear regression between transport time and transport stress (R*=0.5699 ~
P =0.0187 ~ N = 9) - Result indicates that there is a significant correlation between

transport time and transport stress when transport time is from 35 to 70 minutes.
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Correlation between loading density and transport

stress
80
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40 e °

20 L y =-0.444x + 147.99
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Loading density (Kg/m?)

B 17, 7 &t ?:}il’f’@'ﬁ%]?fﬂa BH T 3 §F ] (R2=0.1021 ~ P=0.2456 ~ N =
15)° & % K7 78 E%ixi‘?}iﬁ’@ﬁffﬂa FLp REEM

Fig 17. Simple linear regression between loading density and transport stress (R*=0.5699 ~
P=0.0187 ~ N=9) - Result indicates that there is no correlation between loading density

and transport stress.

59

d0i:10.6342/NTU201902562



Correlation between loading stress and transport

stress
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. R2=0.3968
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Fig 18. Simple linear regression between loading stress and transport stress (R?=0.3968 ~
P =0.0161 ~ N = 15) - Result indicates that there is a significant correlation between

loading stress and transport stress.
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Fig 19. Concentrations of two group (lower or higher loading stress) in three sampling
point during transportation. Result is that there is no significant difference between three
sampling point within each group. However, there is a significant difference in

concentration of cortisol sampled after loading between two groups.
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Correlation between total time and total stress

40 ® y =-0.2126x + 22.307
° R R2=0.1096
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Bl 20. ﬁsﬁﬁﬁlﬂfﬁ"‘kﬁ”&?:&’\ FEE e e §F R (R2=0.1096 ~ P = 0.2476 ~ N =
14) &% K7 &@ﬁ%ﬁ*ﬁ’?fﬁﬁfﬂi B ¥ Mo
Fig 20. Simple linear regression between total transport time and transport stress (R? =
0.1096 ~ P =0.2476 ~ N = 14) - Result indicates that there is no significant correlation

between total transport time and transport stress.
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Fig 21. Scatter plot between total stress and total transport time.
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ELISA & #* 2. Buffer ge g * 2

*X:Na2HPO4 ¢2H20 *Y :NaH2PO4H20O

1. Assay buffer 2L pH 7.0
Gelatin 29,0.1% SIGMA G2500 B3 4Crk4

[i2>>4c4 70-80°C2 1L d.d water])

NaCl 175¢g MERCK 6404
X 10.86 g MERCK 6580
Y 5.38¢ MERCK 6346

Thimerosal 0.2 g, 0.01% SIGMA T5125 % gz g+

7% 1L d.dwater f6¢2 Gelatin 73 7%R & > 2 4risp] pH E]

2. Washing buffer 10 L pH 7.0

[+ 2Lddwater % 2]

X 10.86 g
Y 5.38¢
Thimerosal 1g
Tween-20 10 mL SIGMA 1379

G R R SN 8|

3. PB 6.0 buffer 2L pH 6.0
X 4.38 ¢
Y 24.205 g

Thimerosal 0.2 g
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4. Coating buffer 1L pH 9.6
NaHCO 3 293¢ MERCK 6329
Na2CO 3 1.59¢

Thimerosal 0.1g

5. Blocking buffer 2L pH 8.0
Gelation 5090

[/3*t4c# 70-80°C 2 1L d.d water])

NaCl 175¢g
Tris-base 12.1¢ SIGMA T1503
EDTA 3.64¢

Tween-20 1.0mL

[ 1Ld.dwater {52 Gelatin 3%
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