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Abstract

Pitching speed in baseball pitchers decreases as the innings go by and the number of pitches
increases. Pitchers need to keep the fastball speed for long time. Low-dose caffeine intake has been
shown to have ergogenic effects in various sports with minimal side effects and may also have
ergogenic effects in baseball pitchers. In this study, we aimed to investigate the effects of low-dose
caffeine intake on pitching performance in baseball pitchers. Eight college pitchers performed a
17-pitch x 7-inning pitching test. The experiment was conducted in a double-blind, randomized,
crossover design with two conditions: a caffeine condition (3 mg/kg) and a placebo condition. Ball
velocity, hip adduction and abduction muscle strength, heart rate, blood lactate, session rate of
perceived exertion, two-dimensional mood scale, and the side effects were measured. Average ball
velocity in the caffeine condition was significantly higher than in the placebo condition at 4 (p =
0.049), 5 (p < 0.001), 6 (p =0.016), 7 (p = 0.010) innings. Hip adductor muscle strength was higher
in 1 (p = 0.045), 4 (p = 0.016), 5 (p = 0.036), 6 (p = 0.005), 7 (p = 0.009) innings in the caffeine
condition. Session rating of perceived exertion and two-dimensional mood scales (positive arousal

and pleasantness) improved in the caffeine condition. Few side effects were observed in the caffeine
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condition. Therefore, low-dose caffeine intake improves hip adductor muscle strength, reduces

fatigue, improves mood states, and suppresses the decrease in ball velocity without any side effects.

Keywords: Pitching, Ball velocity, Caffeine, Rate of perceived exertion, Mood
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WIRIC BT 2HEFOKHIZ, ¥y F 7
T4 =R VALBWTHELGEFZD—-DOTH .
FFPEFIX 1A 100 BREL Lok b ii
FabhwaEdba b, RHEHMNBEHOKE
RIvarThadb REABEFOE Y F VTN
TH—=RVAE, A=V T ERERD I ETERRE
MBI, A PL— FOEFEPAZIETT S
L ¥ T\ (Yanagisawa and Taniguchi,
2018). 7:, TuBEROHTCH RMKENICERE
PAEBEIKTT 5 2 E2HE I N Tw 5 (Murray
et al, 2001). HPICE > TEREZMEFT L&
WBEETH Y, HCIREFHEGRIICH Y & LR
LEENIRD LN 5.

A7z A VIR ANRODH L NVTY =
=y Z7HETHY, HFAT (Wik et al, 2019a),
AN/ (Diaz-Lara et al, 2016), BFFRy/ /87 —
(Lago-Rodriguez et al, 2021) 7% &~ ZRIERED
HE)RT + = VA YFSEDL I EPMONT
Wb ATz A YOINVITY =y 2RI, T
BB A6 30~90 AT, 3~9 mg/kg ®H &
DAT7 2 A VERRLEBICEDLNLTNS
(Grgic et al, 2020). ZOVEHBER, 724
YT T Y RO L LT 72T
HHLENTVD., A 724 VETT/ Vv Lk
EHPFULTHB Y, MR 2 5 o 7
TV VZERAL, A2a A2b xEWT A
AMOF LV TIE, Fi/MNEE»r LDV L
AF ORI EREL, FHFRIRDS HET L2 LT,
oW ZEDSHZ EHTES (Davis et al,
2003; Anselme et al, 1992). 72, KW7ZFT%n
CHBEDTEHIC L 2R R b EEENTwAE, |
WEDVETEA T =4 VBT 7/ ¥ V2 HRIC

W AREPUWEMIC L, BUEMEMREWE Th
5 K= yR7 FLFY YO RES R,
MR L, A i L2 % (Zheng et,
2014). TNHICE 5T, EBMAEF X ER
JEASEF S (Duncan et al, 2013), DBEE 7 E
FN—3 g yHEL (Dominguez et al, 2021),
W N T =< Y AP WUFHET S (Talanian and
Spriet, 2016).

AR, RO 7 = A4 VEIOFERVEICEL
AEE -T2 (Spriet, 2014). K (3mg/
kg) DA 7 = A ¥ ERBRL 7284, HHE (6 mg/
kg) BLUO®mARE (9mg/kg) LIkEELT, ¥
A7 NI TA—=5 —% 7 HRIEEN BT
%87 =], & SITIETERI) K OB EE ) §2
AR A B2 L L7 (Wang et al, 2020).
F72, BHEON 7 A4 JEIUE, TR OARE
HEORWER 251 &R L, @) 7+ —< VA
R E BT TWREMEADH 5 (Astorino and
Roberson, 2010). Z® 7%, KHEO S 7 2 4
ERUIRIWER 08D A7 BB N7 + —< ¥
A &L ENTED.

HT A VERICEZ2I VTV 2=y ZRHRIT
A e AR =V IZBWTHRESN TV, KT
TUNAT v PR=IVEFEHTOLI TN
Iy PR—IVEPRIZBWT, 3mgkgDh 7 o
AV %BIT 5 L2 > TRIEH OO BEE D
N3 27% 0 B L7z L STw b (Puente
et al, 2017). 72, WFT=AEFEzHRL L,
EHMICBII 27 2A0REG2BM L 2% T
&, B (77 ER) 2EMLIEMALRELT
Smg/kgDH 7 2 A4 v EBNL 250 THRE
Yy bOH =T AE — FH38% 1 I L7z
(Hornery et al, 2007). BLo7uany KR—=)
BPRICBWTIZ3mg/kgDh 7 24 ¥ ZHEIT
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Y, 9m DOFE— AT —DERHAS 2.8~4.3% [f]
L7 (Munoz et al, 2020). T 5D L HIZA
R=UBHERALB BT 25 7 2 4 Y ERUL S
74— VAR LIZRIPRN R T e W R B,

UEDE I, BABRAR=—YTH T =4 VD
INITV x =y VRRPHE SN Tn5E25, Bk
DY F VTR T +—< Y AN JRIFTHELRAN
BRI ER O PTRZBY HE I LTV R,
WEROE Yy F U 7T 5 =<V AITROLENE T
L, —ERTLICEWHEOREREIT ) BRI
N — LA = 2 TR R LR ERE AT D IR
WA THLEZEZLND., TRETOH T =
A VT B RATHZR TN Y KR = VRTF-ORER
FERBIEN ST —~DTN TY = = v 7 55D
RBOLNTVDEIEND, 74 VEIUILD
WERETOHRKAE - FH 1 LT 2062 DH
5. F2, 7oA VHEEIUCE ) BRFATIO
m EASEED 5 TWADH X 912 (Schneiker et al,
2006), EREMEDEL TV 20 BE 2K
MHRFANZWHET LI ENTE, FRICERETF
B L2REBRIFOE Y F U TNRT =<V AD
T 2 i< & A ReEA D 5.

UtoZ rs, RKifzeoHMMEHED S
T A VHERSKFARETFOE Yy F 2 78T F —
VARG RBEEEHLNITHI L E LT
KR TIE, BEEE Yy F o7 5 - AL
ERL, BHEOH 7 24 VERIHETOC Y F
YIIRT =R VARG 2, IR =
Y7 OEBT 2T B L v ) R AR T

hiE
wWERE

BERE I HERNCA 7 = 4 VIOV vt —
IN— AT — ORFETEXE R T 8 4 (4
203 = 08 /%, &£ :1745 = 33cm, 1A : 690
+ 25kg, A& 64, EME24%4) &L H
WA 7 = A4 YERDBD e, 724>
240N (a—k—, TFIY—FY 7,
KRR E) 251 mMAERE, F3aedERLTw
ZWEER L. HIERICE R 2 & 129h AR

HEDOH 2 HHHIB 5T, HE, WhzEDk
BHBFCB W TOERELHET 2 L) 2ok
B R Fio e dE TN e b oo HEREIZI
FEBRHT HIZH L WIEERBRE 3R 5 L) ITHR L
7o WFFRICdeni s, S TORREITH L TERHD
HMERR, EBINHL)ZA7IZOoOWTRIIL,
EBICSMT B RE 2 fe. REBIDIRBIRER
GBRFIOMIME RS ORB 2 TEBLA 0K
BT 03-69).

k7O

1 BN

RERRE, “HEEWMEERLS 9 2k =N =T
WA NTTHAT = A YHRMET T EREMD 2 5
a2 iro72. h 724 &MTIE, BHEE SR
53mg/kgDPh 724y (774 —%k 7=
A4 VRAW) ZHEIL, 77 REMATIEREED
FUBE GBS, 2B KA R) 2L 7.
FHEBI 1 B E IS SN2 Y 0B LIS O
WA SR CHERT A 720126 HIHILL Lok %
B Tro7-.

2 XEERFIE

M s 7 = 4 VIREIZER60 /7RI — 2712
FEL, TNOHOMEIE 3~ 4R T 5 2 L5
HENTWS 720 (Mclellan et al, 2016), A%
BRCII B B 23 Bk 7 A b BALG 60 4B 1S B HE 7
H 7 (HEREREG, BT EL) ICA-
7o 724y, b L EAME 150mL O F D
K (HARIA - a—=F%, wAIET) L—HHIcE
WL72. ok, 105 H O RN ZHEO# 40 55
DIA—=IVITT v TEITo72. I+ —3I VT
Ty FE2005M07 = IERIEA MY Y T,
107MoFr vy FR =N, 1005HOTVRYT
DFIRAE THEL S, KEBRTREEDO Y + — 3
YTT Y T eAFol. A =3I VT Ty TR,
10 57 W DN O, HIRT A P &2ATo 72,

BEKT A b

WERFAMI1IA =7 17TEREL, T4 =
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Tiio7z. WEREEYFr—<7 FhrbF vy
F v =25 TNy ¥ — % F IS 72 7 K RE
TANIAZ =V OBEATIZEIKA ML= T
ENFEET B L) HRLE (EvFry—TL—
MR =2 R—ZOH#E : 1844m). FeERETHE
Z 150408, L, 13RI & DX 20 & L7
A= TR THRIZTTHOKRBERT. 74=>
TR UK Z 7R TRT & L7,

BEEOAESE

EYFUINTF—< 2R

Vo F V7N —< Y ADREE L CE#E%
WE L7z, BREIEFR—2_R—2D% ) 3m Of
BIZAY— K4 > (Applied Concepts £, Stalker
sport2) =M X Y EREL, 41 =V 7 HBORS
B, FHERE AL 72, &£ ToORITTH—O
FyvFy— (FEREISAE) BRI o9l
IVEHEL, ERHDOANTA s =V T
TEIICHEHB L.

i waki-t =

W Dt & U C R BIET N T & e B A s
2 W L7 I A 5 7 2 1T
(Prhpees T34k, TKK3367b) #JHWwT, ik
T A NI (Pre) L4414 =2 7#THICHE L.
WHEA M, 7 S R O IR L, XV
bCRE L7z, AR L e ho 7o BRI
NEZAMET DR D /8 Yy Ra2 Ak, g LT
REBAEPER 2 WE L, BE Sz~ N 5]
& CIRMESME DG L. 2hEho
AATIEATITLET 247 L) IHRL 7.

EIBAIEIE

ATIREE & L0 i 2LER & W E L
7z DI N— L — FE= % — (POLAR 4,
V800) #MWVT, #ERF A MR LR T ET
Wikt CE L7z, &4 = 7 TOLMAROTD
B E RO E L, 5 ~14 BRDEERDFE
Y& PR S UCEHI L7z, i LR I 2R
(Y aF A TRFA AT, £—=7F4 7

U7 R) &AVCIERME FOIRED S L
M FLEEEs: (7T—2 v A ~—4 54 v 7t
LT-1730) & H\CTHeEk7 A MBAGAR, 714 =~
TRT BICIE L7,

FERAVIER

FHRMBEE LT EBNED)MKE (Session
Rating of Perceived Exertion : £ ¥ 3 ~ RPE)
ERIEEGREZNE L. £y ¥ a v RPE
A = ZTH#IC Borg (1982) @ 15 BB o
AT =N EAWVTEHI L7z, “RIR D RER
A= VT Ty THIE R KA TRTRIC
Wi L7z, ZRICERGTRER, WASHELEL7:
DEREOWEZITH) DO TH 5. BERHIZ 8T
Hz 0 (2<% TxhWv) 255 GEHIZZL)H)
FTO6 KBTS, [HRYT 4 7HE ]
(AT 4 7T HEAR ] TSR] THRBE] o4
OOEEWE L GRAS, 2003). 2hbH0
RS, 43RS & — 10 s ~10 KO HiPH O B il
TIFREN, EhZNEDToRICTHERLZ.
B L D EARWITE, K OHIREOEK -
PERARNZ & AR

RYT 4 THEGNE (P)

=HH4 +3HH8—HH3—HH7
AHT 4 THBEE (N)
=HH2+3HHG6—-HH1—MHHS5

P = (P-N)/2

HEEE= (P+N)/2

FEBR TR, h 7 oA YEIUC X SRR
OWHEIET AT v — MRARER L2, KH
H THR] TiREO8M] T8 ] TEHBEEE] [o
Tl HEX] 21 (v, BLALEE LR
72), 2 (BLEKLZ), 3 (RRELA), 4 (@<
& U72) o4 BRECEHl L 72,

RIBRM

F BRI O BB S Bk B ERIR S (WBGT)
(= 7Y F TR, BhERRE= s —
AD-5695) % HIWwT, WBGT, &id, HERRRE,
MFREZ 7+ — 3 ¥ 77 v 7hMGE, #%ERT A
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b BHIGTT, $RERT A MRETRICHIE L 72

WEtanig
ETOMITFEM £ BEEFAETR L. £2To

Wi SPSS (Ver.25) #MHWTHHr L7z, &TC

DWAIZ, “ER GfExA=r7) OffhEL
DdH DALY S L BHEX
Greenhouse-Geisser ® ¢ I2 X 2 fiIE#{To72. &
HAERAEED SN 72845121, Bonferroni 75
W CHBENE 2 FER L 72, Wata oKk
5% A & L7z

S

8

RIS

FERIE D WBGT O V1513 168 = 78T, i
12204 = 79C, HEKIREEZ 225 = 85C, HHA
MEEEIL 51.0 + 138% TH - 7-.

EYyFUINTA—T A

1 OFEYEREIEH 7 = 4 ¥ 50T 1221 =
72km/h, 75 £ REMT 1214 = 69km/h TH -
72, THOFYEREITH 7 24 V5T 1217 =
6.7km/h, 7 J £ REMT 1165 = 7.3km/h TH -
72 TOTHCE BT ORGSR, SEEEE TIIRH
i (p =0.005), £ = > ZOFERE (p <0.001),
SO FHE (P = 0015) EDOLN. Jitk
BUE DR, 41 (p=0049), 5H (p < 0.001),
6 (p=0016), 7l (p=0010) TH7=A
FMHI T T RGN L R L CHEICREZ R
L7z, 72, 79 REMTLRE LT W TH
BRIKTARO SNz (p=10049) (Fig. 1A) .

1 OBREEREIES 7 2 4 ¥4 T1251 =
74km/h, 77 £ R4 T 1238 = 66km/h TH o
2. THOREEEZS 7 24 V50T 1234 =
77km/h, 77 £ REMET 1211 = 62km/h TH o
7. WEEGETIREEMEM (p = 0010), 1=~
FOFEHME (p = 0002) XD LND, F
DOFEHME (p = 0081) XD LNHLEh o7z F
BREDORKE, 61 (p=0010 THT=A ¥
ST T ERGMEE B L CHRICEELZ R L

7= (Fig. 1B).

A NI A 2FECTIRAENEM (p = 0970), 1=
YT DOFME (p =0626), SHEOTERE =
0240) BIAEDLNL Dol EHRFOZ T4
IEIEH T 2 A VEMTATL £ 01%, TTEEK
G T 438 £ 01% THh o 72. EHEDOA 54
THRIZOH T A VENET T ERENTHEES
ZFBOSLNLr-7 (p=0245) (Fig. 10).
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Figure 1. Changes in average speed (A),
maximal speed (B), and strike rate every
inning. The values are expressed as mean
+ SD (n = 8). *: significantly different
between the conditions (p < 0.05). #
significantly different compared to the 1%
inning (p < 0.05). CAF: caffeine, PLA: placebo.
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WAkt

Pre O BHiNEEfG & 7 = 4 V54T 401
+ 57kg, 7L REMT418 £ 51kg THo7-.
TR THTEN 7 24 ¥ 5MT451 + 59kg,
77 b REMT 363 = 77kg Tho 72, BRI
W) TIESCHAEM (p = 0026), &0 E3024 (p
=0003) BBEDOLND, A=V rOEHE
(p=0.078) IZFD LN dr o 72, FEBUE DR R
1M (p=0045), 4@ (p=0016), 5[ (p=
0.036), 61 (p = 0005), 7 (p=0009 T
HT A VEMET TR B L CTHEIS
EER L7z (Fig2A).

Pre DEBMISMER A 7 = 4 ¥ 4T 448
+ 99kg, 7 I LREMT495 = 99kg TH - 7-.
7R THTIEA 7 = 4 ¥ 5T 479 + 138kg,
TR REMNTA52 £ 99 kg TH o 72 BB

A 55 * * * * *
50 A
“» 45
=
8 40
B
3
2 35
2
30 1 —o—PLA  —e—CIF
25
pre 1 2 3 4 5 6 7
Inning
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™
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Figure 2. Changes in hip adduction strength
(A) and hip abduction strength (B). The
values are expressed as mean £ SD (n =
8). *: significantly different between the
conditions (p < 0.05). CAF: caffeine, PLA:
placebo.

PHEFG TN (p = 0135), 1 =27 D
FRHE (p = 013D, FHOEHME (p = 0394)
iR b N h o7 (Fig2B).

HIBMTRIE

WO, PO e DICRERN R
AT p = 0028, “FH.0Ep = 0014), £ =
YT OFEHE EEEOTE D < 0001, FIH0mM
¥up <000, £HoFEME LD =
0031, 3.0t p = 0036) 2RD LN
EDAETIE, 4 1 (p = 0.029), 6 7 (p = 0.044),
718 (p = 0.034), F¥L11%TlE 7 1] (p = 0.049)
BV TH 7 24 VEMET IR LKL
THBIIHEMEEZR L7 (Fig. 3).

PP O M LML A 7 = 4 V5T
1.8 £ 0.2mmol/L, 77 £ K4HT 1.7 = 0.2mmol/

A
180 4 * * *
I
£ 160
8
140 A
&
° 120
e
S 100
K —o—PLA —e—CAF
80
pre 1 2 3 4 5 6 7
Inning
B
180 *
E
2 160 A
o
© 140
-~
I
g 120
o
<
& 100
s —O—PLA —o—CAF
£ 80
pre 1 2 3 4 5 6 7

Inning

Figure 3. Changes in maximal heart rate (A)
and average heart rate (B) every inning.
The values are expressed as mean = SD (n
= 8). * significantly different between the
conditions (p < 0.05). CAF: caffeine, PLA:
placebo.
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LChole. BERTHTIIN 724 V5M4T26
= 1.lmnol/L, 77t KR%EMT 16 = 04mmol/L
Tholz. WK THTIEI 7 24 VLM TEME
R L7, REAEW (p = 0258), &hoFw)
Ho(p=0054), £ =vZ7OERE (p=0354)
ERED LN o7z,

EEAVIEIE

v ¥ a v RPE CREHMM (p =0135) &
BOLNLEP o7, A2V TOEFE (<
0.001), FtFoEME (p =0.004) FED LN

T

2097 |

18 4
o 161
=
=14
o
4 m-f//f’f__f/f//T_T
% 10 4

—O—PLA —&—CAF

1 2 3 4 5 6 7

Inning

Figure 4. Changes in session rating of
perceived exertion (RPE) every inning. The
values are expressed as mean * SD (n =
8). +: indicates main effect of condition (p <
0.05). CAF: caffeine, PLA: placebo.

L=y 7% FERHTEICE Y ¥ 3~ RPE offilk
MStET¥imL, #7=4 Y&UEOHBT TR
G i LT EZ R L7z (Fig 4).
ZRIERGREDH b, RYT 4 75, Pl
BETIIEEAEM (p = 0005, p = 0001), 5o
Fah% (p = 0031, p=0027), £ =2 Z7DER
B RV T4 7HE p < 0001, YL p < 0.001)
WD SNz, T2, BYTF 4 THE, P e
bi24m (p=0020,p=0048), 5[ (p = 0.012,
p =0010), 6@ (p=0013, p=0026), 7 (p
= 0017, p = 0006) TH7 x4 Y4&MHE7 7%
REMEB L CHEICEBMEZRL. AT 4
THEE L B IR ESEM (p = 0087, p =
0.751), &froF%E (p = 0146, p = 0071) I
BOONLholzd, A=Y Z7OFEHME (p <
0001, p <0001) FFD SNz (Tablel).
BITEH OFEIZOWTIE T T B REMATId [
R T IR B ] T9EFE | [ BRREdE o F ][k
&5 DETOHEATIHOEHHREN1 (v,
EEAERE ehor) EEEKLE. A 724V
T 1 HOBEED [IREOHN] OIEET 2
(BLLELZ) LHEL, ToomEdTidl &
& L7 14%BMh7 HokEz4mEyg T
1 &L,

Table 1. Two-dimensional mood scales. The values are expressed as mean = SD (n = 8).
*: significantly different between the conditions (p < 0.05). CAF: caffeine, PLA: placebo.

p Value
W-up (pre) W-up (post) Ist 2nd 3rd 4th 5th 6th Tth
conditions  Inning Interaction
Positive Arousal ~ CAF 2946 5338 5644 5145 50240  50x46% 45246% 43£43% 40+53*
0.031 <001 0.05
PLA 16+47  34+41  43+38 3442 2552  20=%51 11£56  13%52 -09+64
Negative Arousal CAF -68*19 -55+24 -46+38 -41x47 -46+36 -44*31 -45+32 -54+30 -51=*24
0.146 <001 0.087
PLA -75+16 58+23 -41+37 -45+32 -38+31 -41£37 -30%37 -29+42 -34+35
Pleasantness CAF  48+29 5425 5131  46+38  48%31  47+34* 45+30% 48+30% 46=31*
0.027 <001 0.01
PLA 46+29  46+30  42+30  39+32  31%37  31+40 21%41  21+37 1338
Arousal CAF  -19%20 -01+19 05+27 05+26 02+22 03+20 0025 -06+21 -06*27
0.071 <001 0.751
PLA -29+20 -12+14  01+23 -06+19 -06+21 -L1+21 -09+23 -08+29 -21%35

The values are expressed as mean * SD. *significantly different between the conditions (p<0.05). CAF: caffeine, PLA : placebo.
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AWBEDO HIE, BKHEO S 7 = 4 YEIHK
BEHERTOCYF U TN T =<V ANH 25
BEWOHPICTHIETHo72. B 74 VER
WCEWEYF U IR T 53—V R, JFICHEYEL =
¥ 7 TORBLT 2 JH§ % & v ) REH & 37T
72, ARWFZeCit, 3mg/kg DEHEDO S 7 = 4
VHEIUZE D 4MHp 5 7 MoOFIEEREIEZ, H T <
A VEMDTINRT T REMHL) bEWEERL
7o, TIRAREMTIE L& LT 7 B2 ERE
PHBIKT LA, H 724 LU TRAER
KFIEREOLNT, A= 7d2HRLIELIZLS
HEDE T2 EN B EAREN. Tk
REMGTRONZKEOKTIZ4MEBZ2H 72
DrHTHY,
(2018) DREFAFEF G L LEBRIZBWT
FERAE = FOR T RBD L NIAEREFB L
FERTH o7z, RHROEREN S, KFEHETI
EH# (3mg/kg) OH 724 v E2ENSES
LT, BEA =V 7IIBIFAA ML — bOXRH
OILTAPH SN D Z EATRENT:.

BBk T A MR P TOBRBK T2 Z S 28R
WL ohEZLNS. 1 DHIZEEORMAN
BN ER L TH D, AWFIETIE, K
MiNGRA IS 7 7 2 R TIEA = 72 L T
FEAEEBL L o 7zDlZX L, hT7 x4 U5k
fEClB A = Z7olEP EA L, 7I R
LIk LAEICEMER Lz, Al & (2016) (X
1E 155 Bo Ly FIVETE 6 HETTS
SR HP 2 B e A & e A S AR R A ) & 0
L, #7xA YEMTT I RGN LI Tl
HHOETF 2R L7222 L2 HELTw5. By
F v —DOFFRKEEICB W T, B IZH < BRI
& Iz S 8T v i oo I o0 [z BE 5 PN R 5
X, BREOENEFILECEF LI L TRE R
fEZRT ZERME SN TS (Kageyama et
al, 2014). F7z, BBAFIAIER O & Bk o
KT AEERHBEERED 2 2 G s T
W5 (Yanagisawa and Taniguchi, 2018). 2B

Z M Yanagisawa & Taniguchi

AR FE TR B ET N B AG 01% 4 [l 22 & 7 [T A
T A VEME T T ERGNTHEELEDD D,
EHEFRBICH B R EZDNH LI IV TE—HLT
w7z,

2OHEA 7 oA VU IV &AL = T EE
LTty YaYRPEDVH 7 x4 V&MU TT 5%
REMHLEHKRLTREZRLAZETHS. 2D
9% 7 24 VEIUS XD EH o RPE 08
T2 H LR 87 4 — < A E L 5. 2 724
HELT, I0BMOYA Y= FA N2
72Wf72 (Dominguez et al, 2021) ik KB FHE
IR D 70% DT 30 5 Ho—E @4 7 1)
v T %475 720%8 (Killen et al, 2013) T, #E@)
NI =V A%MEIETVE. RIFEICBW
TIFENHEFEZHR LTV LICLELLT, &
T2 A VEETIE T T B REME B LR =
YZIZBWTRPE BFEICEMEZRL (771
AR5 410158 £ 30, 5165 = 30, 6 [l
16 =24, 7W166 =26 77 x4 Y50 4
13 £ 1.3, 5 | 137 = 19, 6 [a] 149 + 23,
7147 £ 24), WEEHRT + —< VAR T S
FTWRY, FLARE TR, KA AR TS
DB DORERDP S H 7 =4 V5L, 778K
PEE D QEMEZ R L TEB ) HEBRES &) THRERL
TWLHIT& 5. ZORPEICHEL25. 27
BRELT, #7 oA AAERDYESTIEE B S &
2 ENEZOLNDL. b ORI RN E I
T VU NEREIND 2 & THRAESROTE)
PILTFT 52 & THl &Lz &N b (Pageaux et
al, 2015). SOTF ) T LI X BPEHIKIL, T =
A VERIZE VRS EL 2 LN TEDL I LA
HENTHBH (Smith et al, 2005), T DI 5 %
DR A RPE OB oI 1 v 72 W ek 23D
5. L L, KREFFETIZEATIIZE & FHC RPE
BN T F = Y AR E G2 E bR
BH, BARWZ A H = X RIZOWTIEP S AT
ETBOT, SHOBMH LTV LEDND .

3OHEA 7 2 A VEIUIX ) HRIEHZ1T9
DI 2 DERAYIRE SR S 22 L TH 5.
AWZETIX, RI T4 THEEB L OPed g%
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A=V TOARMPS TRTHT =4 Y EMEHRTS
ARG EHKR L CRFTH - 7. DE RS
ZIEEY ST o — < A EE RIEL, AT A
VERBRTAZ EICE o TRSES LIESE DR
WHRREELZEPMOEN TS (Yeomans et
al, 2002). Jodra » (2020) X 6mg/kg D 7 =
AV EBENT L LTRSRELLHEL, 308
oo A4 75— T A MO =% EE8d722
LERPFELTWS, F72, LB PSE AR
CLICXoTRPE 2 sl vwi#Edd
% (Backhouse et al, 2011). 4 H#Z D &5 N7z
RPE O¥MOMENI A erE L 722 & I2H
HELTWEhrdbLhiw, T KVF4 THE
BLOPu#EEEIZ4m, 5M, 60, 7HTHT
A V5EMETTEREHTEIRBENRTED
AT PRI RO 72 5 4 I v 7L —3
LCTw/ Ihbopzdizse, KV747
RSB I OPGENED S 7 = 4 YEIUC XD EL
W72 EDRETOFHEDET 22 72—>
DERTH LNV H L. LYPLEHS, 17 =
A VHEPU X B 0B & EH) T 4 —< v A
DYUFIZOWTOFHMZR X H =X LIZOWTIES
BOMETREE o7z,

—IRIZA T = A ¥ EHCT B EARNIRE, BR,
HhmkEd, &5, Wik, SR 7% & ORIVERASBL
N5z La#HeE S Tw b (Salinero et al,
2014). LA L, RWgETIdH 7 =4 YHEHUIZ X
LEWER OEEIZIZEA L RO N h oz, Z0O
HHELT, 74 OB E (3mg/
kg) Vol ThHhrEEZONS.
Pallares & (2013) 3ke4 R HED A 7 24 V %
B4, AR (3meg/kg) L0 b
& (6mg/kg) TRMWEHO#HENL L, wH
i (9mg/kg) TIREIEASKIGIZHIMT % 2
LEMFELTWS, L72d> T, RWFETHW
A& (3mg/kg) OH 7 x4 VBRI, FEIfE
ADPBND TR, WEROE v F 2 7%
7 4 =% Y AZBW T MOBEH L ARV T
Vo IR SN0, EEOBHY
TOILHDPIEETH B 2 LATRIEBE N7,

RTINSO DR H 5. 1 2HI,
AIFZETIRME DN 7 2 4 ViEZHIEL W a
WZETHD., — ISP DS 7 x4 ViREEIEHE
BRI =2 22 3~ 4RHIZENLSD
fEAHMEFE S B (Lara et al, 2019). ZD7-HAR
WIgECIXBAAG 1 BERIRTIC S 7 = 4 » 2 B L 72
B, WEREBEHTH 7 24 YOEHOIESD &)
HolzhEIPRIAHTHL. 20HIE, K
TIEA 7 =4 Y2 HEWICERL TR, £/
FIEEAEHEM L TR WS 205 L2
ETHB. W74 YEHENHENTZ I LI
EoT, BT A VICRHTBRIEA/NEL DT
EDMSNTWS, Wik 5 (2019b) & HFRIZ
BT A YEEBRLTOLEEE 2N RICENE
(9mg/kg, 1llmg/kg) O 7 =4 v ZE ¥
THNRVFTUVAT A MIBIF 2% EREAs E
Lol b ZHMELTWD. Z0kD, h7x
A% HEICERL w2 lRE 2% s L
BHECBOTRESNO L) BRI VTV =y %)
REIBDOOENL WIS H 5. 3 OHIIERO
70 b I VHPEROIERORE ZEEIITHILT
ETWRWVWEIATHD., RIFFETIE, BEREIC
EIRA ML — b TENEIKRT S L H IR L.
L2 L, EBEORETIZA bL— b UAOZE LER
LT 2. F/2, Ref=rvr 2 kd2
CENERENDHFI, &) THRERTAYmE
A % BAFT BRI 5. & HICEBED
RO TR LA =¥ ZITIRIRT 2 BRER PR M 13
—HTIE RV, 0720, EEORETH 74
VEBRLZSAICEDL) VTV s
WIRDBBBREND NIV TEHHRE S 4 b5
VETH B, wBIZ, RERIIEINIB W THEE
HZh72bEBRTH o 72720, HEH I & IR
SN RL DR o7 THD, BHBRET
TOMEENE, WEE AR AR HKOEEIZLD
HE) ST F =< VAP EZT BRI LML N
Tw5 (Hasegawa and Cheung, 2013). LA L,
AR TR BHRTRGRE T T hho72720,
CNOPREFORFBRICKE gBix RITT &1
E 212w,
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M e LT, KR¥PEKTFIZ3mg/kg DA E
DH 7 A YR BRSEgA, FERNETRE
ORI NS I L5, Il 70 IR
RARYT 4 TRIGOMFEB L Ptk oIz X
DAL= OFEREPE LD =7 THE
WHZ MR CX TV EATRENS. F72, &
T A VEIUCLZRAIEHBIZEALR N,
otz Lizs->T, BHEON 7 = 4 VHHUX
KRFEZLTFIZE o TERMPOEN 5 FETH
Hb L,
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