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The effects of the difference in composition of ice
slurry on endurance exercise capacity

Sumire ONITSUKA, Xinyan ZHENG, Hiroshi HASEGAWA

Abstract

Ice slurries are icy mixtures that are consumed as a drink, and many studies have reported that
ingestion before exercise improves exercise performance. It is thought that when sports drinks
are ingested in the form of ice slurry, carbohydrate and electrolyte intake can be achieved in
addition to water intake and body cooling, thereby a greater ergogenic effect can be exerted.
However, there are no studies that have investigated the difference in the composition of ice
slurry. Therefore, the purpose of this study was to investigate the effect of the difference in
composition of ice slurry on endurance exercise capacity in a warm environment. Eight male
participants ingested 7.5 g/kg of thermoneutral sports drink (CON), sugar-free syrup-flavored
ice slurry (WS) or sports drink ice slurry (SS) in 30 min. Then, they exercised at 65% of the
maximal oxygen uptake until volitional fatigue in a warm environment. Exercise duration, rectal
temperature, forehead skin temperature, average skin temperature, heart rate, blood sample, body
weight, urine specific gravity, rating of perceived exertion, and thermal sensation were measured.
Mean changes in rectal temperature and forehead skin temperature was significantly increased,
and the thermal sensation before the exercise was significantly decreased. However, no difference
was observed in the duration of exercise, blood sodium concentration, and blood glucose level. It
is considered that the exercise duration was shorter than expected because the exercise intensity
we used was too high for participant in this study, and no improvement in exercise capacity or
difference due to composition was observed by ingestion of ice slurry. In the future, it will be
possible to clarify the effects of differences in composition by reexamining using exercise

conditions that improve athletic performance with ice slurry.

Key words:
T7AAAT Y — iceslurry, B composition,
FEAMEEEHE )] endurance exercise capacity

VR BSOS N R EE A2 B (Hiroshima Bunka Gakuen University, Faculty of Human Health Science)
> LA E % bE (Shanghai University of Sport)
SR BB N AL SR EFER (Graduate School of Humanities and Social Sciences of Hiroshima University)



32 TA ARG — DR DENSHFFAVEEB R ST

[#E]

LA, W OPDOMEICL>TTAAAT Y —
DB X 2B FE D O FEDH S EhTw
%o Siegel et al. (2010) 1%, WBEERBEITIIBIT S
HiBEEIRTIC 7 A 225 — (- 1C) i
WK (4C) 275gkgfBT 5L, T4 AXT ) —
DI & > TRLRATH BT L, 9%5% W
ICE S E TOETREM19%M LAz E@®mEL
720 F 72, Yeoetal. (2012) 1%, EBIRBET O
BRAMCBITH10kmT 4 A 54 7 IVERIIZ 8 g
kgD T AARTY — (-14C) F 2K
(309C) #HEWEELE, TAARATY —5AMF
CBOWTHORSEEIET L, seERA15
B L7z s L7,

TAARXT) —OEIUTHAGHNIC L 5T v
TV =y 7R L & HITRGHIR L LT
bUIfFs N5, ROMHICEL I L
COWEBZINTED, &IEWOL~02%,
HA4~8 %% EALHE (bW 2ZAR— flkE)
AEENE T OMERFB X OBETFRHICE L TWw 5
CEAIRENTVS(IE S, 2013), L7235 T,
AR=VEHEEET A AAT) —ORETHERT S
&, BREH & FR AR IR HIAR AT &,
SOIHEBREINUET L EEZONDL, LAL
BH S, AT TIZZDMBIZOWTIEEH &
NTELT, HEOENDEEIRE I KT TR
WOWTEEZHL DI > TR,

ZZTARWIETIE, T4 ARAT ) —DHEDE
WM AMEEBI R I AT TIEIC O W TREY
AHZEEHHME L7

(73]

WERE IREE NS4 7 A0 VEICHE T %58
s 8 % (4EWh 228+ 1.285%, &K :1.73
+ 0.03m, f& FE :60.1 = 4.15kg, BMI: 20.1 =
1.28, & KM FHIE (VOy,,) : 57.9 = 6.9ml/
kg/min) Th o7z EBREITI D7D, HhE
WZEBOHWB L OEBmEIC OV To 145 %@

AT, EBROWERE L %D L OFRBEER
FEERL, IRBRFER ARG F A ZE R PR B
KROKREE/FTITo 720

REBRIIEIL S, VO, DMELT77IVT T
A= a v EfTo720 VOu PDHIETI, Hil
BREE T BT 2 43432 20W 9 0 il B £ 4 & B
S LW T A P& HEELLVT X — 5 —
ZHWTITo 72,

FTRTOEBIZTER3C, B0 IZHRE L
BRETCHIEERIL I A —4% — (COMBIAH#,
POWERMAX-VII) ZfiH L Tiro 72, #EBMUH
DRI —T 5720, BB IITERF HH» 5
WLWEBB LT VI—, H 74 OB
PR, FEBREBO IR X TICEFEHIE
X IIMRIE L 720 F 72, FEERBAMGRF O KFIIRGE
B — 3 A7, FEBREMG O 2 KR ATk
500mlz WS 7z, KkfTI34 HUL LORBEZ
DY, Y—A7F4 7 ) XL EEE L TEPEERE
(20 &[] — DR CEBRZAT 5 720 FEBRIT A
L7 B AF —N—=FHA T, ICOAKR—
VR CRFEREE, RAH) Xy b, BEE6.7%)
Z IS 5 CONGAE, k> 1y 7 (SFILFLSE
A&t 2y rn)—vay 7, BEH0%) T
JEABROF L7274 AR T — &Y 2 WSS,
AR=VEHE TR LT A AATY) — % BT
BSSEMD 3 5% 4T 7,

BB, FEREMEICHER, Yo T
RN L 720 Dk, JRILEDL X OEHRIEEZ
EL, BRR7TO0—7OHAZ#Z 5L, FBHE
TH—TBIOLAKE= Y — %25 LT, £
SIIHE L, KHRROWEZITo 21k, TiFEER
TWE L 72 m KRR D30% (30% VOy)
TSRO T + =3IV 7T v TRIT 072, Z D,
SORHE U & L 3045 [ o0 % i 1 1) & 3 U
720 WERESHORHERGYI M, AL IRTE T 5
I 15gke T O KLU OHE Z B L 720 %
B, JTCOAR—Y HHOEBIZ I EIRAE (AS
ONEfl #, THERMAL ROBO TR-2AR) % Hl\»,
TAAAZY) —IZATFY) —~ ¥ (Margaritaville
8, DMI1000) % v TIER L 720 ROBHEEL



WA - 8 Bk - RO 33

M2 T 35 &, 65% VO 90rpm® 3 B}
W CHTNMEICE S ECOEB Z MG L7,
FREOEFZ, LIEA 2008050 F 72 E
MmA395CIZET L0, SHICLIIMELER
T TH0rpmEMFFTE R o7zl T E L7,
TE B Ak A R ] R KRR IO W T OB E~D
T 4= RNy 73U Tbkdro i,

AEPRHREE & L ClE i, PIgR s i, (AR
PRICE, ARRMAE, MY > 7V a2llE L7z, B
o i 1 18 i ) 7 P ) X V£ ) —  (Teimoku
Medixtt#) 2% —3I A ¥ —Tu—THIT LA
N— (R —eMASHR) 235 L7 —
IRy —7u—7 (HEEY—ehAaHR) o
FAZH®Y, EEBMNIZI0 ~ 12cmifi A L THlE L
720 BERGImIEMER, EREES, KRB, R
FNCH—3I RS —Tu—Th T =TTl OIF
THE L7z 1B S OF B AR 25 50 AL o0 K2 g T 13
7 — & WEM N EET (Gram Corporationfh %, LT-
8A) ZHWVTH M IZEH L7z F 72 PR
fiil¥Roberts (1977) OXZH VTR L7z, &
HMRELDTOLEY TH S,

Tsk =0.43 X T, +0.25 X T, +0.32 X Ty
(Tsk : “PIIRZ R, T, WERIREE, T, LBEHRiER
BE, Ts @ KBRERIHEE)

LAEIEN— ML — FE=% — (POLARF:H,
RS800CX) % JHv»THERp 5 73S HIE L 720

REE, REE (A&DHE, UC-300) % v
THIRT, FRIHEIIIRILES (Atagoth B,
7Y FVIRIEIRHTE UG-D) % M T HERHI#
WZHSE L 720

EBWIEE L LT E KA (Thermal
Sensation : TS) % Gagge (1969) ® A7 — )V %
WCHERR 5 I, EEINEE) R (Rating of
Perceived exertion : RPE) % Borg (1973) O A —
V& I CEB)H 5 I E L7z,

M > 7 v, 3HHORIME (SEKISUIEL
WA Xy 7 1-D) \ZHEEMAME 2 RILL,
Zo%, ¥B WILERREL > ¥ —) 0%
WIS 5 2 & THEERI RO M Nak L, MU,
ANEZOE U, A< b2y MEZIIEL, I

e, MEEZEB Lz, SR ToRX%
v 72 (Dill et al. 1974) 0 92 B | o 1L &= (%
100% & L CHERRfR & LBHRE L 720

BVA=BVB (HbB/HbA)

CVA=BVA (HctA)

PVA=BVA - CVA

ABV (%) = 100 (BVA—BVB) / BVB

APV (%) = 100 (PVA-PVB) / PVB

(BV : Iy &, PVIMAER, CV: RIEkE, A:
HEHR, B EHHE, BVB=100)

FERAE RN T ROV £ B R A TR L7,
RERB X ORILE, EH 7+ —< A, MEY
IV TER (&) O#VELOD D55
Mremv, B, B O REEE
EBEB R, 2 BN (S xFH) oD
B’L DB D5 EGH % T, SPSS (Ver.17.0)
LD Lize HREAENRD LNIHEITIE, K
EB XY, RIE, MWEY Y 7 VEIEod 5T
Wog %, MDA OIREE I Turkey DHSDIRE 12 &
D, HEREMOEDHEZRIT o720 AREAKIEIZL %
K & L7zo RWFFETIX, V4=V 7Ty 7TH
BREDEE RN—=Z2 54 v & LTz,

[#&R]

FERF O BEHI S M 1L, CONSAF T=il308+
1.1C, #PE703+10.0%, WSS <= ii30.9
08T, WME67.7+9.7% , ICES4M THiik30.8
+1.3C, mE718+x94% TH Y, FHMIZH
HARERBEINT, FoRMIIBWTH AR
RS CERDITDb I,

FHRMICBT B EE MR 2 1-A, &5
TRIC B B BE O & @B kiR % X 1 -BIZ
R L7z EEIREBCRER 1L, CONSFT38.8+9.0
55, WS T36.2+65%, SS&MT372+83
GTHY, FMETHEREZEIBIRE SN G572,

B ROMEEEEZK2-A, XR—=ZF 4 ¥
» BEB MG  TOBERRZLE %X 2 -BITR
L7z BEBimi%, CONSMEB X USSEMHFIZHB W
CEE2055 5 5 BIE E T, WSEMHIZB W THES)



34 TA AR T — ORMEDE D FEAMEEB REI N ST

A 60 4

% 40 [ [

R

# 30

B

il

@ 20 A
! CON WS Ss

B 60

. 4

B 40

R

LR

B

il

2 204
“1 W P
’ CON ‘ ws ‘ N

1 GEBpREBERER  PI9ME (A) B X OKHER
TofE (B)

P9l = B A (n=8) T/RL T 5.

B OREFEFTR—2A54 VERBKLTHE
W EHL (p<0.001), KE&MIZBIT 5957 K H
IRf O T i 1Z CON SR T38.97 £ 0.73C, WS&
3884 +0.38C, SS&fF T39.12+049TC T
Holro WSEMHIZBWT DR, EHIFAMGEICH
V% BRI ASCONS A & ik L T B E
R L7z (p<0.05). EE BRI B T 2 EE
WZILEIE, WSEMB X USSE&MTCONS:f: &
HBELTHBICKREWEZ/R L7 (p<0.001).

i AR R IR D MR IE I AL Z X 3-A, X"— R F
A 9 S EBYBLGIE F CORET N IRE bR %
B 3-BIZR L7z BIZAIRE I, &&MIZBWw
THEBLOFTHOEBEE T, N=2AF5 1 &K
LTHBEIZEA LD (p<005), FMUHHETH
BTl onhhrodze LALGEAS, EEH
BRIRE IS BT 2 WA B M iR (L =1, WS&FB
K USSE&MTCONSGF L IR L TAHRBICKREW
il # " L 72 (WSS :p<0.05 SS& M :p<
0.01)o FHREMIRIE, FHEMHFICHEWTERL05
POEEEFCTHEICEA L (p<00D). LA
LA 0, FHEICBI 52388 I N L h o7,

) mE®

24

.

5‘{

!\v
w
wm

ERggoS oS oIR8 REE
FTEFES £Ex
=
R
14
W () =
B 0.60 ook
r 1
0.50 4 Kk
|
0.40 (
1=
B 030
=
2 020
(4
2 010
z
z
0.00
-0.10 4
020 - CON ws ss

M2 ERROMKKEHZEL (A) BXOEBRE
L& (B)

fEIE I = EHEHFRE (0=8) TRLTV5.
#HHHITICONSEB X USSEAF, $$SIEWSKAFITBIT 5
N—2AF7 A4y EDHEHE (p<0.001), ***ZCONS
e OFEEEERT (p<0.001).

39.0
g 380 = ARy WS
il 370 Pt SS
w7
b=
g MM
C .
350 M_I_rl
Y
g288gUuewereegyeeER
JTENES 4
=
R
W () =
B 1.00 - ‘ ok '
080 A —_—
E 0.60 1
;‘; 040 A
%=
P 020
B
T 000 1
020 A J

040 - CON ws SS

X3  FIAIRmOMENZIL (A) B X ORIERR
mZ s (B)

I £ i fFEAE (n=8) TRLTWA.

HIBEMFICBIER=2AF4 vV EDEEXE (p<

0.05), * ** [ ICONSKMHLDAEEEERT (ZNF

np<0.05 p<0.01).



WA - 8 Bk - RO

DK, CosticBwcbyr—3I 07
Ty THO-300B L OERS 5 SHEE T
ARICEWHEEZRLZ (p<0001)s L2L7%&2S
5, UM THERELAIBISEIN 572,

FERRIHICB T 2RES L OWRLE, Mgy~
TNVOEALEE VIR L7, SHIRER, FEERAT
AYCON 5= 4 : 63.26 = 5.12kg, WS &= 14 : 62.96
+5.12kg, SSEMF 16284 +529%gTdH - 72D I
xf L, FEBfR IZCONSHF : 62.07 £5.19%kg, WS
% F : 61.99 = 5.06kg, SS4c fF : 61.81 = 5.29g

Thh, BB THBIIEA LD (p<
0.001), &AM TEEBIEINLD» -7 KIL

FIZBWTE, SSHEMATERBICARIIHML (p
<0.05), WSEMTHEBRZICHMNT 2B RS
N7zds (p=0.05, FHEMTEIBEINE)2>
720 MILEIZ EDOEMITB VT S EERBICHACK
REL SNAMEITIHEL TV Rd o728y, KREWA
# 13 CON & 1¢“C23+08% WSS T21+
0.8%, SSHAFT22+06% LBmERBIAL Sh
%Ml (ACSM, 2007) % 7% L 725 merNav;%fE
EEHIHB L LB HTHERSIBIZ SR
Do Tzo MBEHIESSEM I B W TERKICHE
ML (p<0.05), CONEMIZBWTEERE
WCHIIN S AEm SR S A (p=0.09), SO
MTHELRZAIBEIN o7, MR
CONZMB L USs&MicB w“(%%ﬁﬁékﬁ%ﬂ_

35

BOWTERBICHEZIHKD LA (p<00D),
FMMICAERZIBE S22 72,
THinEE) . (RPE) OMEEZEIL%E X 4
A, RBVEE (TS) ORI E M 4 -BITR
L7z RPEIE, WSEMDEBH305IZHB VTR —
AFA4 v EHBUTHERBIC LA L722Y, FMAHIC
BWTRARGEIBEING o7z, TSIZ
EHRMICBC TR 2S5 HEE THEIC R

——CON
- WS
SS

REBNZEH

——CON
—a—WSs
SS

0 R

mmmmmmmmm
R AR I =248

BB (9 e

4 EBREBRE (A) B X CRARE

DHRIRFZEAL
HIZ I « B Z (n=8) TRLTWA.
HIBFMHICBIIZR=-2A5 4 VDA EE (p<

(B)

W LA (00D, RHHTHEEE L 00 SUCONNS 07000 Sicov s
ehrolz. MAEEIX, CONSMEB X U'SSE&MIC R
F1  KFIREEDS X O > 7V DAL
CON WS SS
B H JH B % S B A L) 1% T Hif LB 1%
RE (kg) 6326+5.12 62.07+519%** 6296512 61.99+5.06%** 62.84+533 61.81 +529%**
1.014 +0.008
JRIE (gml)  1.005+0.005 1.009=0.006 1.012=0.009 1.011+0.008 1.015=0.008*
M Nal%BE (mEq/L) 1419+16  1423+13  141.0+08  141.3+17  141.0+17 141.£2.2
MR (mg/dl) 86789  91.4+1237  849%96 91.9+122  783%14.1 91.3+5.7*
I (%) 100 96.4 + 2.2%* 100 97.0+55 100 95.1 + 3.6%*
IR (%) 55.1+15  524+24*  553+29 52.7+37 548+1.8 51.1 £3.5%
HREBE (%) 2.3+0.8 21+0.8 2.2+0.6

I FIGME = BEHERZE (n=8) TRLTWA,
*p < 0.05, **p < 0.01, ***p < 0.001 1 SEBYFT & DA 3%,

ARG & I L 72 & & o (p<0.1) 2R,



36 TA ARG — DR DENSHFFAVEEB R ST

AL72 (p<005), 72, WSEKEHD - 54L&
B aaK, SS&MOEB) HIAK IZ 3B\ TCONS
et L THBICEWEZ R L (p<0.01),
SSE&ME?D - 5 47T BVTCONSF L b Kl
ARSI SN (p=0.05)

(%]

RIFFETIE, T4 ART ) — OB D EN D
AMEEBRE IR THEII OV THRE T4 2 &
#HIE LT, 37CHOAR—Y#E (CONSKM)
FAE-BREEET VT A ARXT ) — (WS
ZMr), MEi-BRELZELAR— VB TIER L
727 AARTY) — (SS) D3GR EL,
BT o7z. TORNE, EEFRT) B L O >
TVIZBOWTREGHTHEEAIBIZE SN 2 d o
7oo LALZAS, EEIFHGKRICB T 2 EBIIR
BRI TA ARG ) — 2N L 250 CTHE
WIKT L, ERERE RS X O  E iR
O WSEMB L USSEMH THEBIIKE iz R
L7z

AWFFETIE, 75gkgDT A4 A AT Y —HEIC
£ o CGEBIBBIFIC BT 2 HRA LR H RIS
REBMEEZRLIZICHED ST, )RR S
BRONG o7z TORKE LT, EB)uE D
559 E 2720 EE kLR 2 EE L D b E o 72
Z &, FEBETAMKROBRRICELHDOTER
CRMMEDERTH o722 D EZ 5N D, A
ZE T, 50 ~ 6045 o 3 B {k i I [ & R e LT
65% VOy D IEBGHEE TEERZ AT 5 720 T,
Wegmann et al. (2012) 12X A 7L 27 =) v 7ER
RN T+ =< VAT AL 22— LICH
W, 7L 7= v ZIEEMEOES) CTRIFEHHY
N3 2@ M5B 555, 605 % k82 % & EWA
LTLE)WREND S Z LARBINT W7
DTH 5D, AT L F UEB)5HE CEBREIT- 72
Lee et al. (2008) DOWFFETI, EBYRE IS R A
53 TH Y, BAREBIIZLATL Y =) v 7OR)
WEIRLTWD, Lee et al. (2008) DWFFE & AR
OB L IR EDO ML —= 2 7 LX)

WZEIX o7 (VO - Lee et al. =57.8 = 5.6ml/
kg/min, AWFZE =579 +6.9ml/kg/min) 7%, HIKH
TEE) DR 5OV MR EAL AR FE TIO0rpm L | & Lee
etal. (70 ~90rpm) X0 &<, A 72 B ok
BENEPo2EEZ N5, T 72, Lee etal. (2008)
IS B KRR E L TWieads, AT
EEHOKGHFEIIIT-oTE ST, HRERDED
Lee et al. (2008) 2302%Hit2TdH B DKL, &
MIETIE2% 2R TW5E, UEDZ &b, K
g8 TIZ BRI IR R IR~ D F3E T3 72 < WEED
W97 L WiK 7% EDORMMEDLEERIC X 0 B AT
L., $7220EHMERHIET ELZEn5
TAARATY) I & B EBIRART O %R H
N olebZERONDLEBRIZ, TAAAF) —
WKV TV x =y ZRERLIZIED OIS
EHART, RMEDOT A AAT Y —FMHI2BIT S
BT R O E B IS A D o 72 (Siegel et al.,
2010 : 39.36 £0.41°C, AMF%E @ 39.01£0.46T ),
AT, TAAATY —OMEOFENIHE
HL, ZOKGHHDREZRE Lo L LGS
5, IMH B AREED X ORI B
B S N7 22> 725 Sharwood et al. (2002) I,
AN TA 7 AT Y L= AT BIT B REELR
M3 LAV E 08T = ¥ AT DWTHRA L 720F
ROPT, V=ABMEEZ L —ARIFIHLT
52% WK LTEBY, £DH B53%A%LiEF MY
T AREOWIME R L2 EPHEIN TS,
% 72, Morgan et al. (2004) 1%, 2 FEfo HifxH
TEEPAE D BRI & o THliE S MV 7 A8 X000
BTNV RFATO ViRESAERICHEML-Z & 26
HLTWwE, TIVIFATO VIEEMICBIT5F F
Vo A OHRIRERES HHFVESTHY, F b
) A OFRILOAEME % 8 U TR DORFFIZ S B
HLTwa, ko tns, BKET7TVIERAT
O rORMEEL, BRIZBILF YT LAD
FRNAREST 2 2 & T, MiFF b7 ARER
EASERLEEZOND, LAOLEDVDL, K%L
TIEHAL TW2ZIZH DL ST F MY 7 A
O AR SN %2572, Sharwood et al. (2004)
3 BKIC X B B Y Y AREO LA DEE



WA - 8 Bk - RO 37

D5% B I-HTBRIN 2 EHELTY
bo AFRIZBIT BPBKBEICTHOLEEICEN
TL2BMRETH 72720, EDOLEMIZBVTDH
PiKIC X BIiEF Y 7 AREO LABBILE ST
Lol Zz oMb, 5, KFEDOLIIZA
R—=VHBOBIUZ L 55 D) 7 A ORBEE
AT 2360, EEPICL KSR EITO R E
WK DR B LB D B 2 L AR S N7z,
—77C, Deuster and Singh (1993) 1%, 65% VO,
TO 2 WM OMEBYREIZ, KE 7213 7 % O — B
BB & BB B AR 5 30504 IS S &, Kl
KA ARG O S 2 A L7z 24, i
BHF M) AREZEDT ML 285 sh
Lol HE L TWwa, RIFZEIZBWTY, A
R— Y fR % I L 72CONS A, SS&MTlab
FTHAZLAMLTEST, BKOREZID R
Wb EWwo T, FHMICESENI 2R
DWTIEEEMTH 5,

Arkinstall et al. (2004) 3 XU Weltan et al. (1998)
X, EEIENCBT AW ) 3= v EMUEIT R
TS E IR L, EERRRREH AR 205 & E
BRiof 7)) a—7 y&ICEb ST o 7 v
I—ZDMHEPENT S 2R LTWD, £
7o, FARICHIA S (1989) 1%, REFRHES) oI
P DZALA LB EBY IR G 2 5 B % A
L720F9e o -C, AL (28 B B 4 %6055 F C i
Bar L =B R oN e h o722 L2 HE LT 5,
L72h3o5 T, BBk RE A F3755CTh - 724
22T, WSEMHIZHB W T HEEIC X - Tkl
EIMET Laeho/zbEZ bNAE, 72, IHHE
B B2 30 ~ 6043 D 112120 ~ 150mg/dl
ThEA$25 (BB X U%H, 2008), ABIZETI,
SSHEMICBVTERBICHEIC LA L, CONS
BT LA T 2EmA RSNz, EABEO
fE1ZCONGM:TI1.4 +12.3mg/dl, SSEAFTI1.3+
5.7mg/dl & EEIZICBIL SN LMHELI D X5
P o 720 L7225 T, CONSfEB X USSS
ZAFIZ BT IR 157 U 7o 72 &I &
N5 ARWFFE TR EERE ORI A HAEHEIE 305
ML MO LA STk

72072728, CONGMFB L USSEMITBWTH
VB IN Lo/ EZ LN,

TAART) —OEEU X - C, EBBAHEFC
B2 EBGIRA LR IZCONSM LI L THE
WRERMEEZR L2, L2 LA2S, RWZEICE
A E BRI EIEZ0.3C &G 72 iopk o
LI NTV 2=y ZRIRER LI DHDOD
HATMIEETBERINZBDL Y B /hS Dot
(Siegel et al., 2010, Siegel et al., 2012), Siegelet al.
(2012) 1, BARBETICBIL27A4ARXT ) —
OB EFHKBFICE DTV 7= v 7HEBhE
R EERE LR ORT, T4 AT
) —OFEHUT X 2 ERRELRA043C L, HS
DFATIFE CTRIZE S N720.66TC L ) /M Eh o7z
JER & U CTBRBESEGOENERIT T L, 151X
DI offF 78 TIEBGEEREE T (~ 245C) TT A X
25 —# BRI ETVWZDIH L, ZOHROH
JECIXIMBRERE T (F934C) THENIE/7-0,
BOSHRE SR, BEAS XD BERILTL
Folzld, TAAATY) —OHPUC X % EKR
ZALEAVNS K o 72 EFH L T b, AAFZEIC
BWTHTAAART ) —OHENUIIRBERREE T C17
bNiz7z0, k% * = X L CTHBRZELED
NS e o7z L HTE %, AT, AWIETIE
BN+ =3I Ty TRT-TBY, Zh
WX THEAINTHEZRT I LEL D72
720, EHICEHBRZILENNE S BolzbE R
bhb,

AWFFETIE, A4 DOJATHIFE (Onitsuka et al.,
2015) & [ABRIC, HTAHEBELE D22 L E AT A
ARG —DERUZ L > THRT S Z &AL
Nize L7eAo>T, T4 AAT ) —OBEUIINIR
LT SE505, MROENTEOEIEEL
RIZELWZ EDRIEEN S,

FBIRBUEKSE (TS) 1ZEBBIGREICB W T
AREIKT L7ze BRIRIZBVWTD, EEROK
TERLET 4 — PNy ZEROLEESIERNTH
5EEZOND, AMRIZBWTHTSAMET L
7o WREH] & RV Lz I3 I -3 L B
D, EERETSOMICEEZMBEPRSNS



38 TA ARG — DR DENSHFFAVEEB R ST

=0520, p<0.001) T&0H, TARXARATY —
DEIUZ X 2 EB RO T ATSOK T ICH G- L
TWbEEZLND, T2, AFZEICBVTHIE
Bl OB BT AR SN WK THTSHH
BIETLTWRZE0n, B MIBWTHE
R, BEHEESICREZEESALEL, TA A
A5) —DOEPUZ L > TENOLPWIKEE ZHT
5T LT, RNOMRBEIREICET 2RO 7 1 —
Koy 75 HAEEBEOERE L D KR,
TSHE T L7zE 2 5N 5, Siegel et al. (2010)
B & USiegel et al. (2012) IZFFRD X A = X LT
FHERRE (RPE) KT T2 EHmEL T
Bo LL7%a6, AR TSN TEIBILE
SN o 7zo Siegel et al. (2010, 2012) DOHFFE
T, RPEDSHIE S NIEO M T A AR T
) — DI THH155H%TH Lo WEZEHD
WREZHECL o TERINRLET 41— F
Ny 7 HRIR 2 B A F TIZENIZT R A
PHODEMTH S, 72, RPEOKTIITSOK
TABGSNZRHEIFEAL—FKLTBY, 7
AZAAFY) —OEIUTL S5 HDTIEHR L TSOMK
TEBERH L LIIHZD, DEDZ &nb,
RPEDIKTFIX, 74 AZXF ) —OEIUZ X 5 iRE
ZHRBOGEREZRZOIDIZE > TTIIEL,
ENENLETSORTFICL>TELZDDTH
%LEZOND, RIFZETIE, BEBROEKT /N
L, TSHEFHPFBROATLMET L 22
72729, RPEIZED BN o7:LFEZ BN 5,
TAART) —OEIUI TN F T—HEITH
SNTELT Ly =) v kL AEORME LR
TR TR, RMoOBEMLREDOK, EHH L
ELBw, XVEHNETLVLY =) Y 7HET
Hbo =T, TAAAT) —OEIUZ X > T
FRMRC B 2 EBRSAEREICEHLS R, ER
AR LRVETT A — M SEB kG LT L
FOWREMEDIREIN TS (Siegel et al., 2010,
2012) L22L7%&A%5, REFELEMKICZENSD
WrgEClL, EHHPICKRGHHBEIT> Tl do
720 L72Ho T, FEBEOAR—y B Cl3EE)
b7 A ARAT Y —%HNT 5 2 & THRILD LR

BLUNVIZERET 50%[ T L3 TE, 728
GRBINITY =y FRRERET LI LHT
&b Lhhv, EBIC, =2—-Y—=5 Y FT
74 AZXT) —HOREGR MUaggrEsh,
B0 IBE SR Tw5, 585, 714 AR
F) =X HKEGEHZBGNOHT 272035
% WS UL SND,

fEame LT, ABIETIE, i L7z BB R A
B 77D S E X D A %
D, TARAAZY) —OEIU X 2 EBRE) O H
AROLNT, HKICLZECOBRT LI EHNT
Ehdolze Gk, MBI R B O K
LLEMRHTAILT, TARXRAT) —KDA
R — v SRHEIASEB BT IS AT TR O W T
HOLPICTHIENTEDLESL,

[&E 3]

1) American College of Sports Medicine; Michael
NS, Louise MB, Randy E, Ronald JM, Scott JM,
Nina SS (2007) American College of Sports
Medicine position stand. Exercise and fluid
replacement. Med Sci Sports Exerc, 39, 377-390.

2) Arkinstall MJ, Bruce CR, Clark SA, Rickards
CA, Burke LM, Hawley JA (2004) Regulation of
fuel metabolism by preexercise muscle glycogen
content and exercise intensity, J Appl Physiol, 97,
2275-2283.

3) Borg GA, (1973) Perceived exertion: a note on
“history” and methods, Med. Sci. Sports. Exerc, 5,
90-93.

4) RAEAT, SeH W (2008) [ZEEESEY (K
RIS 200 | LA

5) NG B, kR 506 AMAH#, Hr 385,
I — 5 (2013), [BAHIE TR A N7 7 ].

6) Deuster PA and Singh A (1993) Responses of
plasma magnesium and other cations to fluid
replacement during exercise, ] Am Coll Nutr, 12,
286-93.

7 ) Dill DB, Costill DL (1974) Calculation of



W HE - 3

&

percentage changes in volumes of blood, plasma,
and red cells in dehydration, J Appl Physiol, 37.

8) Gagge AP, Stolwijk JA, Hardy JD (1969)
Comfort and thermal sensations and associated
physiological responses at various ambient
temperatures, Environ. Res, 1, 1-20.

9) Lee JK, Shirreffs SM, Maughan RJ (2008) Cold
drink ingestion improves exercise endurance
capacity in the heat, Med Sci Sports Exerc, 40,
1637-1644.

10) Morgan RM, Patterson MJ, Nimmo Ma (2004)
Acute effects of dehydration on sweat composition
in men during prolonged exercise in the heat. Acta
Physiol Scand, 182, 37-43.

11) Onitsuka, S., Zheng, X., Hasegawa, H. (2015)
Ice slurry ingestion reduces both core and facial
skin temperatures in a warm environment, J. Therm.
Biol. 51, 105-109.

12) Roberts MF, Wenger CB, Stolwijk JA, Nadel ER
(1977) Skin blood flow and sweating changes
following exercise training and heat acclimation, J
Appl Physiol, 43, 133-137.

13) Sharwood KA, Collins M, Goedecke JH, Wilson
G, Noakes TD (2002) Weight changes, sodium
levels, and performance in the south African

ironman triathlon, Clinical J Sports Med, 12, 391-

k- BV 39

399.

14) Siegel R. Mate J. Brearley MB. Watson G.
Nosaka K. Laursen PB (2010) Ice slurry ingestion
increases core temperature capacity and running
time in the Heat, Med Sci Sports Exerc, 42, 4, 717-
725.

15) Siegel R, Mate J, Watson G, Nosaka K, Laursen
PB (2012) Pre-cooling with ice slurry ingestion
leads to similar run times to exhaustion in the heat
as cold water immersion, J Sports Sci, 30, 155-
165.

16) HIHH 5%, 51l 5 K08 (1989) [Rike M EH)H
D MHEE DZALH LB EB R E (RPE) 125
Z5E ] THARKEREZRET] #4010,
pp-346.

17) Wegmann M, Faude O, Poppendieck W,
Hecksteden A, Frohlich M, Meyer T (2012) Pre-
cooling and sports performance, Sports Med, 42,
545-564.

18) Weltan SM, Bosch AN, Dennis SC, Noakes TD
(1998) Preexercise muscle glycogen contentaffects
metabolism during exercise despite maintenance of
hyperglycemia, Am J Physiol, 274, E83-E8&8.

19) Yeo ZW, Fan PW, Nio AQ, Byrne C, Lee JK
(2012) Ice slurry on outdoor running performance

in Heat, Int J Sports Med, 33, 859-866.



