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Effect of different duration of moderate aerobic exercise on fat
metabolism in young healthy men

Rika Kimoto!, Isao Kambayashi?, Miku Tsukamoto?
Masanari Togo*, Eiji Uchida®, Hidekatsu Takeda®

Abstract

A study was conducted to.examine the effects of exercise duration on fat metabolism during exercise and at 30
min postexercise in 6 healthy young men [age: 21.7+0.8 yr, height: 173.3+2.4 cm, weight. 73.7+4.0kg, maximal oxy-
gen uptake (VO:max); 52.4 + 1.1 ml/ kg/min). After providing the written informed consent, the subjects exercised on
separate days for 30 min (30EX), 60 min (60EX) and 90 min (90EX) at an identical intensity of 50 % of VOzmax on a bicy-
cle ergometer. Cardio-respiratory data and body surface temperature (2 sites. the breast and the anterior surface of
thigh) were measured during and 30 min after the exercise on a sitting position. Blood samples were collected before
exercise (baseline), immediately after exercise (0 h), and 1.5 hour after exercise (1.5 h) for analyzing serum free fatty
acid (FFA) concentration. There were no significant differences of respiratory exchange ratio (RER) observed in 30EX
(0.96+0.01), 60EX (0.98+0.01) and 90EX (0.95+0.01), but RER seemed to gradually decrease with the lapse of time
during each exercise. As compared with RER during exercise, those in postexercise period significantly lower in
30EX (0.91+0.01) and 90EX (0.85=+0.02) and tended to be lower in 60EX (0.93 = 0.03). In 90EX, RER in postexercise
period was lower (p < 0.01) than that of 30EX and 60EX. Serum FFA concentration significantly increased in 0 h and
1.5 h after 90EX and in 1.5 h after 30EX and 60EX. Maximal body surface temperature of both sites rose (p < 0.01) in
postexercise period only after 90EX. These results suggest that moderate aerobic exercise (SO%VOzmax) for 90 min
enhances fat metabolism during and after exercise with increase of serum FFA concentration and body temperature.

Key words : fat metabolism, respiratory exchange ratio, serum free fatty acid, maximal oxygen uptake, excess post-
exercise oxygen consumption

. BN TESSEHEMER

T071-8142 JB)ITHENRE2-2-1-6

. LHEHRFTAREERIRBEA R -V HERE
T068-8642 A RIRTikkATKE2-34-1

. RiERZERCLELR

T005-8601 ALIRH REX BEIR5-1-1-1

. EWKTFERPE

T050-0054 ZEMT™HHBEE5-19-2

. RIERZE AR

T170-8470 FEFRHEEEX FH5ETE3-20-1
. EEZRKRFEH ST

T004-8631 ALWRTHIERIX KA #1#E2-3-1

EEHERKSE KA HET  kimoto@asahikawa-nct.ac.jp

. Asahikawa National College of Technology

2-2-1-6 Shunko-dai Asahikawa 071-8142

. Department of Sports Education, Hokkaido

University of Education Iwamizawa
2-34-1 Midorigaoka Iwamizawa 068-8642

. School of International Culture Relations, Tokai

University

5-1-1-1 Minaminosawa Minami-ku Sapporo 005-8601
. Muroran Taiheiyo Hospital

5-19-2 Hakucho-dai Muroran 050-0054

. Faculty of Human Sciences, Taisho University

3-20-1 Nishi-sugamo Toshima-ku Tokyo 170-8470

. School of Social Welfare, Hokusei Gakuen University

2-3-1 Oyachi Atsubetsu-ku Sapporo 004-8631



AZ EW, K B, B KRk, BB ORK AE XD, RE FH

# =]

BE, ARTE, 2BEZAOOERKRILPRAEEENE
RIS & D RFHEENELL, BREEICEDLT Y, &
MR E, RMNEREEDEFZEEROESH ML
TWw3., 372, EEZEROVAIPEELAS K v
7YY FO— LADEMPEF LS EIMEE 2o T 5.,

XZERY)y oy FOo—nkid, MEERZEGEEES
DERET 2NEEE OB 2 TR PREL LT, W
FERERE, BERBEEBIUMEN LA D3 DDA,
2OPEDHUTHGEEET. A¥RY vy O
—LHHETT S L, BIREIL, WRFREHE, MEFB
SVRBEV S EA L HRREFIERI T LS
NTn5, 2612, BEREFEL RPEIERERS LA
452t (Tokunaga et al., 1990) %, KHIELEZFEH
EIZLVEEZEORTRIH2EEC, BELA R
VMR EELE L OBMEICOWTHRESIATSEY
(Elkeles et al., 1998 ; Tuomilehto et al., 2001 ; Maruyama
et al.,, 2009), FREDERN~NDOEE 2 EMRIX, FLs0E
BEETHRELERTHAZLPBBEINTEL. &
I L7 R RHEEDEIIIKIE T 5 720, EA55E4E T,
ERIEC [21HRRIC BT 2 ERERO C V&S (BFE
BA21)] #KEL, RETHRENLEES LTI 0D
V=& LT [EESL ) DizonEBEE2006] #1E
Bl7., O LPRT, BEOHR - HEICBITSE
B, MICERZEHOHRIEE SN TNA.

ERICINE T, REMNBHCET 5 HaEAEREER
DRI ONWT, HLOHEVH L. PHEFHEZED
DERTHEH M) 7)) FH)ETL, HDLaZ LV R
TH—HBEML-ZE (B4R, 1991) *, &HAOH
H060%TDI0GTEOBEEREE XER)IC L), REOM
HrMITIOVT) 20— )VBEMET L2 & (Miyasita
et al, 2008) LN THBY, —MRHC, FREABRE
EEIIBME, BRELB L LERSEDY R 2ET
ERDEEDATVD., FLERIC, BERABREES
DAXERY) v 7y FO—A~NOFW - LEHE (K
134, 2006) RRREAHEOHM (L, 2006) % b
HEhTwa,

L L%d s, ThETHEERRZES L IFEAH
DEEIZOWT, F—BETRLR LHERETHEL,
BB THROZALS B TRES L BRI R4 5 %,
% 2 THMEIX, F—OWREIT LT, $EE (&K
BRFBAED50%) D—E M ES) %305 M, 605EB
X UGTHEERSE, FhEnoEEF LEBRICBIT)
%L ARHLE (respiratory exchange ratio ; RER) $
X UM iEEBERERER (free fatty acid ; FFA) BENDZ
IEH» 5, BEFNASRICOWTHE - RS+ 52 L% H
e L.

V] &

1. 8% % & .
EBEICETE L, BEEHN 2B 2{To TV LS
LBFREE 6% (E#21.71085, HE173.3 £24 cn,
fAE73.7+4.0kg, BMI244+1.1kg/m®) ZxHE L.
WRE OBBEFBIOWNRICOWTIE, NV —F—VE
1%, BREFKI3 %, BEBEHH22THo72. ER
WZHRIAD, AV YFEBIREOWT, £2BIIERFED
BEBLUREHIIOVWT TS LHBALITY, BENR
BMOFRELE®EICL D E .

2. EBROBE

AR EERIEY D, FREORKBRENE
(maximal oxygen uptake ; VO:max) %HIET %729,
BIRE IV T X — ¥ — % F\W - @i A e Es) « K 7R E
FCEmL. Z0%, VOmax?50% M4 § 23 (50
%VOumax) D—EEFEEEY XE8 %, 305M (30EX),
607 (60EX) B X U904 M (0EX) B L7z, K3
Wi CoEEamEs &0 4 BoER X, RETD
1AM EEREE S CEB LA, FRIMESIE] (baseline)
EEBER (0h) BXUEEETISEEME (1.5h) 12
EfL, MmiE~28 LFFARE L ABExAE L. £
7o, EBRIORER, L EERT305% £ THEBIERA
ASWEEBIZ & Y ERA R L0iaiE ERICElE L7,
S o2, EEIH & EBBGS S EBE T304 4 $ T0H
BIAERTHBREONERTo72. &8, B0 2813
BREDVHER L -FA—0EF2HRELEICEL S, E
BRBEOREH,S 2 BEEARIITo 2.

3. E®poran
1) WigawEs)

EE)E, FiR22.1+04C, EE63.7124% DEREIC
BWTITo e, #HREX, REHIEH, ALy FE
L2200 MERLY:. 20%, BEEILVITXA—F—
(COMBI#t&, 75XL II) ¥ FLOBESEHEHL, ~
FVOBEE, WEAAGHEAOF AR, MERSB X
CLERT 2 %% L7z, BREELTIHBOREIREL R
BL, 74—=3IY77 v 7L L T60wattsDERT 2 5,
60rpmD ) v T EE EfTo 7. £ LT, 60rpm*%
FL7-RIET, B530wattsiiiNs 2 7~ 7RMEICL Y,
EFEBICES F TOMBAWERLERLZ. 2B,
EFEBOHIMIZ, <& ¥ 7 HEEMN0rpm% FE -7
BEEE L.

2) PHMEEBEED

BB D BEEE L)L T X — % — % v T50%VO0:max
—ERTER 21T o /2. BREILHE, RLZTo7.
0%, KREEHLZWRETKELRIEL, BHEE
BRZA MLy FELH00EITo72. BEEILITA—
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F—DF FLVOBEENY FLVOMNBZAGS L2k, W
RFAGHAOT A, MERTS L LR RS L7
BREE, HEEI LV ITX—%— T3 5E0REIRE
TRFELAE, 1458, BEAFD50%DEF T60rpm
MR LR BB R ITY, Z0%, ERLTH
BARHCT—EAMER21To 7. EBIRTERE? 5305
M GEBH305 M) 1, BB UAIESREEEEL
%%, BUREIRELR-E:. 20k, KREH
EFICBREOHEZIT, HRIMOERMHIZ L ) EBRET &
L7z, %8, EBRIBORERDIHYT 2EOKS (3
AINT +—F =) ZRRFTAGHEADT R 7 OEE D
L30GURICER S €7, FEHROZRLBETIZN
Fh, 30EX4%20.3+£0.2°C, 46.0+2.3%, 60EX#A%20.8+
0.5C, 50.3+1.3%, 90EX#4%20.0+0.1C, 51.5+2.2% &
BIZEFETH o7z (&6 TIE204+ 02°C, 50.3+1.3%).

4. WERH AR

BB OEEFENE (oxygen uptake ; VO2), “HEE1L
RFEPEHE (CO: production ; VCO), & (ventilation ;
VE) 8 X UMRAHLLE (respiratory exchange ratio ;
RER) D#llEix, BEIFRTAGWHEE (3+ FER
248, AE-300S) # AW, KD SEENH305 M
% Threath-by-breathiEIZ & o TiTo 7. HEShAF
— Y PR EICBETEHL, S HICIHEICHMT
HLALDESTICAVE. EEE305 M OBEERNE
1, EEIABEEEEEEE (excess post-exercise oxy-
gen consumption ; EPOC) & LT, REEZHBETE
flidhrsz., &6, R ARG LRI, BEME

(3 FMERMEHMS, EBP-300) (& Y IUEH - IR
MmE% 3382, AR—v.LHEE (POLARMTE,
RS400TM) i & h.:%% (heart rate; HR) %1584
Rl L7,

5. #RIM & MEFFAIRE, MEILREDRIE

RIIZEMOIGR 2 %) - BH#HATER L, baseline,
0hB L UL5hD 3, EEE (FVEHE) AV,
R & V47072, WL ZMEIOmI % iR T 1 B
HiE#%, 3500rpm, 0 CTlOAMELoBEZML, MmiF
DOMBIZEE L7z, FELMEY ~ 7 Vvida ks E ©—
BOC TR L 7.

MEFFARE L, SHEIC X VEBREZBAVTHIE SR
7o, MEALBEOHE X, FERESNIMmMEFEY Y 7V
Y EHBRCTHRELHK, BBFLERSITE (YSIHHR, 1500
SPORT) #HWVWTHEBIZfTo7=.

6. FREREDAFE

FNEY—€7 5714 (NEC AvioRAisT 7 /a0
—#t%, Thermo Shot F30 series) %A L, MEkL kX
REERATE 24 L7, |, EHROEEEIIL T X
— ¥ — L TORHER LEBRBES, O EBHRTIFHRET
109 E I T o 72, BEESNLEEZD S ZOBLORER

Exkos-01l, LE-MEE7or 54 (HETYE
A= ARFTEHE, —F L —HFHNS92000) AW
T L7,

7. HEtn®

WELER TR TEYELIREERETRLL. £h
ZNOEEBIT5:EEH L EBHEROZRAEEDOENKR
L, —TEEOFHSTEIT, FEENFROLA
A3 Epost hoc test®#4To 7. 4B, wTFho
BEDEEAKEIS BRBE L, 5~10%2EEHY &
FIMTL 7.

& x

1. REEABRFEDFOTRBRSEREELFENE

1t (Tablel)

BoikE OVOmaxi, 524+1.1 ml/kg/minTdh o 7.
B EMERIC L VES NIRRT L V00 —KERK L
5, 50%VOmaxiZAHY T A EFELEH L. K%
TRFHEROERD, S, HHENEDT5~80% 24
LIyrEME—ERAMESHOAMNMBEL L.

—ERFESEOFHV0,, VCO;, VEB &L UHRIZHE
WT, £EBOLARICEEREEIRD SN h o7,
7, MEICBWT, 30EXE B L T0EXTHEILE
EERL, RERIEIE, 60EXICBWTIEXL D b
FIZE <, 9OEXT30EXE60EX L ) b A ZICHMEE T
L7z, 7=, EPOCIZ30EX & t# L T, 60EX ¥ 90EX®D
ErFEICEMEEZRL.

Table 1 Cardio-respiratory data and loss of weight in each exercise.

Variables 30EX 60EX 90EX _ Significance
V02 (mkg/min) 265+21  270£07  275%14 NS
%V02max (%) 507+29  S16+26  S27%14 NS
VCO2 (mlkg/min) ~ 25.5+14 264206 26112  NS.
VE (Vmin) 497+79 489119 539%95 NS
HR (bpm) 1362£117  1466£65 1465114 NS
BP-sys(mmHg) 159.5£19.8  173.8:£27.7% 1663182 p<0.05
BP-dia(mmHg) 665+75  723%159  709+124 NS
Qﬁ;“:’fe?;.ﬂ’&'g“ ™ 023£010  080£025% 1.15£031% p<0.0l
EPOC(ml/kg) IS14£113 1684110 1702%10.0% p<0.01

All valuables are presented mean + SE. Cardio-respiratory data and EPOC repreaent mean values
from start to end and sum of oxygen uptake for 30 mi after iy 02;
oxygen uptake, %VO2max; the percentage of maximal oxygen uptake, VCO2; 02 produx:uon
VE; ventilation, HR; heart rate, BP- -5ys; systolic blood p BP-dia; diastolic blood p

EPOC; post oxygen

3%: vs 30EX, #: vs 60EX

2. Eghch & ERE30MMEICH (T BRERDZE L (Fig. 1,

Fig.2)

Fig. 1IZ7RL72& 912, WTFROEBOBWTYH, &
B ORERIIEEZEBL L DICERTTA2EEFED S
N, EFRTERZICBWTRERIZL0ZBR AHEICE
TLERLLD, Z20%, BPIETLTwo /2, EH
#0SBDORERZ LB S 5 &, NVEXTEVVETIRAL /2.
Fig. 21388y & EE)#£305 H ORERDFEHE % LB L
72D THA. 0EXTIL:ESH0.96+0.01, EE%305
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Fig. 1 Time course changes of RER during and after each exercise Each point represents mean values of 6 subject.

0.91+0.01, 60EXTi3:&H)H10.98+0.01, EB#%30%
f#0.93+0.03, 90EXTi3:EB)+0.95+0.01, E&%30%
B T0.85+0.02TH o /2. EBh & Bk L TGEBE305%
MfEid, 30EXEOEXTHEIZE, 60EXTE WA
mMERLA. 72, 30EXE60EXDEB){%30% ) & Hh#k
LT, EXDESH #3005 HEDOEIIAFICEBEEZR L.
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Fig.2 Mena RER during exercise and after exercise for 30 min.
**: p<0.01, *: p<0.05, §:p<0.1

3. EBRIZOMBFFARE & MiEIBEDODEIE
(Table 2)

MmEFFARE X, 30EX & 60EXIZ BV Thaselinellkt
B L T15hT, WEXIZB\V>ThaselinelZ8: LT Oh& 15h,
OhiZHEB L CISh THEICEMERR LA, T/, &8
BoB T, OhT30EXL HE# L TIEXT, 1.5hT
30EXL60EXICHE L THEXTEELRBMEER L.
MmFELBREIX, “WTFhoEETD 0hiZB v Thaseline
B L CHERRENSRBO NI, /2, 1L5h TRV
FTHOEE) T bbaselineDfEIC £ THIE L 7225, J0EXD
fEi, 30EX®60EXL D b A REICHEWETH o 7.

4. BREREOEIL (Fig. 3)

MEOBRERER, WThoEs)+ b38THiA THER
L7z GEB)FDFHME, 30EX38.4+0.2°C, 60EX37.7+
03T, 90EX 38.3%0.1C). :E§)#%305 M TIF30EX (383
+0.2C, NS) Y60EX (38.2+0.2C, p<0.10) Tid:&E
B LIZIZFEBERETH o 7A%, 90EX (39.5+0.1C, p
<0.01) TIXEBP LY ML A, KBRS ATEOES)
PORFHREIR, 30EX (374%0.1C) L90EX (36.9+

Table 2 Concentration of free fatty acid and lactate acid in serum before and after each exercise.

Variables baseline Oh 15h

30EX 0.10+0.02 0.35 +£0.09 0.58 £0.04 **

Serum FFA

concentration (InEq/L) 60EX 0.10+0.02 0.53+0.17 0.75 £0.14 **
90EX 0.11+£0.02 094£0.12 *Q 1.24+0.14 **B##

. 30EX 2.20+0.12 3.27+0.38 * 2.30+0.09

Serum lactate acid N

concentration (ml/dl) 60EX 2.33+0.18 3.33+0.29 2.30+0.12
90EX 2.30+0.11 3.53£0.22 ** 275+0.10 *#

All data are presented mean =+ SE. FFA,; free fatty acid, *: p<0.05 (vs baseline), **: p<0.01 (vs besaline), B: p<0.01
(vs 0 h), ©: p<0.01 (vs 30EX), #:p<0.05 ( vs 30EX and 60EX), ##: p<0.01 (vs 30EX and 60EX)
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0.2C) Z37CHI% THB L7275, 60EX (35.2+0.4T)
TR D EVETHER L. EBR0TETIRVWTAD
EENTOEB P L) 2CEEOHEMA A SNz (30EX
39.1+£0.3°C, 60EX37.0+£0.2C, 90EX39.1+0.5C, ¥
hdp<0.01).
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Fig. 3 Changes of maximal body surface temperature in
the breast (top) and the anterior surface of thigh (bottom)
during and after each exercise. Open and closed symbols
represent during and after exercise, respectively.

% &=

AT, BRELEFREE6BEFRIC, 50%
VOmmax(Z A% § 5 —E&MEE %, 305, 605 HB
LA EE ) B o /- MEHTER S Y, ThE
NOEB)IZ 3 BRERS & UILIEFFARE O LD S,
ZEHTB I UESRTHROIBEFHEBEIZ OV TRE
L7z 300EBIC BT 5 FEHVOLHREICIZEEE
BED LN o7 (Table 1) 2 &, EBEROMmEIL
BREICEN o722 & (Table 2) 2°5, 3 0NDEE
DEBREIIE Lot EBLIONS, i, KR
B 5 FHVOXREREDIFRIERERILEOMEIL, &
miEA (2004), KEiEAH (2009), Hi&iEA (2010)
AT L IZIZASTH Y, FREOWEMEIIEE LD
HHLDEEZD.

30EX, 60EX® & U'90EXDORERMDEHEDEAL % &
&, BB L CGESHEI0FTEOFHEIL,
30EX$ & UQEXTHEIZE <, 60EXTEWEM %R
L7 (Fig. 2). RERiz, —EERIZIER L -BEFE I
LCHB SN ZBILREZEORBOLTH S, ZDfEIFT
AINVF—BERICAVONEELBEOREILL - TE

b5, BHIOIIIEZDOADBHVSN72854, RER
121,012, FEDOADEVLN2HE, RERIZE X 207
b ehs, 0.7MWHEVIEIEREF A VF—RY
ELTEH L ERHERTVWA I L 2 &R T 5. AFETH,
WTFNOEBNII BT, EB)HIF0.958% (HEE85%,
FeE15%) Tdho7:h%, EEHTA305 ML EE)H & B L
THEMEETRL, HICOEXICBWTIEBEFAZEOBY
0.85 (FE'HE50%, FEE50%) FTETLA. ThFTIC
%, Ishikawaetal. (2006) #%60%VO:maxC305-R® b
Ly F3ILEB)#%, Glisezinski et al. (2003) %550%VO:
maxT605 O BB X EB)T%, Josse et al. (2010)
#955% V0:max TOS B 0 HIZE# X E@kic, The
NEEHHPICHEB L CREROETE2HREL T3, $/2,
Wolfe et al. (1990) L:EB)%1205 b7 ) BEER S
EE$ 5L, Mullaetal (2000) (38 TRERHOM B4
EEE, REMICOAVEEL TV A LEHEL TS

D, AHFEOKRE*IHTHLIDOTHS. 72, MiE
FFARE D1ShOEE 2 (Table 2), EEH#£305-F
DHFEEREN LA (Fig.3) SbIREARB2EE S,
EE P & B L GES%305 B CRERVEEICEL &
SERLEILNS.

EE OB IC BV TIE, 30EX & 60EXDEB)1%30%
ML B L T, 9OEXDEB)%305EORERIZAEICE
EERLIZZENS, OEXDER R, TAVF—#E
ELTOREFIAEIHICE - -TiEEXD S, ZOR
HizowTiE, AR ERIELS5N %, Table 2 IR
L7k 512, OEXDIMEFFAME Z 0 hThaseline & )
<, 1L5hTIF & HICEAEML, ZDREIXOR, 15
hedbfhD 2 oDEBEEL Y L BBIZ2METH o 72,
O LD HIEXDEBRIIMADOIRELFIB LR T
WIRIRTH ot ER b, MHPOFFARED LRI,
AT A=NT I X BRERHED O OGS FREIC L 5.
—fRIZ, AT IA—NVT I VOFWMTEEEEICKEL T
Wit 5 (Galbo, 1983) #%, MENF—ENHE, EE)
BERORBIZE D 2o THMT 2 LIRESIATVS
(38, 1990 ; Wilmore and Costill, 1994). & T, 90EX
TIRIEBBIER605 LARE I AT T, MDA Fa—)b
T IVIBEAHEML, ZRAMIEFFAREOHEME b 72
LLIZLHEESNE.

EHICL 2R LR EHBROBEARBIEELS
mlEZbNB, Fig. 3IT/R LA L H 12, WEXIZHBNT
MHOAKEEEEOREMEILESRTE 2D, KR
BIE T EBERICHMARDON. 20 &S 2EBEk
DB ERD, WEXTOEHFIOTEOBERHH LS
EEELERD 1D BEbhb, 30EXRL60EXT bESH)
BICKBRERMEOKE LR ABE SN, MiEFFAR
BEoEmh/haEnwz &, 60EXTIXEREIZHES »Tidi
WS, BB S RREREIMEL, EBHEOREMED
QEX: B L T2 CIELERW &0, EHE305
BORERIET 2 725 & o7z LB SN B, EPOC
1260EX £ Q0EXIZBWT, 0EXE KB L CHEICEES



A HEE], fhAE

R L7z (Table 1). EPOCIE, FIZIGHEIFGICB HEEHE
HERBOLANREEN-HOTHY, RERHICLS
BFEAHEO LANZOERD 1 2LEZ 5N TWA G
&, 2005). £ -oT, 90EXIZBIFH2EPOCHEEIX, FR
EFNHOEE*ENTALDEEZLNS. 60EXD
EPOCHOEX L FERBTH-2Ild0nb b, 22
DEF TRERIZEWVWAFED L NZHEEHIZOWTIZHL
DT W,

Fig. 11, 30EX, 60EX$ & O0EXDEBFI2B1T 5
RERDZEBMZEL 2R LD DTH S, KHFETIE,
EHHORERIZWTN L0950 TH Y, HEHIEED
FIEZIZA %, MR OEWIZE AT LD LN
hoiznt, Fig.1 T, #EEEIRIRZ1EL,
RERDMEICERL 2 LIETHRBOLNE, 22T, £i&
BCBIF ARERDE %, EEFILG 0 5 ~30%, 305~
6043 B & U605 ~905 DERT 12501, ¥l % #ET L
7o, ZORE, BB 0 4 ~304130.98+0.03, 3045
~6057130.96+0.01, 605>~90%3120.92+0.01 & JEB) A5HE
T35, RERBEEICKRMEER LA (Fig.4).
EERI0S B O R L AbE T, 90EXIZ30EX & 60EX
B LT, REOFHHEISEZGE, LVEDL
BERETHALILEZOND.
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Fig.4 Mean RER in 3 periods (every 30 min.) during each
exercise.
* p<i0.01

KR OWRE L, BELBTRFEETH- 7. KT
fFgECld, HEERBREERIC BT, BHL )bk
DFH, BiE &) SEHEEDOHVFFAR 7 Va2 —AD
SEA %Y (Vettor et al., 1997 ; Henderson et al., 2007)
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