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Shunsuke Shiraki', Mitsugi Ogata® and Kiyonobu Kigoshi’: The relationship between exercise intensity and energy
contribution in short-duration intensive exercise. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: This study investigated the relationship between exercise intensity and energy contribution in short-
duration intensive exercise. Two competitive university sprinters performed 30-s pedaling tests at 4 high intensity
levels, following a submaximal test to determine the energy contribution during the 30-s pedaling tests by using
the linear regression between exercise power and O, demand. The energy contribution in each subject was almost
constant during the 30-s pedaling tests at the 4 high intensity levels. Furthermore, O, uptake and peak blood
lactate concentration increased with increasing O, demand in each subject. These results suggest that the energy
contribution during short-duration intensive exercise at different high intensity levels is almost constant and that

aerobic and anaerobic energy increase with increasing exercise intensity in each individual.

Key words : pedaling, aerobic energy, anaerobic energy, blood lactate
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FEUR L BREOEE) BT AHEIEChET
% {1TbNTWV%. Medbe and Tabata (1989) 1%,
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ICE L) CHlgh & B 7-ROEFBHGD S 30
ORI DA R 23 - R 230 T 3oL F— (A LRI,
HBERICBWTHEENRD Nl &
WELTWS. 9xbb, WREES) Tk
X5 TV F—HEHRIE—ETH B T & 2R
BLTWS. LHhLEDLD, TOEEHVENTE
FEBEEAE T, EHFHG 30 RIS I B A0
BHREMELZIC K > TREZ L EZ BN, TRER
DI )V F— AR Z YN LU T & Thian
ATREMEN S B, iz, TFIIME T A TEE B0
ANNZE) 2 FHEICIRZ 5 T e TEIRWizo, il
ANTLICHFT 208N DB, & 5Ic, IR
KX THRPEZZ T EEEZLNS. LD
> T, EHERE & T3V F—HREER & ORI

DI T NE TN TIN L e S iy

T 305-8574  FIIED IETHKES 1-1-1
2) FEKARER

T305-8574 FIKIRD XK ERL-1-1
IR HARERE

1. University of Tsukuba, Graduate school of Comprehensive
Human Sciences
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8574

2. University of Tsukuba, Faculty of Health and Sport Sciences
1-1-1 Tennodai, Tsukuba, Ibaraki 305-8574

Corresponding author shunsuke run@yahoo.co.jp



434 FIARIED

DVTIIHEZ B ORMAH O, (HANNZEHIC
HHT 2T ETRDAMAREMOLENTES
LDEEZALNS.

Z T, AWBEOHEMNE, FEIRFR a2
gl UCo/E 2 HBaEIc B 2 )b F—{Hf
R ZAS MM BT e L, MANEHICD
WTHERE 2 BIC K DR NIAERZID 2 EH
5.

1. WERE

MR, RAERE ERREGERIC TR U, EERaEE
ZHEMETEZHEE 2L L. BAFEBXUS
IS HIE U7z 30 #) Wingate-Test (WinT) D&
% Table 1 lT/R LTz, 7535, WinT OfFIZAE THI
AL Uz, EBEITIICHIZD, WHEBEIIIA
FDOHM, HENCHES wE, A& KT
HERFHNCEIAL, WK ZEKFTEEBRO TN
MTED LWV LMD TN THMDREZG. &
B, RUMLIEEENTET 2AMOMEEIERD
ARG TR LTz,

2. RERFIE

JERFNER S L T30 BREY VT A N EZ
NZNOWRZITH U 4 FEEOME Cirbe .
HBEP O T3V F— G R 2 BT 57201,
PeAr o TRIRIIE AR 7 A B 2fTbhy, FEHS
U — LT R OBEARRR A2 T LIl
B Ufz. BRIIME AR T X O, 20 5FEE
DO+ EERESITDE, 30BREY V5 F A
Z | JEOIFER T2 M FEM LTz, 30 RZY ¥

Table 1 Physical Characteristics and results of Wingate-Test
(WinT) in each subject

Subject A B
Age (yrs) 24 23
Height (cm) 171.0 174.9
Weight (kg) 67.4 63.8
Body fat (%) 10.5 8.7
WinT Peak power (W/kg) 13.6 14.7
WinT Mean power (W/kg) 10.8 10.9

TTFANDOMERZEZT, cOTabkalz2H
Fotz. 728, 30 HRZY T 57 X kDRI,
2030 DRRE DO ixik Sz, EBIFLE 10
SHNTIERZY) T OREE 72 5 TORLE OEH R
Tirbdle. £, iHE#IC K2 OwE R
RIS 278, 30 BRAY VT TF A MCDW
TIE—FEDFERN TN TR &2 B eI T- T
s, BRI LI OBEEIEEANE L,
IS EDIR N T & R R U O S E) 2
L7z

£TOWEZ, 3 HUANKfTbNh, ZhEFno
AR OFEN TN K S bl £, R
HOONEBZEE LT, HRI[FE R ==
CREL, WEEfT-o7k &k, Y, #
U\WE) PR R, HERERE 2 N Tl z
A B XS HAHER L.

3. BEEBESSLTRIESE

(M) 30MRZYTTFA b+

R KRED 30 XY > J@EE) 7z H g T
)V A=A (PowermaxVII, 227 )b A4t)
ZRAWT, 4HEOMETITOE . S,
HERMTHIE U7z WinT O ST — &I 50—
100% DHIPAIC I 5 X S ICEAMAERTE Lz, &E
R4 IsR O T B 7zdic, AT &I
BB AT EITo o, &alFi ek, & (kp)
BRUBEESZRE L, WS ICIERB G
B, HEEEHRETT S X FAHETE, 20
Iz R 2 X S R Lic. 2 O HRRIER U,
AFITISCTHET 2 X HE Lz, — Rl
B K 5 ED iz 020, NS
2L 93K, KEHE - mEmOXXY
VUEIEETBEEOVIIFICADIETE ST
—MMETFT %, EBCS, [BIFREL 90 pm DIFH &
[ElisE % BN S U Tl L2 aoXEY V57
HEjZ2rbEcE A, BETIDEWST—FE
BN TEHT iR L. COHERELT, [0
RN —E DS, FIEE O E TREAMmREGIC
o> TLEVRKEY » FHEHN A L—RIfT
bl ZoTLES T LHIFEFENS. ThD
B, EAMTRZ) V79 5ol ezl
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S THHRAL KD ICT 208N H 578, XXV
Y IEEDNWIRNC > T LES. £z, Eff
IS0 B RHRELE, FRIDE RS &GS
NTHO (Loligen et al., 1980), N EDHIINIC
K O VAR B K T IS S g 7 DM e
ENd (Ef, 2004) TELEZOENTHS EH
AbN%. e, 2O EIHRETER - Safo
BRI B X UHNTEZ m®, TxVF—K
WICBIE B 525 R/ B LTS, DLk
DT ENSEEBIFARCSCTHEEE2 2 L
MEHNTHD EZONS. BEHZHEEE 5
T &Il NSO EImc B LTk, R
< 75 % & RIS X B HERBHEAN ORI/
X< 2 %7z8% (Loligen et al., 1980), WL R
OWINEBHEENRICKE RV EZ 5ATVEH
ZAbNB. Lieh->T, AW TE, AL bl
B DGR XU & N SR & OBIRD
ERRRICH D Lz L, X (D &X )
ERAWT, XXV YT TF AN TOAMBXUHE
msEZRE L. B, X ) &KX Q@ &
Coast and Welch (1985) D¥RE L T2 EZ W
THIER LI FE45 8T — & [l o E#R R Tdh
5.

Pedal frequency (rpm) = 0.14 X power (W) + 37 (GW))
Load (kp) = (Power (W)) / (Pedal frequency (rpm) X 0.98)
FH2)

FEEN DR ST — 13 30 R O IR B
L, ETHRKIL L. £, WMAH BRI,
H B R Hieas (AE310SRC, 35 hERIE
) EHWT, M ABERICE D o LTz,
AR BHE L s Iz L TR L. &
FRIRF I R (3BT | 2O e Uiz,
B OB, AT A FTELNIAH4
DFHF/RT — L RTFEROEMR AR Z v
T, RNZY VIT A N OFHST—h ShHFREIC
KXo THERERZEM L, MARFERIE)H
OMFHEINEZRCTHL L. 2LT, BEFR
PRS2 MRIBIEZ AR 3oV F—{f
fakt (%Aero), BEZRTHFEIRICNT 2 MR (72

et 3V F—MtHGEE (%Anaero) & UTHEH
Ufe. F7e, MpsteR#EiofREe UTinh sl
IEEOREZIT> Tz, EHORIZIC T Z M Mzl
feflEss (Lactate-Pro, 7 —727 LA %t) ZHWT,
B DEIMN LAGE 2175 72, HEi% O mrhELE
WEE, 390, 570, T7%ICAEL, 2055
@ VMEZ e P ELEIRE (PBLa) & L7k,
5, 5 BONEDOBRIC I AFLEBIEE D 3 714
EHE U TH BN RBAMENIC D > 72356, 757
BOWPEF TIN5 T,

(2) BxeFEEET A (®ATTAR)
BRAFT A MIBEHET)V T A—% (Powermax
VI, AYEY o)VR A ZHWTITON, &
KR T 4 3 OilS) 2 2 7y OREZ A 4
AT =10 Tz, SERESSRII I T 2 B &I
L7z (Finn et al., 2000). 7x3¥5, Bz TV I X
— ZGEE T, A U CIEREBIEN RS/
T B M RZ)VEEE (LUR T 25 s
B EIET) DFEET B EHIBNTWS (Boning
et al., 1984; Coast and Welch, 1985). T D &3,
HEZOVEEEE TR N T A Mo 1256,
RS COMEETTE SN K F 72 138 Nl &
NTLESAREENEZBNS. LM LZDEHE
mlfEEUE, HEREORRXY > T X o TIEA
EMECRHT L, £z, BT LBAMIGLTE
FRANCHIIN LR ENVEITIZRIC K Dl SN
THH (Boning et al., 1984), Z 3 [\ fiz 513 PH il
WICEDDB T KTV EEZENS. L LA
1THF7% (Boning et al., 1984; Coast and Welch, 1985)
OFERIN S, ZEE BN R VS T
LiE, I 30T B HESEIEEGE & i LT
KEGEBBECIERNEHRTES. Lizh
>, EERHRBUIIIREICES % T LA HREN
LOD, ZNUSEWEERZ NS T EBRET
HBEEZOND. FDD, 30HXZY 5
T A BRI (D &KX Q) ZHOTAENS
KU BHERES RN LUz, BCRXZHWS L
i, 30 MRAZYVITTFANERRKTTANED
FRIERTNIC IV T & Afef & [mlfiEE & DREfR IS K TUlnl
B e N R L ORI ERBERICH S T &
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ZRELTWD. 22T, mAKFTAMNDOREA
s & O HAZEEEEX, 2.1 kp—52 rpm, 2.4 kp—
55 rpm, 2.6 kp—57 rpm, 2.8 kp—359 rpm D 4 AT
—VE L.

HEE O AT, 30 BRZY T
T AN EAMOFEEACT O Lz, &, %
AT —V TOMEFRERE, 47D b%ED
2 D DOMEEREZ T 5 & TRIT L.
4. fREHE
HEFHE O—EE, THEEEERETRL
7z.

n # =R

30 PR 2T A - DR Table 2 1IZ7R L

FIARIED

7. AHRSREEE, SHETICHIE L7z WinT O/
T —7HHEL IS HMEE U, Subject A BX T
Subject B 1& Z N 21 70.4—92.8%, 53.1—98.6%
Th-ol.

Figure 11C1%, 30 IREV) 575 A b #&adfiic
Bl Z MR I T 5 T3V F— (G LER 2 i
B T LIC/R Uz, Subject AL, FREANX D E
W3 EKIC B TAEBREET OV —Ha i —
EZ/RLTz (23%). Subject B &, Subject A &Lt
U THRREOFIENRE <, ARtV
F—IALLIEREIC K> TR S DENA LN
(23%—27%) DD, HEETIE Subject A L[F
FRICIZIE—E D2 R LTz,

Figure 2 IC1&, 30 RAX VU V77 A M B
PMAERER LB CHE L OMKRZERLE
(Figure 2-1 : M2 F & M ABEUR & OBfR

Table 2 The result of 30s pedaling tests in several loads in each subject

Subject A Subject B
5.0 5.1 53 5.5 4.2 49 5.0 5.4
Load (kp)

Mean pedal cadence (rpm) 105 116 119 126 89 107 109 129
Power (W) 514 578 620 678 368 513 533 684
Power (W/kg) 7.6 8.6 9.2 10.1 5.8 8.0 8.4 10.7
Relative intensity (%) 70.4 79.1 84.9 92.8 53.1 74 76.9 98.6
Peak blood lactate (mM) 8.0 10.4 13.0 15.8 4.0 6.6 9.0 15.6
0O, demand (ml/kg/min) 89.3 99.6 106.3 115.6 70.9 96.4 99.9 126.4
O, uptake (ml/kg/min) 19.1 23.2 24.8 26.1 19.1 23.2 24.6 29.7
O, deficit (ml/kg/min) 70.3 76.4 81.5 89.5 51.8 73.2 75.3 96.7
Aerobic contribution (%) 21.3 233 233 22.6 26.9 24 24.6 23.5
Anaerobic contribution (%) 78.7 76.7 76.7 77.4 73.1 76 75.4 76.5

—_ Subject A Subject B

X100 100 -

N

& 80 | 80 |

S

3 60 L 79 77 77 77 60 | 73 76 75 77

.é

5 40 | 40

s]

> 20 G 20

2 21 23 23 23 27 24 25 23

(]

c 0 0

w 70 79 85 93 53 74 77 99

%Anaero m %Aero

Relative intensity (%)

Figure 1 Comparison of energy contribution at several relative intensities in 30s
pedaling tests in each subject
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Figure 2 Relationships between O, demand and some parameters
I : O, demand and O, uptake, IT : O, demand and peak blood lactate,
III : O, demand and aerobic contribution
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Figure 3 Results of oxygen uptake kinetics during excises in the submaximal test
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Figure 2-11 : R T E&E & iy M ALBIRIZ & O
BAf% ; Figure 2-111 : MERTHRE R & AR ET XL
F— At e DBR). ThZTNOMGREHERE
T LlTHiEt LTy, AT R & MRBIuE L
DORNTIE, 2 O8RS L EEAETERENEHEN
X, BEENEDLSES L0V HEMGRIAR LN
7e (Figure 2-D). F7z, MERTEE L R MR
FRIEIE L DRNCIE, 2 OIS & & ETER
MEENE, EREMHPABEENREE S 05 I
ZEZRNA BNz (Figure 2-1D. —)7, MEFH
mERMEEETOVF—MRIL e O/, 24
DORERE & & HEBRIEA SN TGN 572 (Figure
2-110).

Figure 3 ICIR K F7 A MBI 2 EHHOMBEE
R EhE R Wik S LR L. s, fEHIZ 30
WPz Et Uz, £z, FE ST —LlgR
TEEOBEMN RIS BT 2 REREIE 0.9965
(Subject A) 35K 0.9983 (Subject B) TH -7z

v £ £

AWED HIIE, FIRER E R EEE I 351 2 sl
B & L)V F — G R & ORIfRZ [ AN
ZENCEB LRI 22 & ThHo . ARIED
RS, MRS 5 %)V F—fEaLt
X, Subject AICBWTIZIE—ETHY (Figure
1-Subject A), Subject B IC 35T & il D HEhNIC
o T, ABEET IVF MBI N <
HEANAHSND EDDBEDE 3 DDk
TIX, FIF—ETdHo 7z (Figure 1-Subject B).
Ogita et al. (1999) (&, 7% % HB)5#E THE)X
BI=EEOHEBIFIED S 30 BRI O RN - R
FMT OV F AR, BEMICBOTHE
ENRDENIEN ST EEREL TS, TD
T &ld, EREREA L > Th T )L — AL
BNEDLEBENWT 2R LTED, AWIKT
W&, FEEREE R O T ARSI DUV TR
MG L7z, ZOfHR, Ogitaetal. (1999) O
EBBORYFFT 2000, EHERE A
MLUTWaDIcENIH5T, Tx)LF—thlt
RNZIEF—ETHHIRICE, HEEE & B2

B & OMICHEBFRENAL NS T ENBIFEN
5. TIRDBARMEOR R DHEETERN S X
N, AmEETIOVF—HEL REL XD
ZBRM 2 B OHERE TH SN Tz (Figure 2-1.
AT, HRgEEETOIVF—IHGEROREEE X
5N TV 5 i M FLREEE & SRR E & O
I 2 B OWERE THEMBENA SN (Figure
2-ID. TOT &, HEREAREVEE E,
RtV F—RREREL KB LR
BLTWS. TNSORRICIA T, BRFE
mEABRET OV F G OMICiE 2 4
DOWRE & & HEZAFRAA L NIZA > Tz (Figure
2-1ID. KL EDT s, RREHEEREERICH
W IRV F— G HRIGIZIE—E DM ZRT T
b, iz, ARHEMEB X CREEE T OV
MEEIETRE IS UTTHEINT 5 2 EAVREBE N
7z.

HEERREN S ENL, BRENEIEIAELES
VD HZERR (Figure 2-1) (&, 2158 D
HEHICBW TR D EVEBRENEZES T 288
MHZOICENNDLT, HEIGREICHbE T
FERCEDRET S N T 2 ITREME LR B D
IR AT B &7 I HIBI U TV % Al RE
PR L TWna. FHERIC, AX— MRED@RED
WG LD 2 S OEHENEI R E NS 729,
(b I RICER R ) OB R8T F U
Yy MUz, ZVtea) VY v bVOEIR
LEEED, BMAEMENEE S EMRETNTY
% (Wasserman et al., 1995). 7L OMEEISE D
XS ERBEFREICEZED B LMD, il
BhBHLARHC EORBEHMNTI B T N DM K> T
FENEMPZLTHEEALOND. DO LEd
CETHINCRE 2728, EHEEICBRIBIGE
DG LTV B BIRIC DWW TH R B HI28HR D 5
ns.

HEEERE D & E NS, R m LB IR
&L 72 % s HZBIER (Figure 2-1D 12DV,
MAFLEE IR L, Mg T 3L F— (GRS T
HBIBERDTTHEIC K> THED T EHHISNT
BO, MHFLEEEEE, MENTED % E DD
BRIV F—HERZKM L TVWE EEZD
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NTWs. —/57T, MAPAREELZIE, ALEOERK
EREDNTG UV AERL TR EEEZILNTE
© (J\H, 2015 : Hill and Vingren, 2011), LM
DfEbNZ i, fbhseiXETOLENRE
K&k THRES (A, 2008) T &b, filA
M CHAICMER LS 2 2 i3 L. BRI,
Medbe and Toska (2001) &, 2 7 CHFFINMEICE
ZEH L ZNEEARTO 1 REOE I S
R FLERIREE & PR S E2E L, i
FURE TR 3 e 230 5oL F— (G B 2 YN R
fliL TV RO TS, —F, KET
TANEENCEH LIt & T 5 2 ZO#iE & bk
K& & MHPILRBRE & ORICHLZ RGN A S
N7z (Figure 2-1D. DT &iF, MmAFLEEREE L
F—EANIC B TSR )L F—itha %
RMLTWBZ ZRBLTWS. Lizh-> T,
MR B 2 HMANET E WS R E Nk
BB O T FLE R S i R )L F —
MAAEZFHE L TO A AEENL S 5.

AW BT ZHREHECELT, T3 VF—
HERGLERI, BEREIE & BREEOLRICKDE
WU (BREE. T, BEMEE, KT
A b TESNTAi L DFERRT — L BRTLERD
ERRERXZ VT, X2 VT T A S OFEHS
T BOAREIC X > THEFERZENL,
FRERIGEH N OMEBIGRZ U THEIL L
7z. ULhL, BEEEL, 2LOMEEICKST
MRS DER SN TV 5 (Bangsbo, 1998; Li et al.,
2015). —/5C, HERHEENCEL TiE, BERE
BRI R L TOWBHIREFEET 5 (Hill
and Vingren, 2011; Medbe and Tabata, 1993). [ /&
REH2L00, BHEEZAVTZ VT —Itia
teFEZEH L TV aMsIEBE<RENTED,
R VP RZHEE T 2 FEE LT
B —RINICHW SN TV T28, KRFFET
LT DFERHOE. £z, K THWEEKR
TTF AN, RAT—T8z 4L L, SEEN
Mk 450k Uiz, Wil & IS AT —TD
FaZABHE L 2 77 DR CRE R IRBIGE W EZ R
U7z (Figure3). ¥7z, SubjectA i, FAT—Y
DN 2 NS BIF B 30 L DEICEZ D DE

PR ENTT®, 1%V 2 ROz MR
HREBBTLRBERYTHLLEALNS.
L LAEDS, K OREOSWERRRZERR
T 2DITERK T A FDAT— I HZIERT
REND B EEZSNDD, R TIEHERE D
AiHZERL 4 BFE L L.

AWFEDKRD STHANNZEIHEH LT A
FRFE SR HENC BT, B 2R TH
S>TE IRV F—aRIZZE—ETHBH T L
R ENTe. e, BATERLBARENES
KU MR FLEEIREE & OBNTIZ IR A S
N, EHREORINCIE U THMESRI S L U %
FMET 3V F—HGRIIIINT 2 2 EAVR®BEN
Je. —JiT, AWRORERE UTHIENRT—L&
MR e 2 & DO IE RN TN RS P BB E B D D
BENEFEND. TS, HEERE L TRV
F— LG L DOBIRIC DWW T HZ B %A KD
bN%.
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