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Study on Gaseous Metabolism and Energy Expenditure of Cycling at Different Speed

WANG dao, XU liangliang, WANG jingjing, WANG jing, ZHU jianzhong, LIU xin

(Shanghai Research Institute of Sports Science, Shanghai 200030, China)

Abstract: Objective: The purpose of this paper is to find appropriate riding speed and exercise programs for
the aerobic exercise of different groups by analyzing the characteristics of energy consumption when riding at
four different speed. Method: 100 healthy youngsters and 7 old riders were selected as the subjects. Energy
consumption was measured for 6 minutes by CORTEX-3B at the speed of 10km/h, 13 km/h, 15 km/h and
18/ km/h respectively, and the steady data of the last 2 minutes were used for the analysis. Result: (1) In
both male and female, with the increase of speed, HR VO, EE and METs gradually increased. When the
speed increased from 15 to 18km/h, those indicators rose evidently, and the value of METs exceeded 6. (2)
While riding with same speed, VO, and EE of the male were higher than those of the female. But there was
no significant difference between the male and the female in EE/kg, METs and VO./kg. (3) There was no
significant difference between the male and the female in R at the speed of 10-15km/h, but when the speed
was 18km/h, R of the female was higher than that of the male (R>1). (4) For most of the subjects, the rid-
ing intensity at 13-15km/h was moderate, whether the male or the female. (5) When riding at the speed of
10km/h, VO.kg.EE/kg and METs of the overweight subjects were apparently lower than those of the
low-weight and normal-weight subjects, and at the speed of 13-18km/h, those indexes generally showed the
tendency of low-weight riders > normal-weight riders > overweight riders. Conclusion: (1) Riding at the
same speed, EE of the male is higher than that of the female, and EE also shows the phenomenon of over-
weight people > normal weight people > low weight people. But there is no significant difference between
the male and the female in EE/kg, which shows the phenomenon of low weight people > normal weight peo-
ple > overweight people. (2) 15-18km/h(male) and 13-15km/h(female) can be used as a reference for moder-
ate intensity aerobic riding exercise, but the individual difference of age, overweight/obesity and exercise
should also be taken into account in practice. (3) It is suggested that with appropriate speed, people can ride
for 5 times a week and at least 30 minutes each time. Long-term riding exercise is beneficial.
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1.1 FRX %R

FEMRX L ok A LIRS R RAE | Bk
BFFbE 100 #21K#% (B 524, L 484), FIIEHITE
20~28 % HYAFRRAE FRKE , 2R SEACIE OL LR 1,

1 FERARWTEHUERBR
Table I Basic Information of the Subjects

B (N=52) 4 (N=48) &t (N=100)
LRI 211412 20.8+0.7 21.0£0.9
£ filem 174.945.0 164.3+4.3 169.66.6
1 lkg 68.2+8.4 57.1+6.5 62.7+8.7
BMI/(kg/m?) 22.3+2.4 21.1£2.0 21.742.2

FREWFE 4 o B FIGIRTT e 7 B REBAGR (5 4,
2 4), PR 58 B 1A H ;62.9 kg, B :164.3 cm,

1.2 BRI %

1.2.1 £%7F &%

TEATE KR b, 188 B KBl T8 KUY R R 4k
O A SRR A PR A A AT IR AR
X 57 12t # 22 ¥ % 10 km/h (13 km/h (15 km/h (18 km/h 4 Fif
AR AT ST AR EIEFEIE TR, Se L@l 5 min,
ZJE R BEIN 6 min, 4 i BE 1S B B % S AT, R
FHTT 028 45 0 B AT S EE 4 0 T N 8 B A% 43 Sy
39 X /min 52 X /min .60 ¥X /min 77 ¥X /min, %R %47
i, BB BN S fE S BT B

1.2.2 A B RE S AR

AT ALY 26 & 8%, R CORTEX-3B
(i ) 4o 4% AR AR 40 BT, BTG 3 (HR) (R A
(VO,) A X 8 4 1 (VO/kg) IR (R)  BEFE (EE) (#H
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1.2.3 B4 E

K H SPSS 19.0 Giil#kFiAr e it ab ¥, SR ¥4+
BRfE 22 (X ) 1 78 52 1R 0 G2 1) 3 A A5 100 0 R e Qi AH G 4
B o AN ) 3 U] 1 B AR A LR ST REARS T 46
5, AN TRl A HE 9 R kAR A LR B Ry 25 0y
Br. P<0.05 M2 mHAREME,P<0.01 hEFHEAIEH
B,

2 WRER

2.1 AREENESARATERITRENRE

2.1.1 %

2 AT, B L2 (A% HR Gl 22 5%, 4 FORTH
WA, Lotk HR #7754 (P<0.01 8 P<0.05), it
B, WEE AT BB, HR B2 B e, 22 5% 38 A
15 km/h 35003 18 km/h B, A8 fb B B &, B3 %0 HR 4351 3
fil 18.4 Y% /min F1 22.1 ¥X /min,

F2 REER 4 MAREGEM HR (B4 X /min)
Table I HR at Tranquil State and Four Different Riding
Speed

% (N=52) % (N=48)

7 80.6+12.3 82.0£14.0
10km/h 100.5+14.8 106.6+15.2"
13km/h 111.316.5 121.2+155™
15kmvh 120.8+18.8 135.1+16.9”
18km/h 139.2+21.0 157.2+18.4™

H* B P<0.05,** B i P<0.01,

212 BEF AT BREAZ(RAZ/HE)

M1 & 3 A UL, FEZC# S 4 FhOAS A 5 R Ltk
VO, & T F ¥ (P<0.01), Joit % %, Wi & W47 &
JE B 3, VO, ¥ W i, B A 15 kmv/h 3 i ]
18 km/h 5, VO, 14 in & B3 5, 53 4 43 B34 hm 0.38 I/min
F1°0.30 I/min,,

R3 BEHE 4 MARRER VO, (2L I/min)
Table Il VO, at Tranquil State and Four Different Riding
Speed (/min)

% (N=52) 4 (N=48)

i 0.390.08 0.29+0.05™
10kmv/h 0.95+0.18 0.7620.10™
13km/h 1.14+0.19 0.9520.14™
15kmvh 1.3240.22 1.1020.14™
18km/h 1.70+0.26 1.40+0.18™

W.* B P<0.05,** B4 #K P<0.01,

R 4 n] 0L, HEBRIRE X VO, BUsE g, TEZHEIRE
i, VOJ/kg Bt T2tk (P<0.01), fHJZJCie i F 4
B, B\ VOoJkg BT B 2%, MiE W4T B R
Hom, 5 % VO,/kg ¥ B4R =, 2 55 3 15 km/h 3
) 18 km/h B, 3860 B B, 43 B840 5.7 mi/min/kg Al
5.3 mil/min/kg,
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R4 REHER 4 THRRETEIER VOIKg (2 4L ml/min /kg)
Table IV VO,kg at Tranquil State and Four Different Riding
Speed (ml/min/kg)

S
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RT REHR 4 AR ER EE/Kg (B4 ; keal/min/kg)
Table VI EE/kg at Tranquil State and Four Different Riding
Speed (kcal/min/kg)

Y (N=52) 4 (N=48) Y (N=52) 4 (N=48)
L 5.740.9 5.2+¢1.0" L 27.8+4.2 25.2+4.6™
10km/h 13.942.0 13.4+2.0 10kmvh 67.849.8 65.749.4
13km/h 16.742.2 16.642.5 13kmvh 82.5+11.0 82.4+12.0
15km/h 19.242.3 19.3+2.7 15kmvh 95.3+11.5 96.3+13.0
18km/h 24.9+3.2 24.6+3.4 18kmvh 123.9+15.9 123.0£16.9

H.* B P<0.05,* B4 h# P<0.01,

2.13AH

Hi 3% 5 W L, 7E & & 10~15 km/h B3t B4 2 [A) R
{HICH 255 78 18 km/h A, &k R & T 9 (P<0.01),
T 2, BE AT M, R (HZ 84 &, Lo thAE
18 km/h 5 R fHE 2o i 1, 35 %) 1.01, HLIRH th ik A th
A AL RE S 3 ] JE AR RE S RS

R 5 REEK 4 MAERFEA R E

Table V R at Tranquil State and Four Different Riding
Speed

Y (N=52) % (N=48)

i 0.86+0.10 0.88+0.09
10km/h 0.87+0.07 0.88+0.07
13km/h 0.92+0.06 0.94+0.06
15km/h 0.94+0.08 0.96+0.08
18km/h 0.97+0.08 1.01+0.08"

H.* B P<0.05,** B4 h# P<0.01,

2.1.4 seAEF AT AL (R E)

K 6 T, e & 4 FOR[R BF s i, ot EE 39
T HM(P<0.01), LB L, MERATHE M, EE
YZ W 2455 M 15 km/h 840 18 km/h B 3 i g
B, BB & 4351k %) 8.45 keal/min il 7.00 kcal/min,

*k 6 LERR 4 TR YFE R EE (B4 ; keal/min)
Table VI EE at Tranquil State and Four Different Riding
Speed (kcal/min)

B (N=52) 4 (N=48)

2 1.90+0.36 1.43+0.26™
10km/h 4.6420.85 3.74+0.49"
13km/h 5.63+0.92 4.69+0.67"
15km/h 6.52+1.04 5.48+0.72"
18km/h 8.45+1.28 7.00£0.89"

T * B A P<0.05,** B b P<0.01,

H 2 7 0] UL HEBR R T AT EE BOSE I | 78 RS
EE/kg 53 M 8 T2 M (P<0.01) ERTE 4 Fh A [ 5 S )
Bz W w25, B, &S TR,
EE/kg YIZ B4R i, 24 W5 3N 15 km/h 840 2] 18 km/h i,
EE/kg 34 i W] &, 93 20 43 il ik 3 123.9 cal/min/kg Al
123.0 cal/min/kg,

T * B P<0.05,** B4 lL#H P<0.01,

2.1.5 Rt % 2 (MET)

M#E 8 I, fELH RSN, METs B m T &t
(P<0.01), {HEH 4 FAF e, 94z m el
o LB, BERATHEE NS, METs 342 Wi i &
M3 15 km/h B2 E] 18 km/h B} METs 34 i1 5 B 5.,
BBt T bR E S FHE 6.0 METs, i5 %] 7.10 METs
F17.01 METs,

x 8 RER 4 WREHIEE METs
Table VT METs at Tranquil State and Four Different Riding
Speed

% (N=52) 4 (N=48)

7 1.6340.25 1.4740.28"
10kmvh 3.96+0.56 3.84+0.57
13kmvh 4.7740.64 4.7540.71
15km/h 5.49+0.67 5.53+0.76
18km/h 7.10£0.90 7.01+0.97

W * B P<0.05,** B4 144 P<0.01,

2.1.6 R A & B (METs) BT AR R T 4530

HiZ 9 Al L, ] MET £oiz g 2, L 10 km/h B 47

b, X F Bk vl )8 T 3< METs< 6 Ay 453 FE iz 3
BXF Tk, A 2 232K F )8 T <3 METs /N Bz 3
A 13~15 km/h B 4TI, JEie B L, % T RIS 32 1K R Ui
#E T rh SR Z S ML 18 km/h BEATEE, B o
88.5%F1 89.6%(1Z ¥ J& T =6 METs [R5 EEiE 5],
9 3AFRERE (METs) NEIRBE S

Table IX Number and Percentage of the Subjects with Three
Different METs

P Bk <3 METs 3<METs<6 =6 METs
N Eate A matk A0 EAarLk

5 10kmh 0 00% 52 100.0% 0 0.0%
13Kmh 0 00% 48  923% 4 7.7%
15Kmh 0 00% 40 769% 12  231%
18Kmh 0 0.0% 6  115% 46  88.5%

% 10km/h 2 4.2% 46 95.8% 0 0.0%
13Kmh 0 00% 46  958% 2 4.2%
15Kmh 0 00% 39 813% 9  188%
18Kmh 0 0.0% 5  104% 43 89.6%
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2.2 AFKEREANATERITRENE

HRAE A BMI FRAERTSZAE #7534, BMI< 18.5 kg/m?
KA T 2H |, 18.5 kg/m? < BMI< 24 kg/m? Jy iE H K T 4,
BMI=24 kg/m? N, HBA R A REAY BEFE K
2k

M2 10 AT L, RMASR UG, 3 B FAE A2, %
I 4 PSR S B HR R EHI L B2 5 VO, EE
¥y g B> TR HE> AT AR (P<0.01), fE%
R AR, 3 A A 44 N BE 2 8] VO2/kg \EE/Kg ,METs
VIO W25, 78 10 km/h SR, B EABERY VOJ/Kg .
EE/kg \METs 4 B & Ik T 1% {4 = A1 IE 9 14 & P9 28 A RE
(P<0.05), 7 13~18 km/h i}, It 3 T 35 b B 44 2% B R K
PR > IEH AR > @ AR (P<0.01 5{ P<0.05),

R 10 FRGENERER 4 HFERNSREBIRER
Table X EE Indicators of the Different Weight Riders at
Tranquil State and Four Different Riding Speed

AR LH i
(N=13) (N=65) (N=22)

2% 857177  80.0+11.5  825%145
10km/h  109.9+18.6 101.4%13.4  105.8+17.5
13km/h  123.2419.4  114.6+157  116.2+17.6
15km/h  136.0+421  126.3+185 126.9+19.8
18km/h  159.4+18.6 147.0+22.2 143.5+20.3"
VO,/ (l/min) % 0.2620.04  0.34+0.087 0.40+0.08"*

10km/h  0.71#0.1.0 0.84+0.15" 1.00+0.17"*

HR/ (Z&/min)

*

13km/h  0.88+0.15  1.04+0.19™ 1.17+0.15™#
15km/h  1.00+0.13  1.20+0.19" 1.38+0.18"*
18km/h  1.29+0.14 154+0.26 1.74+0.237#

VO kgY/ i 5.4+0.9 5.6+1.0 5.2+0.8

(mlimin/kg)  10km/h 14722 137419  13.0+1.9
13km/h  18.33.0 16.8+2.2" 153157
15km/h  20.8+3.1 194424  18.0+1.8™
18km/h  26.7+2.8 250433  22.6+2.37%

R 2 0842007  0.89£0.10  0.85x0.08
10km/h  0.85+0.07  0.89+0.07  0.87+0.07
13km/h  0.90£0.04  0.94+0.07  0.91+0.06
15km/h  0.93+0.06  0.96+0.08  0.93+0.07
18km/h  1.01+#0.08  1.00+0.09  0.97+0.07

EE/ (kcal/min) %  1.28+0.21 1.67+0.36" 1.93+0.36 "
10km/h 3434048  4.13+0.73" 4.88+0.817*
13km/h  4.3540.76  5.14+0.90" 5.78+0.72"*
15km/h  4.96+0.65 5.96+0.93" 6.83+0.89 %
18km/h  6.48+0.74  7.71+¥1.26" 8.65+1.137%

EE-kgY/ Y 26.4+4.1 27.04.8 25.0+4.1

(callminfkgd) ~ 10km/h 712109  67.0+9.1  63.6+9.5%
13km/h  90.0+15.1  83.3+10.6° 75.3+7.37%
15km/h  102.9+156  96.7+115  89.0+9.1°

18km/h  133.9+13.9 125.0+16.4 112.7+#11.37#

METs e 1562025 158029  1.48x0.24
10km/h 4184063  3.91+0.54  3.73+0.55"
13km/h 5224085  4.80+0.63° 4.36+0.437%
15km/h  5.93+0.89  555+0.68 5.14+0.517

18km/h  7.6420.79  7.14+0.94 6.46+0.65 "

He* 5ACARE i P<0.05,* S5{E{AE L P<0.01;# &
SIEW L P<0.05,## & 51 # Hi P<0.01,
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2.3 HeBAELHEE B AT R AT RE B FE N A 4 R
e 11 AT UL, 55 AREARTR], v 2 4R B il BA 53 76
TR R v B B AT R A AR A (R X % W
B, 24 5 N 15 km/h 3% 0 E) 18 km/h iF 28 fb f B
TR RZ N REREAGUNERAA 74, Hitkky
100 44 ¥ 38 A Hfiz geit o or b ATt s, (HJ2 id ad 4
(B, FRATT AT LA B4 48 b B 05 A 53 4940 T8 AR
* 11 HZERFENR 4 AR L E A ae 2 R0 5
R (N=7)
Table XI Test Result of Energy Metabolism of the Old Rid-
ers with Four Different Speed (N=7)
Yabr 10km/h  13km/h 15km/h 18km/h
HR/ (Z&X/min) 86.9+20.1 93.2+18.5 101.6+18.8 119.8+21.0
VO,/ (I/min) 0.63+0.19 0.77+#0.14 0.90+0.17 1.17+0.18
VOz-kg'll (ml/min/kg) 10.0+3.1 123+26 145+3.0 18.8+2.7
EE (kcal/min) 3.07+0.93 3.78+0.69 4.49+0.83 6.63+2.6
EE-kg'll (cal/min/kg) 48.9+145 60.8+12.6 72.0+14.8 94.1+134
METs 2.87+0.87 3.52+0.74 4.14+0.87 5.360.78

3 Wig
3.1 HITERITHREHEH X

Yy A A e AR VLR R P B S R,
fig e A A R b (45 i B ) SRR e AR S Blise , Ak B AR
Bz d), AATEAUZE—FAE TE R e n] LUSCh
— PR FR LR B 8B D 3K, i AR AR 43 W (S0 1 ) o
B A7 A AT 1 R B B AR, 2 B BE AR R A, X TR
e EAEENE L,

R T, LR R R I T | & s 3 38 B Y 3
K, HR VO, FH R 3G, HLAR ¥ 5 REFE & M7 38 0 , (R RE 4 I
Z 5L Ll & ARk, S 5 LR 1Y Lb 0] 75 i
i, Hg 1052 55 RE 1Y b B8 32 7 s 2 | 3 2 AR Ak 5 HL AR
HITh A BV LR, AR SR BR , TTie W A
A B U BN DA, B AT B Y HS 0 (10 kmvh (13 km/h
15 km/h .18 km/h) , i H T R i 18 K HR VO, .EE .METs
FIRAR L BTG, BEFEACT 4R . 4% A 15 km/h 1
T 18 kmvh B ARk e BH S B B K, $ s ot Ak R
B R ep R T AL AR AR S B B
JIT 15 1Y JC 48 18 (AT, anaerobic threshold ) , 2 $§ 7 i3 14 32 3
i 7 B BLAA i A AU R 2 T LR R i 3l H JC AR it
BEMIG A2 S, A R 55T 1, B33t TR
B, MU AT R T4 LS & 40k A TG E kT
7R ML R R B AR A R BN, otk
i AHE 18 km/h B4, R (HE 2085 1, PUAHERE LI 4
R 3=, FLER N AL LR = A 5 iR = I FLRR A
LA o 7L R 0 347 SRR, R O U 0 B AN 3 T R S ) )
B SR AT SRS AT . ORI ST ) 48 F S T 4 I 1 5 0] 4
K FZES RN E AN EEL—REENGREE T
R ETLRVE  E R 1 55 A RRE R 2
A BRIBORFE M — L RIE

AATERATRIRERE R /NS N 4 S H A AR R R A %
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AR B AT A AT SRS R AR

BLEEARTETIRZ N, T B ZE X REFEAK T 52, B
RIFEWR T KFAA AT 1 3 Bt IH FE I s s oR,
KB P E (4 kmih) 128 (8 km/h) A% % (12 km/h) Y
AE 1M FE W T ok P 3 72 (12 km/h) B B T AE
B 1Eh 17.78 Khikg, o2 15.03 Kihikg B, 2 FH46 1Y
ffF g ke B b I mE 7 T E AR s S e RS RE A M E T
A, HPBAE (12 kmh) B REE IS FE S M8 19.83
KJ/hikg, Zc 70 16.99 Ka/h/kg™, BAf7 K 8 1) A #E B 1
Tk, FERER TR LZ MR & R AR AR
RERZRIEN, BHEIRSE HS 5080 715
T4tk Milg iS5 BERE Y LIS F L 1 IR A i 2=
SRR S LS b g B & A T g I A 8L Bl B
BRI - EIRARG PR WA A ] R X Al
S {H T AR AT 45 SR R 5 4 (12 km/h) B B %
ZIEAEREFETLTH B ESF (400 663.5 kihim? il
661.1 kd/h/m2)B, ARG 55 25 1A i AN, B4R VO, EE 0
B T4k, (B2 VOJ/kg EE/kg .METs 7£ 5 4 2 ] 1
TR MR, ERIRER R, B Z M pA R
HWREFERAHEER,
Hulens M 25X} 4E 14 78 18~65 % 115 [l N , BMI =30 kg/m?
1 BMI <26 kg/m? A [R] 14 E AR 1932 3l 68 ) FREFE 4T
T #F 5%, Salvadori A 5% BMI=29.9 kg/m? JI! i A B FI
BMI=22 kg/m? 1E 5 & FH AR 132 sl fE 1 Ao il T ge R 17
T, SR LR IR 45 R Bon , JCIS AR M B R IE R BT,
KIE AFEREFER & T/ MAE AR U9, A%
£ BMI>25 kg/m?,18.5 kg/m*<BMI<25 kg/m? BMI<18.5 kg/m?,
414 20~30 & 11 24 2B TR 4 250 IR
EH I 3 4, R AR A AT Bt ARGt
4 SRl 2 BRASORE TR 3 sh it BB R 2 i e B T RE T UH
JEANIEH HEO BEFEIAN LR RERESS N 5 R 8 K
U0 S B SR I BT AR P A A el R e R U M [
R S B W T B vl ) e RE I RE i U 1Y JRE T R R
—AEEIFEAE S, AU kB, IR R T R
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BMI i#F 474320, %N [ 44 5 2 80 B 1) il i T FE IR AT L %
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NBE IE® B B A (B R 19 25 R IA AR KR
], R R AR B, 3 2[R A E A 22 ] 194 R %o 4% 4
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