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ABSTRACT

The study aimed at comparison of the maximum oxygen consumption (VO,max) of Aviation Institute
student of Rangsit University before and after getting physical training for two months. Subjects are thirty-six male

and female first and second-year students. They ride a bicycle with applied the gas analyzer equipment at their face
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and chest. The intensity of workload set at 85-90% of maximum heart rate. The incremental resistance applied to the

bicycle was set at 25 watts every minute. The data registered during the test were minute ventilation, oxygen uptake

(VO,), carbon dioxide excretion, respiratory exchange ratio, heart rate, and the calculation of oxygen metabolism

(MET). The VO2max was extrapolated through linear regression equation between HR —VO,.

The results showed that MET and heart rate decreased at the same workload resistance reveal the

efficiency of energy production (p<0.05). However, VO,max before and after physical training program of two

months does not change. The importance of the training program, type of training especially the endurance training

will promote the increase of maximum oxygen consumption.

Key words: VO,max, bicycle, incremental protocol, Aviation Institute students
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M1 1 uamﬁm?}ﬂﬁﬂymz%’auﬁaﬁmwénmﬂdauuﬂﬂammﬁ'ﬂﬁﬂmamﬁumiﬁu 21U 36 AU (Mean + SE)

9

magaﬁmwiwmﬂ LWE N Mean Min Max
hmin Rlansw) ALl 30 69.89 + 12.29 45.75 94.90
N 6 56.56 + 8.84 50.00 73.50
39U 36 67.61 £12.73 45.75 94.90
AU (11A9) Al 30 1.74 +0.04 1.68 1.84
R 6 1.63 +0.03 1.60 1.67
59U 36 1.72 £0.57 1.60 1.84
Artulane 18 30 23.05 +3.48 16.11 31.08
(nn./a0) N 6 21.30+3.17 18.63 27.00
59U 36 22.75+3.44 16.11 31.08
amusu Tafinvasi Sl 30 122.58 +12.27 106 152
Walatiuen NN 6 110.58 +9.38 98 126
(Systolic pressure) 3 36 120.58 + 12.56 98 152
(mmHg)
aruauTaRavasd 1Y 30 73.40 £9.35 53 94
Walananedn N 6 76.92 +6.22 72 88
(Diastolic pressure) 57U 36 73.99 +8.92 53 94
(mmHg)
FNVTYULWD Ll 30 82.43 + 10.42 67 109
(Pulse pressure) W’Lijﬂ 6 81.75+£7.99 68 90
(nFanni) 59 36 82.31 +9.95 67 109
nnAundednumzdeyannmiumediuyana Sports Authority of Thailand Simplified Physical Fitness
wunadiiamedndnmanniumstumanmas Test (SATST) WuIMIAAAYIAD N HATTIY Wi2 ngull
23.50+3.48 NN./W.° HAZIWANQN 2130 = 3.17 AN/ gquamsumedaeglunuaiszaunemnziia
ﬁﬂliméﬂiju%ﬂﬁﬂﬁﬂHHWﬁﬂiﬁﬂuazLW?’MHEI 18.5-24.9 nn./u.” [5]

2 A = o g
22.75+3.44 nN./U. Lilﬂllﬁﬂﬂlﬂﬂﬂﬂﬂmm“ﬂu?ﬁiﬁ?u
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A1519N 2 uﬁmmmﬁﬂmmuﬁmmﬂé’mLﬁaﬁa%’w%’muazﬁﬁwawmﬁﬂﬁﬂmﬁmﬁumiﬁuﬁauuawﬁqmﬂ%ﬁ

Tilsunsumsdnanssanin 119U 36 AU (Mean + SE)

NYUAIDYN (AN) nou Haa t sig
u59Tuilo (Mean + SE)

{110 (30) H1g 3836 + 1.02 38.84+1.09 -0.592 0.558
N 43.42 +0.98 52.79+9.80 -0.948 0.351
AV (6) H10 26.25+1.52 24.02 +1.89 2.475 0.056
N 28.08 +2.34 28.13 +2.03 -0.044 0.967
Wanua (36) H1g 36.34 + 1.16 3637 +1.33 -0.035 0.972
N 40.86 + 1.32 48.68 + 8.30 -0.949 0.349

usathuilonming (ﬂﬂ./fimﬁﬂéﬁ)
H110 (30) 4y 0.56+ 0.02 0.55 +0.02 0.939 0.356
N 0.64 + 0.02 0.74+0.13 -0.777 0.444
AN (6) 10 0.46 +0.03 0.44+0.05 1.130 0.310
N 0.49 +0.04 0.51 +0.05 0.763- 0.480
Wanua (36) g 0.55 +0.02 0.53 +0.02 1.270 0212
N 0.61 +0.02 0.70 + 0.11 0.806- 0.426

*p< 0.05

\ 3 1 50’ v 3 % 3
Adaussiudoastimindivesindnyianniu
9
MITURUNARIOLAZINAKTS 1IN UATIZHNEDA
< y X a9 9
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A 2 2 @ 14 =
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9
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M9 3 s imasnsAe AL IN e TN ReuMsI TlsunsumsinaussanmueninAnu @AM iy
a1 luuAazyI99a1 91191 30 AU (Mean + SE)
Vo, VCo, RER
Time | Watt | N VE (I/min) HR (bpm) Mets
(ml/min) (ml/min) (time/min)

1.00 0 30 14.61 £ 0.64 0.44+0.02 0.34+0.02 0.79+0.03 98.97 +2.95 1.81 +£0.06

1.30 25 30 18.18 £ 0.71 0.60+ 0.02 0.44+0.02 0.73 +£0.02 111.07 +2.93 2.50+0.07

3.00 50 30 23.02 +£0.84 0.92+0.03 0.62+0.02 0.68 +0.02 118.47 +2.49 3.85+0.13

4.00 75 30 29.17 +£0.75 1.24 +0.03 0.87+0.02 0.70 +£0.01 129.27 +2.24 5.20+0.16

5.00 100 30 36.93 +0.89 1.52+0.03 1.17 £0.02 0.78 £0.02 143.57 +2.48 6.37+0.20

6.00 125 30 44.51 +0.99 1.78 £ 0.03 1.48 +0.02 0.83 +0.02 157.47 +2.79 7.48 +0.25

6.30 150 30 50.23 +1.18 1.95 +0.04 1.66 + 0.03 0.85+0.02 161.17 +2.61 8.14+0.27

8.00 175 23 64.50 +1.71 2.454+0.07 2.144+0.04 0.88 +0.01 168.74 +4.30 9.92+0.42

9.00 175 13 74.49 +2.53 2.71+0.05 2.50+0.06 0.92+0.02 163.31 +9.89 10.34 + 0.47

10.00 200 3 92.67 +11.83 3.02+0.12 2.724+0.20 0.90 +0.04 166.67 +4.98 10.83 +£0.78

10.30 200 1 101.70 3.06 2.79 91 163.00 10.40

13.00 225 1 136.80 3.55 3.48 98 183.00 12.10
M5190 4 LARIAIRABNIIADTAUBINIFT TN naIM 3T TsunsumsTinaussammeuinAna NI Ty
mAeluuaazsIaIa1 314U 30 AU (Mean + SE)

Vo, VCo, RER
Time | Watt | N VE (I/min) HR (bpm) Mets
(ml/min) (ml/min) (time/min)

7.00 150 27 51.87 £ 1.61 2.02+0.03 1.77 +£0.03 0.88 +0.02 156.30 +2.84 7.97+0.25

7.30 175 26 58.32+1.79 2.20+0.03 1.98 +0.04 0.90+0.02 161.58 +2.87 8.64 +0.25

8.30 175 16 67.85+2.76 2.49 4+ 0.05 2.34+40.06 0.95+0.03 164.94 +3.26 9.14+0.36

9.30 200 6 71.72 + 6.18 2.72+0.08 2.53+0.08 0.94+0.05 166.50 +5.24 9.35+0.42

10.30 | 200 4 84.10+5.42 2.96+0.13 2.86+0.11 0.97+0.08 173.00 + 7.06 10.33 £ 0.64

11.00 | 200 2 98.35 + 8.45 3.06+0.11 2.88+0.01 0.94+0.03 168.00 +9.00 11.40 £ 0.60
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ﬂlﬂﬂﬁﬂﬁﬂ‘ﬂ1ﬁﬂTﬁuﬂﬁﬁu!Wﬁ%1ﬂ WU 30 AU NANUKUN 150 Watt &4 $2909819 6.30 (Mean + SE)

.. MInDUAURIMN ARG (Mean + SE)
ey L , - 95% CI t Sig
GEERNITE nou nag
1 VE 50.23 +£1.18 48.27 £1.09 -0.199, 4.130 1.860 0.073
2 VO, 1.96 £0.04 1.85+0.03 0.021, 0.190 2.570° 0.016
3 VCO, 1.66 £0.03 1.62 £0.03 -0.003, 0.082 1.916 0.066
4 RR 0.85+0.02 0.88 +£0.02 -0.067,0.012 -1.421 0.166
5 HR 161.17 +2.61 153.68 + 2.86 4.192,10.773 4.658" 0.000
6 METS 8.14 +£0.28 7.50+0.21 0.265, 1.038 3.455 0.002
"p<0.05
WU AR IMIduveiala (HR) oa31as e Tuvaiziisanmaduvesialoandias Annuniinuea
PONFIU (VO,) 1ag MET anad (p<0.05) Tunsiau oM 150 Watt Seunde 161 a5 u1i waz/1s4
Rszdumudn ugasinlsz@nsnmmmsiaussuuile ada iy
Tnadeudearu oasinsguaaaensonainiale dmSminAnyiaoiumsTumavgeneunazna
Tun iU (Cardiac Output) TUSuasiiunniu s TsunsuMsAnaus TN (13197 6, 7 LA 8)

M3an 6 LAAIA LR AYMIAOUEAUDIN VAT TINE fi’é]uﬂﬁl‘lgﬁiﬂillﬂillﬂﬁﬂﬂﬁhiiﬂﬂ?W"U@ﬁﬁﬂﬁﬂH1ﬁﬂ1ﬁuﬂﬁﬁu

ey Tuuaazsaal 31191 6 AU (Mean + SE)

VO, VCO, RER
Time | Watt | N VE (I/min) HR (bpm) Mets
(ml/min) (ml/min) (time/min)
1.00 0 6 9.17 +0.59 0.27 +0.02 0.20+0.01 0.75+0.03 9433 +5.34 1.35+0.05

1.30 25 6 13.80 +0.93 0.46 +0.03 0.32+0.02 0.70 £ 0.03 105.33 +£7.65 2.30+0.11

2.30 50 6 16.25 +0.50 0.63+0.02 0.40 +0.01 0.65+0.03 114.50 +£5.57 3.18+0.11

3.30 75 6 21.60 £+ 1.63 0.88 +£0.06 0.60 +0.05 0.68 + 0.04 125.83 +£5.85 4.43+0.29

4.30 100 | 6 32.72 +0.66 1.18 + 0.04 0.97+0.04 0.83+0.05 141.00 +5.45 595+0.24

5.30 125 | 6 | 4293+1.24 1.42+0.08 1.29 £ 0.05 0.92 +0.06 153.67 £3.94 7.20 £ 0.49

6.30 150 4 57.73 +3.01 1.83+0.18 1.70 + 0.03 0.96 +0.09 167.00 +4.34 9.05+1.01
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MmN 7 LAAIA A RYMIAOVTUDIN WA TING Wélﬂﬂ1ilﬂ711ﬂiltﬂillﬂ15ﬁﬂﬁu5iﬂﬂ1wmﬂﬂﬁﬂﬁﬂﬂ1ﬁﬂ1ﬁuﬂﬁﬁu

MAKAN TuAaz 13981 911U 6 AU (Mean + SE)

Vo, VCo, RER
Time | Watt | N VE (I/min) HR (bpm) Mets
(ml/min) (ml/min) (time/min)
1.00 0 6 8.50 +0.90 0.26 +0.02 0.20 +0.02 0.75+0.02 94.33 +5.77 1.35+0.12
2.00 25 6 15.02 + 1.60 0.55+0.05 0.37+0.03 0.67+0.02 108.33 +7.15 2.80+0.13
3.00 50 6 | 18.77+1.46 0.76 + 0.04 0.52+0.02 0.69 +0.02 120.67 +5.31 3.87+0.10
4.00 75 6 28.23+1.91 0.98 + 0.04 0.81+0.02 0.83 +0.02 134.00 +3.35 5.05+0.20
5.00 100 6 37.95+2.50 1.22+0.05 1.12+0.02 0.93+0.03 149.67 +2.82 6.30 +0.29
530 | 125 | 6 | 47.78 +2.18 1.45+0.10 1.37 + 0.06 0.95 +0.03 156.17 +3.28 7.45 +0.44
6.30 150 1 57.50 1.92 1.65 0.86 173.00 7.30
7.00 | 150 | 1 70.60 2.13 1.99 0.93 177.00 8.10
7.30 | 175 1 79.00 2.22 2.11 0.95 179.00 8.40

M3199 8 UaaIM IS U EUANNEANAIINTABUAUBINWATT NG ABULATHAIMIIV 1 5UATUEAANTTDA N

YoInANEIAIIUMT TUWANDT 14 6 AW AAUWIN 125 Watt 91 52919879 5.30 (Mean + SE)

A1RDY (Mean + SE)

o MIADUFAUDINN Sig

[3RIZN1] “ A ; »
339 nou naa

1 VE 42,93 +1.24 4778 £5.34 -2.003 0.102

2 VO, 1.42 +£0.08 1.45 +0.25 -0.218 0.836

3 vCo, 1.29 +0.05 1.37+0.16 -0.975 0.374

4 RR 0.92 +0.06 0.95+0.07 -0.621 0.562

5 HR 153.67 +3.90 156.17 + 8.04 -0.667 0.534

6 METS 7.20 +0.49 7.45 +1.09 -0.482 0.650

"p<0.05

NN AntasemsaeUaueINIaas 3 1szneudie
Snaemeanmiels 1 1A (VE) 8a31m3 1500nsiou
@ o 14 4 @ 1
(vo,) dasimsiuariveulasenlea (vco,) dadiu
Y a o o 4
msl¥eandaunazvuasveulasenlesd (RR) uay

darmaduuenialy (HR) limsnlasunlamaamsiln

Huasiladedinald ANUUANAIIAUTEHININOY

4 = ' 13 S A d‘
wagyaImsin AMdatenisaeudusINNaIsIneuile

A A 2 oA aa ' =
NATDUUAUNNIU meﬂﬂﬂﬁﬂu%NﬁﬂﬁWﬂ’JﬂﬂJm

ANUUANANNUNTEADTBEIATY 0.05
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4 A o % . o @
M9 9 uaasmsnfFouiisuanuaunsagegalumsldeendouduysel (VO,max : ml/kg/min) veninfnyianiiu

M3tunoutaznad M 11sunsudnaussonn 3119 36 AU (Mean + SE)

U (Mean + SE) t Sig
VO,max (Absolute) ; -
(AU) NOU 6N
I%Jj}‘]ﬂﬂ 30 3.02+0.12 3.02+0.13 -0.074 0.941
I%j‘]/iiﬁﬂ 6 2.39+0.23 221+0.13 0.724 0.502
NINUA 36 291 +0.11 2.89+0.12 0.318 0.752
"p<0.05

v

Ms19h 10 yaasmsfFouiisuanuansagegalumsdeenFoudunus (VO,max : mikg/min) vouinfnyianiiiu

M3tunoutaznad man 11sunsudnanssanin 3149 36 AU (Mean + SE)

VO,max U (Mean £ SE)
; » t Sig
(Relative) (AN) nou iGN
ﬁj’%’m 30 43.81 +1.62 42.38 +1.49 1.146 0.941
lﬁlﬁﬂjﬂ 6 42.29+4.21 39.75+1.67 0.680 0.527
NINUA 36 43.56 + 1.50 4194 +1.27 1.359 0.183
"p<0.05

115 19N 9 LALAITIN 10 WU AIANNFINITD
g3gA VO,max Absolute N1 VO,max Relative AOUNIT
=l 1 [ 1 d’ =
NAFDUUAININANUAINITNATOV Uao1/Touney
nuadanu N lufinnuuananunsgauiisdinn 0.05

[y

5. anUsemamsIve

9 Y
v AA v

awv s A a A Y
nMsIvenseiiidaglszasdiiedaniunanlanin
MITANINT TUHAUIANITTONNNNTWNGUBINANHN
aniumsiu wninedossda oad 1wnasiaussonmw
N1es Mz duveainAnyIda Uiy

E4

wnINedesda wamsiveannsoagl ldnsae Tl
= = J Y
msnfseuneuainnuaivisagagalunisly

pONTIIUGIFA AN @ UMI DY W IN1aY

v a

Fad@a vinwamsnageudaasluaisen 9 uag 10
' ' 1% Y =
W91 neuuazuaInistiildsunsunisilna
A1 VO, max e lduanaanumieada dufedussonm

o 2 A ' ¢ A v
szuvi lanaz Inadewdenogluinmained sl
anudrngnuldsunsumsindounisoonunuin
suvguduaussonmszunialonaz lvadoudon

] Y
AINanMINLILYTITENM9d3 5 IN0 10TV
Wil lnadewdeanunintdedodrunarslaun ms
4 X a A a 2 o ' a
MuvuveslTuaaeanguiaseniniiladenn
(Cardiac Output) tazifasealudarsnennuuanaig
sErIANUT Ut uvetoondiaulurasaidond
1AZVAOAIADAIAY (A-V)O, Difference a@AARDIN
msAnImANNEINsagegalums ldoendaugga
(VO,max) HnAnBITa N UMINAANY1 IneuvATAI3

@

Y
Y03 Ui sad Yasyilu [6] Taedsmslszumains 19
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pondaugeganeigIndinoanu mAmeslinuna 48.89
ml/kg/min INARQEUAUNAY 51.05 ml/kg/min UONDINI
TumsfAny1ved 43195 vena wazawe [7] VO,max Tu
AUBIUNANITEHINNgURaniIaIn1ouas lioen
Maamememsmuveunsesiumula nud nqueen
iaenieliaunae 38.13  uazngu luseniideinied
H s 4
ANNAY 33.35 mlkg/min HINWAARBI@OITUNITDU
NUNABIBUAZINAN TR VO,max HounInininy1
an1funadny ualAWINANAUB WA WU
[ o 9 2 1 =
AoutazraIm s 1sunsumsing A1 vo,max Na1
1 Y '
Timvyunimfuiuaedussonimszuniilonag
a A 1 4 A Y 0 w @
Tnaieuiaenoglunusined nisldanudidyny
Tdsunsunisdndew n1seenuuudnuuusaiu
aussonmszuuialaes Inadewdonz dawaaons
4 X Y S A o
iy nveadeniaaisInervesszuurilonay
~ A A SR Y 1 A 2
Twadeudoanuininiledediunardlaun msmudu
voulsuandonnguaaesnainiialononi (Cardiac
Output) uaziladeaiudalsfeonULANAIITEHIG
anuduvuveseendauluvasaideadaziaon
1@39A1AY (A-V)O, Difference  A9AAROINUMTANH
Aanuamisagegalunisldoondiaugegaves
A v J % v K LY =2
WISl yasyfu (6] Tuin@nuiaaniunisnadnun
Inenvarays Iasdsnslszumainisldeondiau
gaganeglndifean maanelinunde 48.89 mlkg/min
v 4
INAYQYILANRAY 51.05 mlkg/min uond 1Ny
S o ' an
MSANYIVOINTNA UUNYFT WU HTA I8 11
a 4 = a @
ANBIMIAATNITNW AT HAANET WHIINYIAY
Aunsunialsa a2om3tTuinsoIu AANNaINIT0
gagalunisldoondiaugega JAunasogn 40.09
9 4
mlkg/min -~ NIHWVI WnANEIT01T U T Y
9
UNIINGIATITN NUNABIBUALINANYQ A
anuamsogegalunmsldeendinugegaiiooni
WnAnwianiunsnadne ualalndifesnuiida

WY AULWARAE UHIINGABATUATUNTI 1301 [8]
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fi1VE, VO,, VCO, RER, HR, 18z METS Haunuiu
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v 3
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