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The Effect on Blood Gas Exchange and
Anaerobic Threshold While Applying
Cooling to Single High Intensity Exercise

Abstract

The purpose of this study was to investigate the effect on
blood gas exchange and anaerobic threshold while applying
cooling to one day high intensity exercise. Methods: 8 students
majored in physical education related departments (Age 24.6+3.1
year-old; Height 168.9+5.9 cm; Weight 69.4+8.7 kg) participated
in this study. The experiment lasted for three days, and the
ergometer was used. The first day and third day were both lactate
threshold (T1, T2), and-the result of the first day was used to
decide the intensity of single high intensity exercise in the
second day. The single high intensity exercise was divided into
a continuous exercise (Trl: Ix10 min) and an intermittent
exercise (Tr2: 4x90 s), both of which were separated by 13 min.
The cooling was set to -120°C for 120 s each time. Twice were
one set and a three minutes rest in between. A set of cooling were
applied after T1, T2 and pre, inter, after the single high intensity
exercise. The heart rate, lactate, blood gas and body surface
temperature were measured. Result: Cooling was helpful for
exchanging blood gas and removing lactate during exercising,

especially applied on intermittent exercise. The single high
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intensity exercise could reduce heart rate and improve anaerobic
threshold. Conclusion: Anaerobic threshold could be improved
by single high intensity exercise, but cooling was needed to keep

the quality of training and accelerate recovery.

Key words: cooling, anaerobic threshold, blood gas
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Abbildung 1: pH-Regulation im Muskel. Die Laktat/H*-Kotransporter
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(Protein NHE), Na*/Bikarbonat-Kotransport (Protein NBC) und die Diffusion
von CO, geregelt
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Petitt
et 5 km & ¥ fir > B R
StueCk ;JK;J%‘,)L\J\
Jorgensen B 2 M) 5K B g = B R
Cureton
(2004) IR
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R ge % = Al A &

: i E}:l‘_?‘lz\%:f:
(FF 1) 5 5k % 2t TR
EQ z*z
-110°C = &
Rudolf Endorphin Ei
(2005) 1K O f8 3x3 min
T % 4 T AE
= B RN 3
Hunter
, HETKR - H
T REE L
it #
(2006) )

& 2 It

& R B R 2 A 3RS AL A 3% 3R AE EE AR B I ifm BR S AR EE - 4D A

A ke B 4l e~ o o D T SH-AEEBL K B 88 3R TN T R SR - A BE B
FRRELOT (R 2-4)-

* 2-4 [Bone Al g R AL ALEE R 2 W 5T

W9 & = Al - S
(4F ) 07 % = L
Taghawinejad )
Hect |
Birwe
Ix -110°C Ery i
Fricke
60-90 s Leukocyte H 4 it il
Hartmann i i
Lymphocy it &2 4f A K /D
(1989)
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Wt 7¢ & 2 4l

. . £ Y S W 9% 45
G ) ¥ Ve u g AR
T-& B 4 Fr
Fricke et ¥
2x -110°C T- 11 # |
al.
90s Interleukins-6 o
(1997) .
Interleukins-2 EI|
Jonderko
Galaszek ¥
21 days Lymphocyte il
Krzewinski
1x90s Ery He Fr
Jonderko
-160°C v - Globulin U FF
Galaszek
(1988)

& om & A A & e 8 FAE A2 ~ M &l Bl sk @ 7 XF B A
By gh el sk B ARSI > BB 3 AR B AE 2 R IR | OB &
SR i B R FE R B IR SR Re YRR B B IRE R Y 82 B T O R 0 PR Y
iy e

FUE MR RE

B 2% I % o R 5 BE LA R R (L B 4T BE 60 % 4B T DL T RE R
M TE AP R R (I 2-9) L O B R HE B P B T
AR - MR AESHE NS R T

pO2: 65-100 mmHg

-
N

pCO2 : 35-45 mmHg
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pH : 7.35-7.45
BE : > 2 mmol/l Alkalose » < -2 mmol/l Azidose

HCO;3 : 22-26 mmol/l

Lung

From pulmonary artery Capillaries To pulmonary vein

Alveoli

P0,=105

PCO,=40
0,

2

Right atrium Left atrium
and and

ventricle ventricle
Systemic veins Systemic arteries

CO,

Body cells

Capillaries

Muscle

2-9- 45 A il /R SR A SCIE P
(B & AT EHEETER)

>

AeMARBANEFZIRERBRENLZE ERET
S EREERERS fRAMARBHNERTREME- HIVED
B > Bl eH &k A Ay pO2 % £ 5 mmHg (Murray, Chen, Marshall,
& Macarak, 1990) - Bacher (2005) W R 8 BB A E R IEE
37°C MR ZE 30°C W > KA A (pCO2> pO2~ pH) i E 4 X
% o MK A H#E pO2> pCO2~ pH J &R & T 7 52 &z K (Rudolph &
Yuan, 1966) - Burton, Stokes, Ei Hall (2004) #5 1 ## &) iF 1£ &)

Ak o By M OR R B B R E A K -
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MERGHWELCEEZIORE BiENEZE  BXHR
fa o 2 B B I R SR R 1Y &2 B RN TR OR A Al B IR SR R HY 5
B Mo W P - B OE fF #BR RS Y -

FOE XRAEE

& & Al VU 6 BT A ST K > B BE A A B R A
Pl Eos EE Kl Rk B HatdlsR L -E 8BS
AE F PR HE g E A R E M T AT T & R A A S5 #
HLIA 3% 3% - Ry 4 7 5l &R an B - JE R (ROR 8 B 31 4R - i AE B B
R WA DL RO LA 8% R RO HE - T FE A (R R 2 A B
RBENNE RFABRLZTHEMME ML RS A E -

AR e 25 o A Y
i
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RSB WMRITEEATR

AEEESHAM TR Z HEAAT B MHREHRE/\HREEFMH
M ARELE EREEME M ARG BEEZEBR K SPDI
BHE N EH AN KAV R P L ERESERELEEZTMN
BHEME FEABRGRE DR MESF BB AH =X
oy Ry AT~ &M BL R — KA SR F B &SRR T B R R B R
sl o3 e

—Hf WHRHER
MRHEHAARBZBEHME AZE T 55 168.9

t5.9cm > BEE 69.418.7 kg » F# 24.613.1 years » H i #j #H =

B e E = DL B K2/ 20 min > i B fE & &) 5 =

B EEREHEEME

R @ 2017 42 10 H 30 H % 2017 4 11 H 1 H

% 0 SPDI B gg 77 22 B B2 3l &K 39 B o 78 0
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B ERESHERE

AUt EBATEHAESERFOT

* Space Cabin -FE N EJEfE (& 3-1):

BB ERES I5S5cm> WE L 123 ecm> & E & 245
em - f K & EH /&y 120kg o & {F 5 = K R AL KL (dewar
flasks) NZ REAREABMERARB - HRE B0sW) &
KAEANIRE JRERE FMFEE -110°C £ -180°C (7 H: LK
NIRRE S & &1 2 ) A W52 R+ 5 2 KO A8 A R AT -
"MW AEW ~ BER&®EEB A - HKHEKEDN -

3-1 Space Cabin -~ 5 = (K )i fig
B H 2 JE © http://www.healthycold.com/wp-

content/uploads/2014/08/bamboo_dewar-1.png

- Lode Ml B #00 2h % (18 3-2) :
AR R T R B B 8~ 2500 Watt o ## 3 T 3% 25~ 180

U/min > f K8 E & 180 kg - o] FE o sk & & B ~ ol & At 5
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Z B oE T R R @ R A5 BB R A OB O
THEEEATH ~ Bl RFFH&E - HRKE M -

? T ¥
2
A

3-2 Lode Ml B& =5 00 I &
B H 2k JE : http://www.lode.nl/en/product/excalibur-

sport/3/id _segment/1

~ P384-20 4L 4 43 2N {6 B B Of BE 0 At AR & ([E 3-3) ¢
& P384-20°4L 4 &R B G Ml U8 > TAS &1 4h 4% 24 (8 7y

BT 8 AS DL K IRM _P384 &4 4h 48 21 52 {5 O 15 %5 % ¥ HS - P384-
20 &L 4 43 2% MR # (5 | Uncooled 2 dimension micro-
bolometer &L #h 4% UM 25 - 7 BC f 49 B (& o o0 0 - 7 2 92
8 NE Mtk S IE M ROR S & W AU RS
B O BE R OR 0 0 B 58 B 1R B A RS B U B BB A B ] A5
FIPr & N2 B8RO S EE -
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R&D/QC/ QA Temperature Analy5|s Best Tool
P384 551 . 1

M Lo Sy e x50 20 ) 52 Tt
Viow Arwa: 8 3eren £ 8 360w
Mesarng Tepesstoe Low Range - ol 19 Rarge 203001
Accuracy. Phers IC (@25 opacation lerperate)

Warkng Dstance: {7mm

[ 3-3 P384-20 4L 4 43 24 & B BF O/ & 73 1 R 4%
B H 2k JE : http://www.stlco.com.tw/products-and-

services/hong-wai-xian-re-xiang-yi/gao-jie-xi-re-xiang-yi-xi-

A

lie/

i-Heart E # L PR Z £ 8l & (B 3-4) :

AR O Bk R 2 B E B LR kAR B DOPR R R B B R
o B LRSI E S o AR R By W] [ B R PR
ZALBER (&% S0N) Bl ER EEEM KE
HEEEN AMATAEREERHEEDNRAGKE
AL B R
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3-4 i-Heart 8.0 BkR Z 28 R H
AT NP/
http://www.hexin.com.tw/upload/goods/20150507112209186.pn

g

7~ EKF (i ## 7L B& o3 fr & (1 3-5) ¢
8 FH AT ZH S BR 1% > BRI &S SRR I IE > IR &5 R 442
MEEBANR ARG NIRE 8 X&% Ao 20 6 K&
Be o oy M &5 SRR B M % 2 AR IE) B R OR FL B (E R i bE
H AEAFAREZMBEARBE SN > ELRE -

3-5 EKF [ ¥ 2L B& 75 M7 %
B H 2 J5E ¢ https://www.ekfdiagnostics.com/biosen-

analyzer.html

7N ~ i-STAT Handheld [fil )& & 88 53 1 & (& 3-6) :
fo B2 BT 7R ML OR & &y 100 plo A7 £R 25 A9 0% R 7 A o0 A
EEHzSERFAAST - FRAREERADHE S > BTG
mETON  oMEREE DL RT A DB - ALKk D
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B -MgEE AERUESHEENE RS Z KREEE
FI A&~ FF 48 B B & T ORT 1R Z IR R AR

3-6 i-STAT Handheld [ & & 5 43 #7

10 I /i

https://www.pointofcar /offerings/istat/istat-

£ mT A
FE - RME -~ AR BE - AW D ER A

FUUE BERERETEITTA

— - ERRH
AWRER BB K 5 BAN (T &0 (T2) DR —
KAV G - T1 T2 8 o (7 B A S I 4 R 55 B i 0O R
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BREREH —ROINKABEXRSEBEATES  ©3FF
gy (Trl) BRI GED (Tr2) LEEBELER  WITERF

W E AR (B 3-7) -

(—) T1~ T2 {8 N7 & &R E 58 7058 5 ROR ER

2 3 & AR BB 46 AT > St (R 4F 0 Bk (i-Heart) o 3 fiE
H#E R E 10 ul Z Mk fF R %2R Z 7B (E A € I & 8% 0 Bk R -
DLHAD % = 00 oh 6 fF R 5 T B > & 100 Watt B 45> & [& 3 min>
B X ETF 30 Watt > HI 5 B 2 <2 &l & 2 2 8 A & K & fr &5 K
A 7 &5 R 1% 3 min #E AT 2x120s Z (KR E A (-120°C) > X [ [
g 3 min- H TI ZWAGSRFEERLERXESHEEHSEE Z

i

(=) ER & EHE G % K EmR E M -
2 3 AE B B 460 0 ZR I (il BCAF L Bk (i-Heart) o 6
T 45 B % MR F & % ails Z FIE B BRI R CBE H E G AT #k
LEER -RRLE - DWBERENSEFERRES T A - EFHHH B
Ap o~ Trl B2 Tr2 Z F DL R B B & R R & # 1T 2x120 s Z KR
A (-120°C) > X[ @ 3 min -
Lo Trl @ E® « DL T Z M5 & R A Lactate EXPRESS &t
HEHMEAEAMME (6 mmol/l) IR (6 mmol/l-Watt) fF
B EE R > FPEEE 10 min > 36 H 45 70~80 U/min °
2. Tr2 [ EKES  BL T Z [ A& K& M2 RME K EEHE -
# AT 4x90 s [E] R E By o B 4EFF 70~80 U/min : [H] 8K HF [H

60 s> HAMH 4E #F 100 Watt DL fz 60~70 U/min -
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T1 ~ T2: BRI RER & o 4508 3 min ( 100 Watt BI44 - /52 15 30 Watt )
Cooling: 120s

E] Trl: 10 min £485E5E > 70-80 U/min ( 6 mmol/l-Watt)

Tr2: 4x90s L& HAIEAE » 70-80 U/min ( Watt,_) » [51EX 60 s ( 100 Watt » 60-70 U/min )

=3 min 3 min

3 min

3min 3 min 3min 3min 3 mi

owv2 | | BE

& 3-7 H B Et BR iR
At ERLEFH =X  $— it 17 P B o & o DU B oAl 1R

M- 55 =K A AT B S BT B 4x90 s fi]
g & e (KR e AR AT~ P KA B K
(CRi

—EBRIA

(—) AMREBZSEVSBRERBOF 3-1 FrowR -
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*3-1 BERREZEDSH

74 :EI%“ e Y N
sm R g Ty
N A
B =X \
fE B Trl- Tr2 5&
1 100 -
fE 15 1=
Watt 5 B
i La: R- B EEZ
E N s
T RRED o A
T2 73 M5 B 3
_ = )
min ° H HRR:I{‘,QE—A;K{:'%
x BTt B E N B P
30 Watt L
La: E1 > E5 min
HR @ 1x5 min -~
10 min 1x10 min
ﬁ?; 6U 11807 e 0 S (2D
Trl Al B mmol/l- r i
70~80 Watt EEFHW'@%‘ E Eh
U/min 1%
e RBE KRR
JE F3 Al -1& ~ & #)
%
La: E1 >~ E5 min
4x90s .
; HR: Ix~2x~3x»
f &x Al
ZOE) 4x
70~80 s g = iR R (%
Tr2 U/min g g o o
Re(11306008 = Watt FERHAI-1& - EH
Watt %
60”,70 e R E - RO/
U/min) fE R - 1% - 1 B
%&
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(Z) AR ERBZERLE R A E
THEWNUTE HESH KM ABI "HENULE R D KR
W 1% BR AL (& 3-8) -
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BAE EHIERKE

K ge 2 & w240 B 3-9 At or -

bt 7% 5% &

L

s S Al =

Proposal Reference

ANERdBZEg
(IR

>

B)% &
4

o B 3 B I
7] L . _
EE R SHERES

. L-I-V 54 83 4k Py 7
— X 3l 48
J (E 3-8)

&Rl OB 4 =T 0 A

& 3-9 & it i 2 =
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BN BrREH
— T EHBELFEEBEREEE W I L IBM SPSS Statistics
17 45 5 o7 A -
SRR tRESAIN - RN S HS B ER -

SCUEEEBERTERERGSMEEEE -l Z ZHHEE S

a o~ F H - E R E AR 7 M Bk sk DL Lactate EXPRESS #k 8
A Mader 4 mmol/l 5 > SFEH A EM AA & - | M E
BE T ML K fE A B E (6 mmol/l) & o 45 & 73 #f DL SigmaPlot

12.5 #1748 [® -

o~ AW TR g T B K EE B 5] & a=.05 -
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FEE &RoITER W

AEEEMRBU I H A LLERE H B BT FE &R Fr 8 8
R 2 R oK AL IR E B G B R 5% R R R e R R R &R Bl R AT 2
B Z AR R o B RS R OR TE B R R A B B & AL R PR
ol &R > 5% 3R (ROH B M M E A B R i I pO2 I G 1E R Th

#E 00 0 2 AL B PE PR o B o R g 2§ e R A TE AT &
Az A BE - DBk R R 2alFRRNZ A MK E R
HEWZ BOoXERESTES HEAKKEEMWN T EZZER
s ETREOBER MEAN R & ED R (R 4-4)

— &1 ¥ & B[R] &R = ey e K 7L R E B0 B
=

GEROMBEH > R RNAMMBELTFEET (Trl) =
9.64+1.62 mmol/l > 7£ [ Bx # & (Tr2) # 8.93+2.68 mmol/l - ||
WHAE g R Ry 0.71 mmol/l (p>0.05) ¢ & K0 PR AE Trl £ 4
B 173+10 min' > T Tr2 B BREF)E 172414 min™! > W 7E
HHPHEREHBAEZER (B 4-1) - ME L L& R FR
Trl FR@E B8 Tr2 ERES) 2 s EMH T > HE Tr2 Z A B E
B0 Bk R SR Trl o BoR Tr2 ¥ 5 88 P id pl B D B -
HAKOR & A 7 R 8k B (Tr2) 7 2 B Z 3l 8 fm 8 - Smith
%O(1997) DL A=ZTHESH BT > EEEATE A -110°C
&R 8 3x3 min - &5 R FE NS EE B W S ae DI B A&
HE B - Gharbi %5 (2008) #5 Hf £7 48 %1 [ 8k 3l 4k & A& o & & K3
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¢

MRE - HHEKIKEFHRIES AT AEE D & ARKDH KK
ELPE PR - AT 92 2 (KO0 e H N B B 5 2 Fh & 7 AT 0 H R B &
Z e KA B E MR R FF 8 & o7 0 B o R OR A B A EREIT SR AT
FEEZIl®mE -

E

49 COTrlla r 250
[ Tr2-1a
A Trl-la
271 == mHr

10 T T W T B

- 150

La_,. (mmoll)

- 100

- 50

Trl Tr2

& 4-1 FF& (Trl) EE &K (Tr2) & fof iz A LB E FKob Bk R

T ROR B A R B R R E B I R SRR R
&

E[é

5 oy M 8 B AKCR JE 12 #E 1T Trl 5 o1 E B (E AR ROM ¥
A 24.3%£3.6°C £ F+ & 30.2£1.9°C~ pO» [ 58.8%9.6 mmHg E Ff

% 80.8%7.1 mmHg -~ pCO, i 44.2%3.1 mmHg F[& £ 36.2%2.9

36
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mmHg 5 K8 & M & # 17 Tr2 [ 8k E ) (0 #8 R O8 & B 22.92
3.9°C EF & 29.3+2.3°C ~ pO2 H 72.2%6.5 mmHg EF & 77.2
+3.4 mmHg  pCO> [ 34+1.8 mmHg k7 & 35.5+3.2 mmHg (%
-1~ [E 4-2) c MRBLLEER BB pOr 2RI E BB KA
fEZ R RORE EF EA - RZ pCO2 AR & FE & #8 % & X
BMAPEER  BEL TrIHEEHER A E2HEEE
(35~45 mmHg) YK & & - BEW XY HE L BRI ED %
LA 4H &% N Y pO2 & & 5 mmHg (Murray et al., 1990) » [ 4 &
B Om B H 37°C [B{E E 30°C B MR RS & & £ ¥ (Bacher,
2005)c {H & PapenfuB (2005) 2 H & 8 FE B A 3 4k o o] 6 D —
btk & 2 WRITA D E - &5 &L E - KRGS R E R KR
R REHERR pOr EHR EHAEEE N ERE > H
pCO: 7K fR & » B mi 5 By 5 B AH B &5 & -

F4-1 RO & 48 R K B KA 5 8l
R2 £ Tr1-E1  Tr1-E10 £ Tr2-El

Temp (OC) 24.3 to 30.2 1 22.9 to 29.3 1
pO2 (mmHg) 58.8 to 80.8 1 72.2 to 77.2 1
pCO2 (mmHg) 44.2 to 36.2 | 34 to 35.5 1

HOR2 BEBRASA > Trl BIEFGAR > Tr2 BE®K A

El B i#E &1 1st min> E10 A #H & 7% 10th min -
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—a— pCo0,

9 4 —e— pO, - 36
—&— Body Surface Temperature
I[-’re Inter After - 34
80 - \
i Coli ing
Coolin 1nig Cooling L 1
/EB 70 -
E - 30
= (N
N
Q 60 A - 28
[=%
£
o(\l - 26
% 50
- 24
40 - ol
. - 22
30 T T \ru/u. T 20
R Trl-El Trl-E10 Tr2-El Tr2-E10

Time

4-2 REJE & 88 50 E E i R R RS I Ef
Inter 25 [ 8K 8 » After /e Wk @M > LM E=(@E&EHFF
By K E By KR E RS R -

¥ 1 Pre B HE #) gy

Fo BRAEARERLEZEINNEERNR

il

SROMFR > MW EEERNZ  BREMEH 30.2%
1.9°C T FEZFE 22.9%3.9°C ~ A EH 9.6411.62 mmol/l | [F &

6.68t2.02 mmol/l; W {EHIMK AEH & > B F R EH 29.312.3°C

T Z%E 21.824.7°C ~ A M E B 8.9312.68 mmol/l TFE%E 6.77%

2.30 mmol/l (& 4-2~ [& 4-3) - R|LL LG R & B A MK RE

38
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g2 B RORE MR Em TR - oAl bt s ST 5x2 min Z 250
Watt il & Hil i 2 5 o - B BB 4H AR Sl SR AT HE 1T -110°C fEOf 2 4l
3min> B WHAE HERBHERATELEHLS B2 0Bk
LB o & B R A (Jochetal, 2003) - & & AT — & Ay 4t

ZEBENRHEEGHEORE S A EN N Z 4R LKA

Y A2 % E B I B R UM D R T OB N IO Y 16 BR (RO E B
T E M 7L R PR BR

R 4-2 KR JEH &R RLE A AWEEH
Tr1-E1 & Tr1-E10 Tr2-E1 & Tr2-E10

Temp ( C) 30.2 to 22.9 | 29.3 to 21.8 |
La (mmol/l) 9.64 to 668 8.93 to 6.77 |

it ot Trl B R 8 & Tr2 5y [ &8k & o

El B iE @1 1st min> E10 A ## &)1 10th min °
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129 —@— Ia - 36
—&— Body Surface Temperature
Pre Inter After - 34
10 - ‘\
Cooling .\Coolin; Cooling L 3
8 -
- 30
=
o)
g 6 - 28
=
—
- 26
4 -
! - 24
2 a A
° \ - 22
0 T T T 20
R R2 Trl-El Trl-E10 Tr2-El Tr2-E10
Time

4-3 KB JE B & 88 £ 0 E 4 HL N BE =
¥ Pre Fy #E B Fi > Inter A fH R HA > After /W@ > L E=@E&EHF
By K E By KR E RS R -

VUG E B o7 0 A& W 2 AR {E h &R

SR EMR > T2 Z A BEL 100W - 160 W~ 190 W £
220W B EMIE TR HF o EREKEZ R 190 Wo 2 0.34 mmol/le
M 250 W k& 280 W 1 T2 BRI E W EF > Hp 250 W 2 = &
#Z 1.3 mmol/l (I 4-4) - & 2uld 2@ ANEFEARELERA
B ARKNERL 190W . [F[F 2.74 mmol/l - £} 250 W A T2

ARMEEHRAEEANEG L 2HE T2 DA © — %2R
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ETI R KER B 220W H T2 82 250 W 5 22 R %
T1Hf 250 W B RESERE 1.5 min> HIE T2 AIAE 5E 8 & & 3 min
Z250W- 2l EATAE B IR E B mER N MR ARE
EA-BBULAELERERZHAER S EREN WEE R HET
REB TR -BHABEZMAELESREBMRIKEF 2L 5K
B4 38 i1 PGC-la LLHE SN AL R #G & B > I H PGC-la AE 5 B 2
% 7 W B & G DL kR e E B 0% i 7L B B 7 (Gibala & McGee,
2008) BL K ff MCT F& 8% 2 DU /D 7L B2 #E A LR (Juel, 2004)-
22 o E AL A sE & A3 R R T8 AL B R B R &
G B E - Zintl (1994) EHHEBEOE T AEAABRE2HE - H
B LB T R 2 DL J B fiL_(Neumann, 1990) - A it » K
T 5T (8 &K B RO o T Bl AR AR R AR Bk = ALA AR B MR R R D
Sa: RN =
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16
14 4 —O0— Tl
—— T2

12 ~

10 ~

La (mmol/l)

0 T T T T T T T T
R 100W  130W  160W  190W  220W  250W  280W

Watt

4-4 Fk gm0l SR R M 2 FUWE (5 A 4x

B O BB 7 M AT & A Z 0 Bk =R i &R

SR EH > T2 Z0BED 100 W 2 250 W & 2§
e > Ho 100w Z 0Bk REEZERELE K 2 1Ll min' > 130W 2%
BEHERX > E 10 min' > HEEERBIIRYE MM D - 280 W
ZOBEEA T2 T 2 min™' (B 4-5)- M 2R EZE A
BEOBEREREBEZ . £ 100 WZE 280 WH K KEREGHBK
A 39 min! » 30 min™' ~ 19 min'~ 15 min!~ 12 min' ~ 9 min-

2 mintt e MRBL ESERBE OB WMEREHS®E 2R
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4R 1R o HC R AR 1R R D) R M CE BB - AN AR
BHZL0BEASGNE BEAMREMLXSHUR - LBEZEH
S vl = R o oy U S 1 037 i 7 (SO S T S A o
HHEEG T RS ERMEE FHEZEDE & E£ MR RE A
o= R T Re Al IR HE & 98 T 3 SR - = M E B O E B AS 4H 4R
BTG » IS RS M asES-ENKE (Kriger,
Marees, Dittmar, Sperlich, &Mester, 2015) = {§] 41 #2 & /2 0 =
BR 4@ DA BG 0 o o B 07 0 (@ F AL A A B A i B T R U Hig PAOY o 4H
@ < mw & B8 T {FHLEF & A & (Costello et al., 2015;
Gonzélez-Alonso & Calbet, 2003) ~ 1 1l 4 Bk # 1 & (Zalewski
et al., 2014) ~ £ F+ 8l % B ;& & (Hausswirth et al., 2013) -
Schaun Bl Del Vecchio (2018) Pl B fE T 77 & ll &k DL & M i
O o B W R R R A 1T S R R R EI SR &5 SR 8 B AT I
— KW E R TR s R JEAE R B R Bk
mAWIREG RTNE T 5@ EEZEH AEEE R OpkR -
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250

0TI
— T2
200 -
—~ 150 -
E
%IW
50
0 T T T T T T T T

R 100W  130W  160W  190W  220W  250W  280W

Watt

& 4-5 FsE o S AT R N 20 Bk R i AR

BENE EXREREEIHRBRZ2EEKREM D
(4 mmol/l) [E#E

GROMBHR ZHERAIANZEABERTFEE R
151.14£29.8 Watt » 0Bk A& 158115 min! » 4% B X & 58 [ ## &)
SHC AR OR B Al Stk &Ml 2 e AFEEREJTFEH E 156.8£33.9
Watt > O BER B 151511 min' > THE 2= R 5.7 Watt > [ Bk R =
27 min' > BEEHENS (F 4-3) R BH 2 MAMERLED

hRWEM > AmM ok RL)eARNBEEINmWE 2 EJ > Kifi &
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TRET 7 min' > BOR 2 F 2 4 BOR AR R i E TR 6 98
& o {2 &K B R o E A B N AE 2 R LR - AW ST R B (ROR
R H 2 EEFENKE - Fricke (1989) & 58 K AL W D & il & &
#£ 17 3x2min (-110°C) f&’m & 4l - HU G RN EH 85 8 HL
ARSI 518 LA KR Z B R - (KO8 E A B Y 0 E IR R )
PUfE 7 #2968 7& P£ (Papenfull, 2005) = Jt7h - DUAE A9 3l &K 4 1
ZRMUFENE BERXEHEUG HEHESBEZINHKE LS
A e AT BT ST B S IR AT R B = K s 9B I SR EE Rl o i R R
BB HB (%K 2015) Kt a RAIE F & — B &l

SR BR G R — R I8 DAEROR JE (£ E B B KB X550 E &
B 1% B g A 2 1 18 36 [B] w2 B CE I SR it S ek B 2R AT R Y

AE {391 K BOIE M DL T BAE EhoEge B i S R (E T T e

® 43 BERXEHMEFEPR ZMAMEMT (4 mmol/l) tE#

4 mmol/l

Test T1 T2 Diff

Item Watt HR Watt HR Watt HR

Data 151.1 158 156.8 151 +5.7 -7
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