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Table 1. Baseline physical characteristics. (N=10)

Mean = SE
Age (years) 23.0£0.67
Height(cm) 173.6 + 2.09
Body mass(kg) 71.9+3.63
%fat 16.9+1.51
BMI(kg/m?) 93.7+0.75
Waist circumference(cm) 81.2+2.64
VOsmax(ml/min) 3622 + 167
\}Ogmax(mlf’kgf’min) 51.0+ 26

Data represent the mean + standard error, BMI, body mass

index.
Morning 6:00 8:5b 9:00 10:00 11:00 12:00(time)
Evening 14:00 16:55 17:00 18:00 19:00 20:00(time)
Expiratory gas sampling
Blood
sampling @ * ¢

Figure 1. Protocol for exercise and blood sampling in the

morning and evening trials.
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B A2 L7 (P<0.05 Figure 4a), BEXRILVEVEEICIIAE
RREAERPED LN (P<0.01), EHE)A MK T E%ZGIRIT: 7.2
+ 1.6ng/ml ; %4 5 #k{7 : 23.3 + 4.3ng/ml) & EE A W& T 2 B[
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#% (FF 1T : 0.1 £ 0.0ng/ml ; # 74T : 0.5 £ 0.2ng/mDIZ B WV T
HRTLHEBELT, FHFRITTHBECEWVWHEARD b (P <
0.01, Figure 4b), FFA BREIABE X AEHIRB O L (P <
0.001) M AT CHBAMM TERZICABRRBMAR D 5 7z (5]
RAT : P<0.01, ¥ F#&AT : P<0.001), b2, ¥ FRATICH
WTOLEHAMBK TEZ»EHAMBK T 2 EHZIINHIT T
FFAREORERBMMBRE O 5 (P<0.05), EEHA MK T 2K
M % (F1 53X 1T : 608.2 £ 64.0pnEq/l; ¥ 7717 :1075.6 £ 125.5uEq/1)
EWTOARITH CTAEEREEZNR D N7 (P<0.01, Figure 4c),

AN TF V=N REZCHLRITHICEBOWTCRAEEHAHRZED 5 L(P
<0.0D. ¥ AT CHEEBAMME TEZICHKL CTEHAMK T 2
FHZICBWTHAERRD RO 57 (P<0.001, Table 3), L
ML, JAVT RLvF I, ZJva—2 0 420 v ik
fEli. =2 L 25 v —/, HDL-C, LDL-C ZR/THICA & %=1
B B Iy o 7= (Table 3),
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Table 2. Oxygen consumption and HR in the morning and

evening.
Morning Evening
Pre Post Post 1h Pre Post Post 1h
Oxygen consumption (ml/min) 251.3£10.2  23294=1331 249.8£162  2451=174  2364.3+1109 273.1£203
HR (beat/min) 62.6+3.6 161.3+22 792+20 63.2£3.6 160.2£3.7 79.0+£3.4

Data represent the mean + standard error, HR, heart rate,

Post 1 h, 1 hour post exercise.
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Figure 2. Respiratory exchange ratio (RER) during and after

exercise for the morning and evening trial. Data represent the

mean + standard error. 2P < 0.05, significantly different from

rest values in the morning trial. PP < 0.05,

significantly

different from rest value in the evening trial. The other time

points were not significantly.
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Figure 3. Fat oxidation (a) and Carbohydrate (CHO) oxidation
(b) in each trial. Data represent the mean + standard error.

N.S., not significant.
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Figure 4. Plasma concentrations of adrenaline (a), growth
hormone (GH) (b) and free fatty acids (FFA) (c) before,
immediately after and 2 h after exercise. Data represent the
mean + standard error. *P < 0.05, **P < 0.01, ***P < 0.001,
compared with value at rest. TP < 0.05, TP < 0.01, compared
with values immediately after exercise. #P < 0.05, ##P < 0.01,
significantly different between the morning and evening

values.
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Table 3. Changes in blood parameters in the morning and
evening.
Morning Evening
Pre Post Post2h Pre Post Post2h

TG (mg/dl) 157.7+27.6 149.4+41.2 104.0+42.9 132.2+24.3 129.9+215 102.8+19.0
Glycerol (mg/l) 18.0+4.2 31.4+24 10.8+1.2 16.6+ 3.4 32.6+3.1 16.9+2.8
T-cho (mg/dl) 1720+ 79 183.2+23.5 180.1+25.2 173.7+7.2 198.9+13.3 216.5+19.3
HDL-c (mg/dl) 558+ 4.5 57.1+3.8 54.7+3.6 60.1+5.2 67.9+6.7 77.0+£9.4
LDL:c (mg/d]) 98.6+ 8.4 106.7+17.5 99.5+17.4 1005+ 7.8 116.9+10.1 129.6+13.8
Glucose (mg/d]) 84.0+ 3.6 81.2+5.3 86.0+6.4 87.1+3.2 90.7+6.5 105.2+9.8
Insulin (@/U/ml) 101+ 1.8 2.7+05 45+1.2 9.8+25 24+10 3.3+0.6
Cortisol (ug/dl) 165+ 1.8 145+21 11.3+1.0 124+18 18.0+1.9 10.1+ 1.4
Noradrenalin (pg/ml) 343.7 +50.1 1041.6 + 124.8 378.8+58.1 298.5 + 33.7 1372.7+178.2 377.7+41.7

Data represent the mean + standard error, TG, triglyceride,

T-cho,

total

cholesterol,

HDL-c,

high density lipoprotein

cholesterol, LDL-c, low density lipoprotein cholesterol, Post 2

h, 2 hour post exercise. 1T < 0.001 compared with level in

immediately after exercise.
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2-3 FEHR

92-3-1 KL EVImK

M7 KvFrVv v, JATRLvFU v, arvFy— LoREIIC
BWTRHRITHM THERZRAEIERARZE D 572 (P<0.01, P<0.05,
and P < 0.05, respectively), 562, 7 KL+ U ickB8W\WToD
HrEE A MR T E % I R1T7:161.6 £ 22.7 pg/ml; ¥ k47 :297.3
+ 47.9 pg/mD) TH AT LUK L CHY HFRITTHBICEMZ R~ L
72(P<0.05), — ., E#HAMBK TEHZEOMIE L7 FLF U~
THRITH TAEEEZETRDON o lz, aVF YV — LVEEIZE W
TH.HRITHY FTRITEERTEHMAECE VEIRD DI

72 (P < 0.05) (Figure 5 a,b,c),

2-3-2 Y%A I AEXT CRP

M IL-6 B XN TNF-allBWTHERLXEEARRD LT
(P<0.05, both), M4 IL-6 ICB 2 EBAMK T HEHELIZBWT
AT EHRTHYFRAITTAHAECHEVRERNZD bz (P <
0.01) (Figure 5d), — 5. M4 TNF-a I2 B W TAH FHRITIT Ik #g
LCHIRATCHEBDA, AECHEVRENED NP <0.05),
M4 IL-18 B8 X O {E CRPICEWTITA B R REEANRED L

72 hy o 7= (Table 4),
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2-3-3 |

huifny
ils}
&
R

FFABREIABELRXZAEEARZNRD L (P<0.05), WRir CTi&E
HAMEK TERICAERENXAEBD 5 HFHIRIT : P < 0.001,
A JFRAT  P<0.001), S HI2, ¥ HFRITICB W TO L EE) AN

il

CTHEHZ PO EBHAMK T 2 HMBEICH» T T FFAREOFE R
HMAR O 5 (P<0.05), @8 A w & T 2 KM% & 1T 0 657.9
+61.2nEq/l; # 4T : 986.3 + 101.3 pEq/DICc B W T D HRAT
M THEBEEPRDOLNEZ(P<0.05), &5, HFRITICRBIT S
EENA MK T ESZ O M IL-6 EEEBAMNK T 2% O FFA ©
MicBWTCHEEREMBEARZRD b G = 0.68 P < 0.01)

(Figure 6),

32



Adrenaline (pg/ml)

Cortisol (pg/dl)

400 B 1’600 [ EEE T4t

el Y
350 p T 1,400 F T
300 'E 1,200 F
E
250 7 1,000 F
# =
200 f = 800 F
=
150 L 600 |
B Y
100 5 400 } o
z
so } ~ — — v 200 } — T
0 0
Pre Post Post 2h Pre Post Post 2h
d EE
18 B Tt 3.50 [ FEE L
16 } I_\ ~ L
.E 3.00 T
14 } =)
# 2 250 }
12 © e =—#—Morning
10 1 E 200 Evening
=
L = 150
8 1 E-’
i - S 100 }
4 F -
0.50
2 3 i N *
0 0.00
Pre Post Post 2h Pre Post Post 2h

Figure 5. Changes in plasma hormones and IL-6 during
morning and evening of acute endurance exercise. Plasma
concentrations of adrenaline (a), noradrenaline (b), cortisol
(c) and interleukin-6 (d) before (Pre), immediately after (Post),
and 2 h after (Post 2 h) exercise. Data represent the mean +
standard error. *P < 0.05, P < 0.01, and *""P < 0.001,
compared with values at pre-exercise. P < 0.05, TP < 0.01,
and TP < 0.001, compared with values immediately after
exercise. #P < 0.05 and ##*P < 0.01, significant difference

between the morning and evening values.
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Table 4. Changes in plasma cytokines

morning and evening (N = 14).

and serum CRP in the

Morning Evening
Pre Post Post 2h Pre Post Post 2h
TNF-a (pg/ml) 059+0.14" 0.56+£0.13 0.60+0.12 0.52+0.12 0.60+0.12 0.62+0.14
IL-1P (pg/ml) 0.18 £0.05 0.14+0.03 0.14£0.02 0.14£0.02 0.19+£0.04 0.16 £ 0.03
CRP (mg/dl) 0.04 +0.01 0.04 +0.01 0.04 +0.01 0.05+0.01 0.05+0.01 0.05+0.01

Data represent the mean + standard error, TNF-a, Tumour
necrosis factor-alpha; IL-18, Interleukin-18; CRP, C-reactive

protein. #P < 0.05 compared with level (Pre) in the Evening

trial.
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Figure 6. (a) The relationship between the free fatty acids and
IL-6 during morning and evening of acute endurance exercise.
Serum concentrations of free fatty acids before (Pre),
immediately after (Post), and 2 h after (Post 2 h) exercise.
Data represent the mean + standard error. ***P < 0.001,
compared with values at pre-exercise. TP < 0.05, compared
with values immediately after exercise. #*P < 0.05, significant
difference between the morning and evening values. (b) The
relationship between levels of interleukin-6 immediately after
exercise and free fatty acids 2 h post exercise in the evening (r

= 0.68, P<0.01).
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DEBICHEE L TWD Z R RBENT, Fio, — iR A M E
BC L 5 iMmiE IL-6 MMITEE D MITEICZEZ 5 2 T 5k
R D,

Ao - BEBEAEESICEBT M LT Y — L RK
BWTEWERERDD LN o2, 2 VTF Y — Vi, i RIEEH
FAETOHRERBIOMBASWHEB BT FERKNFTH
LZEMRINTEBY ZHORIEHEY A NI A EADHEZ
AT ERHRESNTWND(88), EHLIICHEBICKHTHaLF Y —
NDOIREF. Y HTICE_XTH THEFRREICEWZ EAHRESATWD
(28), L2rL 22 b, MoETHRE CIIHITHTAE RE/LITR
DO N o T BENCK T D a v F Y — L ORE L EE) R
HEERGAERES I ORFRLEOERICL > TEEIND Z &N
RENTWD(29,30), BATHETIE. BREOFKRHNITHLI TEH
T aIATF Y - LORBICEEEE XA RENEN IS, —
. AR TIEEES R O/ FE LT TR, EEIRE B K OVE Bk
BHMZEZRE L TWD, LEN-> T, —#EFEAEESHICHT S
INF YL DIEEIR,HERO L) R RERIHHTICERES L

RN EDB IR S T,
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2-5 /IZI n(ﬁﬁ

Y HO— @R AEES L, o @B EREAEERICHE LT
M IL-6 B LT FLFT U UVRELZINEIE L Z LB REIN
oo Fo. M IL-6 IRER#BLECIHERNTL2H-LrEL L LT
B, EHAMBK TH%O FFA O M FEE 28NS 250 6%E0
A INTE, TNNHLORENL, M EHTHY o FH»HIEENH
LB RIFTEHOAERDRITEH LD LIV,
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O3 HaLEBMREICK T D LY T o~ MR AT EB)
FEABICEIC AT ZE8MGFRED)

2
il

3-1

HEEPICHEEBEDN R KEICR 2 EHREIT Fatmax & FFIE
NTEY Fatnax TR KRKIEEBEEZ R T EHBRE TH DI &2
b, MEBDLHEENHHICK OB RN THLLI EHEAM I L TWVD
(50,53,89), £ 72, Fatmax [ IHFERELLFTRIND I &HH
HINTW5H(50,51), LALZ2nn, i Eahafmaiic Lok
W7z Fatmax PRFHEHEICORE ROBERBRLZ5 5N 5 EH)
R D LITR B W, Fatmax & T AL T B L QL L o & &) 5h
ECTRRKRMEEHKEOREBIE L LK L BT CIX., &EH)
MM ICHEERAEEO ZITR D 6T | Fatmax 25 & FF ] E &) K12
bIEEMRILELRRICT 2 EEBBE Th L0400 IEERm O R M
WD ERMLTWD(90), Biwi P - ES 2 LT, EHIC

Z OFEEZHBILIELZLEFEETHL, Tz, BF
MESFICRbDIEE LB Y L2EHBELHLNICT L &
FTEEZRETD 5,

TRV F—HERPICEEL G X DR VE O 5 WL, EE) 58

CIKAFT %(27,48,60,64), IRE N MaRET DL - LE S TH D
BT AT I A ERE THW N E K L, Fatmax C 13 5 B) 38 B 2
WKW L2 &R RSN TW5H(27,48,60,91), L A
Lo, ArvErogBes PERLELTEREO®THRA
SN TERL . FEBEETREICKAFAL TELLT D
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(47,92), SEATHFZE I3\ C ., & 08 #E &) © CHEE S = RV F
—HELLTHHENIY HEEREL T TOERICHE W T
JEEDR =2 VX —EEHLELTHHA IR DIENAEDE < PSR E
UToEEHhZEAE LBV T2 EHE I TV H(47,48), L
LR D, REERELT &) BB LA < PSR
FEAANTHLRECL O TEERPFSEFEITIRR DI TREEL D D
(49),

S 6T, EEBICK D XX — {HE E T E®) R & E ) AR
MickoTHESIND, Thowx, B2 EHHMBE CH CKMO
EEAB IR A,. LVEREOEH TR L —HEEN
K& D, BATHFF TIE. Fatmax £ U +10%VO0szpear O 3 T i
B ENRELS 2D RERHRE SN TWDH(84), LaLeR
5. TORATHR TITEBMGE R AEETH > 772D Fatmas
L0 +10%VO0spear O 88 JE THEB B O T % L X — 4 BN K X <
7, BEROBEBLES @ KM N TEERLH D, L
Mo T, HEHBEOEWIIEBIT2EEBIEZFMT 57201
EERFOZR VX —HEELZRH L TRATLI2LELD D,

HEEHPTOREBILEILZ, A LTI FTTCELI DA BEND
e HATHFRICHE W T, M EHAMARICL VKD~ Fatmax
TORBEBIAETH EEXTHYFTHEICHWHEEZ R L, HB P
DIEEMRELEIT, XTI HFTRELSBRDAEBHEEL L TW
5(33), ZoFHMELLT, EHTOMMELEMEL LV XL X —
HEEEIH X TAY T TEm< s, FEBILEIZSY T TH
K7D EHHINTWND(33,93), LML s, EEEIC Fatmax
ZBWTHl Y G TREMEB 2B hotH A&, ¥ ClRER
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CEPNZLS BRDI2PEPITIARAREE TH DL, TP 2 KR ESD
FF ik BIEE 2 Wb S & 2 @ &) 70 B J K O & #) F fl iy ) 4 2 3
HMNICT O LITEELRETDH 5,

TP 2§ & AT o R e % s E) I R A BT D E B gR
DEWVWHIMFARLVEVIEERD P XX —HERBICKIT

THBIZOWTHRN T LI LA EORIMNE L,
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3-2 Gk

3-2-1 X &%#&H

MNEFXEMH R EHEFEO A VERALEFESME 9 £ L Lz
(FEfh 25.6 + 0.6 7%; £ 171.3 + 1.4 cm; AHE 67.5 + 2.5 kg
KHENF %R 15.6 £ 1.6%; means = SE), MafiR @Il Tk, #7212 %
SHEHEEL RN ERB IR, ERICE LD, HEREL2A
AR OHEL L OZEEIC O VTRl Z TV, EHIC X
DZMOFMBEE/RL, B, AR TRTWHRFTZOE M Ext4 L
TAHOMBICHET H2MmMEEE SO KFE(2013-079) % 5 TEi L 7=,

3-2-2 HRKBEHLIEOHE

FTRTCOMEECWHED A HRRE B 220, VOsmax % 5
Hi L7, VOsmax OB E X, W& 4 F 0B RAATIC A& b 7= il B
MEEZREB T S720, WEBREZ L ICHET 9 BE~10 B, F% 17 B
~I8IFICBWVWT T 4 AT 2 M ER Lz, &R 47 IE 1M kR
mab T B oz, EHAMKBRIINL v FI /L (FUKUDA
B MAT - 2700)% JH W 8 4 5 (S B A & BE 2N BT B
Bruce %12 L 0 i U7, i 8 A 6 R B 0 R A R 507 IS 1 IE

J

KA e (I MEFR F 8 AERO MONITOR
AE3009)Z Vv, 7L AL T L RET 30T L0 FHEHE
M L7, VOsmax |d. DE#HEERED 5 F— . 2)RER 28 1.1 &
B 3) 0 A B A AE i B T B D F B (220-4F i) O 90 % (2 B 5E T
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H52&ED3ODFMEDIDL 2ol bEEmlT I L ERMEL L

(57),

3-2-3 FEB7o ha—

SHEBEICIT, EBR2AAMMPOHELWVWEBHOER, 7/La— Lk
OB 724 0BEREZELET DI RLE, x4 FHITIX
FERBA 4G 3 WFM AT IS BLE O & F 580kcal (¥ v /87 H: 5.7%. Ji
B :134.4%., FEE:59.9%)EE L Lo L., Lo AEE, KU
NOREBEEEIELTE, AERIZ. 420 BR 2 EBHFMFGEIRITE
L O H#17) (60%V0smax #4735 & O Fatmax sAT) 0 572 Y
TARTORMEBEICRHL 4472 Ef L 7o, 4 R AT I3EAEBELE
bk e L, A< edd 1 BEU EoMBELZ &I THEML -,
BT CIT 9, & HFRATCIX 17 RRICE®) & Bl 4h L . 1E B 98
1T 60%VO0smax B & O Fatmex & L72, £72. B KNS HE B AL & I1T
40 oty my banefEmAEmHfoEA L L, kKR
BMILEN R INTME%Z Fatmax & L 72,

\;E-l‘

VB AR R 3. 60%VO0smax AT 4 1B EICZE L. Fatmax
AT CIHEB T O T XL F— 48BN 60%V0smax 4T &% L
KBRLZEH ICHEBLEFHMZEREENLZATRELL, =3V

—WHEEIXZ, ACSM DO A KT 4 ISV TEH I 7z (94),

EEREOREIT.AMBEBEND 5~1000MIC ML vy K I
DHEAZHEST L2V BI oz, TEHARITBIOCY
AT O 60%VO0smax & Fatmax 1X. 9 & 4 5 O 0 2 o il 1 i
HRBRHLE LN VOmax 2 H W TREEZ B Ro e, EBHA
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WATOZ RO 5 M., EEHAMT ., EH AWK T % Q20 M)
IR A A NI B L LR E % B 2 72\, VOz, VCO2, RER,
JEE - BEBAEEZRIT L, EL2ME, EBAAMK T EHY
EEHAME T 1IKHEZR20 RICESHAME T 2K ZICERLZ B
W, M ALECOREEZHAE L (Figure 7).

3-2-4 T 3V X —LEERA O W E
ZEph, EHHP B L CEBK TROMNERT A ZREENIZERIL

MR A (2 FPEFRFZHE AERO MONITOR AE300S)
EHAVT VO B3 X O VCO2 2 & L 7=, M8 & & T %138 712

JESTHEHW, TDOFEFE 2RKMOEMEZHZ KD, HE AWK T
BoOREEHELLE, Thbort b ilE&ERITICBT S, EHAAN

DN L FFRFO 5 . EEAMT, EEAMK T %D 120 57 [H
O RER % 30 B OEHME TRz, 72, o OREBILES

FOPEEmRILEITTFTZOXN b HEH L 7=(568),

CJEE L B (g/min) = 1.67xVO0s: (L/min)— 1.67xVCO2 (L/min)

- BEE B L 2 (g/min) = 4.55XVCO02 (L/min) — 3.21xVO0s (L/min)

3-2-5  Ifl. #% B¢ BY

HRATOEB T, EBAMK TER., EHAMNKT 1 RFHREZ.
HEEAMAE T 2RMRICHFIR? O HRM 2B 2 7R o 7, MK R
% MLiE o AT A iR I 30 4y M =R CTEFE Lo i A% 4 A A iR I

45



72 72 BT i L 4y B (KUBOTA #1848 F /N AU 5 0 4y B %) 12 C
3500rpm T 10 M= LD BEL 7=, HOoBER., T T oRiM
EromiE., mMiEAsME L, BMEETcmmd L IiTmil(-80°C)
RA1FE L 72,
Bonk-miENrs, T RLFII B AT FULF U UiF
HPLC #., 2 F Y — L X RIAEHEZ AW ToOH L,

Mg 72> 5 0% . FFA [ IEBERE. kA VT & RIA BAEICT
DT ERB o7, T XTCOHEHAIX SRL (Tokyo, Japan)(Z & #&

LTHOmEaBI o1,

3-2-6 I #&H E B O E & IE

MR b RIZmFE PR E L FHBICB T 2 EBAMMSKT
ELfh, EEBAMK T LREE, EEBANK T 2 KHE%ORE L,
TARCHEEHZ O MM RO LR THEL., £ OHMIEMZ F e
L7, 728, M &EOHMEFX Dill & Costill (1974) D FiLIZ#H T

TB 7% -7=(59),
3-2-7 WEHALE
E2TOWHEMIT, FHMHE £+ EBHEEETCRLE, T XToOHE
HAICBWTCHBIIYELODD — clWEDEONNZHWTE,

Post-hoc 7 A k |% Bonferroni %2 H W7, Mt B IXHmEr Y 7

F PASW Statistics 18.0 Z V., A E /KM IX 5% AR & L 7=,
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meal Rest Exercise Recovery
. matched for energy .
Fatmax I 5min | expenditure 120 min l
Before for 3 h
: ! | _ 1
60%VO2max 5min 60min 120 min
:e Expiratory gas sampling >I
Blood Jﬂ ﬂ b
sampling i . 8

Figure 7. Protocol for exercise and blood sampling in the

Fatmax and 60%V02max.
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3-3 MR

3-3-1 VOzmax

HRIEEmMAIALEEL L Fatmax
T RTORHRHFI

BT, Wi E AR BRIC B 5 VOamax
RIEEMAL &= Fatmax (TF &Y HF O/ TH E Z 1T
7> o 7= (Table 5)

o oS ARAN
3-3-2 T R ILF—HEE
Bl L 4 5 D Fatmax RITH & O 60%V0smax K172\ T, &
AL ERE CORFI AT —HEEREIZIAEZITIRD b1
72y o 7= (Table 6)
3-3-3 MEEINEL LIOLHEK
B py L E B A KT

"R LUOE

AR T 2 BRI % 0 VO,
Ly ?EI é& X Fatmax %it??% J: U 60%VO2II18.X nit’fT
DM THEZIX

BWTH &4
s O 5 IV o T2 (Table 7)
3-3-4

BRIV E VA

TNENOEEHRE OEEBR, EEAMBK TE%L., EIA WK
T1HME#gESBIONEHAMK T 2HM%Z O
KLU, kKEFRLVEYS

KLU T
o)L F ) — L

BWTHERR
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HAER LR D 5 13 . Fatmax (Figure 8)3 L 8 60%VOsmax
(Figure 9O I HIT L ¥ FRFICHB WV THRITH THEEITRD
AL o T,

3-3-5 MWz 4 Lk (RER)

RER 1. Fatmayx 384T 5 £ 08 60%V0aomax #1712\ T 8 3t 17
EXFRITTCAHAEBERRABEERITRD &7 - 7= (Figure 11), —
J5 . Fatmax 1T & 60%VOaomax k47 0 R 72 2 @ 888 )& 12 5 1 5
RER X, WMIRT LI FRITL AT RALAEFEMARIRBD L,
AT TIL Fatmax 01725 60%VO0smax 34T I~ TES A MK T

Bkl L OCEBAMKT 1 HH&CHEECEVEIRD b RE
(Figure 11a), £ 7. & 57317 Tl Fatmax 31T 7% 60%V0smax 3t
TEHRCTHEBBEM 30 P HBLOEDAME THERICENTH
B WE RN E D 57z (Figure 11b),

3-3-6 fEE Mk L O

iz}

it A

Fatmax D8 & 4 55 L 0 60%V0smax Ol & 4 F i B\ T at
ITHCHEBIAMK TEH® FFA BEOAEEZITIR DN o T
(Figure 12), £ 7=, T X L ¥ — HE @b &4 B3 LR, EH
EIREEBLIPEHRECBVWCARRRAEAEAETRD B
Fenodn, LinL., BEEBALBEEEHRITESY FRITE D Fatmas
RATA 60%VO0smax ATICH N THEICHE % 5 L 7= (Figure
18a), £7-. BHEHBLEICS O TIX., S#RITLEY HFRITLE D
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60%VOsmax 3177 Fatmax RITICHBE L TAHSICEMWE R L

(Figure 13b),
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Table 5. Baseline physical characteristics.

Morning Evening

VOs;max (ml/kg/min) AT5+1.6 475=1.0

Fatmax (%VO:max) 36.1+ 1.7 38.2+2.2
MFO (mg/min) 414.0 £ 50.2 457.0 + 38.4

Data represent the mean + standard error, MFO, maximal fat

oxidation.

Table 6. Total energy utilized CHO oxidation and Fat

oxidation during exercise and post exercise in each trial.

Morning . Evening .
Fatmax (keal) 60%V0omax (kcal)  Fatmax (kcal) GO%VOEmaX (kcal)
Total energy 7872+35.8 816.6 £27.5 814.5+30.8 818.2+31.5
Energy from CHO  533.7+35.6" 881.9 £ 28.7 566.3=12.1" 683.1 + 23.4
Energy from Fat  235.5 = 30.1° 134.7+12.4 2482 +27.6" 135.0+13.2

Data represent the mean + standard error, CHO, Carbohydrate.
*P < 0.01 Fatmax VS 60%VO0zmax in Morning, *P < 0.01 Fatmax
VS GO%VOzmax in Evening.

$P<0.01 Fatmax VS 60%VOsmax in Morning, T2 < 0.001 Fatmax

VS GO%VOzmax in Evening.
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Table 7. Oxygen consumption and HR in the morning and

evening.
Morning Evening

60%V 0smax Pre Post Post2h Pre Post Post2h

Oxygen consumption (mlmin) | 270.9+89  2080.7+76.9 291.7+16.7 268.0+11.5 20554+85.7 296.2+125
HR (beat/min) 72.0£26 159.7+£2.9 83.7£39  674+29 160.8+4.3 82039

Fatya

Oxygen consumption (ml/min) | 257.6+56 126581039 292.0£228 277.5+12.7 14272+901 293.4+179

HR (beat/min) 69.7£3.0 122.5+6.9 771+32  685+45 126.1+6.9 734£55

Data represent the mean + standard error. HR, heart rate,

Post 2 h, 2 hour post exercise.
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Adrenaline (pg/ml)

GH (pg/ml)

350 ¢ 1,400 B
300 F +«+¢+- morning (Fatmax) % 1,200 }
o S
950 b evening (Fatmax) & 1,000 }
)
200 } £ 800 |
]
E 600 F .
150 F T '_;% ......... L 2 }
100 F A0 5 400 | % g7 M .
50 } e “ 200 |
0 ' 0
Pre Post Post1lh  Post2h Pre Post Postlh  Post2h
c d
18 ¢ 18 ¢
16 F 16 F
14 F 14 } .
12 b 2 12 | I ......................... t ’I
bD -¥.
10 } 2 10 }
8 I [ a 8 1
B -
6 F I 2 6 F T
4 P O 1 F
2 F 2 b
e,
0 = 0
Pre Post Post1lh  Post2h Pre Post Post 1h Post 2h

Figure 8. Changes in plasma hormones during morning and
evening of Fatmax trial. Plasma concentrations of adrenaline
(a), noradrenaline (b), growth hormone (¢c) and cortisol (d)
before (Pre), immediately after (Post), 1 h after (Post 1 h)
exercise, and 2 h after (Post 2 h) exercise. Data represent the

mean + standard error.
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Adrenaline (pg/ml)

GH {pg/ml)
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Pre Post Post 1h  Post 2h

Figure 9. Changes in plasma hormones during morning and

evening

of GO%VOzmax

trial.

Plasma concentrations of

adrenaline (a), noradrenaline (b), growth hormone (¢) and

cortisol (d) before (Pre), immediately after (Post), 1 h after

(Post 1 h) exercise, and 2 h after (Post 2 h) exercise. Data

represent the mean + standard error.
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o
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Pre 30m Post Post 1h Post 2h

Figure 10. Respiratory exchange ratio (RER) during and after

exercise for the 60%V0smax (a) and Fatmax (b) in the morning

and evening trial. Data represent the mean + standard error.
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a 100 p =——(G0%@M
atmax@M
095 b 1 Fatmax@M
E)& 1
> 090 F
Ll
8 0.85 1 *
2 - L
1
= 080 |
't
0.7 F
0.70
Pre 30m Post Post 1h Post 2h
b 100 ¢
095 F
o
090 F
O 085 F —
= 1
= 080 }
e ——G0%@E
0.75 F _
Fatmax@E
0.70

Pre 30m Post Post 1h  Post 2h

Figure 11. Respiratory exchange ratio (RER) during and after
exercise for the 60%VOsmax and Fatmax in the morning (a) and
evening (b) trial. Data represent the mean + standard error. *
P<0.05, ** P<0.01, significantly different from 60%VO:max
values in the morning of Fatmax trial. ## P < 0.01, ###* P < 0.001,
significantly different from GO%VOzmaX values in the evening

of Fatmax trial.

56



900 p 900 ¢
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= o Tra L L.essseret o
E 500 F 500 F
c! ! 3
< 40 F < ot
= so0 b % _ 800 |
00 b f --:¢-- morning (Fatmax) 200 b ——morning (60%)
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Figure 12. Changes in serum free fatty acids (FFA) during
morning and evening of Fatmax (a) and 60%V02max (b) trial.
Serum concentrations FFA before (Pre), immediately after
(Post), 1 h after (Post 1 h) exercise, and 2 h after (Post 2

h)exercise. Data represent the mean + standard error.

57



Fat oxidation (g)

70
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10

B Fatmax

60%

Morning Evening

Figure

13. Fat oxidation

oxidation (b) in each trial.

standard error.

CHO oxidation (g)

(a)

200 ¢ s

180 F T
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60
40
20

Morning

and Carbohydrate
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Data represent the mean =+

**P<0.01, " P<0.001 Fatmax VS 60%VOsmax in Morning,

1P < 0.01, TP < 0.001 Fatmax VS 60%VOsmax in Evening.
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3-4 & %

AW CIE, — @ AEER AL PR LT VAR X O X
NS — B EEALIC ROE T BT o\ B 5 R R (T L )
¥ & OVHE B 3 (60%V0smax & Fatmax)lZB H L. I %235 2 7
S, ARBEGE D E Ak R, B 5 E B R E (60%V0emax X
Fatmax) (23T 8l & & J7 o5& 8 E g 5B 4 % D 3 Fatmax 29
60%VOsmax IC B L CHRIEEMILENEHEE R LEZ L Th D,
Fh, ENTROEBREICK T DM PR L E VST, B E
iR (e FIVDENIC L > THBEARLEITRD LA -
7= .

Fatmax (3 E B ESIC 5 T, 60%V0smax & H# L CIEHE %
YO FELLSMILS T2 ENRECH D AEEND S, FLITHE
TIE, Fatmax & BADEBHMRE LB T 5T %L % — LEmL &
CH B R AREER D 5N T, Fatma N EB I BT 5 I8 H 8L
DEGEMMIEZ-00L 0 ENAED®RE CbhH D2 L
RMORMN D D LIHLTVD(90), L L s s T il
KEBRATICH T 2 X ¥ — 4 FBIIH 2 TH O Bk
HRIARSE T oTm, MR T XX — EE BT ES)
METRT AL —HBERKELSRDZED, T XL ¥ — LE®R
CEOFMCEBEE 52 - THEERD D, Z 070 AKPFTE TIE
TERAR—HBREEE LS L CRFEBS IR, TOMRKE. ¥
RITEH HRAITE BT Fatmax 525 60%V0emax L 0 5 H W
k& X Z 0oz, LN ->T, 2 X VX —HEBEZRAT-S A
Fatmax C O 5 W B E B Mo KA R Y720 o g8 8B &N %<
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LA REND D,

FEMEIL, EHEBEHTICKFAE T, EHREOZE L

2T 5. KFEITEIT 5K
CHBLTARICEELZRLEL, L2rLAan b6, MIEEM®R &I
FEHERBERRTOZEIRDON R oo, EEIFITEBIT D HE
B EOHWMIT, BMELEREOH MBS L RER O K T Tit#H
IND, BEEIRFESFHZLLEFENRTEY, =X VX —KHL
LTCHAENIEZDICEHEELYZL OMBENLEL 25 (95),
F7- RER ZF Witk FoOHHELBRIFEREOKL L6 HH S 11,
ITRXLVX—HEHELELTOREOHANEL kDG4, ZBILRFH
DHEHBEICH T I2BMEEREOL N KE L 2 Y, RER Ol i1T{K
< 725(95), TDw, LiTHE CIix, EEHHFFICB T D& KEBHE
BERETMEER LT T THEWHEZ L, —F5 RER I8 & ik
L CHHFTHEPELS DI NG, Y FTELWVWIEE®BILE DR
Sh7-mEEMZ KL TV 5(33,93,96,97), L L AN S, A

f

rb

2 EE@&{K%&i\ Fatmaxvc-‘ 60%V02max

™

=

T EHFTOBmBEEREL L RER 1T Fatmax B L O
60%VOsmax LB W THI LY HF CHBERMENRD DI RN»-o T,
S, EEHWEDOEVICH T S RER 13 Fatmax 25 60%V0a2max
g L CTHBICRMEEZ R L, Lo T, IRE R EILED
EHREHEH LV EHREOENICLI s TRKRESERBIND LH
bbb,
Bos2E@HREICRBTRERBLLEOHMEIX. EVBRE A OE
WIZEK o TAELE2LNR W, FFA I RFREDHFICKIT 2=
XX —JRE L TCEELREHEZZZL TV 5(68), #EBhH 1L
S FFA O I1E, EBMREIC K > TET 5(47,48), K
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N

MEEIHICEWTBIESNDIEEO RS Lmds FFA TH O |

hEEERED EoEBIC S EMmP FFA & S I2H AN
ffs S %5 FFA O BLAHMT % (47,48), — 5. 60%VOsmax
PIEOEE TIEIHMIL~n FFA o8B 23t < v, BE R E
NI T T 52 ENHE I TWAH(98,99), KRBT IZEB W T,

Fatmax & 60%VOemax O R W [ 58 B) I 12 5 1F 2 5 8) £ 1 & T &
Bomd FFA RBEIX, MRAITH CTHAEEZRRB O DR o7,
Tz, mH FFA #BI2 X 5 EERIICHEIT Fatmax &
60%VOsmax CHMB L CWi SN D, 22 L. ABFETO
Fatmax 1£. S13447 T 36.1 = 1.7%VOsmax. & F 347 T 38.2 +
2.2%VOsmax O FEEBREIZFVEBRETRESNTE, TOED .
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