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Effect of temperature during moderate aerobic exercise on
exercise-induced oxidative stress
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Eiji Uchida®, Hidekatsu Takeda®, Isao Kambayashi’

Abstract

The purpose of this study was to investigate the effect of hot and normal environmental temperatures on
exercise-induced oxidative stress and antioxidant capacity associated with moderate aerobic exercise and recovery.
Ten healthy men (age 21.0 = 04yr) participated in the study. They completed 2 exercise sessions at 40% relative
humidity in a warm (32-34C) and a normal (20C) environment in a randomized crossover fashion. The exercise
regimen consisted of pedaling a cycle ergometer for 60 min at an intensity of 50%\.702 peak. Urine samples were
collected before exercise (Pre) and 1.5 hours after exercise (1.5h) for analyzing 8-hydroxy-2-deoxyganosine (8-
OHdG) level in urine. Blood samples were collected Pre, immediately after exercise (Oh) and 1.5h to analyze the
alkoxyl radical ('RO) scavenging ability in serum. Body surface and eardrum temperatures in the hot environment
exercise were significantly higher than in the normal environment exercise. There was no significant difference in
biomarkers and antioxidant capacity between before and after exercise in either exercise sessions. These results
suggest that a hot environment does not have a significant effect on exercise-induced oxidative stress.
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WAL A b LA &L, EHEEEEME (Reactive oxygen
species : ROS) 12X BHRE ¥ v /378, DNAZEEK
MDA Z L Th b, oMM EBEmA, ik
HERZIZ Lo LT 5% OPIR BN Bttt
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FURFHIF UL, FHUFOAF T —E RS
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R GEBIERICIEBILA P L AMRO) A7 dEE DL T
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INFTIE, BRBEHEICLLMILR DL AOEI
DV, WL OO H 5. Ohtsuka et al. (1994)
EBM%225C, 39C, 22CoHIZ100EER» 5872k
A, RCTRINEKFOZ VY FF Y LRXVOAHE R
WAL, IREBRILOFEZEMARD LN L%
ML Tw5b, F72, Huang et al. (2012) dKED
THHORA 7 -RI2BITH1EHEICLY, BRILA ML
AREECH HIRHFS- L FaFxF v 2-FF X277 /v
(8-hydroxy-2-deoxyguanosine ; &OHdG) L XV H K
BICE ko722 b2 HiE LT A, IThb o,
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BHGREDTALA N L X O KL PR O % % 55 K
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BRAHEZERHEL TS, LALARDDL, BEIRETIC
B BEHEREOTRILA b LRI 2 B EEOWTHGET
L 726581, Kaldur et al. (2014) % Knez and Periard
(2014) ASHEIIREED S VEB IOV TR 21T T
WAHDOD, REFEDVBLLRVOPHIRTH S, FFIZ,
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WS, McAnulty et al. (2005) T FL vy FI VX3
50% VO, max ®3EE) % 35T THTv, MBI 12 IR E 8
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E72, BALA DL RISHIT AHEEE LT, B MIZIE
PUBRILRED D > T A, FFHEIE A (2005) 1%, KA
BCULEITET 5 &, PRILREDOTEALIZ X o THBFH
FEVERBIEA D L AR SN B REMEZRIBL TW 5.
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BROWEEALRE -2 L2 MELTB Y, BREREIC
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2. EROBE

PR E — A EE G, HEIIL T X —
% — (COMBI#t#, =7wa,x4 2 75XL 1) %7z
W EAEEIC X D, KRR ORERFEHIGE (peak
oxygen uptake ; VO, peak) % #ll% L7z, SEB) LM &
i BRI O AR 5, 50%V0, peak A% 3 2 4
REWLAET, AVE=2 EICE D HEH LB
WEEEZERL, 155 N7MED75~80% A 243 % A
v, 605 o — 8 AN HinE X )& BRI
20C (Normal Ex) B X 132~34C (Heat Ex) ® 25
rCEBL. F72, BHEREPRILA ML AICHZ S
WBRMET 5720, EEVEAN 21T 7 W EHR SR
Bi4fF (Heat Rest) X L7z, MEIZEDEMITE
WTHA0%REIZ B EHFEL. 4B, 3NoflE
B3R ED TEMU EOMBEZ T TEBLZ. —E
BT E B B IATT O 2 & BB 7305 ¢, HI)
ISR AT (X 5 MERFAAE, AE-300S) 12X
DIFLEA AL L CILEZ, AR—2.LHE (POLARFE
. ORS400™) 12 & 0% (Heart rate ; HR) % i
MZIE L7z, BRIMLGES) T (Pre), B T H# (Oh)
BIOEBK TLSHH % (15h) 12, #RIEPre B L O
L5hIZFERi L7z, Aff7ETld, BbA ML RIREL LT
JRA8-OHAG L NV &, P LEE DRI & L CIE 7
NVaxy s YAV (Alkoxyl radical : "RO) fHFEREZ
WE Lz, 72, ANESHICE Y, HIMEkES X otlfiid
RBEORME ZAT -7z, BB, BHEIEERITH 25
MTET, MLVEBRHKIEZHIRL, EBio2 &1
ME DTSR L 72— O BFAHNSE, eHIKkOMRE
L7
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L7z, BEEI VT A—F—ETRERT L% H
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Inflatable Face Mask), IMLEFFE & AR — V.05 %
L7 TORETAGHOREREZRFEL, 74—
V7T v TELT2% M, 60watts T60rpm DX 4% 1)
BB EAT o7z D%, 60rpm & MR L 72 IREE T,
W5r30watts N3 % 7 ¥ TRAMPBIC L D EFRMICE
HECoWEAMER A E L. B, EYREOH
Wi X&) ¥ ZHEAB0rpm & TRl - 72k & L7z,

2) HEE—TFEMEER

Y, BIROBPEREI VI XA -5 —%2 v, [F—
B #eE 12xF L C Normal Ex$3 & 'Heat Ex® 2 D D
BT Cito 7z, BieE L, EHBEETICERIR (Pre)
2w, KIREEH L 2WIRECHRELZNE L. 20
%, R (Pre) %47\, FIEICERE S N7-FEBREN

TA MLy F B8 %2205 B I L72. Wil A& & [
B, HIZHEIIVIA—F — L TH AT A7, IMEGE
FOAR=Y AT 225 L, TORET 3B ORE
REZRE LR v+ —3I0 77y 7L T1HM,
H 4 O 255 O B A TO0rpm Z HfEFE L 75 ) v 7
BEZ{T-72. 0%, EiHEICHEAMNIGETSET
B RIS, 600 DR v 7EH 24T 7. 1
BT EZICRIM (Oh) 247V, BB TR, KRz
ERLZVWIRECTHREZIE L, REOWITEITHYT
LK (HROI ATV +—% —) B 7. &
BT LOME R ICIRIR B L ORI (1.5h) #4TVv, FER
wrEL.
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RO HIZHE )V I X — ¥ — ETOREHE & BB I
O EEE T 30504 F TL0O0EICAT» 72, g S/
%5 Z DM OEEIMEZ KD L7212, LAR— ME
KT 7T A(HATCA =2 AWsertE, —F b L —
FHINS92000) & HWCTHMT L7z, F72, sBERoONE
i, HAKEEE (FouvedE, 7ovEH SRR M30)
ZAEH L, HREMREOMERIZMA T, B 7505
%, 700314, 905312 B e L7z, EEIYES) R (Rating
of Perceived Exertion : RPE) &, B¢RiHEIE & FERC
FEhL 7.
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HUAE SRR Y TIVIE, WIRTREUE L 228, &l
SR (ARHRE SRR SR, =y F v HEE
F2700) % vy, 2000 rpm T 5 43~ [ L 45 B % 4T W,
L) % B 72 138 A & JRH8-OHAG L NV @ 43 # 12
M7z, JRH8-OHAG i FE 0 43 Hr (X B 55 & s i il o
(Enzyme-linked immunosorbent assay ;: ELISA) #: 12
XAMEF Y b (HARZALHIETZET#, New 8-OHdG
Check) % W TAT- 72, AWFZETIZIRP8-OHAG L X
)V (ng/kg /h) & LT, IRP8-OHAGHEIZIRE X 3F L,
et OARTE 35 X OV IR 2> S OFEE IR TER L 72
boEHW &b, WETEEMAIZ» (2004) &1H
MOTETH 5.
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1% ROWZBEDWE L, BEH (Kohri et al, 2009)
WETOBIEZMZ T, ESRxHWwWAAY Y NT v Tk
WCTEML72. B L REHISET 7 4 3=
JeHGEE (7 VA0 —F 48, RUVF-203SR) (2
THHEEZRETAZLI2X ) ROZBEESE, BY
ZHH L (Control signal), —75 Tl USRICILIE %27
ML 7280, RO D1E% % e L7z (Serum signal). %3,
A¥ Y MT v TR, 2- (5, 5-Dimethyl-2-0x0-2 A 5- [1,
3, 2] dioxaphosphinan-2-yl) -2-methyl-3, 4-dihydro-2H-
pyrrolel-oxide (CYPMPO, $ ¥4V Y % —F4Lil) %
A7z,

9. rEtwnig

WA R ECTEHMEFEERBRETEKL 2.
Normal Ex & Heat Ex ® 2 #El O Z OB I21E, 3FIed
HbHtHEEHV, BB 2 EBORENZELS &
U 3MEMOAEDOBIEIZIE, WNIBDDH B NG HOHT %
Hwv, FHEPEETH - 72WE1%, #E Bonferroni %12
T post-hoc Z EILIK # 1T - 72, fEBERIE 3 X T 5 % A
EAEEE L.
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1. PREETHRREINEICHTZMRBERFEREEL
FEDOEIL

AIFFEIZ BT % VO, peak 2° & Al L 72 3 B i 1,
Normal Ex T51.8 + 1.0% VO, peak, Heat Ex T58.3 +
14% VO, peak TH V), 2 5MMICHERAENBD SR
72 (p<001). 2 5B 5 BB O WG B4 R 18
EDZEALIZDOWT Table 1127 L7z, PUEMIMTE, %%
Red & O EH ORI EENE DN DT XTOHEBIZE

HOREEEENZ B B ISR DRILA I L A5 R %

W, 25HMICH B ENRD bz KERA =,
Normal Ex T720.0 +70.8g, Heat Ex T1305.0=*681g T
HY, BELREIIED LN (p<001). KEFAHIZE
Normal Ex T1.0+0.0%, Heat ExT18+01%T® - 7=
ZEnn, ML DHEMEIHEAERETERI LT
Whh oz &L 7.

2. BEhELIOEERICE I I AERIMEE EHESR
HELVRPEDZEIL

2O0OME LM BT B HREMIRE DZLIZ OV T
Fig. 1IZR L7z, WESCIldERBAR1055 1%, 200 % 8 &
OEEIHE T 20450, 305 U4 6 1, KBESHIH ¢l
HENHCT 10978, 20494, 3043 #2 LA @ 7 35T Normal
Ex(ZHE L CHeat Ex CHREZBMEPED LN £
7z, W Tl Normal Ex O %, B BAG105 % B
X V405 & IR U CIRE)# T 3000 TF R % B iE At
FOHNT (p<0.05). X512, KEHEHEITH Tld Normal
Ex O ZEHIE & it U CEB) 45205 # B X 073045
THEZEME (p<0.05) 25, EE#K T105 %, 205 1%
BLOGRHRICBWTHO 7T R L THEREM
(p<0.01) 2338 5N, Heat Ex DLy & i L CiE
B# 7105058 L 02050t CHE LB (p<0.05) 2532
D HNTz BRI OZEILIZ DWW TIid Table 2 12K L7z
FifiiE, Normal Ex IZJHZ L C Heat Ex T3V ho
FHAFFIC B W T b B EH25, Heat Rest TIXFLA70
SHRUBICAR 2SO 57z, Normal ExIZ8
W, B L ONEB R & I L GEEE TR TR
2 iEAEAS, Heat ExI2B\WT, LHFE X OHEIH T#
EHE L CREH CHE LR FHME? RO Sz,

T/, BHRMICBITDRPEDZEILIZD VT Table 3
IZ/R L7z, Heat Rest 2 LT, Normal Ex TldidE)
2B WT, Heat Ex TIEE) B X OEENH T #2304
BIETICBWTHELEME RO =), Wl E Am L7z

Table 1 Cardio-respiratory data during constant load exercise.
Valiables Normal Ex Heat Ex Significance
VO, (ml/kg/min) 28.240.6 31.941.3 p<0.01
VCO, (ml/kg/min) 27.120.5 29.10.7 p<0.01
VE (/min) 529422 56.142.4 p<0.05
RER 0.96+0.01 0.94+0.01 p<0.05
HR (bpm) 144.8+2.6 152.2+2.2 p<0.05
BP-sys (mmHg) 172.1+7.6 165.8+6.1 N.S.
BP-dia (mmHg) 75.545.5 68.4+3.7 p<0.05
VO, rest (ml/kg) 14.9+0.3 18.140.7 NS.
XVO, ex. (ml/kg) 1694.1£38.7 1914.8£77.2 p<0.01
2VO, rec. (ml/kg) 172.843.8 203.2+8.5 N.S.

All valuables are presented mean+SE. Cardio-respiratory data represent mean
values from start to end and sum of oxygen uptake for 30 minutes after exercise,
respectively.

VOZ; oxygen uptake, VCOZ; CO, production, VE ; ventilation, RER ; respiratory
exchange ratio, HR ; heart rate, BP-sys ; systolic blood pressure, BP-dia ;
diastolic blood pressure.
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Fig.1 Changes of maximal body surface temperature in the breast
(top) and the anterior surface of thigh (bottom) during
and after each exercise.

* 1 p<0.05 (vs Normal Ex), ** : p<0.01 (vs Normal Ex)

Table 2 Change of Eardrum temperature during rest, exercise
and recovery in Normal Ex, Heat Ex and Heat Rest.

Normal Ex Heat Ex Heat Rest
Rest 357402 ##  36.9+£0.1" 36.2+0.1
Excrcise (10~30min)  35.900.2 ##  37.4£0.1** §# 36.3+0.1
Excrcise (40~60min)  35.9102 ##  37.8+0.1%*§§## 36401
Recovery (10~30min) ~ 35.1£0.2 37.1£0.1** 36.4£0.1 %"
Recovery (50~90min)  34.7+0.2 36.5+0.1** 36.2+0.1**

All data are presented mean + SE.*: p<0.05 (vs Normal Ex),**: p<0.01 (vs
Normal Ex), § : p<0.05 (vs Heat Rest), §§ : p<0.01 (vs Heat Rest), # : p<0.05 (vs
Recovery), ## : p<0.01 (vs Recovery)

Table 3 Change of RPE during rest, exercise and recovery in
Normal Ex, Heat Ex and Heat Rest.

NormalEx Heat Ex Heat Rest
Rest 6.840.5 6.5+£0.3 6.0+0.0
Exercise (10~30min)  10.8+0.4 " * §§ 11.2+0.4 7% §§ 6.0+0.0
Exercise (40~60min)  13.3+0.5" " §§## 14.120.3 ™ * §§## 6.0+0.0
Recovery (10~30min) 7.5+0.5 8.3+0.5%*§§ 6.0+0.0
Recovery (50~90min) 6.2+0.1 6.2+0.2 6.0+0.0

All data are presented mean + SE. ™ : p<0.05 (vs Heat Rest), * *: p<0.01 (vs Heat
Rest), § : p<0.05 (vs Rest), §§ : p<0.01 (vs Rest), # : p<0.05 (vs Exercise 10~30
min), ## : p<0.01 (vs Exercise 10~30 min)

2HMHCTRIAERLEIRDON Lo 7.

3. BXHICH T 2HMBRE S LM REEOZEL

BB A AIMEREE X Ol REREOZLIZD
WT Table 41278 L7z, HIMEkEIE, Normal Ex 8 & UF
Heat ExIZBWT, PreBX U0h & KL C15h TH X
BN Z R L7225, Heat RestiZBW T3 EARZILIE
BN otz. F72, 15h1I2BWT, Normal ExB
X U"Heat Ex THeat Rest (IR L CA & 7% S 25380
Sz, MR JREEEIX, Normal Ex 3 X U'Heat Ex 1238
WTC, Pre BXU'15h & L COh CHBE L EMEZRL,
Heat RestiZBWT, PredB L U0h & L L CTI5h TH
Bz R L7z BEAMCEAELREIRDONE
"oz,

Normal Ex 3 & 'Heat Ex®0h i3, ZIC & % MK
BAGOWEEENREZEZ SNDLT20, A< b7 )y Mz
WCHHIEM A B L7z, 2058, 1A R Al o #l 1E il
(Fig. 2) TixNormal Ex 2B\ T, Pre E0hRiIZ#A%D
LT EAEINHR L.

4. HEMHITHT BRHB8-OHIG L NILE LUME RO
HEBEDZEIL
BEATBUT B R P80HAG LNV B X ONIiLiE RO
EHDLEALIZDOWT Table 4R L7z, WiREE L, W
FTHROEMFIIBWTH, HELEILIZRD SNk ho T
F72, Prex 1 & LHIMEE LT MATYH, W
A ERZLERD SN ho 7.

z =

AWFgE T, W %29 T RKRFPA104 2 5 412,
509V 0, peak 21243 2 E4#C, 6057 M 0 — i £ HE
B2 FimRE T (200) L BHEEET 32~34TC) @
25 CHEM S, MEREOECAEEFHRIEER{LA
ML AB L OHRRILEEIC G 2 5B D W TR L 7.
ZOkER, RA8-OHAG L )V CTEMli L 72 BRI A + L &
FREEB X NI " ROMY ZRE CTREAMN L 7248 Pt LRE 121,
25 MNCAEEEIRO ST, WML bIHEF#
THELRELIZZRD SNk 572 (Table 4). Th oD
CEnn, 605 H O PR RFEE) & 1T 9 Y5 h, 32T
MEOBHRBRET CEM L E LTS, DNAMILER
e ERFRIEMALA b LAV T BRI ItnC
EBHLPE RS T2,

BHREET T, ZFLWERED FARBTFOMAE D
o372, WENi & G0 ERANoBHIEEL 2 5.
ARFFEICBNTYH, 2 5fho BBy & 2 P [ 551
L7zicb 2 0b 59, Heat Ex(251F % %VO0, peak %
JEE) R O R F I EE (X Normal Ex & b L CTHEIC
HWMETH - 72 (Table 1). Cadenas and Davies (2000)
i, AEMNEETICBWTHHASINIBHEDOL ~2%
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Table 4 Change of biochemical markers, oxidative stress and
antioxidant markers before and after constant load exercise.

Variables Pre 0Oh 1.5h
Normal Ex  6.140.4  8.0+£0.5  11.240.8** §§##
Blood lz?ggﬁ)‘”"“m HeatEx 59405  7.940.7  9.5£0.7**##
HeatRest 59407  5.6£0.7 6.2+0.7
Normal Ex ~ 5.9+0.4  6.240.4** 5.8+0.3 §§
Blooduricacidlevel  pyo gy 50802 6.5£0.3%* 6.0+0.3 §§
(mg/dl)
HeatRest  6.140.3  6.040.3 5.8+0.3**§§
Normal Ex  8.1£1.9 — 9.7+1.4
Urinary 8-OHdG level -y gy 78211 - 11.342.4
(ng/kg/h)
Heat Rest 8.9+1.4 - 8.3+0.8
Serum RO scavenging Normal Ex  1.9+0.3 2.0+0.2 2.1+0.8
capacity HeatEx  1.9+02  23+0.4 1.940.2
(mmol/ml Trolox
equivalen) HeatRest 17402  2.0+0.3 1.940.4

All data are presented mean + SE.
**:p<0.01 (vs Pre), §§ : p<0.01 (vs 0 h), ## p<0.01 (vs Heat Rest)
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Fig.2 Change of blood uric acid level before and after exercise.
¥ p<0.01

BA—NR—=FF Y FICRBLIERZHMEL TS, A—
=% F ¥ KO ROS DRGERATH % 720, HEHE
WEFWAL, A=N—=FF T FERIH KT S LAl
DOROSAEK ST 5. EEFFICIE, FEFREINEHE
D10~ 15T L, 16 B MLk~ O 1R 35 U i 23 22
B #100f5123% 9 % (Sen et al, 1994) 728, B
TIEROSAER &, HAKHSCIEE, DNAZ L L KIS
THZEDPHONTWA., L7zA -7, Heat ExiZBW
THERHNTIIROSER SR L Tz E 2 5N 575,
RHFFETHWZZBBALA b LA LRV Z BN RO
LN hrolz.

DX ) BRERIRD SNHBHIZOWT, KB
BB PBLEOE X 35T 55, iR HE R EE)
T, AEHEET AV — MR 2 W CATP %
HELTBY, TOZANVF—Z2ELEL TV LETEESR
T, IMI YY) TONFREENIIBWTA—3—F
F ¥ FRMMBILKER EOROSHAR SN b, Heat Ex
TREZEIGEOMRPELTBY, ETHERICBWY
THROSERDPHAL T2 RN TFHEINDA, M

HOREEEENZ B B ISR DRILA I L A5 R %

B o R VAR AE 3 5 DUBR LR R PR L B O 18
WX VHMALZROSHHE SN, BRILA P LA LA
WIIHBLRERZ RS R o 72 RN D 5.
BRERDINT S, EHR BT 5 ROSD T %5
RS 2 W H A, NADPHA F 3 4 —€ %L, &
I 23 U2 fr, SOERRA I IF i ER 70 & D S
PRI DR MEA»EL S 2 & T, ROSZEAT S (HHE
3L, 2003). AWF% T, 50%V0, peak #2HE o i
HEEHEES 2 w2 eh s, EERICHIEGE R
Twiekid#zizdw, 7, HIEkEIE, Normal Ex
B L U Heat ExIZBWT, PredB L U0h & JL#K L CT15h
THBZRMMZR L5, 2560HTRARLZIRD
LNA o7z (Table 4). HILEkIZEEY R B X O5#
FECHBILCHIML, XD#LwEE) Tlih~Difh
ROBEPWKT A2 L2HESN TS (McCarthy
and Dale, 1988). AWf%¢Tld, Heat Ex i Normal Ex &
H# LT %VO0, peak A B Ao 722 s, &1
% L OHIMERMEMA RO 5N Z & TFRENT. Ly
LA5, 250MICAERLRZIRDOONT, FHERD
BEICL > TROSHEKDEE DR T WIREICH 72 &
DEZ LNV, Tz, EERHIIHAEO MO
WA HA R S M OB K IC & 2 IR o A3k
U, UEMICTHILE R B 2 & Tl s O T 242
LHIEWMONTWS (LIEA, 2009). EFhgiE
DGO & 0 I - FFHERREEL, eRFH
SFV - FHUFUFF T —ERITE Y ROSHAERK
END. L2LAEDES, ZTORIZOWTD FiRE B
WHEPREL BRDLIENMLNTEY, KBFZETIZS
NS ORI S L2tk ix A 7% <, ROSER DK
RKIEEFEEROMHZON TV LEZ NS,
—7} T, Heat Ex ClZNormal Ex & ik L C, 1Rk
HREB L OHER A ZIZE < (Fig. 1, Table 2),
MARERAE b Pre & g L COhIZAHZICHINT 5 (Fig.
2) &l HEANOEWA L ARENBEINT.
Flanagan et al. (1998) &, EBHF IR O LIER~ —
H— LRI E OB E AL, BAREIKREIZROS
HEROBRRKNE L EERDOTWS. 72, McAnulty
et al. (2005) 1%, EEIC X HAKME LA IZERILA P L A
ZHWINEEEZ L2 E LTS, AIFJED Heat Ex (2
B2 B ARGIREL, BILA DL ABROY A7 %50
BLUREEEATE 2 5N B DS, [FRFICHIERLRE O L % E
FTEEYED D . EAIEAD (2007) 1E, 65%VO, peak
T30y 72 =il CTHEMBLAE S
%, HEIR38TC LA THER LR RGPS M o n] ie Mk % it
HLTWD, BT (2005) &, &KLHE D60~
70% O — AT EE) & BREIRE25C, 35C, 0C~5T
D 35MTHEM L E A, RBAEIT UL Lo AT,
PUBRALEBEZ O % WD, AR O DNA BRLIESE 05
BB LODNABE T O 2 2 GEHL S5 WHEELN D
b5 EMELTVD., AWIGETH 7B, AL
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HK T B R TEBICIE <, HiROZALE KL Tw
5720, EEHARROBEL LTHWSNTWAS, Heat
Ex 2B 2 @Eh o g, 38CHiftE cLA L2
(Table 2). L722%5 7T, Heat Ex|ZBW THIEILE®R
MIEVEAL L 22 WA A2 2 S5 7%, ARIFZEClEESE)
A2 O ROEEBEICITZLA O 59, Normal
ExXt bABEREITIED LN LN o7 (Table 4). L
H ROW LR, MG O~ 2PIBILREES X O
AL E OB L RAETNMLTBY, fHx ORERR
WEOEB IV TE 2. 20720, ZOFMIZOW
TIEEBOEI LR IBEPUETH D, T2, REBIEF
HrFoFFTF—E (XO) ICLoTEREINE T
YR ORKAEEDTH Y, Z ORI, BRI
R MRS AN 72 & & RIS 50 A L, AR CTHEA
HMENDLROSOEELFERDOOEDTH L. £D2
B, REBEOBKIZROS O \E AR & BN DH 5 LS
b Twd., —FT, REZIHIZBVWTESY IV CI
VL s % 5 )0 R HURRALER 2/ LT b 2 &S T
B GEWIZA, 2013), EFTHRMEE TOHRE I XE
BB TRNIRIEE & MEB X ORBF A v ey —
Vg S5 ¥ (thiobarbituricacid reactive substances ;
TBARS) fEICHHE D L 2 EXMEINTWS (i
7, 1999). Heat Ex (2B W, il JREEfE A5 Pre & Lt
L TCOhTAHEIZHIL, 15hiZiEPre DfEICIZIZRE
LEIE RO SNz, (Table 4, Fig 2) Z 0%k,
JREEDS AR CTHUELE & LC@ &, L 72ROS
R EABRT B2 —HE o WREEZ R LTV 5.

BEREIN KRG 2 2 B2 T 5720125k
% L7-Heat Rest&fEl2BWTd, MILA ML AIgHE
BLUORIBIALEBICEAERLZEZAPRBD LN Lo
7z (Table 4). BATHIZE T, BEIREIHMEAROSE
BOWKRPBILA L ALRVOBENZEL &R
(Ohtsuka et al, 1994 : Huang et al, 2012) & % 7%,
AWIZEIC BT 5 BEBE € (32C~34C, BE40%
Hif2) Ti, ZORREIMENZ EBHLNE R -7,

AWFFEICBWT, EEPORERIZHEH T 5 &, Heat
ExTliNormal Ex& K L THBEICHKWEZ /R L
(Table 1), X DIREORHIEE > TW72Z LAVRIE
END. L7chioT, BERET COMEIIRETLY
X RBES N, EEGEEFEIERILA b L ADSE £ B ekt
R &) T, EEEHERE - BEREME R EOMERE 2
HiE 328515 L, RN EBREE S X 5.
L2 L7255, Wil FE L CLEORT2FHE
END70, FERTHBIET O RRGSMEFEOER
LLETH 5.

&

ARFGEIE, W2 TR AE10% % R1Z, 50%V0,
peak (A1 Y4 2 BT, 60451 D —5E B RS % % iR

BRET (200) L BHIREET (32~34TC) @ 245M4<T

FEht 3, Edhar, B, BOSHEOZ LS, R

DWW ASEBE LA L A B X UHIE LIS

RBEBIOWTHF L. PRI TOME) THAS.

1. Heat Ex Ti%, Normal Ex & IlLig L T, %VOZ peak
R BB ORI RIBIGE, ARERIREB L OBIIR
PERISE L, MAPRBAEOHFEZLA L ) K&
CHWEMT274E, BHR~OEWA ML AIRESBIZE
Iz,

2. GBI ORH8-OHAG L~V B X UL RO &K
REIE, TSfE ICHELRZERDLNT, 245
PR BEZETRED SNk o7z,

3. EHFORERIX, Heat Ex TlixNormal Ex & L&
L CTHBITREZ R L 72,

Db Z &b, BEIREETICBT 2 oA R RE
B, HIBRE TS L THERANDO R LA LA
BV BEMEDYS 5 A%, DNAERILIESG % > EE 780
BALA IV ADE T AR LA LN E ko
7. REROFR» S, BHEET CRRERFOE
DR CE 2720, ZEMICEBELTERT S LT,
TEEEDMERE - BRI RN BB B TH 5 T L AVRIE
a7
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