& EE 2R, 2006,37(12) ,1304 ~1311

Acta Veterinaria et Zootechnica Sinica

HERSETABLAEEER~EE.
35 2R i 14 A Bl L m JoT B 2 0

IEPSSEN IS EARMIVH(S i3 I R X P
L s Al B 2 I 5 3 4 4 B F 30 5 9 2 IR R A8 56 40 % L T 1000945
2. WAL T A AL B TB & 054000

& . RS H ORI R R X PR NS e AR I e S A A O M A R R R TR T R UL R ML
WHoE R B, BAE B IR 3 T IR 2 iR H, O, #9742 B (P<C0. 05) , X M LR KL ik H, O, j74E A s a3 (P
=0.067 4) , 5B R G HLIE BT A6 (P<C0. 05) , I 400 il Ja JUL R0 JHF JDE 0 b 4 45 28 0 4 (P<<0. 05) . 5% M JUL£F 4 st
B o 2 A I Y R LR R (RO AN LR I &0 (LDHD 3% ¥ 7H 18 (P<C0. 01, P<C0. 05) , & W H 16 1 = I8 5% i 12K
EETIEEEE, SENAT AR SRR (P=0.070 3), &AM AN E G ML pH, B3 B (P<<0. 05), J il
L KSR M BT 4) J) W3 S (P<<0.01), FCAT A5 3&E A fE &Rk H O, 77 A o 85 22816 7E IR T o A1k L 3L
B B UKL pH L KRS AR LG E £ 5 (P>0.05), 45RRW, HIGR B 5| AW A AL B3, 5%
M) £ A7 A 575 8 T B R e T e L 18 o Mg UL 1 ) BRUR L 0 B S2 JE M UL pHL T R R PR, S B0 LR 1 R AR L
M) g AL PAD €2 0 R 7K T 5 A6 S 1 30 X PR A B AR T R R PR T A S ) 5 R TR PR AR P SR B TR G,

KR FIRIE R ZORIIA ;18 VA 85 2R 5 UL BT XS

FES2EE:S831.5 XHkFRIRAD: A XEHS: 0366-6964(2006)12-1304-08

The Effect of Cyclic High Temperature on Mitochondrial ROS Production,
Ca’" -ATPase Activity and Breast Meat Quality of Broilers
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Abstract: The present study was conducted to determine the adverse effects of cyclic high temper-
ature on mitochondrial function and breast meat quality of broilers. One hundred eighty 4-week-
old broilers were allocated to three treatments according to following design: 25 C, ad lib. feed-
ing (Control); 25 C, pair-feeding with the high cyclic group (PF); and 28 ‘C/34 C daily cyclic
high temperature, ad lib. feeding (Cyclic). Broilers were kept in three environment control
chambers for three weeks. Heat exposure significantly elevated hepatic mitochondrial H, O, pro-
duction and muscular and hepatic lipid peroxidation, significantly inhibited muscular and hepatic
mitochondrial Ca*"-ATPase activity. Increased plasma CK and LDH were found under cyclic high
ambient temperature, which indicated that the muscle intracellular free Ca*" was increased and
muscle cell membrane integrity was damaged. At 49 day, Consistent with cyclic high temperature

induced alterations in mitochondrial function were changes in breast muscle glycolytic metabolism
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as indicated by lower muscle pH immediately postslaughter (pH;), and higher drip loss, L* and

shear force. At 25 C, restrict feeding had no significant effects on mitochondrial function, mus-

cle pH, L*, and drip loss. which indicated that effects of cyclic high temperature on mitochon-

drial function and breast meat quality of broilers were not associated with declined in feed intake.

Key words: cyclic high temperature; mitochondrial; ROS; Ca® -ATPase; breast meat quality;

broilers
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Table 1 Composition of the broilers basal diet

0~21 22~42  43~49
B H i H i H i
Ingredients 0—21 28—42  43—49
day day day
£ K Corn 53.54 56. 80 64. 65
K= Soybean meal 30. 66 27.78 20.61
4} Fish meal 5. 00 5. 00 5. 00
Coﬁfliﬁ el 3.20 3.00 3.00
F KM Corn Ol 4,00 4,70 4.10
e
ﬁffjlfilfz phosphate 120 062 060
£ 8} Limestone 1. 20 0. 90 0. 84
3 Salt 0. 20 0. 20 0. 20
B A WKL Premixes 1. 00 1. 00 1. 00
357K Nutrient levels
R EE ME/(M]/kg) 12. 84 13.31  13.31
M H T CP 22.39 20.30  19.00
AR Lys 1.21 1.05 0.97
R Met 0.53 0.51 0.51
ﬁfﬁ;ﬂhﬁﬁﬂ 0.88 0.82 0.74
£E Calcium 1.02 0. 86 0. 80
AR 0.47 0.42 0.41

Available phosphorus

T 730 B A 3 (Provided per kilogram of diet) : VA
9 000 1U, VD, 3 300 1U. VE 30 IU, VK 2. 2 mg, VB, 2. 2
mg, VB, 8 mg,pantothenic acid 12 mg,niacin 66 mg, VB; 4. 4
mg, folic acid 1 mg, VB, 0. 02 mg, biotin 0. 2 mg, Mn(Mn-
SO, * 5H,0)100 mg.Zn(ZnSO, « 7H,0) 80 mg.Fe(FeSO,
« 7H,0)80 mg,Cu(CuSO, * 5H,0O) 8 mg,I(KI) 0.45 mg,
Se(Na; SeO;) 0.3 mg,H# 550 mg.,

1.2 HmRERHE

AR 08 = 00 R & BEHLIEE 2 G 3 i ik
KM .4 000 r/min B0 10 min 2085 I3, —20 CA4
7. A TFE CK Ml LDH, B R Y K. FHE
VEHE 5 HRE PR T R XS g 52, Horp 2 XS
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DK SR LI o S50 S I o R B PR 3 M JULR R
WRR R, — 70 COAFE, T E Lokiik H,O, 7
A MDA LR & &, HAb 3 2 XS HER
i 8 E .8 C ¥ /KR 10 min J5. 4 E AL, £
B L3 1 8 B, Fovb 2 Hexr R AR ¥, — 20 C
BRAF T I5E pH 52 4 CUKARICE 24 h J5 —20
CORAFH T E pH,  HAb 4 Bt 4 COKFHE 24 h
S W 5E PR ARG K A5 R ZE M L 4 C oK AR i E 24
h Ja & sy d) 7y,
1.3 MEHERKTTE
1.3.1 Zpesdobifk  JFZORiK 5 8 2% Cawthon
SR D5 vENY K I 2 R AE W A TP LB gl T
A 10 mL V& (4 23 B W, A e 2H 21 ) B AL
10 000 r/minVKIB2IH 20 s, [A1B@ 10 s FRIR 213,20
WR 4 C 1 300X g B 15 min, L EFEHFR 4 C
1 300X g FERE > 15min, B EWEW 4 C 8 700X g
B HE EWEWLIMA 1T mL WA AR T W R TR
B TUVE IR T 438, B A JH2H S Zom AR 22 7 ik, 16
s 2L VRN E BOE AR A A i, JTFEORLR A
W. 220 mmol/L H # BE. 70 mmol/L I HE.
2 mmol/L. HEPES., 1 mmol/LL EDTA, 0. 5 g/L
BSA,pH 7. 4; 4 k& & B W : 300 mmol/L H #
fi£ .10 mmol/L Tris-HCI,10 mmol/L. KH,PO, .10
mmol/L KCl.pH 7.4, H# HEPES.BSA.Tris 4
S SIGMA 23w 7 ity s Ho Al B350 g 36 A b 5t
| /AT

Jig LER 04K 43 75 2 % Thakar A1 Ashmore FJJ7
ELC2 g BESIL A B B9 A 0. 001 mol/L
ATP.0. 2% BSA #1 0. Img/mlL Nagarse [ ) 7 &
A 10 mL, By )5 4 CHCE 5 min, B I o 2 41 21
AL 10 000 r/min VKB EIHK 10 s, 21 KW AE VK I
JE 5 min, BRI S, HMA 15 mL W& B &
0.001 mol/L ATP,0. 2% BSA ) 7 8 4 Bt (K &
Nagarse fiff) . F-IR 215K 21 K AR B O AL 480 X
g #5010 min, #H FHH.8 700 X g K E L 10
min, 5 2% FIEW L ETTREY P IA 1 mL 73 B A i,
i A% W A% W AT 2 A0, T 5 R 28 480 X g B L 10
min, VG 8 700 X g B0 10 min, /5 B ULIEY) ,
AT mL ORAFH RS W & K AT 1850, RISy 2o
AW A T2 S B 22 kI BRI AR i
LAk H, O, PP MG ETE 2 h W& . MW
L RLAR 53 B A i 0. 1 mol/L J#EH%, 0. 05 mol/L
Tris-HCI, 0. 005 mol/L MgCl,, 0. 01 mol/L ED-

TA.0. 18 mol/L KCl, pH7. 4; {77 W 41 1 0. 3
mol/L H & ¥, 0. 01 mol/L KCI, 0. 01 mol/L
KH, PO, ,0.01 mol/L Tris-HCl,pH7. 4; 1 ATP
i Amresco 22 7l 4= 7=, Nagarse i Il BSA & SIG-
MA 23 5] 7 i, FA A ) 1 S8 b 5Tl R A )
1.3.2 Zhifk H,O, 775 2% Garait Fill & £k
KR H, O, B J7 ¥ JFAEIE S8 2000, e & I 2
500 pL P& Y 22 il =B L A 100 pL Fy
I 2R A B P W B W]k B HL O, AR HER, 100 pL
1200 U/mL # SOD B§¥# ¥, 100 pL 180 U/mLHY
HRP %%, 100 L 15 mmol/L HVA, &2 J5 i
A 100 pL 300 mmol/L B 3% ¥R Ji 8 52 I, 37 Bl 7E
PR 315 nm, WIS 425 nm A0 A2 2GR B L 1
JR e BRE LA .37 COKIR 30 min, FFRUGI E 220
SEREE AR I E PR BT YA AR AR SO S
POt B 1Y 22 {6, 55 B = v LR K B B A 0 b
H,O, /=4 &, W& 28 o W4 524 3 mmol/L
MgCl, , 145 mmol/LL KCIl, 30 mmol/L. Hepes, 15
mmol/L KH,PO,,0.1 mmol/L EGTA,pH7. 4,
1.3.3 RBIAFSH (Ca’ -ATPase) Wit &%
Anand 7573507, 43 50 2 LR i Ca* " -Mg*™ AT-
Pase fll Mg* -ATPase MG M, I H Z 22 R Ca*' -
ATPase BIEPE, HL 0.8 mL Z i A 50 pL £
KA B ¥ W, 37 C BUIR 3 min, i A 30 pL 15
mmol/L# ATP J& 3 & i, 20 min J5 /il A 70 pL
100 % B =R L MRZ L KR, KR H s 4 °C 3 000
/i B0 L T 500 L B 1AL AR B L 75
420 nm AbWE 13 FEHLRE R0 75 Bt 1L emol Pi/
mg protein/h A B TR EIE TE .

Ca’"-Mg®" ATPase Z& il ¥ 4 A : imidazole-
HCl 100 mmol/L, pH 7. 4; KCl 100 mmol/L;
MgCl, 0. 1 mmol/L; CaCl, 5 mmol/L; Mg*"-AT-
Pase 2% h ¥ 2H 1%, . imidazole-HCI 100 mmol/L, pH
7.4;KCl 100 mmol/L;MgCl, 0. 1 mmol/L; EGTA
5 mmol/L,

1.3.4 #HZd MDA FLIR & & 1w st @ik
Y1 TREBE ST MDA 3L IR A I 18550 60 I
1.3.5 M3 CK.LDH i AT st i 9 17
FFE AR CK A LDH A& I8 57 & 0 5E

1.3.6 MALEALERER I 2% Sams Ml Janky
()L 2 R AN 2 pHL A pHLUS VR 2 g 22 A RE I
BRIl 4% 1+ 10 CW/V) [ L 461 e 8% i A B0 1 5
mmol/L it Z R4 . 150 mmol/L KCI & # (pH 7. 0)
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A1, M pH AHIE ST pH.,

] MSC-S #2271 (b g A % B 24 AU 2
FDME DB LAY Lo (SEfED va” (Z0MED b (i
D B P LI E 2 K BOFE

JE SO R HASEC 2 B 10 g A2 B LFR
(w8 T 5 O RH A SRR o 58 LR 2 L
PG BE 78 4 CUKFAN mEE 24 h )5, JHIEACHE T
WL R K 43 FF FR E (w2) , 153 K 38 2% . i 7K i
K= (wl—w2)+wlxX100%

K 18 D B L% B T 94 R e 80 CHEIR K
By o R LA R IR IR F) 74 C I L P R
LR A R, RIRIUA I LER 4875 10 48 i 3~5
Bl emX1 emX3 em BYK S5, Salter 8947 J14%
(G-R Elec. Mfg. Co.) &R J1, BFH1H,

1.4 Zitom

il FH SAS B4 i) — e MR (General lin-
ear model, GLM) &7 X 56 54 ik 177 225387 . F
Ko 22 5 B & &, i Duncan's multiple range test
FOR A& - 5 1Y 22 5 . K200 R
P<C0.05 Fl P<C0.01,

2 F R
2.1 BERTEX A MALLAE H,0, 7=
S2ERERTEMHEIEILE 2)

A H, O, 77 A8 Sl 2508 1 00 4 0 3 i 2
(P<C0.05) , Bex 4 fidE R 4l Z 7] E i 3 22 5% (P>
0. 05) , Ab FHXF B LR KL AR H, O, 7 A 1t A 52 Wi 3
(P=0.067 4), H i a4l v T Ee x4 i iR 4l (p
<20, 05) , i fic XF 41 18 21 =2 1) 6 & 3% 22 5% (P>
0.05),

H A6 P4 755 1 0 T = S A JDE AR WL MDA (1)
FE(P<0.05), ERHA SN AZMES AR E
(P>0.05), RXSHFNEH MDA /)& 5 3 8 & F K
W,

2.2 BERFEX A IS, KA R Cca’t-
ATPase FMHER MBS EMF ML 3)

o ek L I O 2 A 5 2 3 1 AR S R A
(P<C0. 05) . fH 1= ik 41 5 e % 20 DA R i 20 5 1] )
HZ A2 AREE (P>>0.05), i 4 M L2 ki 4
A A M I T A IR 4 RS X AL (P <20, 05) L 1
T A5 B 2 22 8] 25 AN B 2 (P>>0.05),

AL i UL IR & A 52 B A (P=0. 070 3),
HorhE A M LFL R & e TG R 4 (P<<0. 05),

15 TR 20 55 W X 2H LA R TS ok H A AE IR 2H 22 1) 25 RO i
F(P>0.05),

*2 ARTASENAGHEMNEHE H,O0, FEER
BEREEAHZm

Table 2 Effect of cyclic high temperature on mitochondrial

H; O, production and MDA content of broilers liver

and breast muscle'

ZRIK H, O,
PR
Mitochondrial

H; O, production

MDA % &t
MDA content

/(nmol/g wet

/(nmol/min * tissue)
mg protein)

JiF 1 feg L JiF 1 i JL
& R4 Control 0.373° 0. 442¢ 110.37*  25.53°
BE X 2 pair-fed 0.352¢ 0.437¢ 109.91* 25,132
iiiéimpmmm 0. 423> 0.549° 126. 04>  33.29°
Pooled SEM 0.018 6  0.0350 4.067 2.258
P 1A P Value 0.0267 0.0674  0.0204 0.0368

LS8 Means(n=12), F#IH
we[7] — 51 B B A TE /NG i AR 25 5 B3 (P<C0. 05)
Means with different superscripts within the same column differ sig-

nificantly (P<C0. 05). The same as below

F3 BEIRTEI KGR, KA LN @A Ca*" -ATPase iE& &
RHEMARSEH I

Table 3  Effect of cyclic high temperature on mitochondrial

Ca’* -ATPase activity and lactate content of broilers

liver and breast muscle

2R AR 5
Mitochondrial Ca?" -
ATPase activity

A=
Lactate content

/(umol/g wet
/(pmol Pi/h/mg ® &

. tissue)
protein)

JIE Jig JL Jikg JL

liver Breast muscle Breast muscle
i i 20 Control 5.77¢ 8. 942 46.71°
Wie 4L pair-fed 5,31 9. 06" 47,18
TR T 2
o 4,58 7.77h 49. 98"
High temperature
Pooled SEM 0.276 0. 319 0. 989
P {8 P Value 0.0255 0.022 1 0.070 3

2.3 HEARSEINABMEH CK 1 LDH iEFHH
FmlE D

e TR AR I CKOAY 6 1 B 3 v R 4]
FLE IR (P<C0. 01) ; Bt ¥4 CK i 1 3% 8 % T &
R4, 7E 35 H A 49 H iy ik 2] I 2 K ¥ (P<
0.05) ; B H &3 hm, A XS 3% CK & MEA Tt 8,
BC X2 A i 2 49 H W& I I3 CK I 7 W 3 &
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E % 4k

37 &

F 35 Hi¥ (P<<0.05),

TE 35 F1 49 H i, miR 4l i %% LDH 3§ #: W 3%
fe T HE X 2H FNGE R AL (P <0, 05) , it X 20 FGE i 4l
Z ) JC I8 3 2 5 5 HOR X TC X AT RT3 L AT PR X I

i LDH KB #F#0H (P=0.150 5,0. 209 4) ,{H & &
4 35 Hid A 49 HIB ARSI LDH ISR EFE ST
42 A (P<C0.05),

®4 BEFSENABMEH CKF LDH FHEE 20!
Table 4 Effect of cyclic high temperature on plasma CK and LDH activity of broilers'

s . . [ LA PR AER P1H
B4 Control  FALXIH Pair-fed High temperature Pooled SEM P Value
CK/(U/mL)
35 H i 59. 85* 46. 20" 78.13" 2.754 <<0.000 1
42 H#% 63.12* 49, 48 85.91" 3.147 <C0.000 1
49 H i 64. 30 57. 40" 98. 967 3.689 <C0. 000 1
SEM 2. 474 2.833 4.117
P Value 0.438 9 0.037 3 0.009 1
LDH/(U/mL) 0.048 7
35 H i 4.00* 3.95* 4, 35% 0.114
42 H i 3.65 3.83 3.97" 0.114 0.174 6
49 H ¥ 3. 91* 4,12 4. 46" 0.123 0.019 6
SEM 0.121 0.112 0.118
P Value 0.150 5 0.209 4 0.025 2

S8 Means(n=18)

cefi] —F T BUE B A AN F NG SR AR 22 R B (P<<0.05) W AT BE R A ARG F BARE 2R B E (P

0.05),

“*Means with different superscripts within the same column differ significantly (P<C0. 05) ,** Means with different superscripts

within the same row differ significantly (P<Z0. 05)

2.4 HEHRSIEX RGN RR
5)

A Qe S

el AR L pH, b 2 AR T 3 I 4 RN T 6 4H (P
<0.05), M X4 MERHAZHERALE (P>
0. 05) 3 H G 2 i x5 g L pH, JC 1 35 ) (P =
0.101 2), HEAAMM L {05 F 5 T & IR 41 /i
XTE (P<C0. 01) , i i 28 F1AC X 41 =2 18] 22 5 01 W 3%
(P>>0.05), H &2 &5 x5 IS g LA € a5 F1
b {H WM (P=0.377 1,0.256 3) ; i ik £ M
JULIRE K 458 2 R 5 1) 7 2 e T G 6 2 RS VR 2 (P
<C0. 01) , 32 i 41 0 e ot 2 =2 [ 33 7K 93 2% Gtk 3 25 5%
(P>>0.05), x4 85 ¥) Jy W 2 TG iR 4 (P <
0.05),

3 it i
3.1 BTERSIEXT A ST, G A& AL ROS 7=
A ERERIEALHZIE

SRR A L 7 A W AR L TR
TEON PR FAZ B B RAH 2% ~4% 1

M DY B A B A R HL O, #R
IV 5 W) 2 kL A T R g T fE L AR A SR ME R R
PRE2OT B P T B AL A 28 R AR 1) I I 4 i R
(RCR) S A A BE R AL 3503 (P/O) Yoy Bl B 84 9t B 1)
el 5L 2 PR AR OB B, Heise 55 T 5 g A XL 5% DL 26
(Laternula elliptica) I £ 4128 b (K () 0 B L, &
IR R R ROS =R B E T, Mu-
jahid S50 H HL 5 A E S A (EPR) AL 27 KOt 12 4y
SN S T 2P AN T PR RS i s AL e e A e 4R
T BE A a5 I, 2 A B AN B T
b A S T B [ R 0y 7 AR L O 4RI AR 9
SEEY PR B i LZR A R B B O S A
Thim 5 E Wil R T A RN AR ST I R 2Ok AR
H, O, 775 % K & th & SOD g, AR 1
LIRS A YRR e = G = el = G I A
H, O, , K A58 & 3 H 6 240 = I 2 T 5 XS
RLIR H, O, M7 5 B T 4ORK ROS LR G
Ak 5 LR A e — 2
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Table 5 Effect of cyclic high temperature on breast meat quality of broilers'

18 ik 2H fic X 21 [ LB ER P A
Control Pair-fed High temperature Pooled SEM P Value
pH value
pH; 6.11° 6.12° 5.92" 0. 056 0.037 8
pH, 5.78 5.82 5. 61 0. 066 0.101 2
A 8 meat Color
L 48. 41* 47.92* 54. 81" 0.811 <C0.000 1
a” 6.278 6. 720 6. 781 0.268 8 0.377 1
b* 6. 588 6.164 6.276 0.256 3 0.256 3
W K4 Drip loss/ % 2.64% 2.32% 4. 05" 0.165 <0.000 1
§4) /1 Shear force/kg 2.913M 3. 528" 4. 457% 0.158 8 <0.000 1

VSE 8 Means(n=18)

o i) — AT B E A AN W) /NG SERE AR 22 5 W3 (P<C0. 05) MU R RS SR B AR 22 AR e 3 (P<C0. 01)

“¢ Means with different superscripts within the same row differ significantly (P<C0. 05). **Means with different capital super-

scripts within the same row differ significantly(P<0. 01 )

B I Ui -~ ol N YA N Sl )
H, O, &SRR N, 77 A= 5k 1 Hy 5, B AR 3 2
AARMEATEE. TS DNA B & A %4
WK Gy F Dl N, A58 & B, H 6 35 i i 5 30
TR XG BT RE R L MDA & & B 70w . 5 HIEH &
B LRR H,0, 7RSS IE—5,

T R 4 5 6 4 7E 4R AR ROS 7= AR /MDA
TR F2ER AR E RV IR WA RE
i, REARAM IR T A ALY BT A 40 B, JF AN I 3 BUR Y AR
R GBI R . AR F AT &3 MR T .
PG E MDA & 5 B 5 & T M L2 28, v) Be 5
JIE 20 235 A R S AN R T R A G
3.2 HEHSIEX AR, M AL L& R E Ca** -
ATPase iG K M AL LB & = 1932 M

IR 2 B R L A il ATP, 38 186
V8 BRI PN 1 5 A [l LK D) A AR s i A1 41
B SR T AT RO R R B T ARSI
WESE ROS ] $0 i) A= 4 - 45 2 9 3 80, 3 3 4 g
AR i 1 I N 1 - W S 7 = K
U | 6 JUL A 05 2 36 1 L 5 A B v R A e 4
B ROS P24 & I IF 5T 45 R — 2, Kiichenmeister
85 I L 2 e R DR TE 0 LI 5 S48 - B g
IR T4 2, eI w5 38 52 ) UL I 65 8 1 1) % B 7
T BRI A A4S LR K I N R PSE K
FRAES A GE AR 52 A B 5 5 00 1) 4k AR 45 5
FR 35 T B AR ST UE B ROS [a) B 3 46 LK 0 45 22
(R 6 P2 PR O R T AR I L H I B v IR R A
X ROS 177 5, 52 W ILEF 4R 505 55 75 % Rt )

AE L 31X ] B 2 1 LR W) A RS Bk JUL o S5 ) S B R 2R

JULET A 9 55 5 Vi B2 T i vl BOUL A ZLIR 7 ik
Fhim . R R B TR R BOE ATP B, R & T #E
ATP.ffi AMP/ATP WAEF- &, TG AMP K
T B O CAMPK) , Ji ol B U R R g
FHMERE R A REN N PR, Imaeda HF 5
R T e RS £ B S B R L LR AR
I, A & B H AE IR IR UL FLER
(P=0.070 3),5 H G P = 410 ] M JUL 2L 1A 55 22
WPE SRRV B Pk A G, i B S R A
FLIR &/ Fh i Al pH By F R s BE bR, 5 3 8 04 il
AR S [ S UL A 2 1 AR P L 5 e LA Y PR €
Rk sl ORHESE K B H A BR R T LA L
fig & i (P=0.070 3) .5 HH PR = iR 52 ) (A XS fig L
mn BT EL AR G

T X 2 4 b R 5 A 3 M L FLIR 1 e 5 AE R 41 G
92 25 55 R H G I = IO R R EL IR AR
S AN 2 H o IR IR A X SR B DR,
3.3 HEARSEXABIME S CK F1 LDH iF 4
A

CK 1 LDH FZ A7 T8 # WL . Mitchell Fl
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