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Effects of drying methods on the polyphenol content and
antioxidant activities of chicory leaf
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(College of Animal Science and Technology, Jilin Agricultural University, Changchun 130118, China)

Abstract The study was aimed to investigate the impacts of different drying methods on the polyphenol content and
antioxidant activities of chicory leaf. The change of polyphenol oxidase (PPO) activity during drying process, the
flavonoid and total polyphenol content of dry chicory leaf were measured, and the DPPH free radical, ABTS + « free
radical scavenging capacity and reducing power of the polyphenol extraction from chicory leaf were also determined
under different drying methods including air drying, freeze drying and hot air drying at different temperatures so as to
obtain the optimum drying method. The results showed from the following aspects. 1) The content of polyphenol in
chicory leaf processed by different drying methods was significantly different, which could be due to a combination of
residual PPO activity and heat sensitivity of polyphenol during the drying process. 2) When the flavonoid content and
total polyphenol content were taken into account. hot air drying at 60 C was the best result, freeze drying was the
second and air drying was the last one. 3) The DPPH free radical scavenging capacity, ABTS" -« free radical
scavenging capacity and reducing power all had a significant positive correlation with the flavonoid and total polyphenol
content in chicory leaf (R?>>0.888, P<C0.05). In order to have the higher polyphenol content and antioxidant activity in
dry chicory leaf,the hot air-drying at 60 C was a recommended drying method for chicory leaf.
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2 B Y AR R BRI LR JTT B R ARE S 3
RAETIRE . AT A G R A 1 TR A
LW T, Y BT S B A RO RE T R R
BRI, AR S 0 T R AT RE AR R &
4 22 193 5 e X T2 1 25 I (B A0 AR 155 BT B

LI 28 25 BF A0 R ARG i o 15 38 0 B FH 9, 2T 5
st AR W A O R A TS A T
T A2 A 2 DR SR 5 a0 20 B0 24 0 6 AT 0 L
MR R sl A S A B R K A B — AT R A i T
Tkt AL B AR B ] A B I AR AR B
WD 8 R B AR 2R AN ACAE TR Bl A R T B R
B FEZF TR R S R TR R A R RS
AT VAR B O Ao SR 25 ST AR I AR o 3% Al
53 2 T AE 25 0 T 45 5k AR P il B & AR AR M SR DY
FU Gk ) A N % 3 A7 7E 19 2 B AL B (Polyphenol
oxidase, PPO) B AL Z By W) U R ZE R &9
Yol /R v 22 T 2 ) TR S TS DA AR A 24 64
BT E AL S AR P TE P L AR Sl o L BB T LR
R [ O B2 T AR AR X A 1 v i 2 ) B
AT AL W P Y 52, [ i A AT O UF
PPO 15 P A5 4k . DL 8 3] — R B A 1) T 0620 £
P T4 05 50 B 78 O 35 5 25 B /9 0 m T g i
A

1 #MH5RFE

1.1 KA

B B A 44 5 W AP S BRI 28 B (Cichorium
intybus cv. europe) , T 2011 4= 5 H 20 H{EH AR
b K 2E R N R AT RE 20 em, BREE 15 em . FFAE
A R 2R A MR S i e B kL
1.2 FENERHGR

101-3AB e $A 5L X A8 . R 28 307 R AU 2R
A PR A s FD-1B BU¥ i TR AL, db ot 1 Bs e S 564X
SRR T s KQ-100KDE A 5 T 28 B 45 88 7 % 15
VRS, B Ll Tl B P A AT PR3 /] s HGBTWTS3 A 4
2138 W Hl, 22 B WARING COMMERCIAL 2 ]
3K30 A i & A R B O AL 18 E SIGMA A H
752 RUEAMG A G EE T . L SR 4 SR AR A R
NI

L, 1-Z R B -2- =R A8 (DPPHD UK i VE
(Trolox) » REA TAVBR S EEFRR S T .
2, 2" BB (3-2, e TR I 19 e whk-6-fisk 1R ) — i £k
(ABTS), FifgbHc T ARl 58 8 o =

SRR ST R A e TR Y 3k TR R R Y R 4 AE 8
hy B 7 43 AT 4l 2 .
1.3 RIG A IE

BB A 1 PR W T SR T K 4 4 AT
TR T AT kb B A~ BRI 50 g
WS ANERE ., Hph A & TR
UF TR TG BA OGS Y 3 I BEAT TR 3 N AR X R
BEAS Yo, B 20 Ci R T AR R T LA
(—43 COFEAT s PR 1 b BRAE v P KT 46
AT 4 A IR A 40.50,60,70,80,90,100 Al
120 C,

Xof A A 7 2 7R AR R v i RORE (e
WIHERG 0.5 h U 1 YRR #2300 T i 5:F% 0. 1 h Bt 1
UORED DU I 5 7K St s W D0 8 155 000 () el B 300
€ PPO Gk WF5E T8 i 8 b PPO AH XTI 7 B ik
A Sy sl TR O X O AR RS . SRR T
PEFE SRR o 0. 45 mm i, 4 CH&M T IRAARZ
T 25 ot & B FIPUAAR TR M. BRI 3 N EE .
1.4 MEHREFZE
1.4.1 AKkBn%

K FE L He B GB 5009, 3—2010¢ £ &
B ZbRAE B R K o 0 ) T kR A
1.4.2 PPO FHmx

PPO By £& BRI 2 2 BOSCmR (15 107 3 Bg AR &
M. WA E AR 1 g CRRAE 4 I BT BORE & 35 7K 122 il
Jir i P K T S Dy B AL BVAR Y T IBCARE A
i 1 @) imA 10 mL R £5 2% #h i (0. 2 mol/L, pH
7.0,4 C), HAL W IEHNAIK, F 12 000 r/min,
4 °C ¥ URE L 20 min, $EHC I WL B2 PPO il
W . WL 0.5 mL PPO B, MA 2.5 mL fEERE
TMR ¥ W (40 mmol/L), X} W8 FH % iR 4k 28 v
(0.2 mol/L,pH 7. O PPO Fgk . TR21)5 Rl
f£ 330 nm P T I WOBAE (OD) L B Fg 20 s 35k
1R AR i 26 e b0 B4R B 0 bR T SR M.
T P A DL A vE A il A 3 B OD 224k 0. 001 Sk
AR /3 = v 7 = A

g5 (U/g) = AODX D/(0. 001 X FW X ¢)
A : AOD 2y iz i B 18] 9 2 G AE i 28 46 s D ok i B
F %5, BP B B B R A RN 2R G N T R AR R A
BEW AR T, g5 O B EY [E] s min,

4 opn i 25 Bt PPO g IR % ((1 881, 70 &
32.83)U/g) & A 100 %  HAl 45 11 F 46 B - 0 1l 3%
P 55 HAH LB T B AR G B TR L 0

7y
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B TR B PPO IE P R AR o R 1 LR
N MR R R PPO B G363 4% T 015

PPO AH XTI M B AR R (V0 /h) = Gy ff 45 15 i
PPO AHXT & P — T8 45 5 0t PPO FHXTE ) /45 B
P T e Y1 R [

1.4.3 HETLMEDRARBRAALS TN T

Z Bk R S5 1 v IR B B, SR
B B AR B, BRURE AR & 1 gL A 25 mL 95 %6 4
BE R B . 20 °C ,100 W B 5 AL FH 60 min, B IE iR ED
R A T 22 25 W o 4 O (LA i B B BOIRD 5 57
RIS —40 “CORAE B A FF i 48 58 J5 [R] s 0 5
T N ey & & . BRI T iR 3 IRE A

D By & 2%, & B Folin-Ciocalteu t &
TR BRE R A 4 RS S R B &R 0. 005 g,
FHZEMBK EAZE 50 mL, il & R E W E N 100 pg/mL
AR VA W . RS B R R AR ME R 0.0, 1,0, 2,
0.3.0.4 M1 0.5 mL F 10 mL % & . % K
6 mL. 3245), B m 0. 5 mL 48 Ak #7840 32 50
1 min ZJ5,/MA 20 %8 Na,CO; ¥ 1.5 mL, &
A1 HZEMKE R ZZIE 75 "CoKM 10 min, HIRE
HE R DN o 25 1, 7E 765 nm L0 e W
HE, AR &, BRI TR R Y =
0.1521 X+0.009 7(R*= 0.999 1), h, X H&%
BFREW T EEK L, png/mL,Y 25 ODrgs o fl

W BCHR IO 0. 1 mL, 322 b o 1 286 25 B8 )2 v s
e G AR A E M TR R S A MY TRE
TR 2 5 B R IR 1 mg/ g,

2) B N . S BN AR A ST ORI 2K S
AU s g R AT L WS VEAB . b o Il 2R A0 A
BRI TARMES 0,025 g ] 75 Y% LBV il OF 5
A Z 50 mL, il F B E W B 0.5 mg/mL B FRER
W, KB I EIRAREW 0.0.4,0.8,1.2,1. 6 Al
2.0 mL T 10 mL 2 B4 b oK L %25 mL,
AT 5 %y Na,NO, ¥ 0.3 mL, $&4) i &
6 min, FEAIA 10 % AL(NO;); W 0. 3 mL, ¥
AIHCE 6 min, B 5 1 mol/L ¥ NaOH &
4 mL, ]1TEK & B wb 2 20 B #2 5) CE 10 min J5 .
PLICIK 2T R 23 1. A6 510 nm &b I 52 W 56 B L 2 57
PRofEh &, 1 2 3 7 # Y = 0. 007 4X +
0.017 5(R*=0.999 3), 2, X Ry 75 T ¥ K ot i 1k
B, pg/mL,Y & ODsy o fH

W PR O 1 mL, % bw o i 220 B8 I v f . U
EWOERE AR EM T RSP SEMSE T TH

2w RN AL mg/ g,
1.4.4 HEAAFMRNE

DDPPH [ i 5L BRae e . W@ ik 2
PEOSCHRL18-19 ] Mg AR & Ble. A ol 2 7 1 4« HOU
Bk 0. 200, 400, 600, 800 F1 1 000 Hmol/L f)
Trolox #p#fEW 0. 1 mL Jim A 10 mL &+, Jm A
3.9 mL DPPH (0. 1 mmol/L, /I FF &% fif . 20 Iic ¥4
RO RS . FH AR TR R 95 26 B & BE A 2 1 %t
W&o AERE ARSI 30 min J5 I %E KN 515 nm YK
JCHE L AF BN I AR .Y =—0.000 6X+1. 309 2
(R*= 0.999 3),2 " . X N Trolox Fr i ik #k /&,
pmol/L,Y iy ODsy; . fH .

B0, 1 mL $2EBCRIMA 10 mL #9388 i A
3.9 mL DPPH Sz W ¥ » 4% b 1 il £ 25 98 S vz ),
SEWOGRE o IR AR A v 46 45 B v DPPH
I R BR e 0 2o B e s B CF LD BT B
B Y5 B e 71 A 24 T Trolox AY fiff BE /R 8. B {7 A

pmol/g.
2)ABTS™ « H W FLWEBRGE S E . W& )y ik
ZHCHR[1,19-20 ], BgVEE 2. ABTST « Y

B il K 5 mL.7 mmol/L. ABTS™ « % fll 88 nL
) 140 mmol/L i G ERH IR & . 76 E iR RO &1 T
KW 12 h, 45338 ABTS fifs £ W . B A 10 mmol/ L,
pH 7. 4 [l R 5k 22 i RO B A AR W 1 L AE == I
T,734 nm Ab I IEEE (0. 70 £ 0.02),

T o 2 1 ) 45 - RO B2l 0,20,40,60,80 Al
100 pmol/L ) Trolox #x#EW 0. 3 mL il A 10 mL
AT ABTS W W 3 mL. i 30 min,
W K 734 nm IO . ¢ Trolox W (X,
pmol /L) AN S BE (Y, ODyy ) 228 6 AT W il 48
Y=—0.004 9 X+0.629 1(R*= 0.999 2),

B 0.3 mL FEHUE A F5 B CRFREE S 15 3)m
A 10 mL &, in A ABTS W 3 mL, $& b5
WM A TR N I I WO B . R e AR B B
MMt ABTS « Bl W iE I F=R N
R E (PR TR ANERENHEY T
Trolox MYTHUEE JREL. B K pmol/ g,

DIRJFE )M E . W Ty kS Ok 1, 21 ], mg
YEAE . b o il 4 09 ) & < Bk B R 0,200, 400,
600,800 Fi1 1 000 pmol/L By Trolox Fr#fEM 1 mL
JA 2.5 mL B R+ 2% W (0. 2 mol/L,pH 6. 6) Al
2.5 mL BREULEIA I (1 20 IR A WTE 50 °C &1
K 20 min, BHEIMA 2.5 mL =& LB %E W
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(10 Y0 IBAW T 3 000 r/min 80> 10 min, BUZIR
EWN LW 2.5 mL A 2.5 mL £ F KA
0.5 mLA& b4k (0. 1 Y6 %W, 78 700 nm I K &b I
WOGEE, DA G BER W A 25 M. #% Trolox ¥k FE (X,
pmol /L) FE S BE (Y s ODrgg o ) 25 11 58 5 o 1 28
Y=0.001 1X40.081 7(R*=0.999 2),

BT ml 45 B 4% b v it 2 20 TR R I
WeSGEE o B i A B An o I Zof 48 B ie DR ) 3R
7 R R A E &) ir A 1R R ) A 2
Trolox W1 EE IR %L, 5.4 4 pmol/g.

1.5 BESKITE5SH

RIEIE L Excel 2003 %) 4 #% 5, % H
SPSS 17. 0 Geit #4775 22 50 R ] Tukey ¥
HATL E L ] Regression-curve 2 3 X} 4b ¥ &
BE RN HE AT 18] U5 43 7 s Correlate-bivariate 2 % 73 47

BRR A SC Ak . Kods DL P £ bR iR RO
P<0.05 NEFRE.

2 HERESH

2.1 RAAFTRAXRTHEMSHEE
ANEFEFRTHEN 20 &K 1 iR,
60 CHUA T HRE R B S S B ReE. 5
70 C B ) B R RN R R 2
5E(P>>0.05), 3 & 1 B R A At 35 #8UR
TR S TP A B R AR S R (P <C0. 05) ., B 40
A1 120 “C AT 1R FE S A1 R T R Al IR B A XL T
JRFE S PR R L R R Y T BT R
(P<C0.05), BT LAXFF 45 15 b 3% M 6 43 2 B i) I
B L LA 5 R TR R i 2 TR AR . 60 °C HUKL
TR HE T RZ T2,

1 FARATFEAXTHEMHSHSE

Table 1 Polyphenol content of chicory leal under different drying methods

TR M/ C w( i) /(mg/g) wCE B/ (mg/g)
Drying methods Temperature Flavonoid content Total polyphenol content

B+ Air-drying 20 8.5840.12 f 13.4940.58 ¢
% T Freeze-drying —43 18.0140. 22 be 23.4040.62 be
X T4 Hot air-drying 40 10.32+0. 24 ef 16.52+0. 84 efg
50 16.87+0.84 ¢ 20.40£0.56 cd

60 21.28+0.60 a 26.81%0.87 a

70 19.2640.22 ab 24.13+0.15 ab

80 17.2940. 43 be 22.46+0.62 be

90 14.1340.39 d 19.2940. 23 de

100 10.7940.40 e 16.63740. 83 ef

120 9.1340.38 ef 14.03%40.03 fg

& AR G A RNG F R RRZ R AR L E(P>0.05) , ANAl/NE FhEFE R 2Z 5 B2 (P<0.05), F#EMA.

Note:In the same column, values with the same small letters mean no significant difference (P>>0. 05) , while with the

different small letters mean significant difference (P<Z0.05). The same as below

AR FHE DT T PPO 375 M B AR 3 R | 4 i ]
KSR EME 2 fin. BRE TR 40 CH#UK
TR AL B PPO A XTI M R A 3 R TGt 3 22 4
(P=0.05) , HoAth 148 7 X PPO AR i P [ 1% 2k
I B LR (P<0.05) , [l T4 3 PPO #H
Xof 15 P e A 3R A/ BT I T 3 78 o PPO 2R 3 3
FERAG . X T HRCT 1 Bl T8 0 BE (9 3 i, PPO
AH X 5 M R AR B R 2 M T R (RP = 0. 930, P =

0. 000) . BEWI R B B &5, PPO 25 5 ki . AT
07 ST TR RE S S K BEE 9. 36 %0 ~12. 5402
] o BF 1 i S K R 3 e TR T AR T R
KR . AR AR A ST S I 2 R T A 488
FHEAE A K B R AMERRAT (R =0. 931, P=0. 000) ,
Xof R TR 5 A 5] 4 O SO B e A B
5 (P<C0. 05) , B #E & BT 1 1 i ] ((192. 60 £
0. 1)) et R T A S R Z ((28. 27 40. 09) h) , 4
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DT R S B T T B 3 N, TR B T
Ao ] 28 PE R AR (R = 0. 832, P=0. 000) , X & F

iR =TI e B 2 A S S I R N o (U4
SR A A 1 S KR BUIR  IT T JR I E ER

®2 FARAFHRAXT PPOFEHEBREER . FTHRMERTFREMHESKE

Table 2 Reduction speed of PPO relative activity,drying time and moisture content of

dry leaf under different drying methods

PPO A4 17 # AR/ (U0 /h)

THRm KR/ %

Dryi‘f%iiods Tihill}i;;ire Reduction speed of PPO Iﬂ)trkfi: I?rf; Moisture content
relative activity of dry leaf

B+ Air drying 20 0.434+0.01 i 192.60+0.15 a 12.544+0.18 a
% T Freeze drying —43 3.08£0.03 h 28.274+0.09 b 12.0740. 31 abc
XTI Hot air drying 40 3.14£0.06 h 15.4740.12 ¢ 12.27+0.12 ab
50 9.80+0.26 g 9.80£0.06 d 12.0740. 13 abc

60 13.1140.06 f 7.27£0.12 e 11.66=40. 15 be

70 17.0040.04 e 5.60+0.13 f 11.46+0.13 ¢

80 30.41+0.18 d 3.474+0.09 g 10.56+0.19 d

90 35.43+0.34 ¢ 2.53+0.12 h 10.4240.12 d

100 60.474+0.41 b 1.53+0.09 i 9.57+0.14 ¢

120 84.23+0.35 a 1.274+0.08 i 9.36+£0.16 ¢

2.2 AEAFRARTHEMHMNHELFTERMEX

M5

m 1 Al X DPPH [ iy 53 Bk Ak
ABTS" « [ 335 bR 68 ) Rk Ji g 3 Tt S Ak 48
B 5 60 C B I b FRAE S 109 {5 349 0 5 o R T RE
WZ BT K. 7 220 M R, 60 “CHAKT
FRFE SN DPPH A il 27 BRAE 0 35 & TR T #F
st~ B A R G At I R A XU T AR R Y R
(P<C0.05); XFF ABTS" « [ 1315 R g 1 Al I
T3 2 WP EALFE bR 60 °C IR 1 AE 5 5 R AR A
TG 2 5 (P>>0. 05) , {H & 3 & F B £ 5 A1
b 38 B AR KU R T A R B R R T M (P <
0.05), Fr LAXE T 4048465 1% . 27 5 % 1 DPPH H
HIETEBREE S CABTS « [ 3L 75 BR AR S AL R
3 T 4E bR, 60 C RN TR B4 R Tz, BT

P P 1 AT B AT R L i 4
DPPH.ABTS" - { i 3L3E B 6 71 FE J5 g ¥ 2 8
Je Tt Ja BEAR Y R B, ok 55 R L S B AR AR

P, AT R (R 3) B L S
5 DPPH.ABTS" « H i 535 BR 68 ) i st )y 34 52
5 A6 (R =0, 888, P<<0. 05), H 3 Fhyi A 1L 1%
PRI S Ty ] 5 4 3 TEAH O (RP ==0. 948, P<<0. 05),,

£ 250
< 200
150

500
450 Ao
£ 400 AN j o
E 350 S T
= 300 N TR
b4

Troloxif & /(umol/g)
Trolox concentration

BHT %1+ 40 °C 50 °C 60 °C 70 °C 80 °C 90 €100 °C110 °C

T4 752 Drying methods
DPPH [ 2537 BREE /1 DPPH free radical scavenging capacity
—— ABTS " H 3L 7ERRE J) ABTS* free radical scavenging capacity
wmemenee I8 ) Reducing power
1 BF EFFEABERERRNTFENHEM
mEtEENE N
Fig. 1 Effect of air drying,freeze drying and hot air

drying at different temperatures on the

antioxidant activities of chicory leaf
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Table 3 Correlation analysis between the polyphenol content and antioxidant activities of chicory leaf
t .
o DPPH A f1 3 ABTS [EEE -
- B Total HEREE HERAE ) i 5
iy ota
o Flavonoid DPPH free ABTS" « free Reducing
Index polyphenol ) )
content radical scavenging radical scavenging power
content . .
capacity capacity
T il & & Flavonoid content 1. 000
By & & Total polyphenol content 0.956" 1. 000
DPPH H i £& B BE 1 0.945" 0.942" 1.000
DPPH free radical scavenging capacity
ABTS" « GRS 0. 888" 0.912" 0.962" 1. 000
ABTS" « free radical scavenging capacity
it J7 71 Reducing power 0.912" 0.922" 0.971" 0.948" 1. 000

o FoRM M 3 (P<C0. 05)

Note: * means significant correlation (P<Z0. 05)

3 Wi5%n

3.1 AEFHRAXER

PPO JE A YK P il A7 7E 1) — Fl il . BE S fk 2
W 25 Y BUR 25 3R A 1, W0 HE Y vh 22 1 2
&, 3 SRR . PPO YR 36 & B — A i
B, AFRTETFESZH S RERBERER. AT
g5 T & v PPO M 4E I K AR B ) 2 A4~ [
F AT K PPO AR I VEREAR A n] LITE —EFEE b
RWELA b 2 A FE LA AE . w2 Mg A5 e
F5E & B, 4515 PPO 3§ METE 35 “C T fi K . I bl %5 1
JE W) TE W R, AR RV O 40 ~
120 °C /(1 B2 {45 PPO IG YRR K, FLBE % T
P TR E Y 18 0, PPO AR X 106 1 A1 o R 4k v T
(R*=0.930,P=0.000), M\ i fifi 15 2 1= 1 2 i 51 2%
B, 20 O i, PPO IR AR — 2 0
PR, T4 48 h B, iF 3 5 % (46, 86 +
1. 45) Y% R AR X IE P L 144 h LLJG » PPO A1 5% 1% 1 A4
A3 (22, 14£0. 64) Y0 22 47, R 51 45 5 i 5 4
PRI, PPO TS8R 45435 (17, 54 0. 93) Yo 4 AH XTI 7k
A ] T 5 B b, PPO AE G I M AR R B
(0.4320.01) /(% /h), B8] PPO 78 [+ 414 T %
RRRE L T B ) K, R A M £ AE
PPO ME N R 2, 5 BOH] TR ol 2 15 2 7
FRWBAK, FHT(—43 Tyt PPO A6 T

A B % (3. 0840, 03) /(% /h), i EF @ T (P<
0.05) BT 4b 28 , i B 72 AR 45 744 T PPO 19 3% M52
) — s BRI

PR a4 e TR L T 1 T
A% Bt 5 Tk ) T e T o IO A B S T S BRI
14 e B, B B R B I 1 R AR 60 “C BT Mg b 3L e
e BITE 120 CHEH LR ARE . XAl RE S B 289
JOT 1 PO A G B SCHR R L YR R T B 70 °C
DAL B o 2 ) o 2 A AR A O AT AR AR IR
T ARy RG2S RN ER, 20
ST T AR R Ay PPO I M 0 R IR R [R) S 2
Wi ER 2 AHEREGEANER.
3.2 MELEERBXMEST

5 H B VAN 1 P o0 A S S AR T T Y T 1
#H DPPH H i3 BRAE 1 ABTS" « [ i &7 Bk
fig 1 AN J e %0, Hoh DPPH BB JE RS &
FITE R PE A B 3L, i ABTS™ « BETE UHa S (1 K I
PE B L o ORI B A A T B A
MIRE ST . 38 JE 1 55 — O TR N A F& 19 B A AR T
P BRI TR BT AR TS R th oK Fe' T (A&
WA Fe' B AWMEE N FRY . HRARFEREN
(149 ) 03 R A8 340 S5 1 0T sk R Ak Aok A v e AR Y o ) A
M 22 KA AR S

AW 5T K B HE R A RSB A 5 DPPH.
ABTS" « F i3 B g 07 Fid e 07 3 52 1 25 1E A

=)
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K (R*==0. 888, P<C0. 05) . 1% 5 §if A #F 5% 42 18 4
FEL1E 3 R AR AR TE M I R v ) A 3 IR
A5 (R* 0. 948, P<<0. 05) , it B 2 15 M- rp 1) % i
FLE I S Ak G W % 48 15 0 S A S M A AR KW Tt
fik s DPPH.ABTS" - H i 3 7 B B8 1 138 Jit 7 mf
LR R DT 38 1 i ) B AR A T 1

L5 ERTR AN TR A B 2 R 2
SEARK, TR TRk Ay PPO T M A AR
AR FHM B AEEES 2 AN RGEEHMNG
A R S S 2 R AR .60 C T
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