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Facile Preparation of Silver Nanoparticle-loaded Hybrid Gels for Meat Spoilage Monitoring
HU An, XIA Bi-hua", JIANG Jie, LI Ting, CHEN Ming—qing, DONG Wei—fu’
(Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China)
Abstract: To detect the hydrogen sulfide (H,S) produced from meat spoilage, the Ag nanoparticle-loaded hybrid
glycerogel composed of dialdehyde starch, chitosan, and polyvinyl alcohol was prepared. The dialdehyde starch
with strong reducing groups was obtained by oxidization reaction of cassava starch. Chitosan and polyvinyl
alcohol were used as the cross—linking agents, and glycerin as the solvent.Through cross—linking reaction and
in—situ reduction reaction,the Ag nanoparticle —loaded hybrid gels were obtained. The resulting material had
high mechanical strength and shape stability, as well as a fast and efficient response to H,S, resulting in a
distinct color change that can be used as the intelligent packaging material for monitoring the quality of chicken
breast and pork tenderloin.
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FI2E R G — PR T I AL R TR R ) B B 3
FERARSZI o B AR S 0 CAg B R R
FR I TRIRLEE Hi8 7 78] AR 75 700 55 )4 R U], 7T
D3 ) i A SR PR B AR R, A
FNTTZTE . AR, AR R TARZ (48R
F, 0 pH SRR 7R ST A W e s R AR Ak
FEORAN O T IEH RS AR R, X SRR ) 2
Bl PR ST et 52 v i 85 208 A T 2 2 AR S 1Y
AR, AHRATARR A R T R TR 7851

T Ak L (HLS ) J2: PR S I WC sk it v 7 A 1 — 4
PR, F2E 77 A T it R R 1 e A ol A
I, HoS Bk e PP PR I W R A B 9, 9K
M7, TER RE B R G T & 8 HoS AL R HI T A
OBt B F ST, R, TR RE LR 1 £
H,S AR ISR m Uy o

Ag 9K Fiki (Ag nanoparticles, Ag NPs) 5 H,S Jx
LA Ago ST, i T AR R, BTz T T
RCOALIEER, SR, Ag ORIV 225 AL WA A
P[] A oA [ 5 AT HLS. XS 3 #3 (dialdehyde
starch,DAS) G0 B 25T ( polyvinyl alcohol ,PVA )
HRIE A R EYAHSYER B, AT Z R T LASEER,
T = HE ML 2540, FH T [ Ag NP2, [Kitt, BT
Ag NPs {4 DAS-7E B BE-PVA HIMEEI /Y L 2 H.S
1R AT LARIVE R RE e N 2 A /s ) o 3k o Y
1) Ag NPs 1RA HIMEE R BAT B m A UER FE IR IRER
SEVEFN HS UM 855 708 BB B B2 b 1 T AR BF
FEA] A AR R R AT EE AR (5%

1 #R5HE
1.1 kG

BEEXS M PN R B T . R OB (poly -
vinyl alcohol ,PVA ) | LR 4 A IRER S A ML 5L miifk
B OKBSIR ERIR L LB VR (YR 5 Hral) « [ 24 4 1A
A 2F A BN B AR SEVERY 7C R - PUA% IS B Al 5
2 (I RS IR
12 {51

F, PP T VA 558 (HHW -21CU-600 ) ;| 7 4 3 512
i A BR A Al R R T HL(FD-AT0N-50) : 76 £ A=
YR (R ) FRA A 5 F AR RS T4 (DHG -
9023A): b iE AU ZR 4] 5 L F /3B KF- (AR -
1140) : I B W =] PR 52 5 A3 B 5 OB 5 AR ]
UL FE T (TU-1950) - Jb 5238 553 AL 25 R
) L AR 2T AN 1% (Nicolet 6700) : 55 I FEER K
HRBHE A B A 7 RER IR L (R A A R R
4t )(5967X): K F ITW 23 F ; 5 70 P05 S i 1 i fil
BE(JEM-2100): HASHL F AR o at ) AR e 4d s R

SrHTAL(1100SF ) : MR —FE ) 2 [ bR 32 5 A BR A Fl o
1.3 ik
1.3.1 SR ARETER Hi 4 DAS

100 g AZJEMEET 600 mL K27k, 8%
JEHIA 2.5 ¢ B RN , 2 25 CCF X 24 he T
TLERER R S, R LR Ak mT LA S M S A AH &R PR A~
BEL MR AT C2-C3 BRI S5 H .
FEF ARG VEEATER 3 WK, BB R G IR S
FERTUE o FE AT LA R TE R AR AT B iR T4
UEIE TS , 245951 DAS,
132 DAS-FERBH-PVA /KBRS H MR 0 45

Vo C A ARG VKBS R 0D L 15 3 78 R IR
Wo 7517 mL 253 TR A 0.2 ¢ 7 R0, i FE 5
AL vKBE TR , A5 2 HA e A B 10 ¢
PVA T 90 ¢ K& T /K, 90 CHRREERi 1, 135 10%
1 PVA ¥

DL DAS Jy 5k, PVA RS A R 32 BEF) , 3 B
DAS .PVA FIFE R o 600105, 453 I /KEEK .
7E 10 mL PVA FIST RMAIR AP INA 12 g DAS,
BEFE 1 h, SR EIR AU TRE ARG R LR 7 i e 3R
FRTERAA R 80 NN 1.5 h, Ie &K A5BKEEE . DAS
FIREFE S PVA [ 52 LR R I 53] e A s et
A RN R R o

TR I 1 ) ot R S K B B SEAS AR ] M —
[vi] Py 2 FH A 7K ] 28 e RV UL, 0.2 ¢ 7o R bl
BT mL B BEVKBEER (1 mol/L) TS 10 mL HMILIR .
T SCIEE DAS . PVA FlISeRBE I Lol 60 1 105,88
JGTE PVA F7 RBEH I PTR S P 12 ¢ DAS,
Pt 1 ho A2 HTR A B A SRR, 80 Cln#k
1.5 h A5 20 H M B o
1.3.3  Ag NPs IRAHEI ) £

i 3 FLAT A JRURE J7 , Ag ™ DAS (18 38 JF A N
Ag NPs, il %5 Ag NPs 1R A BERE B 715 58K 5 mL 1Y
0.01 mol/L flfR4R 5 45 mL £ B F/KIRE , A0 i
25% %, FEE R 25 CF 43 B 0 7K 8 e A0 H T B i
1.5 ho MIRA W T EERE , IR T

Ag NPs £ 7% 8 1 ¢ DAS LA 100 mL
LEFRPEEHE, 80 CIMA MK 2 ho SRIGTEE R 25 C
TR IE RN A DAS BT, RGN 6 h, £33
Ag NPs {5
1.3.4  Ag NPs I 227 RAE

o FBUR 55 AR AT UL A3 66 FE THAE 300 nm~800 nm
TESRE TR 5D
1.3.5 £I4MGIEA T

K Fd L AR e 2T A8 i (Fourier transform in—
frared spectroscopy , FTIR) [ 28 3k F1iF V& #y 1) A 2 A%
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A6, A FE 4 000 cm™'~400 em™ Y5 I N 3RTS
1.3.6  AgNPs [IE AL

Ag NPs WTE A WEE R i 40 303 S i i At
%% (transmission electron microscope, TEM )i T , A iy i
¥ Ag NPs IR TERR TR 2 PAE L £, JF7E = 1R
25 C R T4,
1.3.7  BERAAE BT

TKEEIE H BRI \Ag NPs RS 7K EERE T Ag NPs
TR T EE A A IS A FHAAEE AT S0 e . 12
10 mg 1 THRAE S A S, DL 25 C/min 183 B2 A
50 CHI#RZE 650 Co A AWK SR 2 B2 1 &
25 ml/min,
1.3.8  Ag NPs IR AEERAT HoS A R0

B AN -5 5 R S A Y HLS, F NaoS ¥ iR
RE HS WP, 7.8 g NayS % 1000 mL £ 51K, il
7 0.1 mol/L BRALANIA W . #51 NaoS I HCI FBE /R L
431 1,8 NaS ISR HCL AN A BB 3: b,
R OISR L, W EA 1AL AR
Ag NPs JR A /K BERE 8% Ag NPs 1A H I % I 55 76 L
T TR R A R
1.3.9 AgNPs IRG RSk

DL EARIELE D75 5t >R A RGB A fEBIRY, (i
{6 BESORINE Ag NPs TRABE A [
1.3.10  [RIZRJE Mo

B R e PR R HELE TR DA T 4 B SR 5 == i
it BV VR (=15 COPRAT o 45 100 g VIR ()87 fi
X0 it PR R LA PRI — IR PR & o Ag NPs TR A
B AERE T 10 55— 30, N5 RFE & A 0 P ik
FAR AN a3 — I iR e E IR 25 °C
AT
1.4 EERRRE

FRECE T[] 55 o it () T8, & T 40 mL 25 551
AR g b — B [RIECHE BE G, FHUB 4RI e R 2K, FR
HF i MR K L (swelling ratio, SR) (1) 11 B
[igiies

SR/% = =Wt x100 (1)

KW, A e TIREER R BT, g W, WBEITE
P RIS N B, g

BT emx1 emx0.1 ecm R/NAEERE , F o B R L
T4 50 CInF 24 h il 26 THERE . BT RERCE
TRBE TR TR RNREE T 24 h, 15 2P ik

HE AR R 15 mm , FLAR 20 mm A [RIAE44,
Ji eI ML & , 4 R 4 % [ 2 5 mm/min, 32
W R S B o BRI B2 ] LA S KR4 1 ) ok
PR, AKX,

T=FA =G (o-07?) (2)
P HRZEN T, glem?s F R f7 Jl&, 054 N
FE 45 1 18 A em?; G Ok BY V1B & g/em?; o S R 4 R
B, Y50 AR SR R 48R Z
EEWEAT A S % T X (3) 35
p =G x SR/RT (3)
K :p AR S mol/em®; G R HENE DY
VIR i, g/em?; SR R BERCHS K L, % s R R A8 5L,
8.48x10* (g+cm)/(mol K ) ; T R4 X TR , 298 K.
1.5 Hdlsortr
AR E R 5 WK, R EE DB bR v
ZFoR, UZ K F Origin 8.0 A2, i 5 50 5 &
oK Excel 2018 AbHH

2 HBREHM
2.1 DAS Fl Ag NPs 114

AR ] e R M R A ACE TE R i %5 DAS.
AR ZER AL AL, R S LA 2T A1
(Fourier transform infrared spectroscopy , FTIR )il & A2
TERIT A DAS BURFAEREM] . ASETEA A DAS /Y FTIR)E
LA 1,

TER

XU BE R

4000 3500 3000 2500 2000 1500 1000
W /em™
1 AEE#HS DAS KB EMHIIMNE
Fig.1 Fourier infrared spectra of cassava starch and dialdehyde

starch

ME AT UE, S LR BT — S8 1 4y
fiElg . 3 322 em™ AbAYRFAEIGXT I S8 O-H (45 F1
P2 ,2 930 em™ b ARRAEIEXT N C—H A AT FR {45
FHRSN, 1625 em™ AL RRFIEET K FITE R 1 'S5 25 45
47,1200 em™'~1 000 em™ AL FRRFEIEXT R C-O B4R
RS 7E 1 720 em™ A 1 W WSO XoF 1 e s AT e s
R C-0 B LE RSN, X SCRRIE ISR W R R A
IR TE RS A PR R A A RS, THTAE 1 720 em™ ALY
P SRR e 2 B R I I, R B R R AR 2 , B )
A GRE

M T DAS EAREIE AR IR RE T, IR DASTE
i Ag I JE 45 Ag NPs, DAS iR J5 Ag NPs (1435 5f
L A R LA 2,
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B2 Ag#KHF TEM E&
Fig.2 TEM image of Ag nanoparticles

& 2 a4 ,Ag NPs HHEAZ 10 nm~20 nm ERIE o
DAS VAR Ag NPs—DAS BRI S 5MGIE UL 3,
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0.25F
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XURESERI
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Fig.3 UV spectra of the solutions of DAS and Ag nanoparticles

di & 3 7] 1, Ag NPs 1 420 nm 407 B 5 (19 W% i
U, L DAS R 2 U, 300 nm~800 nm AL TEHI .
2.2 Ag NPs A /K EEREF Ag NPs TE & H ih&E i 1)
P

s DAS-52 SRME - IR M B AC e I B b TR 2
VWD 45 Ag NPs IS BERE . V] T PR 28728 J5 e
G, Ag NPs TR G BT E 2 A UL R J1 22 Pk fg IR
FEIZ AR RS R , A Ty B A T IR, 491 i ik
P (SR ) o He 458 B2 R e SC B35 BE o I MK L (SR J2: 35
JE A BB T, e AR TR P A5 R IR B B, SR
AR IR 1 FIK 2,

F1 Ag NPsEAKERA SR

Table 1  Swelling ratio of Ag nanoparticle-loaded hybrid
hydrogel
R/ C Walg W.lg SR/%
25 0.160.02" 0.45+0.08° 181.25+23.12¢
30 0.16+0.03" 0.50+0.12" 212.50+33.68°
40 0.17+0.01* 0.60+0.11* 252.94+38.29"
50 0.16£0.02" 0.61+0.09 281.25+40.01°

T R FIANR)NG 7 B 2oR 2253 135 (p<0.05)

12 1 R, YR 450k 25.30.40.50 CHT L SR
435k 181.25% 212.50% .252.94% .281.25% , Ag NPs

&2 Ag NPs B&HMERA SR
Table 2  Swelling ratio of Ag nanoparticle-loaded hybrid

glycerogel
E/C Walg W./g SR/%
25 0.39+0.02 0.73+0.11* 87.18+12.01¢
30 0.40+0.03 0.75+0.09* 87.50+9.53¢
40 0.39+0.05° 0.75+0.15* 92.31+15.14"
50 0.35+0.02" 0.70+0.10" 100.00+11.12¢

T : RS R NG PR R 225+ B (p<0.05).

TRG/KBERE Y SR BEIELE AT s, ik 2 al,
Ag NPs IRA HilBEK 5 Ag NPs {iRG /K EEBE Y SR H.
AR AL S SRR TRURE T s i s i S
B/NT Ag NPs {REG/KBERE , X — PR K] Ag NPs iR
B/KBERE SR 52 FREE I R SE IR

BRI T A9 L 7 AT RS U p SR BRI 1Y
BVERE, SR 3,

x3 BREHBEMZREE
Table 3  Strength and cross-linking density of gels

A=) 2 p {8/
P Gl glem?) (mol/em?)

Ag NPs IR /KBRS 27.23+5.82°  137.85221.31"  1.32+0.04"
Ag NPs JRAHIMEE  44.72+8.79*  303.10+54.28"  1.71=0.08"
T FFIR NG TR R 25 5 3 (p<0.05)

F#E 3 A%, Ag NPs IR A 7KEEHL 7 4 137.85 g/em?,
Ag NPs JRA HIMEEL 7 4 303.10 g/em?, Ag NPs 1A
JKEEIEI p (5K 1.32 mol/em?, Ag NPs &2 H HIEEIE 1)
p (EH 1.71 mol/em®, Z5SREFRBHIMBEEME HAT 5 =
AR5 RSS2 ) = B PR H
AT 2R BT 5 1 o3 - AR T 7 a2 Rp vk ]
DR 1 4 R i R S s i

R VA K EL |58 M ik 5 N S I 2% J3E A1, B 1 T AR
R — N EE A MERE . B 4 %R 25 CRFDK
R TR) T B R 1) 2 T 35

7/(g/em?)

4 BEREARRMERETHRATHR

Fig4 Appearance of gelsstored for different time periods

& 4 BT, Bl CE I R] R ZE K, Ag NPs TR &
IKBERE AR S A T A B3P L 1T Ag NPs TR H
BER B R AL AR B &, Ag NPs TR /K BEEHT Ag NPs
TR HIMBE A AS ] st i) ) i b AR A AN 26 4 BT o

13 4 A%, Ag NPs 1R -G 7KEERE 78 h J5 f 4k H K
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Table 4 Weights of Ag nanoparticle-loaded hybrid glycerogel ?E>
and hydrogel stored for different time periods ﬁ 0.050 | = =
il
B 3 ~ B 25 =
e/ Ag NPs A& HIMEER Ag NPs YRS /KEER @ 0010
Fidtlg  REENM%  Fialg  REEIN% 2
0 1.06 0 0.87 0 0.005
5 0.94 11.32 0.63 27.59 _
8 0.91 14.15 0.56 35.63 0 1 ) 3 4 5 6 ”
24 0.87 17.92 0.43 50.57 Pt e/
» o2 2ol 010 o (a)HS BEHCE 0.005 mmol~0.100 mmol
37 0.81 23.58 039 55.17 P o ¢
48 0.85 19.81 0.38 56.32
54 0.84 20.75 0.38 56.32 0.005
78 0.91 14.15 0.39 55.17 Tg
Hﬂ\:% 0.003
9 55% e AT, T Ag NPs 1A H-THIRE RN F) 2% 74 =
{04 1497541, Ag NPs RAKEEE IR A 554 % 0on|]
% THEEIC R B ME . T Ag NPs IR =
HMEERAR X R , PR, Hl o] ARG IR AR S o

2.3 Ag NPs IRG/KEENE S Ag NPs IRA HIREERL A
KA

H,S IHURFERE 5 Ag NPs (& % UIARC . R
PR ( thermogravimetric analysis, TGA Vil EIR A Bt
JKerh Ag NPs i, 4% 5 WBEI Ag NPs IR B BER YR
HFRHAHIY Ag NPs Fr it

£S5 EEGT Ag NPs RS BEIAIKER
Table 5 Weight loss ratios of gels and Ag nanoparticle-loaded

hybrid gels
BERIIE Ag NPs TRABER
T N AL
L /% ok, | POREEE%
IKEERE 79.22+0.58" 77.1620.49° 2.06+0.07*
HubgE  79.59+0.39 77.6620.41° 1.93+0.05"

U < PR NG 5 2 5 1 5 (p<0.05).

2 5 Al A1, KBRS F Ag NPs 1R A /K BRI 1 26 T
BAYHIH 79.22%F 77.16% , 514K 2.06% , HiMEER
FI Ag NPs 1A H &6 B (1 2K 85 2853 3118 79.59% i
77.66% , —HEMHN 1.93%, 5/KERF Ag NPs R4
IKEEAR R—5, 45 R, Ag NPs (5 TR A TR I
1 2%.
2.4 Ag NPs {R A /KEEIE S Ag NPs TR A H Il I X
H,S MU ERAR

T HS RIS B Ag NPs IRA7KEERI 1.0 emx
1.0 emx0.8 em K/, 78 B AT 15 2 ML TE B HLS 4
B, H,S A LB &S] Ag NPs IR A /KB H, Ag NPs
TR A5 7K FEE P L € Bt ) R 2 P A2 AL G 81 5 BT

P P& 5 AT 1, Bt 242 st ) A i €A IR Y
B FEACB R HoS (0.005 mmol~0.100 mmol ) 1) 5%
R B EKE R B LT EE S h A BEis R E

A\

2 fhi E)/h
(b)H.S Bt 0.001 mmol~0.005 mmol
5 AgNPsBAKEREET HS PHEEER
Fig.5 Color changes of Ag nanoparticle—loaded hybrid hydrogel
exposed to H,S

Bt HoS BRI TH 5, Ag NPs TR A /K BER 0B (6 th
S AN, PR A X ARG Y B R R Ag NPs
BEHLS Ak, TR B AgS , /K EERCEI A AR TR, Ag NPsiE:
B 7REEIERT HoS P55 (R S5 R Sk A PR 288 Joi W i) v
(A FHERAE T 1 5085

FIFH Ag NPs JA HIMEERAT HoS HEATASI , K
ZERNE 6 FITR .

A
0.100

0.050
0.020
0.010

0.005

H,S B i /mmol

0.003

0.002

0.001

2 LUNHIEIN
6 AgNPs BEAHMERREZT HS PHERER
Fig.6  Color changes of Ag nanoparticle-loaded hybrid
glycerogel exposed to H,S
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Hi /&1 6 AT 1, Ag NPs 1R & H Il BEE 5 HoS 42 il
J5 . BEA Ag NPs IS THMBER S H,S 4 fill o] [1] 14 4
K BUEAT M E S, B HMBER AT 4 h BIA] A5 2
(FE . 5 Ag NPs IRB/KEERAH L, Ag NPs {5 Hl
I SN TR, Ag NPs TEA H THIEE 0T R iy i e
AL IR, X HoS A RURER s
2.5 AgNPs iR HIMBERSOIE HoS WY 1L

K RGB EEAAYXT Ag NPs A H MBI ZI (4
AR IEA T AL, A EEASCI E AN [R) HoS YT Ag NPs
TRA HIMBER I @R ERIE(G) o AR HS HREET
(1 G (EAER, S5 R AN1E 7 Frs o
160
150
140
130
120
1ot
100
90
80
70

y==37.797x+142.62
R?=0.920 9

G

0 020406081012 141.6 1820
H,S WeJ#/(mg/100 )
7 Ag Nps BEHIMEREAE G Ek HS REMNEL
Fig.7  The variations in the color G value of Ag nanoparticle—

loadedhybrid glycerogel with H,S concentration

M IE 7 Al G fE A HS ¥R JEFE 0~2.0 mg/100 g
BEAMEXR . KIEMZN y=-37.797x+142.62 , FH L FR
B R=0.9209,

2.6 Ag NPs 1B HIMEERCAE RIS BT W I v iy niy

H T Ag NPs TR H T BE I AT 55 45 I8 R A
JEE L e RS e DA FRE HELAR TR R T SR,
TR RS WO XS PR S A R IR, 5 Ag
NPs 15 A H e R i & e W] — A2 s b, R
i, 25 N E 8 FR .

T PP

it |~m”d - .

Ly i ot o P
1d 2d 3d 4d 5d
8 Ag NPs B&HImEE A T HNFEGHMAMEREERNES
i 25 CTHIERER
Fig.8 Monitoring offresh chicken breast and pork tenderloin
stored at 25 °C with the Ag nanoparticle-loaded hybrid glycerogel

AP 8 B IEAE 1 d Jm, Ag NPs IR-A H e e
B R B AR A, Bl A7 s T ) S K 2560 320 SN o
JE 5 d )5, Ag NPs IRA HIMEER T 278 1, H 5 X9
TAY [i) 2 0 1 72 0 3 L5 B Tl 2 i e ) A2 £
FONE S B AN K Ag NPs TS H MBI B A A &
65 i PR IR LA TN 1 35 0 25 °C R AR R IR, 16
SR, Ag NPs IRA HIMBER I E 5 d J5 Bl (A
b, EYRZEHE LD, Ag NPs 1R 4 H imgER AR A% F) ] H:
X R HoS M se BRI RE 1, 3 1k PR HIR BT D f 25
7L M XS ) PR R L A A S TR

Ag NPs J5 A 5E 5 1) B30 60 A8 A IS BE A 0 35 75 B
BEE L, SR RGB 0 (BB 70 X3 86 B3 € 25 Ah R £ 7
b, Hoh BEERE (G AR AR AR R Ag NPs TR H Il
BEBEXT HoS A LR, BE T I AE HbFR /R it S ™ i
B LG EBAL, B RS, SR L e Ag NPs TR
A H MBI G (H, FFC RS R, i 9 FiR .

2001
Ag NPs 1R G H e
180 C 28 [ RAL
160 | 7
a 1407
© 120t
100
80
60 C 2 -]
1 2 3 4 5
A /d
9 Ag NPs BA&HIBEREEERRAN G BRI/
T
>Z

Fig.9 Variations in the color G value of Ag nanoparticle-loaded
hybrid glycerogel for monitoring pork tenderloin and control

group over time

H1 11 9 AT, Ag NPs TR H Il EE e 55 A R ik
BRR)G,G EAYIR FREEE, A G EITH
R, X 4 R Ag NPs TRA H BRI AENE
WD B A A S I B o 55 3 KA Ag NPs YA il
ek AR AR L, IEIEERSEIE G {E R 130,
A WFFERWT 5 3k B [E s fE— 9E R I HS %
<145 pg/100 g, —REFEHEA HS & i <296 e/
100 g, 24 H.S & 1>296 pg/100 giif L% IS HER P,
W HLS MRBE 296 pg/100 g, ARAKLIE IR : y=-37.79Tx+
142.62 1, ATAS LA BEE G (HZ0h 131, S53EFRMIAS
G fH—2, £ Ag NPs IRA HIMBER B 28k 5 5%
LA TR DO 0 AH — 350, R B s A5 s g L 1Y)
B

Ag NPs & HMEE R 1 i PVA FTH Il &k (40
B, TEA I SRS PP 5 rp 354 R 2 JE#
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e R R AR T A WA B E 2 . Ak, Ag
NPs EA{RANMERE, )12 F A R Wy 270 e,
R, Ag NPs 1A H M5 & —Fh &2 4 10 IR 2848 T ds

AR AR T AR RE R A A R S BR R T o
3 g
AU DL S e B o JEURL , 388 5 4 A S N ) A

DAS., &R AR TS TRMENE R 2865, 38 40 A Tk
F2N R B4R 4 SN 5 DAS i = 4 W) 2% 2544 £ 7K
BEIE . DAS BRI A Y Ag NPs, 35 DAS-7¢ B pH-
RO BERTE W, Ag NPs IR A /KBRS . T Ag
NPs Xf H.S UM, Ag NPs TR A /K BEIR 5 HLS %
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