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Research progress on dose safety and mitigation strategy of furfural
compounds in heat-processed food

FU Xiao-Fei'?, LV Hong?, YOU Chun-Ping'"

(1. State Key Laboratory of Dairy Biotechnology, Shanghai Engineering Research Center of Dairy Biotechnology,
Dairy Research Institute, Bright Dairy and Food Co., Ltd., Shanghai 200436, China; 2. School of Life Sciences,
Fudan University, Shanghai 200438, China)

ABSTRACT: Furfural compounds are widely distributed in various types of heat-processed foods as one of the
intermediate process products of the Maillard reaction, among which hydroxymethylfurfural and furfural are the 2 kinds
of most common furfural compounds. The production and accumulation of furfural compounds can be affected by
factors such as reactant type, processing and storage conditions, water activity, pH, etc. There are limited safety
reports related to furfural compounds, and no consistent conclusion has been reached. A few reports have pointed out
the beneficial effects of low concentration of furfural compounds and the adverse effects of high concentration. Due
to the wide diversity of furfural compounds in food and their potential safety risks, excessive exposure in food may

pose an ingestion risk to humans, Therefore, it is necessary to systematically evaluate its safety and reduce its
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content. This paper aimed to summarize the distribution of furfural compounds in various heat-processed foods

including dairy products, reviewed the current status of safety research at home and abroad, and explored the

mitigation strategy of furfural compounds, so as to provide theoretical references for food quality and safety.
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o TR &Y PR TE g, R R
BAZO Bz M, SER, d TR0 Oy ekt
P, AR TR Y SRR R M kA R s N, AR
BUBRRE . BRZR . BRI AL S W LA B 27 W) S5 Ak 2
Wi, AR AL A X 28 XU 4 2 5 4 F A AR (e e
e BT A 52 A B e A Tl AR v, R AL
G — B AW SR L R T R A SR LA R N A
LA HE B H R R (5-hydroxymethylfurfural, 5-HMF) | ##
[t (furfural, F), MR B LR (2-furyl methyl ketone, FMC)
5-FF B2 M (5-methyl-2-furfural, MF)%%, HrpEimif L&
PIRD 5-HMF 1 F Soh e P SEmppems 2k & 904 iy 4
EAMRE, BIMRRNYGRIERE | S IRE) RILE R At
DA TE)FRELEE | ffBCRT [ RIRLEE . K AIE BE . pH A5,

WAL GRS LB ETY T Zam S AR
[, [R]EsF H T RE A HE f JORRIE 2840 & 3 A iRk 45 &R
SRR B BERA R A R, FRAr BT L S-HMF 7] RE

il

HAT G XU, 3 AR A s = 8om™, i,

TF AR AL 5 VG £ BB IPAG AN LR AT 1 28 T
HA PR

ALER B IR LA B PN LY iR S Y
FOME, N A [ N SMIGE R AL S P e R
WETEBAR, DUBRSE IR AE B A KRS, I S R A
EARMEMBE SR [ S MR S A 5 4 A A R 3R
UIA, GERHERERAL SV BA B EOR, Ak —2 ok
B YR IR A5 W ) XU I A A& s . 4R T
B SRt Aie 2%

1 BEYPHEERECSNN~ES DS

RS YE Y i o A A T 2 R 2 HeE
FERIA: ()RBETELERI LY, & LA zLH
R [ N < N RN N U RN S N
il 2R PETUAE QBRI S A R Y
o R A ANARIE], AN b AR 2R AL S ) B R
T TR RAREY o &, Hl TRFEw i AL,
Wi, BARARHA TR, FHILHEITREERENR
WS DA SR A A LA [ A R XUy B RIS A v AR A
#:(high performance liquid chromatography, HPLC), J&AH %
i - BB BX T 3% ¥& (liquid chromatography-tandem mass

spectrometry, LC-MS) . < #H & 3% - & B¢ T 3 7% (gas
chromatography-mass spectrometry, GC-MS) . 7 W43
J& 1 (visible spectrophotometry, VIS). Hi Ak 26l 2 55 &2 Fi
T3 EEA I £ b OB A S M B, ARSI A R R
5-HMF Fl F 2 P A 3= 22 A BRI s ™), i 25 2860y
ERIT R BAES) 1A F AT — PR E Y P Al
Yz

BRI RS S Y SR HEIE], B [ —
Fal), HEszsopt, #uin TR ERR N . A%
F T A BEA M 5-HMF [-7-24 35 i 3000 mg/kg H.
PR AL I IR (854.5~6099.3 mg/kg), ik THERE Mk
b 5-HMF B934 7 5 (85.9~1574.4 mg/ kg), AKX AT g 5k
VEMIMEA: P R 2R 8 i A A SO el BT
11 AR S8 AN i R B RS FE 0 & B, 5-HMF F1 F 1Y
FREAS, FHESHE 103.69 F1 13671 mg/L, A1{H
5-HMF Fl F % i S B0 2 (0 IE A DG OC R (7=0.665), 1 H.—
Y S R B A R R B AEAR DG, AT HE D Ji
BHRI T2 22 0T f8JE S-HMF Il F s HE R K
0T S I S e o SR o T

S | PRI ik (8 A A T S FL A PR
FACEWRIRHER I, A B T3k — 0 WA A A 2R L A
PRI A WFFEEAS FLH b S RO R ) i 4y
AESUITIE T HEARIETE, B T T AR G- AR =
VU A% AT 5 3% 725 (gas  chromatography-mass  spectrometry/mass
spectrometry, GC-MS/MS). %54 QUEChERS HEHR G /s
FI T ZL b 7 AREREAL S E BT LAF Yy
1), AR LA AN A K F1(0.015~0.023 mg/kg) B
K RFL(0.017~0.054 mg/kg) . K FFIRY1(0.029~0.792 mg/kg) .
B4 LR 5 W65 (0.013~0.031 mg/kg) I & A5, HH
FAb PSR JIE N R IR B S S AR ARG, I AMIRER A SR FIR
BRIV TN AE & = Wik e S-HMF & i, H FMC /KF
S oK A A P H R EASE AN U T B
FLEl b 5-HMF (98 BRI a5 R R W], w3l &6
AR A 22 e E K (0.033~1.368 mg/kg), 1M %4l JLIEL )7 Wk o
5-HMF fF-1 872 6.42 mg/kg, EFLBHAET 1) 5-HMF
TR T AR, FIEHZAESEAE T S-HMF BB
Rt m i m >, 1ok, XING PRk T —
A R €0 1 - P I 45 AN 2% (high performance liquid
chromatography-ultra violet, HPLC-UV)FJ#:il 75 ¥, S8
TR 4 Fivg WARRESAL A PR R, 3205 12 L2
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TR SR o, RS A3 LR 1. ZHANG
SERTRL LI SRR T T R SRR 2O T (surface
enhanced Raman spectroscopy, SERS)HI 3D 2 845 1& 1
FL 1% (three-dimensional graphenelike surface, 3DGrls)f%) 2 it
ML AR R, BRSPS BE h i 5-HMF %
G
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Table 1 Content distribution of furfural compounds in
common foods

(=XyITES il Jy i ol b K B
s3] [9] 5-HMF (0.076 mg/kg)
E IR R HPLC-UV F (0.020 mg/kg)
s 1 ] [24] 5-HMF (0.370~0.419 mg/kg)
A AL HPLC-UV F (0.027~0.043 mg/kg)
Al SH L 2 fir1 [24] 5-HMF (3.203~5.953 mg/kg)
i i LS HPLC-UV F (0.091~0.143 mg/kg)
- o [24] 5-HMF (8.831~8.981 mg/kg)
B4 LT i HPLC-UV F (1.027-1.090 me/kg)
i g e 3DGrls/PGE  5-HMF (75.37~86.84mg/kg)
5-HMF (77.7~322 mg/kg)
Mz 126] R F (109~200 mg/kg)
At JeE UPLC-UV FMC (12.3-32.8 mg/kg)
MF (157~209 mg/kg)
ARl ] 5-HMF (19.56~209.42 mg/kg)
He HPLC-DAD F (0.34~2.23 mg/kg)
1[12] i 5-HMF (26.83~455.13 mg/L)
P HPLC-UV F (4.35~313.95 mg/L)
gt HPLC-DAD  5-HMF (2.42~7.47 mg/L)
A5 HPLC-UV  5-HMF (ND~85.68 mg/kg)
H A HPLC-UV  5-HMF (1.19~52.62 mg/kg)
IR HPLC-UV  5-HMF (4.15~525.39 mg/kg)
2 i HPLC-DAD  5-HMF (56.3~257.2 mg/kg)
U HPLC-UV/VIS 5-HMF (0.34~34.99 mg/kg)

TE: ND Fottihip AR HARYIB; 3DGris/PGE: 3D 2182/ (1 851
(3D graphene-like electrode/pencil graphite electrode, 3DGrls/PGE);
HPLC-DAD: = 4% ¥ AH €8, 33 - — #% %' B 4] (high-performance liquid
chromatography-diode array detection, HPLC-DAD),

2 HEXLAYSENRRRENZI

BERE RALE W AE S R B Tz o3 A {H e P EF 5
ATy, FHRME EEAEPFE S-HMF M F, £F FMC I
MF (2 EIFAZ I, Hrb, F alfEy—F g b s
F, AV EE IR RS TR RS CRE VR, BRI
‘44> Ja)(European Food Safety Authority, EFSA)#L%E F (143 H
FUVFHE A H (acceptable daily intake, ADI)>A 0.5 mg/(kg bw),
{HRX) 5-HMF (%) ADI {EAFE HMUE, Ao BEF br i L E
W h 5-HMF %4 FRAEY 40 mg/kg!' 22,

2.1 BENREMEITN
F (92 EOFFEAR B A58 575 24 6 H AR IR Y

EFIRI &, FHOCHFSEHE  TARMREE F A i, s v B
F 00 Af 6 5 & 4 i B o R g 8 0 U0 — O,
CHENG %P0Vt Bl A Y5 HepG2 40 a1/ Fil 552 36 31F 52 )
A F (20 pmol/L)AJ Jdi /& M iy 2, W B4 i 98 2
T I 0 O I REAR BT I RE R FE A . O — T,
[ A B B — S BF 5 A0 A RN R RO ) 5 R P 2
(Flavor Extract Manufacturers Association, FEMA) . 7£ £}
Xt F AR A& EHE R 22 PP thfR th, UF — IR 48
TS E MR LM F ORG24 BB ESURH:,
A B2 5 /0N BT 200 iE g R 98 19 A 2%, A L A 4
KU F MEEEP, R JERER R IER F AR X AR,
B RGN AR 22 4x, AB 53 b — T 2 S04 45 ) 4 7
F REAEAEAR S Lo P 4 M b 5 3 B IR 9878 | AR IR L 6
RN/ I RN RN A
22 S-RREBREAREMETN

ST SHMF W2 A RGBT 5 F A RU05ER,
TS HARFI R S-HMF $EA B, T —Ee 4 38 )
INAAREZA 5S-HMF RUBAEfLE, MHOCHRIETTHAMS K
A MR#EZM 5-HMF 19-F 433t & (median lethal dose,
LDso)H 3.1 g/kg, F 1) LDso 1 65 mg/kg, $#8/R T il
S-HMF [ifEditk, W2 5REERY, B9 A Lk fl
WFSEIRE P, S-HMF ] 38 2 WA 5 R 42 i e A A4
We, XPHREE . DRFWGE | R BRFIFREBREAE P A M, X
UMK MES A BLE, HieS5 AMREA R & A FE RS
o BWRIEMBERE 2 AL S W R S 0] 5 2 DTG,
Hid AT RE S AR R I e KR T ik, &N
A 5-HMF TEAR N L 5 5% 4k S 5- 7l B Y BE e 1
(5-sulfooxymethylfurfural, SMF), X #{1A N+ 5-HMF HA
W S M BR A EE R Z TP, %20
TR A3 SCHR G TR AL 5 W 2 A VA AIE

—Ji T, RIEFEH 5S-HMF HAg mdisdfb . brad .
PLAIMPAT . Pk . P R BEBAERCY, H A
HWFUTIRBOF 4 T S-HMF Gtk &4, Eal
H (170 mol/L)YEH F B16 /N il 2 0 K 5 41 i & L,
5-HMF Al 5d i il 2 5 R 60 108 iRy 2R R A 1 4K
fFoik, RERMBARGM, R 5-HMF AT
M35 PR FHET, Ui, AH SR 7 1 S A S 25 S L)
RIS T AYIE YRS, Z%EN S-HMF KOHATT AR
Yy, By rb o S Bl ] e 52 DL E SR (200
1000 mg/kg)AEME . E 42 & SAMRI /N RUEIINAIRE 11, If
3046 Y€ ¥ KR B AR 2E M (amyloid-beta precursor protein,
APP) I - K3 1 4 2 19 V) 1 B (beta-site APP cleaving
enzyme-1, BACE-1)., FEARINN B ¥EH FEEE 11 (amyloid 4,
AP R, X F B 32 2 b T v (9 DA 60 B 1 0 S 78 19 AR
HALAT—E ERPY,
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Table 2 Summary of safe dose of furfural compounds

WA Y ST EAESTYIEN B dmiling Atk
RBL-2H3 4 ffg**! ICs¢=4.96 mmol/L
P815 4l 1Cs50=7.43 mmol/L SATA A
V79 # it LCso=115 mmol/L
EHAY =1
Caco-2 4™ LCso-118 mmol/L AA A
N R # KR LDso=871.12 mg/(kg bw) AR, A E N IE
IR HEH R LDso=1.91 g/(kg bw) HAT Atk dtt
p HENY LDso=3.10 g/(kg bw) HA AR
5-HMF 138] N LCs0-62 mg/L (24 h) A L P
K& K42 LCur 34 mg/L (72 h) HA 2 s
LC50-4280 mg/kg (7 d) . [
) s 59 e LDso=778 pg (7 d) e B 4y X iHMF )RR R k2
LCs0-2424 mg/kg (22 d) BT RLH
LDso=441 pg (22 d)
JLaRgeo MR 245 LCsp-11.8 mmol/mL A Ark#
iy K H 2 LCs50-23.71 pg/mL A A 7 T
Bt o £ 142 KRy LCs5=961 mol/L KB BN S AN
~z [38] R YA B LC50:39 mg/L (24 h) HoAT 2 R
K& KA LCu 13 mg/L (72 h) HA 2wtk
RAEF S/ R4 AR e 1k
B6C3F1 /NP HEE R = o
N MG MTD=320 mg/(kg bw) S ——
F LDs;=222.7 mg/(kg bw) (1 )
N KRS LDs=211.7 mg/(kg bw) (3 d) HAT Atk att
LDs;=119.4 mg/(kg bw) (10 d)
PN b= EAA ] LDso=65 mg/(kg bw) HA Skt
BT Ly 4 KW 2 LCsp=13.21 mg/L A R 7Kk S

TR -RIRAKA G, AN i ¥R B (half maximal inhibitory concentration, 1Cso); 5 K Tiif 52 5] & (maximum tolerated dose, MTD); %3

Bk ¥ (median lethal concentration, LCsg)o

J3— 71, S-HMF [ 6 /R P A0 S D e 40 i B |
s . B AME ST A T HGE, BN AT A ) SMF gk
PR —FlsRBUE Y. FREEPT AR E TS T R
THE 5-HMF 3G ZEFIZ5 35, 28 d 2 O BP0 /5
EFHR LAY 5-HMF (80 mg/mL)%f /B ZEPEAEH, S8
B P 25 BB S 5 itV T o R /NS R A R R A
(R BTG 25 RS Aok IR A S-HMF & acfik, RIbiER
BRAARHAZ RS, BalEEiRhi s-HMF BrEfbiE
JHAELAAGR) R AR B T ST 1] o Bl — I 3 T A
SAEYIBET fa, AFSSARIE K RATYIR L o S-HMF #1 F (1)
BEMEARE SR, ol A i R o s ] S-HMF 4B A
Bk, FrlkiRZPERIEL S-HMF (200 pmol/L)4Zs
SRR 1) R B RN S AL, TR
i ALK SRR TR A AR HARTEIK, 0.01%A9 IR 3L
Xt 22 2% T S-HMF (15 7=k (i ik AR s 4k 48U fk
REARTE . UL IE R R0 M AR R B — 2 2%
fif A, o Ja VR B 4R HH T SR KOT I 5k v R I 1 11
5-HMF #5251 AR B A0 3O & & &bk, 4
SRHAEHEIS A Fr itk — 10U, 5-HMF Fl F A9 22 SV
WFFTERHE R T RRIE AL A (0 Bk FLA MR AR, [
1M A L2 AP R 43 DG

23 BREBALEYERFZZENEITM
EFEYPIRERAAGY T EZER K, AR
TG VR R R 0] BE R BOURTE L 2 A, TFR BRI
1) 5% 58 XU PEAG A Fos b, B H A7 Bl 4 % A )
Y. ARBEREE LAY T RE 8 ER, . cuT 2 P1E
FHERE AL A Y ARG DU B RN FRUZ8 D SR80 A5 ) LD, {8,
5B Toxtree 1 T.E.S.T WA B2 DAL B 115545 49 H
150~250 g MRASIARAZL RN, FIBF45 RSN %A
FRpE A R L AAE LR T B A o f&5 3 i (hazard quotient,
HQ) 46 1 & e XU ) T 5 5 it 5 S 2 (0t i, i/
T 1A A VAR AR o 2R — 00 % 22 %)y LE
J5 Wk BB AL A D XSS EAG IR ST 3 1, 4 20 R
RAVE W9 H i 57235 A= (tolerable daily intake, TDI){E
7 0.00078 % 0.01250 mg/(kg bw), H:H 5-HMF A HQ {E K
F 1 (HQ=3.11)TFE M A 5 ek, [FIRHE# t g 2 2 40 L
Bl Wk AE B A b, U i i R 2 o i A NI,
S-HMF FLAC{E A4/, i B USSR 4 (S 53 4h—
Fa e H T RORESE, PEAS T A4 B . M i A
AWM. 2FmML 26 M A H R 05 K
(acrylamide, AA)FI 5S-HMF AR, SC0 45 R IESCHFE 15~18
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S HEMd T, YHERAmEn, £3HES N S-HMF 2
FE A [145 mg/(kg bw)], MHHEAF R A9 H ¥y 2455 5
(chronic daily intake, CDI)} 134 mg/(kg bw), [FILIEETR
RIS R AP S-HMF KR d /0 22 G
E AT BRI — BNk 2 52 341 PR (margin of exposure,
MOE) KT 100 B, 5HARMIFE bb 2 28 KU AHOC . — Wi T
18 Fi i % 1) S-HMF 1 F 19 46 0 58 43 745 i, F /) MOE
HAE 119~755 ZIa], MXFZ4, HFHEETEEEHTAE 6
FUEE S S-HMF & 10 2 8 78 BIE 27 4 238 4 o (40 mg/kg),
HTEYIFAE S-HMF ME—R SRR, BIbT Eer
SEBREY RS S ERE . ZRRRREWRGAILT
Az [ gttt

3 E;TEERNESYRRIERAR
VAT 75 45 25 £ TR RE S AL 4 0 5 ik 2 SR ALK,

HEY PR S YR RN, TR S ERZ,

WG TG T B R R R e T, IR R,
B IE s . AN T AR SR AR AT LS B
i XU P 0T, B R B A R A B
31 ERREES

PRI TR, R AR R CRI AR . SRR
FFUNESE) . RIEERRERNIFE . SRR R pH X
B A D S5 0 L O G, e RN R . ks
Bl A R TR N2 4 . A bl — RS AIRE
P, EAMEE WAL AE 3 R (R YR . BRI A
UG 2F 407 ) v 8 T R 0 420 S ) AU A BT 2 1 S 5
DA, 224 FHEE RS B (OB U R, IR R b 5-HMF (1)
TE W8> T 80%, [H) B A ARG T 20 i B o W LA 3k ) b
S-HMF A= i H 9901 TRRE, RGBS 15 A A H e T
45 ST BE IR TR, 0.5%~1.0%5% FEA a1 7% SE0E (19 V5
HARA B P LR APERIE R, AR B 22 S-HMF [19JE
o T E P LRI DE T, WS 1% 78 BB L 25
FE5-HMF SEft—2 e, AMER PRI pH 25
Sh—ATEIR, RS0 ARG R B e — e
FEERUAR IR . PEEAFAE O R A AR . R
P, (AT PG PR RS T B R B B (A 46 RiyAIfE
GiZ @it 31 FifE 5-HMF Hil F &5 25 507 m A BFFE it
R, BRI EEPHN 5-HMF &R BES TIERE
1, XA ST RE R RN 2 (AT AT . BE ) K
W B AR E AR R E R SR, AR
R T S A o AR AN BE Z AN TS Y A 1 B
52 S A R M AR S E Y, L5 R T AR A D B vk 3 B
SR, BT TS A5 R Y R 2
LAY 2R

Hifth — 28 W48 T E LR XA R H BRI 2k
BWE R, LR R . AR . SRR 2 S H
A S-HMF A Al v, filhn, YANG 2P0 10
Filv 35 3 Ak A 0 14 0 4 4 A R 1 X U SR IR T e T L2 bk
IR (L-cysteine, L-cys), FHUESE L-cys BB iE LK 5-HMF
FEAL R A AR . RS NG Y DCH. BT L-cys
HOT SERLAE N R IRA 5S-HMF A RRER, Rt L-cys A2
SR — A 0 T g R R S N AR R TR
T R A% T e 3 W K T TR PR R R il g kB e, TR
TNZHAIR | s A IR AN AT IR N UK B S Tt B 4% T
Xf 5-HMF F1 AA B R0 R B2
32 MEMIHEAR

P PR R AL A, S S T TS
0Bz e Il T/ A < AW PN O ] K s i SN R EZL Y2 .7 o B 32
] At B R DG SCRR AT 60, B RN T2 (BRI ARk PR ),
P K DX 53] 4% G2 $A A B T 25 i — SR 0 2 dn el Ak B
(BE TR Ffl . Wk e b B0y . it . S22k R |
FLZS A PR LE DD R S-HME 25 36 R I 0 Rl 1)
0 A R B T 2 A AR A R e R 0L
FEHUESE, B4 ILE TR BN Tl B rp, Bl b B Y
TR, G5OGS M SH 5-HMF &858 8, THREE
WE 55 T MR (6~ 11 ) R B BE(12~33 DI IR R, $R T
PR T BB IO 24 B R S Ak A 0 XU 1 S 4 ol
S O R S ATE S50°C B AR BN Tl FE
ONUR Z£V i B b B #8745 3% (ultrasound processing, US)
Fi#E 5 JE (high hydrostatic pressure, HHP)AbF e 25 (1 2%
JExF e S-HMF & & B SR bRt 8 T fiefER US F1 HHP
SEFEZEL, VEE AR ISR B 1Y in T BB, US A1 HHP
b TR HE A B A s, o US S — s B R AU
ATy, (EASBE— TS ANES . iR RS S-HMF Al
AA AR EZREFERTIA, S-HMF B4 55 380 JFORE R BE AR
X —IFHFSE SR T M I (480 W, 40 kHz)VE R Bhim T
TFB, 4R 1 S R v K VR v Y A 2 AR
SRR, M0 T AT R P S-HME A AA /Y
JE R,

3.3 EHIE MR E R

Hofth— e R R A2 By . BRI A
TN, WA A | AR A A AR [ B T A DA
BRI EGY . ENEERTIRIEHBRE S%IZEZH
WO 1 dJE N T AT DUA RO > S-HMF #3511 P7 T
f il R P R LT A . R FLRT TR AN L R
il B 17 st ) 3 ] ABMRI B ) S-HMF At AAPY, £ 5 e
A R RIRE BE R B H Y, HRIETE HDFT 16 P
ABATREAA B AT LR 0 S-HMF (45, Hoamihl %5k
74%7 5 A HHE B RS 7 (PSR ) RT RAE A
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Bk 7 A SO AR BER], ATAEER AU S-HMF (92
FRUS, RVRE L, LT 250N 4 s 205t U I B il i B2 G
AR B L, G5B R BT S-HMF, F
MF 3 5P A7 1] S BUEAR GG, 17 FMC 723 4
55 4 A ABRFRIFE], DL -GS RAR T 5 BRI AE S T
B 500 5-HMF | F AR B L i o i P R &,
TEMPEEH . A EOHIRTE H, S5ihE(180°C, 6 min)
(AR SAEATEL, 28 RIAE (air frying)f 2 BER S-HMF &
R 57.04%, TR0 A0 S5 4y 2 AT Al R T KUK
PR,

4 ZERIE

P TRy RBREAL ST SRA S, H
FrmeE 4 T4 R 1 S-HMF RF 2R 8 AR 4w, H
T/ 308 4 B v % 2 4 PR A i 45 S B Mok TR
PEABS: s J T 20 M0 S 56 A S S 96 1) 22 e Ph B 3R 1 T
FHE P JEISE AR, RO PR A S R BT e e |
£/ 03 N 1 ) 7 N 1177 /- IS = N (D g2 1 R
SEVAEAT 2R VR, A IR 25 A A W LA AR 11
A ER N R | ARk . A E N A
Hom . BORASMESEA AR, T AR 8 B i
b BYIREAE  IRE AR, T 4 £ R A
AoEA—E, e RV T DA B 5 4 ek
AN T B AR, R TR sk AL
T2 ARG | SGE A7 2 R s PR IR A
SR AR A B YR B R AL A Ry 2
FLMATIE, ARAT ST AR MO T AR £ 2 5%
PEAGTE A O35 TERRRE R AL 5 ) 2 VR VPAG, HL AR, (1)
it EEOE A A bR JEFL A dh PR SE AL S S A, B
FAR R QW Z O E AR, A AR
BB A [RIVE B SR AE AT B FL ] b T Pk R
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