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ABSTRACT: Patulin is a secondary metabolite produced by fungi such as Penicillium and Aspergillus species,
widely present in fruits and their products. Due to its multiple toxicities, it poses a severe threat to food safety. The
thiol group in sulfhydryl compounds exhibits chemical reactivity and demonstrates a significant role in the detection
and removal of patulin. Through Michael addition reactions, thiol compounds specifically bind to the f-lactone ring
of patulin, substantially reducing its toxicity and concentration. Furthermore, functionalized thiol materials, such as

thiol-modified nanoparticles and aerogels, demonstrate excellent adsorption performance and separation efficiency,

Yks B ER: 2025-01-07

EEWR: Wb iy WE A BRI H (2024Z2C03); Mk 2 B 98 50 H (2023ZRZ02)

F—1EE: EMW978—), B, SH TR, FEOR 1R E KA . E-mail: gengchunhui0586@163.com
BEVEE: AP EFE(1989—), B, )5, BIBEE, FEUEIT R AR EHE & i E 2P i H . E-mail: dengjk1989@163.com



10 B dn 2 4 R R I A 4R 55 16 4

providing efficient, economical and environmentally friendly solutions for ensuring food safety. This paper reviewed

the research progress and underlying mechanisms of thiol compounds in the detection and removal of patulin, aiming

to provide theoretical references for future research and applications in food safety.

KEY WORDS: thiol compounds; patulin; detection; adsorption; separation
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JEH % R (patulin, PAT), MFREBEME R, EREhE
% J& (Penicillium) . W % J& (Aspergillus) M 22 1K % J&
(Byssochlamys) & B £ R FACH =1, EBAEAET
JEERESEAR L B A S R P B SRR, PAT (2R3
AR REEUEN: . BunitE R IRE S R e R w, B
AKEM PAT ANMYAEH I AL B A DNA, A5 &
JE . B AR R G AEER O R, P As > PAT 1550
BN AR T R A Tl R 2% [ S i IX 2H 24T XS R PAT #Y
B T ks )P FRIE GB 27612017 (&b
SEFE SRTEEFEERRE) MERTT PAT M
FREEH 50 pg/ke, TEALLE M PATHEL 10 pgkeg, HH

DAL W SRS 2 PR AE S 1 PAT FR
SEBRMEAL TR — K

N PRBE T b2 4, BRERAS ST PAT (¥R AN it
FRAGARIE, AR5 TR AR I A 2 BR R o S REfb 51
(AR B H AN e 2R ) & A BB L M (-SH), HA L5
W JEE RN TGN (E 1), PAT DRHASSR G 5 HF1E, ol
5 52 P S 03 5 KBS R AR . PAT- B 4541,
PINA Y I EE LT PAT AU LTSS S
PAT FFFSFIERON, BEFREFEANIIT A T — R AN SR
W BRI, T F PAT A/ 23Rt A B AE A S &
WIS PAT [AAGHIN | IR BF | 73 8 % ek e <5 5 ThT O IF St e, LA
JA2h PAT XU PFAR | 15 2 Bl 12 AR e s8R i S (4t PR A< 4
&%,

®1 FSEREAFIENRRT PAT RERE

Table 1 Limits standard for PAT in food established by various countries and organizations

(= s
i B 9 10 10 WA I A AL, A ;W E
FAt <50 ug/L <50 pg/L <50 ug/L <50 pg/L
SR <50 pg/L <50 pg/L
e i <25 ngle B H I K 528 AR EH A
0.4 ng/kg BW
SR <50 pg/L <25 ng/g
By L <10 ng/g <10 ng/g <10 ng/g
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Bl 1 PAT 5KIEERR(a). A H k(o) 5 iy J5 8T
Fig.l Reaction mechanism of PAT with cysteine (a) and
glutathione (b)

1 FHEINEEILH) PAT (£33

1RGEHY PAT Al Jy vk 240 45 W2 €435 75 (thin-layer
chromatography, TLC). &40 AH (.38 % (high performance
liquid chromatography, HPLC) . < # & 3% ¥ (gas
chromatography, GC) . = &R (3T (high performance
liquid chromatography tandem mass spectrometry, HPLC-MS)
S 8% - ST i 7 (gas chromatography-mass  spectrometry,
GC-MS) I /M (immunoassay, TAYE8 DL FJ5 1k B
SRUERR I, RS A2 A 3R AR AT AR i
B BB W) D RE AL Y A WAL et DR L5 JRCTRT B L R iR R,
—ERERE FRElIR T LML AN TR AR o

VTAER, BT B G W) 1A% AR H R & R ik
PAT 7363 T L0 1 FOOUEE, 8 AL it o v 1,
RO ER B BB 5 PAT 23 Hh Y C-6 s & AR T e R AL e
I, ARAf C-6=C-7 W% RS & C-3=C-7 iz (18] 2)" 2 ST
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S G 0 A WA IR AR 1 SRS PAT 231~ H B TN N TR
AT I S, IR R REUZ S . $RAE AR PAT K
MITk .

OH OH R
4] 32 o
0" Y= N—0 +RSH I 0
sk o
2
SH

K2 PAT 53L& MI(R-SHE BN S
BRI

Fig.2 Reaction schematic of PAT with sulfhydryl
compounds (R-SH) forming adducts

L1 N FRNARRRR

YNNG AT I T o F A EAE L, Wb 25 B %
e Ry CE T A (DI R B K | ORI
B A A EE), M S BRT H AR 3 £ R 5 1
HOR ., FERMSINGUR, FECHRE T R Z 3 T8RS
M5eTE. LI SRR T —FUNy FU¢OERET FITC-Lys
TR PAT By RTARACAG I o ARG B M R A A 5 |
ABZEHEE b, MFE S PAT RN Mze b3 &
M, TR BT K RS R FBL T rh 3R
P R REUE, RARK B BR(limit of detection, LOD)
AR 8 ng/mLERNEIEIE A 12 ng/mL(FOEHARE),
[ i A5 B 98.60%~103.80% o 5 44 i Jy 1 AH L,
FITC-Lys #REF4RAEMRIEL, mol WL RGHE, 3 T2 A Sk i rh
PAT () S B
1.2 HREAARI T SR

AR BPRH A R AR IR . B RS | 77 S A
TR R, PRI IC I 0 305 B =, RO A5 IR
SRR T R RO B A Y5 kb R R
TE LI B, ASAUAT USG90 K 4R R TP T, 3 AT
F HAB IR T (N R 2 B | IR S5 A B9 K 41
R, B R R A AR R o e R LA
AR R R ERR A I =S . Bk & (carbon dots,
CDs)E—KRF/NF 10 nm AY<Z4E BRI, AT
L5 R EIERE | SLRRE M LI b T T RE Ak A& 1 45
P, LIU SR KIS U CDs 5 L-F bt 20 i 1ok
Jiie A Bz 0 i A5 T B 2 BE Ak A48 2% Bk AL (sulfhydryl-
functionalized nitrogen- doped carbon dots, SH-NCDs), #
L —FPLL SH-NCDs A HE BT R DOL L 1A%, NCDs £ i
16 A 11 200 WA Ry A S R R AL A 3R PAT . PAT 5
SH-NCDs I f-SH & A NS -5 B8O (55 15
AR AR ) TR R R A T PAT (A, %
JrETE 0.1~400 ng/mL JE B N 2RI HECFR, LOD

fI8Z 0.053 ng/mL. MHCALGERIRIN Jr ik, %071 AN
L ONVSY 123038
1.3 FREEHimBE B R R AR

T BB MG NG B AR LE PAT RGN L BB T R 4717
FHRT 5. NIE S5 e ik il & 7 —FhEPbe i 2K -6
F B B i B (CM6@Lip-SH), F%E T — Rl B me e f%
AR o 3 o AR R R R MR IR PAT, JF 45 A W
NH,-Au@Fe;0,4 ZAKRURSE I 85, AROHRR 1 HALEHE 2
EHMEIR B T T, LOD iK% 0.033 ng/mL. i fEE
TR P AR SE SRR, AL B R BUE R
PERENE, AP PGEAS I PAT $RAE T —FlBr i ik
1.4 FEEE AR R

A E Y ALEE T U] PAT, 60T LU THg R t%
BAFS, BURENE S0 F IS F . SEAE Y i i
WHRHS&ERE R GRS, WIE AL
TR 0 ST o B I 4 e AN KM L SR T TR K
Au-S 5% Ag-S FuANEE, IS A REE R . X
S ARG SR T AL A RRE I, R R HAR T TS A
i, AT B o A Sk 1) LB AR M0 i, XUE
SRNJE R T — R BT 4-3i 57K B R (4-mercaptobenzoic
acid, 4-MBA )R 748 558 578 5% (surface enhanced raman
scattering, SERS)JE@EM“?!E%%%, ZAE R ER L 4-MBA 15;
Fiil Ag-S #EH Au@Ag AKBR S A VENE 541, JF
AL IERCR S PAT BSR4, SEBE PAT Y R BRI
(LOD } 0.46 ng/mL), 1ZJ7 WLk BRI, R PR K Fa
PERS, S ORI K R FR T i PAT 3248 T —Fior iyl
ST EARK, SUAMB MRS RO 2 N T A RN
LA E Rk, THAERRFER D, R TE8. R
FECRRR 5 (4 PAT TRUIAG N BE 7 o TR Y 57 A6 i ) i P A
[ FHL AR R 1A, AL PAT 75 548 BRI 4 A8 1 5| & LI
AR, SEBLAE S I F - R, RIIHZ O A R
BB MR B (LOD 4 3.56 ng/mL), FEAT TR
PAT AN, R £ b2 4l o PAT B PR A o 43 B it
TR T

2 HiEYEYAT PAT BOIREE

W 2 Bk PAT MEZEFB 2 — AEG R ik 3
BELLTE MR FLA G R 20, (R PAT A W Rl 4
K. BREALA KA R T PAT W 32 225 580 % HLb 46
WA 3 Frs . S AR 2 TR R N
PAT RIS PERL S, R TRHRCR R, Histie
YR RME R — 221 S AL IR B 57, L Z24F HL
PAT W RE 42T B % . ANRIFILALEP%T PAT B I
RE AN BRaioR A7 e 22 P
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2.1 HEINEREL S EIEM T RM PAT

BBy B EAR A R IMRRRAE R AR T (240
(149 F5 T BT G 9 2 ok 2 3 T RS HR IR 000z 1 R iy
RONE, (HXS T LTS YW R 7 4 8 25 1 19 R BRACR
ATBREN, R, BT TR EAT R B S RE A SRS R I
FTRITNREALEUE, DABR s O TS Y e B 1 021

AL 2% (graphene oxide, GO); 44 K ik (selenium

nanoparticles, SeNPs).
K3 BiIALGOR MR F PAT W B i) J2 B2 A R H 45 # R =&
Fig.3 Main types and structural schematic of
sulfthydryl-functionalized nanomaterials used for PAT adsorption

I Z [0} (polydopamine, PDA)E:—F H.AG 4= ¥y %6 [}
PERIBE R, ATVE N ZIhRER N5 . PDA IRJ2 T L i i
SRR A SR T RE A T4 AP, R PDA
SCPE R JE R B, A 1k BB 20 T R R S A i, e R
T SCBLSR LT e Ak, B0 T R A A S Ak SN AV
MTHE =X PAT AOWLEHAE o IZARXT PAT AWK I 5t AT ik
1245.11 pglg, EBRE N 98.87%P4 HFFRFEM, 7EK W T
PN 10 i AN B 5 T L3 ek ol B R B B AE — e, SR i
TP ok 2 A 5 IS P DS A e R i ) A —
SEAMER, AT PAT MR Bk ok, it mEmk
A I i S 2 1T PR S Ak o el MR- B G 3R, B
A3 BN PAT 1425 bR Lt 25 IR 6L,

AN T £F 4k 25 58 I 1K (bacterial cellulose gel membrane,
BCMs) H A KA A A AR AR 12 ok IR, LIANG
SEDRR ) 3-3 B N 2k = 2 S L Ak Jod X 41 BT 27 2 2% e S A
PR THILE RE LB, A T SR SO A0 o AR 4 R
JE(BCM-SH) . Ho% Bl B ) R 1 9 TG M L 5 PAT
Oy F R BRI A A OB, AT SEBRXT PAT (It . %3t
PAT HYELHr45-E42 8 T BCM-SH 7535 5 01 o it 0z B 1 ik
BCM-SH £33 v (19 5 KR B (498.78435.94) pg/g,
PR B R AR = T 125 £, FLIRBRHAE Jifase o5t 5 PAT

LM S5 AR T BCM-SH 7ESE R Ay ik e, 228
PIFZALZB h F2 . B BCM-SH 5 T MER I b3 g,
X R TN BCM-SH HATHR AR 8 . Wt
BE T, W BFRE R | A AR S LT R AT A R A S
SR PAT W FERERL, LEE S TS HA T 2 1
N TG . BCM-SH WKt REZ 2] 2 A0 R R 2, ik
&£ . pH. BERTRLRT PAT WSS . FERRIE KT OASESR T,
W B R B TRLE TH R IS ;. 7E pH 3~6 G N, W R 4
Wil pH FH missn, 24 pH &y S i, BCM-SH A9 il 45 A
i, pH LIRS, H 5 PAT S4B 0, WRBHRE J1 FEAIK; pH
FrEnt, iSRRI, 5 PAT RIS
Ko, WEBRRE PR EORE R 2 1B RE (AN B B L) F
SEFREPE AR R R RE, GREESAEIR) BCM W R RE
N RERG . B A R, TR R
BCM-SH X PAT W)W FiH 1 RE, (o AR 52 bR FH A 22 B 5
o P WO B 20503 R 1

2.2 FEALPKA R PAT

YK RHEA S A 2R R M IR E M, Sk
GEWg R RIAE E, ELAT H R L LA AT R B ko
TSR o BRI A S FLA AR B8R A S By T
A5 PAT KA RN, SEBRERO I
22,1 #IAACE B A HAE BRI A

4 J& A HLHEZE (metal-organic frameworks, MOFs)f&—
RKprmss i 2R, HA RS R m A, AT LA
RGN REAARERY . LIU SE0F & 7 — R B A 21 B
P& 1 sE Ak 42 I8 A HLHE BRI K 57] [UI0-66(NH,)@Au-Cys],
FRBRIEFI B PAT. W R0 0 5 3 6 B3R
SILARILIREH, Wil b2 S PAT 43 i3 3L
PRIAEF, WFSERE, IR B BT G O R Bl ) A
F1 Freundlich Z5IR R H WIS FE N A & o WIS o
7E pH g 5. WEBHI ] 7 200 min (8955, % PAT Ak
WL B i 4.38 ng/mg, Gl A W R R0 B 2 R R R Xt
PAT ) W% 0 A0 W BfF B [ 4 8 4 g, S RO 3R 1w =
B A TE S SO T LR RS 3 7 FH 0 B2 SR v 1) PAT,
W3RN 87%, FESERIT TSR RN 0.12 pg/mL, Ak
G SERYT R TEA Bk UiO-66(NH)@Au-Cys 4K
FRFALEAT WSO 2 T RO R M R A ) 2 A e
GRS, RN RPN RS
222 ALY R I AHA

Tk 2 — AR IR AU R B 5], A R 2L
SEH, AW BRHRAE T R R GO Yk R —FhR
FEYORA R, B FE RIS, . AR AS I R R B R
S E e A S I L SR Ak A BB (GO-SH) & Hii
HELWNESME, AT EAALRIERIT P PAT,
GO-SH #24it T E & MR SE | BRILMHILIE LS, BB S
PAT 3 S M ST iR I (L2 p s et 4R
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TET BRI REA. BIFSE I, GO-SH/REME + A fe KW B 25
A E] 10.68 png/mg, 7E 4 h AT LBRELL 90%H) PAT, H.
X SR T b 0T S S o R B S G A B R o A
W B, LR BREAIL A HLA S TR PAT 5 & &k 2R R4
G o MBI — M, pH X R BRECEE A K

SERME R BIAURE AR, HA KRR
MRS, HAEYENE . AYHAEE . ZeT0H . ¥
FEVERN A PR bk S R RE LY. o B IR i 5 SR
WESIA T KEFEE, ol UE EIEsR AR 5 PAT HERIEFI
FILMMEAER, #ETRACR . IR . BRIEEAMET, %
B Xt PAT AT 4 i i W B 25 42 (B K PT 3% 626.4 pg/g), HL
X FERE SRR N e W AT A O 2]
Bl Sy RRINOL S B/ -2 e R A BR Y BT SeNPs
FHF W B S5 i) PAT L BRI & PAT nT 5 7F Se-
SEHRM A B SRR AN AR TAY-SH . -OH FI-NH JEH |, 52
I PAT WA RRRT o AR A 5 mg #Y SeNPs 1
FH 150 min, AT BRF 25 Bk 98%LA i) PATI,

G4 1 AR SR FH 22 AR 45 F4) S BRI B - A AL (B B Y B
i, QIU ZEWNhl g T — Rl A A B RT R, B E AT
% B (konjac glucomannan, KG) [ 52 i Sk 0 1) A 28 4k &
Ak B (graphitic carbon nitride, g-C5Ny)o il &1 & A< HEKE
g-C3sNy-SH@KG, R F M W i (FE £ 9 v )- 06 15 AR (FE K
HRY R RS T SR TR PAT AR RS BRI R E AL
FIF. g-C;N,-SH@KG X PAT FRILH R AT A RETT, T
M7 EiA ] 1.10 mg/g, BE S TARUMMN g-C3N,, [ 1E
SER BRI RIFR PAT KBRAES, WA B
0.93 mg/g, 3 KWLM -FATEARBARRE T 81%40) bW M
BE S, I EL WG S Ak B oS S SR B TS B (i mT s
Y. WERE, @EFSNH BEZW . B LG T al R
AL, 4 h -SH & R B R KT S8 FAE Gtk
W2 T 303 DA 43 25 A 10, QIU 2 VSIRIR 5 1 — 7Rl 780 6y Wt o
FIHR B RE AL 2% T I B (thiol-functionalized yeast, Y-SH)#&
A e SBER (Y-SH@Agar), T &8 B3R m
PAT, Y-SH(G)@Agar-10 £ XF PAT (IR B 75 2 2
KRAGMBEEER 120 £, XERITFESHOCBEZ M. Hib
WG SR e B e, BMEAE 5 RREEAMREE T, AniE
T F 95%. UEBH T 32 W B 70026 57 v i) 1o FH v 00 FnA:= 9
GatE, ROUNSERIT T PAT M RBRIEHE T —Flogr i,
A A S Y 0 2 BRER A TR S B

i BN KA BLLE PAT W 4TI R B 1 18 2 O3, R
I R, BRI S B RN, At PAT (1
EBRIAE T Rk FRRATHE

2.3 HRENEAYXT PAT D E

HEEAL S YITE PAT 1973 8§ P R FEE BT, T 5 PAT
T RN AT, SRR . WA R AL
T HA SRR . RSt 5 Ta S T

BRI Tz PR BRI T o, s d i
TR A BR R R TS S I, RS SV P () PAT 4
F P A A e 2 SR, AT S B BT e e e S
BRfbs, RIATAS) R bR, ) 1.5 mg #EZRIEH 2 h,
FE PR FIARE K T Y PAT £ IK 99%, IEAL, 4h i
JE AR PAT (U8 Tk 5 W 2R 3R 180 1 SR T oK R A B i ARk,
LBRBCRZIRBEZ W/ o TR RBREAGT PAT B, LBk
BRI 71.25%, HXPEROTRYBUE, | 8 B ALSRESE
JRICHE A . I HL, SRR AT L 2 A, 4 A
S W B BB AT i 2 AR

GO Gk Fr R L= 5 ATE kA A ARSAS = T e
MZENZ 0, MBI AHALEFE | R
5 40 1 R AR R R AR e e 1 B 4
GO-SH WY RBEIAS & T &Y, H=q 2L Mg 45i S
DIRERH(U1-COOH . -NH,. -SH)HHE, A[SCHIXT PAT 1
SO, BRI 24.75 pg/mg. EMRHER 229
PR FR P 3R A0 5 R BT 2 R 3 8 (R A, Sl S T AR P
RS, A AL G 55, GO-SH AR it T —Fh sl
2% LR DRIG PAT KIRTJT % BRICLISE, YAN 2P0 i
2 e 2 55 55 B S i 8 (porcine pancreatic lipase, PPL)I:[A]
FETE 2R FLES 42 )& B HLHE ZY (hierarchical mesoporous
zirconium metal-organic framework, HMMOF)%@@E?U:, LA
F4EE T PAT EBRACE, HINERMFIILEEE 5 PAT 43
FIE M EAE B A AR, 558 17X PAT R FHRE
A, PPL AMIAGE S AL R PAT AN TRER, WA I~ PAT
PREPE AR T I R B R B AE T IR B AE TS
HATE R PAT Z2BREETT, 78 20 mL FRYEZE M | 2R
TR B ZRAE T B3 PAT EEBRA51N 76.1%
63.4%F11 60.7%.CMC@ HMMOF-Cys/PPL B 5 5 PAT
FNE, o BAHRERS OREITY o LRS- W) RN 2 7 W) & 4
JCRE, MR BT T R E N, 7ENER T R PAT Jr
MARABE R,

it WK (thiourea) 11 28 = | 4 8% 12 (polygalacturonic  acid,
PGAYZE ST B BIA Kk E G4} (thiourea-polygalacturonic
acid, TPGA), TPGA #AJ-SH, —-NH,, —COOH F1-OH 2§
Ty 5 A 3 ok S0 A HEL A VR A RO B PAT . TPGA
(T P (B IR AN IR FUMEREBR (1 LU B 1:2)%F PAT 1Y 25 BRAL
Reipcft, RW PGA bR —BK i W B BB 7 BE B . IRt
PR AN — BB J1 AR R Freundlich W B 45 IR 2R AR Y,
WL PR PAT J23d o Wy 3 b5 Ak 2= W B i 52 G A
TPGA ARG M EHER WA & LR PAT, R
RORK ] 91.35%, AT IZ MR,

B G YAE PAT M5085S LB A 123k 2),
JEHREI T RAFRIN AT S . AR, W Bt — sk
AW BT SR, IR AR e | b ik
F P AR AR A HE T A
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Table 2 Applications of thiol-functionalized materials in PAT detection and adsorption
%%
Eyii 7R P & 7
x B ek ik it
SH-NCDs fET AP . 2R POBES IR S R U Lol [12]
0 B A i P T T AR A R TR REE . BF ok, mRBRR W [13]
ARHBREAMF A RS EE T E ST .
ip- BRIl
CMo@Lip-SH B 5 R e
o4 4-MBA 1t SERS i& it {44 s PEPEMELR . MNP . ARt fisall] [27]
¥ SEVASE SN V€ S =N el it = TN CL /S
s Ui0-66(NH)@Au-Cys W B 7 3= xlt%;; EMER . A W (3]
=]
GO-SH &4k # + fRpAS . U RHRE T . PR W e [42]
SeNPs FAL. AR R ) [44]
TPGA ERBRBCRR . AR 1R W [51]
Hi Ak PDA By e e s IR IR AE W ot [32]
g PRVERE . WRBRRE 0 . IR ZE AR 2R A
- W [¥6
BCM-SH T b % Bt [34]
g-C3N,-SH@KG W RRE T . nl AL AR U] [45]
JET Y-SH@Agar W ERE S . AR et W ot [46]
A B s A AT BRI A B [ 2SN Ll = SN N I3 [49]
e e 2R S5 B GG 7] 7 52 72 HMMOF /< I EBRACR S . RIERE TE [50]

3 HiEEYAT PAT &

UTAESR, ZI5E & BT HiEAL ST LUH T PAT B
i, AR TR AR LR A — 25 B P Ak SR

SIEALEWTE LS PAT 43— H A3 PR AU & A=
BUSUE, A ke I R 7 ) . CIEGLER %5125 i i 4
AW PAT MW &MF 58, HEHHEIEWRAT
PAT [ i S AL £ 2285 B PAT AYNHR AN P R 5 5 2
oA YR SIS A 3 T AR ISR I, AR AR A A4,
MU PAT A5 76 S i AR R 45 1F F, Sk &
Y155 PAT (1 S R o % 1 5 B85 . i, MA B350 TR
[R] 3R 355 K 28 5 2 Bk G BR R f#t PAT HI52M, & B pH Al vy
TR RS IR R . FESRIRME S5 F (pH<3) T, PAT 4+
W5 2 RS L, TR E R R . LA, i
(A BhSZ B0 48 /8 T RRVE A T B R U PAT B E91E
FABLHICY, % B AR RE I R R S PAT Z[A]
B SR, T8 ATl I PR N R TT 3R . AR MR i SF 2 FE ik
2ERRRA W — R BN AR, 2R PAT pyAR et
ik

B AL A 1 5 Aty B B A= W B A R 25 i
iRV BE 2 —, FlW, RODRIGUEZ-
BENCOMO 5 T — Rl AL SR T Hh PAT 197
1, B AESERIT BN BEH K (glutathione, GSH)FITE
BT (PN EIOEER, f GSH 5 PAT &4k
JRE, FeX WA R AL, TR EEAR A GSH-PAT 40

Yo Bk P A B — 2P E T GSH 5 PAT Z IR F B, M
M E 3 = T B 0% S FE A 25/ (GSH YR B 125 mg/L,
Fe* Wi 2 mg/L, WRZIEE 0.33 em, Fkabytlkehik s 30
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FART PAT AL FERAF AR MTF LT, PAT 7E 120°C
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