9% 5522 B 2 4 T iR o Vol. 9 No. 22
2018 411 H Journal of Food Safety and Quality Nov. , 2018

WA A i ity iio g . A4l

*

Ik £ #®, £ %, % %
Atz AR vE SR E ARG L, R BAR ™ 5 e KB S8 2= (AL A0), dEE 100097)

WO BT RALE, AR R S 2R WSS R . WSS R RS B
HE, KSR B s ihm . stkioR, A5 k& . @rEmtk, 8o, 806, RS2
F, TR LA, fa T NS SRR SR e B 2 F TS YR A B R R A B o B A LS [ SR
B S, A X E s T R R TS YL B T . IR SRRD TR P B g A R R O MR RS 40 b L
ARBEAGHITHE . 5541, Anfay b o il 25 2 3 26 R SR F IR P A T e, ARG 2 i 25 2 0 AR R 5 i, — EL
TR EE o o A8 OGP AP SR SR AT 2 g il 8 o R T Qe 100 e PR pm o, B s s 3 Al s i RN B 48
TEMEAT T 2538, DB SRR T 2R rp il 250 3 09 15 a4l 4R s Bl A S S

IEA: R T EmE R Tl K, #EH

Contamination, determination and control of aflatoxin in nutsand dry fruits
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ABSTRACT: Nuts and dry fruits are susceptible to aflatoxins contamination during growth, processing and storage.
Aflatoxin is a kind of highly toxic mycotoxins. Among them, aflatoxin B, is the most common and most toxic, and it
is easy to cause acute and chronic toxicity, carcinogenic, teratogenic, immunosuppressive and other hazards, which
seriously threats fruit safety and endangers human health. The interpretation of aflatoxin contamination in nuts and
dried fruits can clarify the difference in pollution among different fruits and lay the foundation for targeted control of
toxin contamination. Accurate detection of aflatoxins in nuts and dried fruits is a prerequisite for ensuring a clear
understanding of the pollution status. In addition, how to prevent and control the contamination of aflatoxins in nuts
and dried fruits and reduce their harmful impacts on human health has always been the focus of research. In this
paper, the contamination and limit standard of aflatoxin in nuts (dry fruits) at home and abroad, the detection methods
and control measures of aflatoxin were briefly summarized, which might provide the theoretical basis and guidance
for the control of aflatoxin contamination in nuts and dried fruits.
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T ih 85 75 K (aflatoxins, AFT)JE—2 32 20l Bl 55
(Aspergillus flavus) 125 £E Hh 2 (A, parasiticus) ™ 4= i 1k
AR LR, HIAZ Rk g R, B
MCa%E i EERLZA 18 fh, A dEER
B, (aflatoxin By, AFB;). B,(aflatoxin B,, AFB,). G,(aflatoxin
G, AFG)). G(aflatoxin G,, AFG,)%%, H AFB, 4™
A TG Yt Ay o F ARV R A i R iR
PR AE R IT ML B T REUEY), HA S8R
oW . SRR ARES FEAE I L o AR B AR 4
H DX, R R e S Wt A R R 0TS B LA B )
gk &R,

WA RE LA k. TRNMEY, B R
200~300 C, ZETHEE. THE . S05F1 O EH HLIEH,
AHEFIEC K. AMER R, A TK, HihEERE
PFEE, WA 268 CAREMS Sk, (HAERRIE A5 F(pH
9.0~10.0)5) 431, SRZN AT, Y pH WK 2= ik | R,
WA R R WA, Bk KRS ERINEY 557 il

BRERTGY . TIOh, UTAER, Rk il R RE E A R A
TGRS, Fra R TR AR P B L, AR
Bdk. JROR . BT A AT AT R,
E LSS S NIREES ok SN TREREE S S R S o]
FR S R AR L A5 AR SO R AN TR e il R
75 GOIR D0 S L PRSI | 8 pih 7 R BRI B A B L
DeRE oy EITERIR, A BT BT B BE SR AN T 2R i
o B EE R AT Y R, U O A B A R SR A TR Y
BERTG YL R

2 BRMFRIEMBSZNSRERALIRE
R

O EE TR . PR, TR SRR TR G (T)
R, SEEAE, BOAHLERME, ERATHIEL, o™
AR RIS R AR EFE R, HiliEER
FRT5 TR T T RORR BT A7 B R MR A AR JB ™ BT o,
FHOE W2 TR, T RS Yt v
FEEGRIAERT | BT ORERR G T 2T
TR TR ER 1),

x1 BRATRIEHBESRISREN

Tablel Aflatoxin contamination in nutsand dry fruits

) - AFB, AFT Bk
E R ) LiES K :
T H %% it/ (gkg) K% Kl (ke CH
JEE 1% BF 2006 AT 20 20.0 R fE: 13.9 20.0 R ARAH: 13.9 [71
i 20 5.0 K MH: 0.3 30.0 HeRAH: 32.9
bk 20 30.0 I RAH: 2500 30.0 I RAH: 4320
PiRINES 20 45.0 K MH: 1430 45.0 I RAA: 1450
g 2012 MG T R 26 23.1 ¥ 1.4 — — 9]
FIR 2011 T 30 23.3 0.2~5.3 — — [10]
g T 15 13.3 0.2~1.2 — —
PiRINES 8203 23.4 <LOD~369.1 23.5 <LOD~390.5 [11]
BRA 2011 THF 14 21.4 <LOD~5.25 — — [12]
) 37 62.2 <LOD~67.9 — —
+HI 2008 TR 98 7.1 0.2~4.3 — — [13]
2008~2009 TR 120 49.2 0.1~4.1 492 0.1~7.7 [14]
EIEHTE 2012~2015 TR RBE 624 — — 26.4 0.2~30.1 [15]
2013 TR RE 307 43.0 LOD~14.5 43.0 LOD~21.3 [16]
2009 TR RE 180 — — 29.4 0.7~14.5 [17]
TR 75 — — 22.7 0.8~12.5
IRIR 105 — — 34.3 0.7~14.5
2011~2012 kS 96 39.6 YyfE: 2.13 39.6 LOD~26.6 [18]
2 A 57 31.6 ¥ME: 2.29 31.6 LOD~16.7
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EXNK, A R BT R AT 0 AR S 5793

ORI S R, 1T 2 R M PR S E T
R(H)Rp &R R R E, KRR ER
W R BRI R 2B TR, 5 B R H 2 WA R
;8 B KT R R AR R o AR
WA Sk B2 b 10 ], A v MR R 2 i 2 7 2 PR A o
BRSO A B E O 7 i i R R R L
W B A, U A E R LT R AFB, ROBR B R
AR I R E SO SR AFB, YRR R
1 pg/kg; 5% M RLER" . BB F . Bbkh AFT IR E N
3 pgkg, REERFRRRG M OE, h TR EPHL,
L AFT Bui i BRI AR HEAR X FES, BREHEY 20 pg/kg. K
ZEFHEM AFB, [RE N 5 pgkeg, AFT 10 pg/kg 5%,
15 pg/kg; Ho I 2 BT T G4 A R SR SR 26 Hh AFB, [
NS ug/kg, THBCA MCEBREI R, R R R
PRFEIFEF, ©A 2 VT o s e [ it v o it 2 7 R A B
bR, 5 E PR

3 HHMESZHEMNEN

FIAG, B9 w5 R 8020 BrBOR 32 500 M AG I
ARFRRE AT AR WS o B U ASI 4 AR F 248 R R
RUKS %A A AT K, 3 2 @ 3 75 (thin-layer
chromatography, TLC). &% H (fit72: (high performance
liquid chromatography, HPLC)HIfiji(mass spectrum, MS)
FHREAR . PRI AR F BRI T i 2 A
B E 43 BT J7 5 A0 e 8 o 6 3 - 2 % K I 75 (immuno-

affinity chromatography-fluorescent detection, IAC-FLD), [i#
IBE 92 W [ (enzyme-linked immunosorbent assay, ELISA)
O AR 4 f o J2 B M % (colloidal  gold immune
chromatography assay, GICA)%s .
31 SHERHEEIEE

w5 AW M % 3% (high performance  liquid
chromatography, HPLC).ELAG 73 & Ak R e =7 . A PR
SRS, HIHT 5 4R AM R 2% (ultraviolet detector, UVD),
T BN 4% (diode array detector, DAD) ., ¢ YA 7
(fluorescence detector, FLD), Jiij%(mass spectrum, MS)% 2%
R ER IR, B BT BN AR AR EEN R —
X 43 A B ] 77 A 0 S R B A 55 1 B B 1R 3 (U0
AFB,. AFG), TR SAEEATE | AR S AR A5l
B A . SRR SIAE pH 45 LIRSS Rk
FH FLD & SAGIU) HPLC 2% nT [k 23 25 HH 4%l i ol 5
R, HARGE S . FrerEam . o500 . K BRAR S
Mo HPLC A il o th e sE B X T AL B 2R3 s, 7500
FERTH TR R ATERR &, BN E . 21,
AT RE PR A BB 25 R . R 2 hESE T H 2007
DK, IR AR I E T R A ATAL BN HPLC-FLD
Fori ¥

H iy o 25 2 2K SR IO R P A AL B O A A 2R B
(solid-phase extraction, SPE)., %33 Ml (immuno-affinity
column, IAC)ZEI S . SPE AME RS . BLik, 1 HXTREEE
P RIE . A, FFEIRIESR . B4 SPE $

®2 RBRE)RDAMBFZTHRN HPLC-FLD #M753%
Table2 Determination of aflatoxin in nuts (dry fruits) by HPLC-FLD

A 1< /mm

FEfh AR FE 5 ISR % 5 1 P/ (ng/kg) S5 3R
WA 2]

/vt TAC 365 445 83.4~97.1 0.3~0.9 [10]
AR IAC 360 440 61.0~89.3 30~80 (LOD) [14]
i T IAC 365 445 88.9~102.1 0.4~0.7 [20]
FHETFME T/ TR T/ T IAC 365 435 74.4~92.5 0.07~0.30 [21]
TR PIIVAR LN 366 440 76.0~93.0 0.04~0.2 [22]
Fro R IAC 365 435 61.8~97.8 0.4 LOD [23]
S Wiz o IAC 360 440 86.1~94.2 0.21~0.27 [24]
[T IAC 362 425/455 85.0~87.6 0.25 [25]
AR IAC 365 435 80.1~93.4 0.3~0.6 [26]
AR R O SR IAC 365 435 90.1~112.3 0.19~1.4 [27]
PARINE IAC 365 435 73.9~88.1 0.05~0.1 [28]
PR SPE 365 450 80.4~84.3 0.75 [29]
0 Vi Z I hed et 360 440 >80 0.008~0.036 (LOD) [30]
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AR T I B ) £ BR Lrp gl g B, AR e . BAE
HBE. B 4 LR B G T B R, Tz
NAHTFEMEREMRN, K5 SPE AR, HFHFiR
) R B 2 SRR R ) TR ZE B/ N AL 8 PR L TR 3 A
AEAbBE , Hgse S AR SR 20 tHE4D 90 A1 CHE 2 Hir ST ek A5 2] 1o
R —FHEAR, R —E RN R AR E GE
BAR b, PR & R R, WA AT R i b B 2 A
MEFEN IACH, IEFERENHAMERMT RMEF. hT
IAC HERTELA MR RE, HEBR TREM TP I KRBT IR,
TR = TR AR, 2 B A AR FE ARSI
R RMETAT ) . B IAC MELEUR S 52 35 . pH
B R v B SRR A2, RIE IAC A9 & 5, Mk
VIEE A, # A%, 4%, QuEChERS(quick,
easy, cheap, effective, rugged and safe)$s; RAFE Jg—IHT 24 1Y
FARBUR LR R, ARSI H. —k
M, QuEChERS AR AIRHL, AT FIE{L 3 2058,
RPE LI HLERI G 20 IR AF) 5K 4% I8 — @t iR &
JEZEBUAF I, Pt TR IR AN, ToKBR R BE F A fb A
&), B RE, PENEE . BUREAORSHS SN
AR 5 LR R A UL R, R A Bk B s T
FEMABTEE R il ad B Pl 2 VPR R e A S BR 25 T3
H4y, U N-INHEZ — ¢ (primary secondary amine, PSA)%E
MLA 2 MR, nTS5SFEW L EERENREY R L
A ESEA AR, TR LRI AR A MU . Bk
RERI, AR MR R R, miEsihEGERD
P 2% U B84

32 SYARHEBESFRIERARR

1 B 3% 5 B B #5 R (high performance
liquid chromatography-tandem mass spectrometry, HPLC-
MS/MS )t 2 H iR e () 24 e i 4 2 R 9 £ 27 IE

Z— o HPLC-MS/MS HI AR LEH 55 434 R S0 A m] S 114 [
W, 36T 2R R BRI BAG I, HLXERE A B SRR
.72 3 45T 2007 4E LKA HPLC-MS/MS il 1B (T°)
S H B i B R A RTAL R ik RGN R

3.3 HBEEBHHEAR

DA BB Ay 1 A 268 A 114 S92 J2 BT AR 7 A v B B AR
AR AR A G H AR TR B AR HE Al b R R ke () —Fil
B A ik Hih GICA & DU RS 1R /R BAric ),
HA RS e R s SRR, 2
ST B AT HE, AR IE G SR S i B P RS I
AR H AT R ik KR i, (R — B i s
B, AT s R B RS Y A, SR AR ON R B 1A
R, HRTR A GICA FiARK IR (TF)RH AFB, il AFB,
BV SCERIRE DY, BB R AR B R, A ARk
B BERCRL . P S TR RBUARMARIC, FMagrk
BRI AR IC PR AR A L, IRAC Ak R U, BE MR E
HSARN B o HAh, BETEA RO I R 4 G 2 TR
AR FF O T L ZEAEHT | TOAE SR ISR 55 IR S R ) AFB,
FARA HBR A 4 pg/kg, BIETE]Y 5 min, of A A EF
{USEBE E . BT 2R AEREZRATTRNE A
KA, BB R E AR R AR MR TR, L
Ji2 AR 4 AR 2% Ay FEE At ) 22 T ARG TS 2 8 ok oAy R G0 40
HIBFFEEE o

4 RHBSHEMME

FhT T 8 () 2R B i 2K TR ) A R e
DS P 2 OCE 2, AURER Il BRI 2 Ak, i HLRE
AT 2 A B R ST R IR ()R, PREEANT S (K
R . BN 2R R TS P XS B, — D7 TR 2 ELA Y
B, 72 EURR 14 By 5 RE AT At IR A AR AR e () SR B

Fx3 BERPEBEFZTEHRM HPLC-MSIMS M 75 5%
Table3 Determination of aflatoxin in nuts (dry fruits) by HPLC-MS/M S

HEfi I OELLWIRTS [l 2/% FE R/ (pg/kg) BN
PARIN N e L %5 V=N 2 L N o QuEChERS+ DLLME 65.8~97.9 0.6~1.0 [31]
1 R LK SPE 71~81 1~1.2 [32]
3L AL A RS T A A T R AR T iR et s 70~113 0.03~0.4 [33]
TCAE R T /2T 1% BN TS 54~87 0.6~0.97 [34]
AT ICAE R TT R i B 74~110 1.0 [35]
B3 SR 1 385 T/ & 8E (AFB/AF G); %
{Z/FAER T (AFBo/AFGy); AJRTHERT /8% SPME 94.5~109.1 0.02 [36]
etk T-/4% T (AFGy)
HBERT/ AR T/AT SPE 83~103 0.01~0.49 [37]
- IAC 86~105.6 0.166~0.768 [38]
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RO R, D R R AT g S — e B
BB 3 PRI LB, FEREX T E 5 ek i A i R IR
()R, anfar LBREE R, SF R0 ()R A % L
etk

4.1 HIRIEH

4.1.1 4hIRAEM

W I 32 8 75 2% 4 107 D 2 o 5790 285 5 ¢ o 8 7 % AT ik
FIRFARE A B I B R A H 9. O A W B ) S
GRS | A R RO AE W BRI B AR
£ 1980 4F, Decker 2R I FEIRINCIE T . 24 pH Ry Hpk
I, T RE S B IR s R, TR E A, FREAK
HA R FrflA) | g el 5 2o IS gkds 52
A Re s B R R R, BERL S, B
TS BENE T2 613.5~628.9 ng W EREZR . RAREN
AREEBRTCIER P AFB,, HLEBRFER 38%~100%, HH
WAV AFB, 11 25 BRACR L Wk 2247 (RN REAR 4T
Hi Bk AFB,, SR, WML AR —IELR Y, AN
T EBIF LSS, X IREE AR MR AT AE
412 BHFEK

TR R RN BE R BIA R, BIREERET), &
RER R B (R B8 R (TSR e S i, B — e &
B R R IR 2 2 E N E R, Ao &£
WY . FLRAACR . K SRR ()RR R . B
TR B 3% W) A v P R 4 ) T M i R SRR, WA TR
MR, AFB, FRE MR i 74 Mg R AW HA R — e i,
LA 15 3 B R 5 i B 5L M G . 48 5 kG Fi ik
T AT [ S 44%~48%K1) AFB, T 10 kGy % MR AL FH s R i R
K F 82%~88%, 20 kGy %8 HA AL B I 1] 52 42 B AFB, ),
PRAh, R [R) 2 T T A2 1 4 BT AR TR . A o 25 SR 4R
AFB, fll AFG, X & HE (it 238 T AFB, Al AFG,PY. X
g E T AFB, fll AFG, IRIEFRH HA Cg. Co AHUAIRL
S A IS AL, 1T AFB, Al AFG, BRI R A 77
FERURE, DETIAS S8 F s i o e A A FY A
FERR (TSR R A EE R ) R BR O AT Uk . 10 kGy 7
N E RIS B DTN S I ) P TN | B N S N R
AFB, (MR350 68.8%F1 84.6%12,

58 G0 HESRF AR AR SRy — i 2 B TR R A RO I,
AR TG YN | X iR R g i /AN ok )12 N T
iR A I AR R B LR, FRK S S RTRES L Ak
R B AR . 48 265 nm 1Y UV-C B85t 15 min J&5, 10%
KAy S TR R I R R B LR R E R T 16%K
SYHTIR, XATRERE T TR S RA R T B &, U
1775 B0 R B N (ELE K A IR S ] A K
ARRGKE P EMES RN ERRILEE2ZES, WL
XiF B 3R A 2% Bk % i B S EsF [ 0 S T3, 0 v

Ji. FIH 87.5 pW/em® 2RSS 100 pg/kg AFB, 75
IR, 43 h M 13 hJ5E, BRGESNEMIKT 21.8%
1 57.8%54,
413 #HAE

& R W IR E A 237~306 C, {H— R
T, il FERE RARIAE] 150 CAA, MELIWOR Y+
A B R, AR I AR, £ S SRR
En LS Z BIR, (R P FIIFEE 20, 120 Chb
F# 120 min A1 150 CTAEH 30~120 min BEEEIF.CORERHE IR
FEAREE I & R 28 & ik, B2 150 CAbFE 120 min REfiHE
EO R N 95%0,
4.2 LEFEH

H IR FHAE R (1) A ot a5 1 R P i iy A2 i 2
R AR, REUR— R B R SR AR R E SR, 2
O AR SR I B 2 — o SLEREA R TT O R 5 Y
AR, 9.0 mg/L AL 420 min, REMH AFB, f#E i
HHRERED TR 23%FH 24%, Hirp B4 3 A2 g2t
V71 2 e e o i 2 2 S DT LA e i T
HA R ST i TRl s DL R A 45
e

4.3 EEH]
43.1 AEME o EEE QRRAER

ol 2 0 WO A [) 0 BRGS0 AN 7 W A
REA BAFEIFLAR R/ b AR R . MR, R
P B AR S T A A I B S B R EE AR, A — M
RAS, MIMTFAETEZ 594 . Rahaie SE0FSTFW], WP EERE
REMR I 2R FF DS AFB), RBRRIE 55%~73%; $AEl
i b B B2 LA B o BB BRI SR ) AFB,, 5Bk
Ik 85%~90%],
432 A E B EE QERAER

B R A YRR RS R A Y
JIE 7 A W R B AR 7 P T A Tl 3 AR IR, AR IR
B2 TG R P R 1 TR . AFB, Y R A O B B
HEEH R 4 AR B E R MRSy, 2ok
fiff SN T B Ak 5 R R PR U, R TR R RE A
EOMERIATE S, SHEHABEER; HIURERER,
L O R B R R R AR EE A R IR b A
FEOOOOL el i g R W, bt FC AR SRR X AFB,
WA RE S 1K 5] 90%. Liu SR E R E-20 (P
B Aoy BRI ) —Fh AFB, FEREE, 4> T8 51.8 kDa,
& pH o 6.8, BoBEEHIRE 35 C, KRS kM, 1L
RN, FTREIR AFB, Y XUEIRER . R (0 kG 4
ANSMO68 i 4h 4y 25 4lifb 3R15 19 AFB, BEfR S, 7 F i
32 kDa, #if pH 6.0, feif i 35 CIO4. B4R,
B ZE AT TR RE MR T O SR b 95% 1y 3 il 25 5 R 1L,
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BRI . 2455 2 2 e o o ih 2 5 R a9 B i i, Ot
SR MERR I HLRE) Z AR I T ik . ARk, B
HH 2 B 2R A B A 5 R B AR A A SC AT T I UG TR
PERE o AW R R H B A TR S R T B
(H RSt 77 W 00 2 VAT T — A TR, RERE OB A= 77 |
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