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Abstract

Sixty-one samples consisting of cereals (barley, maize, oats, sorghum and wheat), nuts (almond, Brazil nut,
cashew, hazel, macadamia, pecan and pistachio) and beans (red bean and cowpea bean) from local retails in Kwa-
Zulu Natal region, South Africa were analyzed for the presence of aflatoxins (AFs) and ochratoxins (OTs) by using
immunoaffiniy-HPLC methods. AFB, was found in 12 samples (20%), the mean of positives was 9.28 pg/kg and
the overall mean was 1.69 pg/kg. Six (86%) out of 7 macadamias were heavily contaminated with AFB, (3.20~
4456 pg/kg). All these 6 macadamias exceeded the limit of EU. Total AFs was found in 54 samples (89%), the
mean of positives was 3.95 pg/kg and the overall mean was 3.59 pg/kg. Three (50%) out of 6 macadamias, which
were heavily contaminated with AFB,, were beyond the limit of South African. Two (67%) out of 3 Brazil nuts were
beyond the limit of South African. OTA was found in 7 cereals (11%), 6 oats and one wheat, the mean of positives
was (.32 pg/kg and the overall mean was 0.05 pg/kg. OTB was found in 17 samples (28%), the mean of positives
was 1.45 pg/kg and the overall mean was (.14 pg/kg. Nuts were not contaminated with OTA and OTB. Any samples
were not exceeded the limit of EU.

The samples beyond the regulation value were only two Brazil nuts and six macadamias, total 8 (13%) out of 61
samples. These results were indicated that the AFs and OTs contamination of the South African commercial food was

not so terrible except some nuts, Brazil nuts and macadamias.
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 4 BERUZONLa, EEE#ELESfoROE
,,,,,,,,,,,,,,,,,, HA A0 TR
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TN—72B (& MR L TERPAMDD 2 HEMEL D
BWE) I ENRTWA Y, OTADREHEEIX, BT 7

UARHARTIIRES N TV WA, EURI—T v 7
TEHETERESN TS (1), /2, 77 bF
2B (OTB, XM2) X, OTAX VW7 A550TB & [f]
HRBEEHLTBY Y, T4 V% &h 5 BRI Kt
ENnTwasY,

M7 70 EEAICE L, o7 7)) HEEEE L
TERIRIPMENDT, ¥ A T M F 2 HEGEOH L Wbl T
EHWnEEZLENTWS, L2L, 1Y FERKELTY
HEERL, BRROEN ¥ = 7RI T\ 572012
AT LIRS RmA2C U LML H Y, £ %8
LCH ENBIH e il CH b, 22T, HT HHE
ENTWARWET 7Y OAFHE & OTHE O % 4Lk it % B3
LEPICTAHIERHMELT, BT 7Y AHFDOs T
A=) - F 7 = VM THR S T 7 61K % I
£, A L) T74=5—%5% 2 (IAC)-HPLC{E TAF
'Y LOTALOTB " o472\, SThbm)
27 Gl % 4T - 720

%2, 7T—FYF, ~N—=¥LFvy ERFFF, 7TV}

Vil =
AEREH
20164E12A 12, M7 7V HHEERZ T A=)V - F 5 — )
MCHR STz v Y (7 FEE34AME), B (5
g, 23Wfk) L B (2, 41k o&RMelk,
BARIZE TR L, Zomiaeh, 5 T-18C T
RAF L 720

AEE
AFERERERE, 777 M3y VRAERER (B, B,,
G,, G, %25 ug/ml7t ~ = bV IVER, FGHSE) %
BHEARL THW. OTALOTBIZ# L, 10 pg/ml7
+ M= bV (Sigma-Aldrich) % B EANL THW 7.
HPLCHEh#HI21x, HPLCIA % / — )V &7+ b= 1)
Vv (FGHEEE) & Hv7z, Moo B3 IR o Fefl it
HE W

777 M EODHH

Kikuchi 5 D5 ([CHER L TITo 720 Tb b,
st B0 g2 2 gdNaClE50mLd X &/ — )b - 7k (7 -
3, viv) iz, 30 MR E DI EAT - 720 Al
(Advantec No.5C) %, ZEWAKTIEMRINL, 77 A
MiHE (Advantec GA-B5) THAML 72, 2D A{10 mL%E
AFS. 65k (JTAFE / 7 0 —F VHiR) #&7 V%03
mLEED ZIACEM L7ze 7T L7 Ny 3 U R%E
AR AT K (PBS) 5 mLTPE##R, S 5125 mLo#
WKCHRE L7, AFHEIZ, 2 mLOA Y ) — )V THEIL
7o BHIEIZ 2 mLOZKEAKTHRE, 10 pLxEAL
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HPLC/ M1 % 4T - 720 HPLCIZ Wb (BR) B slfE
DY ATy hd—F— (SCL10A,), ‘L=
F (LC20AD), +— A4 » ¥ =7 % — (SIL-20A.),
715 LF— 7 (CTO-10A), HEMH % (RF-20A)
& 71 2 (Shim-pack XR-ODS, 3.0 mm X 100 mm) % >,
BEHICE, K7 MUV A% = (60:30:

EFELDDOEMHL, BEHICIZ, 7R b= MLk
Welg (40 :58: 2, viviv) =R L, ¥itiix0.5 mL/min,
715 AREIZS0T, #HE1E335 nm (JGhi), 465 nm (K
%) Tiro 7.

A DNEILEER

10, viviv) ZfEH L, #1305 mL/min, 7 5 AR
50C, #E13365nm (Jphie), 465nm (s3t) TIr-o7-.

W EHC AFSE & OTADN052 527 ngkgll e 5 £ 9
ICAF & 72 1IZOTAREHEE 28N L, bRREE o> J7 TR,
IACTD 7 ) — 7T v 7, HPLCTEm L7z,

T bXADD

R0 gl2 2 gDNaClE50mLD A Y/ — )b 1 1%
AR T MU ke (703, viv) Iz, 3043
REHIHHE A T o720 A (Advantec No.5C) %, 7%
BWAKTIMHERAML, 7T AkiE (Advantec GA-55) T
WL T oBEE IR So)Ek" L REICIT-
2. T bbb, 205110 mLEOTB. 24ifk (HOTAE
J 7 a—FVHiR) A7V %03 mLi o 2IACE T L
720 717 51310 mLOPBS THEE 2, OTAIX, 3 mL®D A
= VTHEM L7z, WIIZTEEZE, 10 pL& EA
LHPLCT/Z3#T L 720 HPLCIZ 7 7 5 + F ¥ VDT

BRESLUVER

A DNEIYEER

AFFE ORMEIN O R % F 212, OTAL OTBD
MBI O RERIICENZENR L7 AFFHEOY;
&, THEHEO T v Y OFHEIE1$821~1063%, SD
1200~67%, 5B DY O F IR IFE 1802~
1045%, SDIx02~92%, 2 fEIH O T HE O F-3 a L #
13820~1060%, SDIX02~17%Ta» V), BRI T
Hot (2), £72, OTALOTBOH 4, 7HE®

#£2 777 NFTUEORMENILO RS
SEHEINE + SD (%)

AFHA N

55 Ut (ng/kg) B AFB, AFB, AFG, AFG,
Almonds 05 3 848 = 22 850 = 20 890 = 26 913 = 1.3
2D 6 937 30 B2 29 854 * 42 | P8 £ 20
Brazil nut 05 3 864 = 10 858 £ 0.7 906 = 0.3 906 = 0.7
2D 3 1045 = 36 1063 * 24 | 927 * 67 1042 * 63
Cashews 05 3 864 = 10 88 = 0.7 906 = 02 906 = 0.7
25 3 979 + 44 1008 £ 20 8.1 * 43 985 £ 21

J v Hazelnut 05 3 844 £ 09 836 £ 10 852 £ 26 8.1 = 05
2D 3o 921 = 00 983 00 %0 + 00 96 £ 00
Macadamia 05 3 841 = 04 840 = 07 900 = 08 900 = 08
25 3 1067 +69 1034 + 21 838 £ 01 98 £ 00
Pecan 05 3 864 £ 10 858 £ 0.7 906 £ 02 906 = 0.7
2D 3o 979 * 44 1008 = 20 8.1 * 48 985+ 21
Pistachios 05 3 851 = 58 856 = 50 90.1 = 48 916 = 55

25 3 1024 + 16 1042 = 29 858 * 46 991 + 18
Barley 05 3 923 = 33 844 = 12 885 = 1.1 898 = 09
2D 3 %7 30 P8 + 13 899 + 20 986 £ 05
Maize 05 3 840 = 11 844 + 05 900 = 12 90.7 = 06
2D 5 . loie =28 1043 £ 19 1028 * 53 1045 £ 19

o Oat 05 3 838 = 06 842 = 09 867 = 18 889 = 09

25 71025 £ 25 1042 £ 15 930 £ 93 1004 *= 19
Sorghum 05 3 839 = 0.2 840 = 05 878 £ 11 895 = 03
T 3 939 12 | %9 * 92 824 + 71 1004 = 19
Wheat 05 3 827 = 00 835 = 65 802 = 07 878 = 25

25 3 1019 + 52 1019 + 14 937 £ 20 1006 = 1.2
Red bean 05 3 820 = 04 829 = 07 865 = 17 837 = 09

[ S . R 3 980 £ 06 1006 = 06 80 + 07 978 * 04
. Cowpea 05 3 835 £ 00 833 = 0.7 871 = 06 897 = 0.3
25 3 980 = 06 1006 = 06 860 = 0.7 978 = 04
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#£3 F 77 FFT U ALBOEIEINLODREE

OTA £ BORNNE

FHEILEE = SD (%)

X 45 SRk (png/kg) SERE OTA oTB
Almonds 0.5 3 904 = 33 948 = 22
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 116 94220 8019
Brazil nuts 0.5 3 922 = 22 984 = 06
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 11 3 1033 %53 044 =38
Cashews 0.5 3 9.0 = 1.2 944 = 12
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 116960 %34 1041 =26

05 3 899 = 10 922 = 09
T e 1 5 02 £ 00 1022 + 00
Macadamia 0.5 3 899 = 10 922 = 09
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 27 3 w010 8008
Pecan 05 3 890 *= 42 820 = 33
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 27 3 0008 80=02
Pistachios 0.5 3 941 = 02 9%.2 = 19
27 3 930 = 35 86.0 = 25
Barley 05 3 901 = 18 852 = 42
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 27 3 8019 8476
Maize 05 3 96.3 = 0.0 1021 = 12
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 27 3 940£00 80 =00
- 05 3 991 = 1.1 922 = 19
O 27 5 930 + 59 860 = 55
Sorghum 05 3 942 = 21 9R2 = 14
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 27 3 12416 860 = 46
05 3 918 = 15 979 = 17
Wheat 27 3 %60 + 25 880 + 25
Red bean 0.5 3 97 = 21 909 = 12

Ly e 07 5 930 = 23 . 864 = 41
- Cowpea 0.5 3 897 = 02 988 = 22
2.7 3 90.1 * 23 830 = 20

F vV OFIEIE382.0~1041%, SDIX0.0~5.3%,
5 B OFN) OF 3L (28.34~1024%, SDIZ0.0~
59%, 2HHO DO PIAIERIL830~99.7%, SDIL
02~41%TH Y, MARHFTH-72 (£3). ERLOH
Rpo, AEOZLMEMRRL 7.

m7 7Y hHRESRDOAFEDBREE

AFHIOBEYRER R T Lo, F£41- L7, AFB,
HHAZB L Cld, @6l 12mdk (20%) 26k
FAARST-347C9.28 ng/ke, 5 5 BRFUIE LU T O Mk % 52 = R
D 1/2 & LTHEW L - &BAKFTL69 ngkgx Mt
L7z, RICAFB ERDP O ED > 2DN, <A ¥ ITT
7 Witk 6 Mk (86%) 7 53.20~44.56 ngke, kiR
K35 T16.01 ngkgDAFB, # Mt L 72, 21 b 6 Hifk
ETRCEUDORMEMAZBZTBY, ) bL5MREKIEIHET
TN AOFKEMEEBZTEBY, SHEITHROHHIMED
B2 TWE (5). A5 3I7EE7 7)) 20RO
Ny THERERETAEREWMBEDO0%E 5O TWEY,
RAYITIRET 7 AOEELEHEEDD 1 OTH
LT EMNS, A1k, AFB TEYEA T = AL EWREICL T,

B R 2 LD LBELENDH L. ZOMTIE, 77—
E > F, Redbean, VIVH LR/NEDSIEMEMEE TS
AFB, e L7z (3R4).

WAFTH YL |23 L Cld, 261K mbdmtk (89%) 7»
5 B MR8 T395 ngkg, 4HAFST359 ngkg %
M L7z, $74bbH, AFB,, AFG, & AFG, 753413 FLEg
MEHECH - 72, BWRLHHEO SRR, Fhe
M, 053&058 pg/kgTrF7 7 1) H OFEEME DK 1 /204
BEThY, FEAEHEE ISR\, LirL, vy
X, WK T593 ng/kg TR 7 7 1) 1 O FEEMHOK
60%TH ), RLRMERD LB SN, v HF 3
T DY, AFB RO 6 kT 3K (50%)
BT 7 H OBAFORREEL B2 Tz, 72, 7
FIYNF v v, 3EH 28k (67%) HSAFB, % 72
IFAFG, ICEREFRESNTBY, 7 7Y 7 OFAF
DREEEEZBZ Tz (£5), DEofFERrs, @7
79 A THREMOAFEFBERICE LT, ¥ 5370
AFB V54 L 75 VNV F v Y OBAFTG D H 5 b DD
HEfE & 2 72 DI X6 1R 8 etk (13%) TH D, —iB
DF Y EREITIE, FLUEEVDEL wEEZ b,
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F4 BT 7VATEBREZOT 75 2 VO HEGL AR

AFB, (pg/kg)

#AFs (ng/kg)

A 7y ¥

o Bk B e R (%) PBesD gk BEEC BEE(%)  FHESD Ik
Almonds 7 1 14 337 337 7 100 074 + 115 013 - 351
Brazil nut 3 0 0 - - 3 100 2474 = 102 985- 3572
Cashews 7 0 0 - - 7 100 022 +* 009 014 - 040
Hazelnut 2 0 0 - - 1 50 3.00 3.00

v Macadamia 7 6 36 1601 = 1676 320 - 4465 7 100 1585 + 1794 023 - 5152
Pecan 5 0 0 - - 5 100 090 = 111 016 - 3.09
Pistachio . 3 o o - T (U o - -
L 34 T 21 1421 * 1434 320 - 4460 30 88 687 * 1296 013 - 5152
SR 2905 + 884 + 1221
Barley 3 0 0 - - 1 33 .53 0.53
Maize 5 0 0 - - 5 100 £ 014 007 - 048
Oat 10 0 0 - - 10 100 £ 006 0.12- 032

) Sorghum 2 1 50 0.08 0.08 2 100 + 058 0.13- 129
Wheat | 3 2 67 050 = 016 034- 065 . 3 3 114 =109 034-263
L . 23 3. 13 036 + 023 008 - 065 20 87 037 £ 055 007 - 268
EN S 007 = 0.14
Cowpea 2 0 0 - - 0 _ _

g Redbean 2 1 0 Loz 15z I 0 Loz Loz

U Btttk 41 2 Loz 1 2 Loz 152
E ST 040 = 0.75 058 = 075

Aﬁﬁ%ﬁ;ﬁ%ﬁﬂﬁi¥ ,,,,,, 6L 12 20 928 + 1352 008 - 4465 54 8 . 395 = 1012 003 - 5152
N E 169 = 675 359 *= 951

FUERIRA 005 ug AFB, /kg, 0.07 ug AFB,/kg, 0.25 ug AFG,/kg, 0.05 ug AFG.,/kg

VAR, E R RAELL T OBk,

#5 775 MNFYUHOHBMEE ML TWIo R

o 775 bF o8 (ugkg)

Hetk Btk 5 AFB, AFB, AFG, AFG, #AFs
Bragilnut  SABNIG02 - 2865 - - 2865
e SABNI603 - - T - 3572 3572
SAMNI1601 2819 - 6.07 - 3426
SAMN1602" 544 - - 049 593

Macadamia  SAMNI603 4465 - 6.96 - 5161
SAMN1604° 320 - - 016  3.36

SAMNI1605 9.29 - - 072 1001
SAMN1606" 5.32 - - 034 566

"L EUER T 7 ) OBHME % 8 2 T 7ok
* s EUOHHIME D & % 8 2 TV 72 ik

77 AHRERDOTAE OTBDELAE
OTA L OTBDOH A R T L, FKEIIRL.

OTATE L2 B L T, @6lfufir 7 Mk (11%, =~
6K, INE 1R 25 B R AR T032 pe/
kg, AW T005 ngkgd e OOTA% #i i L 72,
FyUREHENGIE, SN o7 OTBIHSIC
B LClE, @617tk (28%) 7 & [ A i~
39 T145 pgkg, AR FI TO.14 ngkgDOTB % #
L7z, Foouhbild, MhEharor, BYOHY
BHEEDS S <, 23Kk 15Mifk (65%) TOTBZ #Rit L
7z, TUERETHH06270 5340 ngkg»OTB% Fi i L

ERRFUED 1/2 £ LTHEB L.

oo TYEOF T XY ERIILIZLIZHEY X
NTWEOTHE O R L IZIZFRETH > 72, G
YHHEE DB H - 7-0TADFWTH G, Bl r-140.32
ug/ke T, EUDILMEEMED 1/10BETH o7z, 72, OTA
ARG GAEIL1.32 ng/kgTH ), EUOEHESE 3 pe/kg % i
ZTVABKIE o, TNLDRER,S, T 7Y
AWNERIL, MERLT 7T P X UFEREIHLIDD
ZIZREO 2V EE 2 S,

] =

HEVIATIMNF L UFERORELVET 7 AD
T AEROURGEZINEL, AL/ T 74 =2F—h 5
2 -HPLCiE TAFJE &£ OTA L OTBD Y A& %# 1T - 720
AFB, 1, 61k 1281k (20%) 2> & b PRIk 115
T928 ng/kg, MR- TL169 pgkeZ Mt L7z, U
IZAFB 54O ED o 2D~ A ¥ 7T, 7k
W6 MR (86%) 7 5320~4456 pgke, By Mk
¥ T1601 pgkgDAFB, # it L7z, 25 6 Hfkidd
NTCEUD L Z i 2 Tz, BAFH G, 54k
(89%) 7 & B VEMIIR -39 CT395 ng/kg, &k T
359 nghkgZ it L7z, 7 ¥ I 7 O41%, AFB,i5
e & 6k Mk (50%) SET 7 B DO



12 FINRFBFARE 5570%, 2018
#£6 W7 7UNTHRELOF 75 F VAL BOH YA
N " ok OTA (ng/kg) OTB (pg/kg)

o B R e R (%) PB=SD ik B B (%) FH=SD ik
Almonds 7 0 0 - - 0 0 - -
Brazil nut 3 0 0 - - 0 0 - -
Cashews 7 0 0 - - 0 0 - -
Hazelnut 2 0 0 - - 0 0 - -

- Macadamia 7 0 0 - - 0 0 - -
Pecan 5 0 0 - - 0 0 _ _
Pistachio . 3 o o ] o o o -
LA . SC 0 0 T 0 0 S S
MR 0.02 001
Barley 3 0 0 - - 2 67 020 = 002 018- 021
Maize 5 0 0 - - 0 0 - -

Oat 10 6 60 036 = 043 008 - 132 10 100 194 = 090 062 - 340

#%  Sorghum 2 0 0 - - 1 50 0.51 0.51
Wheat | 31 3 6w 010 2 67 028 = 006 022- 034
L . 23 T 30 032 = 041 008-132 L 65 139 + 107 018 - 340
B NN S 011 = 027 091 = 1.09
Cowpea 2 0 0 - - 1 50 381 381

g Redbean 2 o o T I 0 00z 002

TN Btttk 4 o o T 2 0 192 £ 263 002 - 331
E ST 0.02 096 * 190

/ﬂﬁﬂg,ﬁ%il‘:iff%? ,,,,,, ) S T 1 032 = 045 0038- 132 1w 28 145 = 125 002 - 331
N E 005 + 0.17 041 = 092

*LE IR 0.04 pg OTA/Kkg, 0.02 ng OTB/kg
PRI, EREBFELT Ok,

AFOREEMEZBZ Tz T2, 7590 F v vid,
SRR F 28k (67%) 2SE T 7 1) H OIAFD L HEAH
rHz Tz DEOERE2S, 7 70 hHREmHO
AFHEGICBE L CIE, ~H 5 I T OAFB gL 75D
WF Y OFAFHYD S 5 H O DOFMEME 2 2 720 1%
Stk (13%) THY, —HOF vy EHEITIL, FhiZ
EOEL oz

OTAIL, 6UMfk 7#ufk (11%, = > &6k, /&
1RAR) 55 B R F-35T0.32 pgke, MR T

51
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ERRFUED 1/2 £ LTHIE L.

0.05 ng/kgDMEDOOTAZ M L7z, F v T2
I s o7z, OTBIE, 178k (28%) 205 ik
MR TL45 ngkg, @A T0.14 pgkgdOTBZ

MH L7z, Ty bidmBiEnagrorz. &WOOTA
&, B 18032 ng/kg T, EUD EHEfE O 1 /10%E

ECThHo7. F72, EUDOKMEME 2 2 TV BRI 7
Mol TNOLOMERNS, M7 70 HRAERE, %
BRI 7T MR UEREHLLOHITIZHED W E
AV (W

A X #®
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Mallya, A., Keim-Heuslera, H., Ambergb, A., Kurzc, M.,
Zepnika, H., Peter Mantled, Vflkela, W., Harde, G. C.,

Dekanta, G. C.: Biotransformation and nephrotoxicity of

(4)

ochratoxin B in rats. Toxicol. Appl. Pharmacol., 206,
43-53 (2005).

Di Stefano, V., Avellone, G., Pitonzo, R., Capocchiano,
V. G., Mazza, A., Cicero, N., Dugo, G.: Natural co-
occurrence of ochratoxin A, ochratoxin B and aflatoxins
in Sicilian red wines. Food Addit Contam Part A, 32,
1343-1351 (2015).
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=7 —# 7 A-HPLCIEIZ & 2 EINTHIR 2 — b — 85
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