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Determination of Three Ochratoxins in Coffee and its Products by High Performance Liquid Chromatography with
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Abstract: A method for determining the content of ochratoxin A, ochratoxin B, and ochratoxin C in coffee and its products was
established using high performance liquid chromatography-fluorescence detection. This method involved optimizing the
pre-treatment and liquid chromatography conditions. The ochratoxins were extracted using V ( 1% sodium bicarbonate ) :
V( acetonitrile ) = 40 :60 and then enriched and purified using ochratoxin A immunoaffinity column.The separation was achieved
using a C,4 chromatography column with a gradient elution consisting of 2% acetic acid aqueous solution-acetonitrile as the mobile
phase.Three ochratoxins were analyzed using fluorescence detection. The results demonstrated a good linear relationship among
three ochratoxins within 0. 1~10.0 pg/L,with R*>0.999.The limits of detection and the limits of quantification were 0. 1 and
0.3 png/kg,respectively. The average recovery rate of spiked samples ranged from 88. 6% to 95. 0%, and the relative standard
deviation was in the range of 1. 71% ~ 3. 15%.This method is simple, highly sensitive,and exhibits good reproducibility ,making it
suitable for the determination of ochratoxin A, ochratoxin B,and ochratoxin C in coffee and its products.
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5t AEYME AR RUE & R
U AH A= Py 2 SR A5 0 PR 5 A8 A BBURK B M ANE
PEFIER fi 92 1 11 B Sy A7, R B PR 5, A ot i A B T
B EE R OME M 25, 8 5 B P
VO A 1 LA A X A A o RN R R RE ) L R
M EE SR Emf MG, R &SR T K
W7,

TR €2 T [ s A 0] bl B G i it o OTA
OTB 1 OTC 43R A UL, o 1 1PAl 4 it 25
B EMATS YK 38 S SR RNy v A
5% PN AL FRTR R SR s | B A Y 4y
M5 ¥k, BE A% 1o 20 VA T 1t G 0] i vl % FG A o o
OTA .OTB .0OTC &4,

1 XIEEsS
1.1 FEAE 5

Vanquish Core % =880 AH €0 154 (B AT %
K £ 3¢ [E Thermo Fisher B /8 A ) ; PE28 %Y
pH 31 ME55 #H + K F ME303E %4 HL+ K F
(Hi AR TR 25 ) ; SBEQ-CG1824 HI [ AH
AR E (PR SRR R A R A D)
24UV #Y G gl K AL (€ E Millipore 2% #) )
KQ5200E 78 75 i & A= v (B LUl 75 A3 2 A PR
3] ) 5SY-2000 e 78 A AN (b 5 A AR AR
) s WH-861 IR BETR A % (K G TH A F ik 58
B A R T s LR1IOM BYB.OHL (159 i PG 1Y
AR AR ) MR ER A SR AR (52
5 :R-Biopharm P119 P14 fEEFERAH) .

SN HEE (sl BER A F) ; LR .
i 20 BRIR SN AN, SAER (43Pl [ 2
ML A R A A s B — A8 BEIR S
(bl b v A2 A IR A D) ; B8
LFAEIEAR( EHAR 11 em, fLER 1. 6 pum, ToOEGHRFPE
Y& Whatman 23 #]) ; Z & OTA  OTB ., OTC ¥
PRFRUEFR W (100 wg/mL, 17 58 5K b fE 9 2 vh
L) s T8 2 FH K i 4l K (PR R=18.2
MQ-em) |, 38 i3 55 2% HHE Milli-Q #8 467K & 4t il
T Wi B EL A b ok A SE B8 % H R R I AEAS

1.2 Sk
1.2.1  SEs I Rl

PBS 2% HA T AE IR 0. 2 ¢ k4 0.2 ¢
MR A 1. 2 o AR AN 8. 0 ¢ SAALENIA R T
201900 mL /K P8 ZE pH 7.0, HKEARZE 1 Lyt
ik 20 WL ER 92 AR AF A RE X 1 mL ki 20
AZF| 1 L PBS 2o 4 RSB E & 1%
IR S AN /K R RS BRI 10 ¢ BRIR S BN g T
29900 mL /KH K EAE 2 1 Ly V(1% 0k R =44
KW V( ZHE) = 40 :60 K5 B A B 400 mL 1%
IR A NIA W, HCIFE A 2 1 L;60% CIEK T
W REHRFSE 600 mL Z NG, /K EAZE 1 L;80%
/K VAT R AL B 800 mL HI S, /K E R 2
1 L;2% . TRK . B8 20 mL ZFR & 980 mL /K,

A
1.2.2  RAIRME AR B S

TRAPRME TAES W . B OTA OTB , OTC #5ifE
VW, P AR T S A A B TR A b T ARV
W 43524 0.1.,0.2.0.5.1.0.5.0,10. 0 pg/L,
1.2.3  FEAHTALEE

FREL 5.0 g FEFL T 50 mL B0 A 25 mL
PR (V1% R R AR IR V(L) =40
60) , IHEPRZ 1 min, H 75 $EHL 30 min,4 000 ©/min
B0 5 min, PRS0k 3% 58 21 4R 4R U8 Ui AR
P, FEHL S mL JEW T 50 mL A=, Ji PBS
GPRBCE R BZE RS R

B BRI AR L2 1 /s B I i
B SE IR R 5 mL w3 20 BEBRER 2% whifk |
5 mL KRR G BE S5 A IR 7K 43 A 4 ml,
PSR OG , ACHE PR B A, 1 R e 2 AU 25 T,
A1 mL IR LB shAR iR, 7 AL,
1.2.4  fUES&ME

TAH 035 2% 74 ;. Agilent Proshell 120 EC-C,q
(4.6 mmx100 mm,2.7 pm) ;K 0.4 mL/min;
PERERE 50 L KEIRA 35 °C 3 P8 O6A6 I 28 38 & Ai
R W 1 WA A h 2% CFRIK TR B
KNG FBREEVENL, VR T LR 2,

R PO BN K A

Tab.1 Wavelength conditions of fluorescence detector

. Excitation Emission .
t/min Sensitive
wavelength/nm wavelength/nm
0 313 462 6
7.0 331 467 6
25.0 331 467 6
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Tab.2 Elution program of liquid chromatography

t/min A/ % B/ % t/min A/ % B/ %
0 50 50 21.0 5 95
10.0 50 50 21. 1 50 50
20.0 5 95 25.0 50 50

2 #RE5WR
2.1 TLRAMA
2.1.1  ZOERIE KA

Z:7% OTA DR B Rk S AR
b 3 Bl it 25 2 F 1929 A N e I R A 3 D
Ko BEE LB 331 nm, & 53K 400 ~ 500
nm, iz 17 M8 2 IR A bR ifE TR 10 pe/L,
OTA ,OTB,OTC {3 A& 3t il K 53 5 2 467,462 |
467 nm, [E5E & 5K 467 nm, #% B 300 ~
350 nm, iz 17 i & 2 R IR A AnfE TAEE W 10
peg/L,OTA OTB OTC S B P A 30y 331
313,331 nm, 10 pg/L # i 8 5 RIRAARE TAE
VR VR IR LA (0 5 S R NV R 4, g
B 1R,

4x10°1 OTC 19.822 min

2

5 3x10°

§ OTA 8.509 min

6 |

% 2x10°1" 61y 5 354 min

=

Z

5 10 15 35
PR BRI 1] /min

B1 3R Ak
Fig.1 Chromatogram of three ochratoxins
2.1.2 SRR RYIERE
3P A dE R AR, A EE R A5
RANE 2 s, BT OTA #s 5 FAk: 6] i 55 48
#+t OTA OTB ,OTC., BiF H: [ % e #5381

OTA #yi R FIAE
R2
090 oHo
N 0
H
Rl

| R R?
Ochratoxin A Cl H
Ochratoxin B H H
Ochratoxin C Cl  CH,-CH,-

2 MR A

Fig.2 Structural formula of ochratoxins

K HZS AR A 5 32 %6 PR R-Bioparm OTA

G R AR HEAT 7 2L, OTA L OTB , OTC 46X b
4 10 ng, %8R FIR IR )y TR AL B, AR
MR UL 3, N3k 3 il LA H, SR R-
Biopharm P119 4 3= FIAE B}, 3 g il 25 75 2 [0l
WA g, AR AR T Dl 22 7 0. 96% ~ 1. 19% .
V\],FJTL‘A&?% R-Biopharm P119 % 3 MR 3R 4T

JR 25
R3O AEEREA 3 R R 0 RS R A

T
Tab.3 Spiking recoveries and precision of three

ochratoxins in blank samples (n=3)

OTA OTB OTC
Immurlloafﬁnily Average y Average y Average RSD/
column recovery recovery recovery
rate/ % rate/ % rate/ %

R-Biopharm P14 95.7 1.52 92.5 1.06 89.5 1.40
R-Biopharm P119 94.1 0.96 93.4 1.19 97.4 1.13

2.1.3  VEBIRARTR AR E

OTA #3225 FIAE b ith 25 35 R 1Y DR ko
L M A D 85 SR 1 o P S S AR R
BBV IRARAT 3 il il 85 75 2 DR 1 5%
i, OTA ,OTB.OTC 45 finpr e 10 ng, 7640 Al
WA, BB FR 30 2.3 45,6 mL
I, A 8 7 2 PR ZE R 3 s, 45 R
IR VR ARFR A 4 mL B3 bR th 25 95 2 00 19
R ITE 93. 0% LA I, itk — 25 38 v i s A4 FL
Tt FHH 25 2 2% RS0 S5 TG I el 398 0, T 0 Y A
iR 4 mL,

98+ OTC

S o4l 0TA
% OTB
= 92
= 90

881

5 6

3 3 4
YRR /m
B3 SRRV BB AR 3 Fff it 2 5E R A
ENES
Fig.3 Recoveries of three ochratoxins on

different elution volumes

2.1.4  PREUAWRIM LR

P T R T i 35 5 4 A2 2k D B 3 ol
7 R AU 22 5, DR e 0 5 0 A R LA TR
BREE | P 60% 2K 80% H K 1%
BRI S ANKIE AN V(1 %BRIR E AN KIBTR) V(L
) =40:60 #I 4 LA W, FREX 5. 0 g JEKT
WMMERI AL S bR K F 1 we/kg 3547 6 AT
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I, 5L 4, Z5R BN, V(1% 0k R 2 8K
VTR V(L) = 40:60 1E AR BUE T, 3 Fhig
A 5 2 A0 R R AT, PR B V (1% B iR =
BRI V() = 40 :60 fF % th B 55 E 1Y
PRI

100 -OTC
I 77

80

N

~ 60,

=

2% )
20 \

c

b
TR
a.60% Z N /KWL 3 b.80% M BE K 5 c. 1 90 IR S S 7K 5
d.V(1% RS HKE) V(L) = 40:60
4 CRAIA[E SRIGA I 3 Fifie il 25 7 R iy [l e
Fig.4 Recoveries of three ochratoxins on different

extraction solution

2.2 FIREER
2.2.1  bRiERRER K PR A E R

AC T A [0 e i o 2 7 R AR e T AR IR
OYHT BT R IR TR (Y) MO R, W (X)
R AR, AR AE TAE MR, gm0, &5
BB TR R 0. 1~10 pg/LEMXRER
U M RBCR ¥IKTF0.999, DL 3 F5H0 10 55
M LU 43 587 1 I ARG BRI s PR, 45 31 3 A
it A a2 A R BRI E S R4 0. 1,03 pe/ke,
RN E 4,

2.2.2  JriE DGR A %

DAL o e A S AT 4 AS7KOF-4 i 8 5
Fhnpr RS, s K43 518 0.1,0.3.1.0
5.0 pe/kg, BAKF-HEAT 6 W4T, a1
FRAG B L5036 5,3 Tl i 255 Z I (1 i
B 88. 6% ~95. 0% , AH X bR fER 22 4F 1. 7T1% ~
3. 15%3E [l Y, X S ¥ 7E GB 5009. 295—2023
P 35 r I RO 2% B R BRI N

R4 3P EEER LRI R KRR |
o ) FR AN 22 BERR
Tab.4 Linear regression equations, correlation
coefficients (R?) ,limits of detection,and limits of

quantification of three ochratoxins

Linear Limits of

. Correlation . Limits of
range/ Linear . detection/ .
Compound . coefficient quantification/
(Mg' equation R ( Mg (ng-k . )
L_l ) kg—] ) ng kg
Y=57 560X+
TA . 1~1 X . 1 .
0] 0. 0 | 24 0.999 7 0. 0.3
OTB  0.1~10 ¥=22 688X+ 0.99 6 0.1 0.3
1135
Y=55 186X+
T L 1~1 . . 1 .
OoTC 0 0 1 500 0.99 9 0. 0.3
RS ISCRTFIRG S L2521

Tab.5 Results of recoveries and precision

Spiked

5 Average measured Average RSD/

Compound  amount/ .

_1 value/(ng-kg™ ) recovery/% %
(pg-kg™)
0.1 0.089 4 89.4 3.09
0.3 0.272 90.7 2.80
OTA 1.0 0.921 92.1 2.12
5.0 4. 65 92.9 2.06
0.1 0.088 6 88.6 2.96
0.3 0. 269 89.7 3.15
OT8 1.0 0.925 92.5 2.02
5.0 4. 66 93.2 1.90
0.1 0.090 4 90. 4 3.07
oTC 0.3 0.281 93.7 2.52
1.0 0. 945 94.5 2.03
5.0 4.75 95.0 1.71
2.3 HHAMbI kA

Bk i R R R IA AR, o
HT B0 A T IR G VRV € B Ik D 3
O O -SRI T3 Ry
TEEAT LR, A5 R W3R 6, A BR o iR
I3 K 25 BE X L& B, AR ST vk R R
e | PR L ARG 2 B A A A5, 3 5 W B HG )
3 Rl R R B TIE

R 6 B ORI R BN RGN T i 19 A

Tab.6 Comparison of different detection methods for ochratoxin in food

Analytical

Pretreatment

Recovery/  Precision/

le i A S LOD L ference
Sample matrix nalyte technique method 0) 00Q % % Reference
Wine OTA 0T« LC-MS/MS SPE 0.1 pg/kg 0.35 pg/kg 88.6~108.0 2.1~9.2 [8]
Wine OTA DART-MS/MS QuEChERS — 0.5 pg/kg 88.7~105.7 85~12.8 [9]
- Myecotoxin multifunctional
Rapeseed Flaxseed OTA LC-MS/MS e 0.2 pe/kg 0.6 pg/kg 65.0~85.1 7.6~8.9 [11]
purification column,MFC
hi dicinal ials
Chinese medicinal materials ELISA IAC 0.2ng/s 04ngg 759 — [12]

and its products
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Sample matrix Analyte :i‘;i}lflt;;f Pr(i:;ilt:fnt LOD LOQ Rcct;\::ry/ Precj;ion/ Reference
Red wine 1\2: TO/}‘AO‘TOBT‘C HPLC-FLD TAC 0 1:;/(& 2 050nyl T4-935  — [17]
Cereal OTA HPLC-FLD IAC 0.24 pg'kg  —  80.1~106.9 2.4~8.2  [19]
Roasted coffee OTA HPLC-FLD LLE-TAC — LOng/g 741~78.0 52~9.6 [22]
Wine OTA ,OTB .OTC H};iLC?;SL/[;&S QuEChERS — 2.0 p/kg 74.5~120 2.01~7.52  [3]
Coffee and its products OTA ,OTB,OTC  HPLC-FLD TAC 0.1 pwg'kg 0.3 pg/kg 88.6~95.0 1.71~3.15 This work
2.4 SEBRAE I sk
VI 42 i mE K FL ] e R 06 g 57 O vk Coffee and OTA/ OTB/ orc/
AT 85 9 2RS0T, MRS R LR 7, M s products (ke ) (uerks)  (peke™)
%mmuﬁﬂj ’1 {ﬁﬁtiﬁ‘%ﬂﬂ#ﬁ:’% OTA /B\% 7.84 Roasted coffee-18 1.71 0.15 <LOD
we/ kg B L IIE R OTA PSS 47 11 fyRE Roasted coffee-19 <L.OD <L.OD <1.OD
o N e R e Roasted coffee-20 <L.OD <LOD <1.OD
il OTA Ak i, 5 Gy BRdin OTB A Kz i, OTA i Roasted coffee-21 <LOD <LOD <LOD
£ 1.0 pe/kg LA HOFE AR TERE OTB A K, OTC Roasted coffee-22 <L.OD <LOD <1.OD
W3k A 5 /N T s BR, 2% B i e R ) Roasted coffee-23 0. 46 <LOD <LOD
OTC V5 YL FIMER AR . Wongworapat 55 5% FH 55 Roasted coffee-24 <LOD <LOD <LOD
SRS I R R MR A Rowsedcoffees <LOD <D <LOD
HE OTA F1 OTB 42 &, OTA A A1 B o 3 Roasted coffee-26 <LOD <LOD <LOD
BT OTB BRI OTAS0. 6 pe/ke 9 Roasted cnf.f.ee—27 <LOD <LOD <LOD
FRANTEE A7 OTB, QW F A e P L O T
OTB 15 4%, iX 5 A SCHENT 4341 J5 103 52 B Roasted coffee-30 0.4 LoD “L0D
SRERE Y VIS Instant coffee-1 <LOD <LOD <LOD
T T ORI b 3 R I R AR 4 AR Instant coffee-2 <L.OD <L.OD <1.OD
Tab.7 Detection results of three ochratoxins in coffee and Instant coffee-3 1.01 0.12 <LOD
its products Instant coffee-4 <LOD <LOD <LOD
Coffee and OTA/ OTB/ OTC/ Instant coffee-5 <LOD <LOD <LOD
its products (pe-ke™)  (peke?)  (pgke) Instant coffec-6 <L.OD <L.OD <1.OD
Roasted coffee-1 <LOD" <LOD <LOD Instant coffee-7 0.19 <LOD <LOD
Roasted coffee-2 7 84 157 <LOD Instant coffec-8 <LOD <LOD <LOD
Roasted coffee-3 <LOD <LOD <LOD Instant coffee-9 <LOD <LOD <LOD
Roasted coffeed <LOD <LOD <LOD Instant coffee-10 <LOD <LOD <LOD
Roasted coffee-S 0.50 <1.0D <1.OD Instant coffee-11 <LOD <LOD <1L.OD
Roasted coffee-6 <1.OD <1.OD <1.OD Instant coffee-12 <LOD <LOD <LOD
Roasted coffee-7 <LOD <LOD <LOD FIPEFH{H/ (ng-kg™)  OTA:1.56;0TB:0.63;0TC: <LOD
Roasted coffee-8 0.55 <1OD <1OD PR ARG H & 1y OTA: 11 {4 ;0TB:5 #;0TC.0 {7
Roasted coffee-9 <LOD <LOD <LOD V1) N T AR,
Roasted coffee-10 <LOD <LOD <LOD
Roasted coffee-11 0.76 <LOD <LOD 3 B
ot s a0 a0 aon LT - R G-I R A
Roasted coffee-14 <LOD <LOD <LOD IR B OTA L OTB A OTC 8 &k 9 )7
Roasted coffee-15 2.57 104 <LOD 25, OTA Ffge 6 AT [A] I & B2 Al A o v 3 B
Roasted coffee-16 <LOD <LOD <LOD MEFE, TIEFIIESS R0 K6 ) R A &
Roasted coffee-17 <LOD <LOD <LOD FRAK , WERR RS 25 5 S , Pkt G R FAb R
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S 3 T e A & 3 AR AR RE R
TEMEAISE A3 A, 6 42 453 W R e AT
I, OTA FHAPE(E A FHE 2 KT OTB, OTC 2K
Kt SRS A SOy A At R i, 4T
i R T s v it B 7 2K s Yok Al e
3 il th 85 5 R BRI F5 AR P2 S H KA .
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