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R P E A ERERAEET » &
HrE AR E B R P 0 AR (cottonseed
meal) » ZAARATA T & A IFEEARED (free gos-
sypol) » LI RERS I BN —ERVE L -
WHIHIEN YR & - HEMEEEY AT 2%
BEHE Y BB > 5
A& BURB AR ayinlh 2 &
PR By © BYAE4 (adult cattle) < 500 mg/kg
L[I=E (goats) ~ 4f=F (sheep) < 300 mg/kg ~ 4&
I (calves) < 100 mg/kg - HAMA S AR HARY
BARLRR < 20 mg/kg ; SHEAIZ S Bl 6
TR Y R AR A S AR A AR S 0 ~ 3
ey B Bt P BT B 2 2= PR K 100
mg/kg ~ 3 ~ 24 4 # B 200 mg/kg © AL 24
FAlE - £EE fy 600 mg/kg » BEHVAT Ry
200 mg/kg® ™ > 1 o (i BERATHUREHE
HEAT R [k o B AR B & & 1 #5488 28 1,200
mg/kg > Bo&EaRHE A - A B4 R 2
(poultry) < 100 mg/kg * 7 &2 (laying hens)
<20 mg/kg > 4 EF (pigs) < 60 mg/kg > F1[E
S e B Bt b Y e B 2 B e LR BE A
6] > AE H B 2 A 4 B = et o Y D e
Ml ST Ef R E @

BT IR & R 2 AR (gossypol)
VR o LI BITT O S A B Rl
flr » BEERITEE L L R
[EIFf AR 3 2 D7 5B Tk - TEIRME
PRI - R RR i TG EE
e 2 JEUBe: - R RS SRR
HEELZRE 0 SHEE AR RE
mn Z FEEHIBY B T ARED & AR T
EZ BB A - HA iR EEAR

07 7EA Sy Fe R E (spectrophotometric
determination)”"*” > {1 ¥% %€ f# 3£ (aniline
method) FIEIZ =H7£ (phloroglucinol meth-
od) » HH IR E R ECR TR 50k >
FAIA K (cottonseed) ~ AkFHH ~ AR (cot-
tonseed cake) JZEaf} (feedstuffs) & ; EZ ¢
FE5y A (ELISA) S FHFANERER 5 11 5E
AT S A (FTIR) ~ 78 F A AT o
(cottonseed oil) ; ERUEAHENTHEE (high per-
formance liquid chromatography, HPLC) 4347
Z ik @I an S0 I0IR0) i P AT ~ AT
1~ HAFREZ (cotton root bark) ~ &l K AEY)
14 & i (vegetable foods) & - H. 1t HPLC k£
R HAIEZ (ERM T - IEOTERERUE
Je AT RS vy ~ fl (S DRI B B b AR
&R W AEEAE R mEEY) EEE R 2013
11 B 8 HATREEIE " & i EEfkr
M2 talp 70k ) DURAE BT R E s (lig-
uid chromatograph/tandem mass spectrometer,
LC/MS/MS) s3tfr 2 574 7 BTl > 8
B R R - (S Ho A BmAE I RERT & 0.05
mg/kg 7 7E ERRTEK

KRS HEEE % AR B
TIARKE ~ AR B A 2 fe B
77 JE AR RE— ¢ 2% K. Aoyama 73
2 B ER R R 2 AR5 - TR
fERE — 5 2% K Aoyama J7% ¥ K GB/T
5009.148-2003 557 @ 7 37 4% B o 3 AT
18y 2% GB/T 5009.148-2003 7754 @ if;
MR > DRI R Z2 B e ln <~ ks
2% GB/T 5009.148-2003 75 7% @ % 174~ 4%
FERERT I < AR -



JiE— (E—) Mk - AR R
HlrEEAR D 2 Ae e U702 0 & HT 500 mL SN
B/ TECE (6/4) ~ 2 mL 3- &5 -1- Nl ~ 8
mL JKEEREFT 50 mL H,O ;847 » DUEFE
SIECWE (6/4) TEEZ 1,000 mL (solvent A »
HORFHARR By 1 wk) » DABER& TR (gossypol
acetate) ¥ ISR o > FBEN 27.9 mg BERE
FREERTY 250 mL E & > DA EAK solvent A %
fifg e &E1% » HL 50 mL 2 55— 250 mL & &
LA solvent A JAfi#E & » FEARAERIRE F 0.02
mg/mL > ZEJRFFE 1 h oA » Hie iR
FHARR £y 24 h - f 40 2 BUE By oy I 2 HUSE
AEP] 0.02 mg/mL 2 ~ 4 ~ 6 ~ 8 f1 10 mL * 25

RREER TR S 2R 185

mL &I > 5L solvent A A ZE 10 mL ;
72 (4 758 By HY 10 mL solvent A A 25 mL &
il L eBifpn Gl 2E=EG T R
T A BLB 6 ffifniR A o7 Bl L RN
S IECE (6/4) EA A 25 mL > &g B Rl 7y
FIAIA 2 mL & A 100°C /K% 30 min >
Rl LLERAE IECKE (6/4) B Z 25
mL - JREHEERERE 1 h HEIRE A Bl
B HEEE A - BRamikIT A — Bk %
LAGy FAFEE R & 440 nm F3H7 » ROE(EER
B2 0.001 - A AL AESEE Fs 1 em - (EHIES
& C ¥l D By HEE -

JIET (B =) Gl i < b

HURH ~ At R edmirfaiaiesy 1 g
A 250 mL R =F55 0 IR ER
!
il solvent A 50 mL
!
35 rpm JRZZHL 1 h 1%
!
TRAEE (BRI AR LB )
\
Free Gossypol
Tt C + HUE 50 ~ 100 pg gossypol JE/R TS 25 mL E & > 5Ll solvent A FEZZ 10 mL » FFLL
FARETECKE (6/4) % 25 mL
!
TR D © Hi& 50 ~ 100 pg gossypol JEK Y 25 mL EEHH > L solvent A FEZZE 10 mL » fi[IA 2
mL 7% - B A 100°C 7K7% 30 min » 2 Al{R ARAEE TECE (6/4) EZSE 25 mL
\
Tt C B2 DORGIIEREFE | h - (AHDEEEEHE

B—  (737F—) 1345 » IR AR BER Y 2 AR 505
Fig. 1. (Method I) Flow chart of gossypol residue analysis method in cottonseed, cottonseed hulls,
and cottonseed meal.
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% ARV R 2 O B Ry B By 6 e P A
HELLY 0.1 g o AFHEREE - DLAF T 0.2%
Wkl (85/15) Al FEZS % 100 mL » {F SyfiE
R - TN -18°C I E M - BRI
WEEHUEEEERR - IFE 7K (1/1) #
FEZ 0.05 ~ 100 pug/mL » {EEREAE R - 5
ok 775 B 1% - DL RO AR
& (HPLC, Agilent 1100) 43472 7574 » EHT
& Fy Agilent ZORBAX SB-C18 » 5 um > A&
3mm x 15 cm » BEIHER & HEE L HE

T 7K W lE (85/15/1) » 7 7€ 0.6 mL/min »
e —ingafd 5 i H &5 (photodiode array
detector) » 7 235 nm °

TEZ (E=) SRR =~ fbs
T3k FRAEVE IR B B R EUARS By 36 B A
WA 0.1 g - MEHEREE - DIFEF B 0.2%
T5B% (85/15) AN E A2 100 mL » {F Fyf%E
REJFUR > WL -18°C By {F M - BRI
T BB B S AT UK > DANEE 7K (1/1)
£ 25 0.001 ~ 0.05 ug/mL > ff {E AT AE 75

HUEARHRESLY 1 g
A=A
InEERE K E?'é?ﬁi% (85/15/1) 100 mL
%Bﬁ%%i?@j%fﬁ@%ﬁﬁm
BA 100°C¢7J<5§ 20 min
%ﬁﬂ?ﬁ%ﬁﬁ@i
(R DABERE 7K il (85/15/1) fili e #GH8fy 100 mL)
1,000 g %‘ﬁh 5 min
HY_F5%7% 10 mL EJSO mL G0 E Eif
L)Pﬁ?ﬁ/ﬂi (1) B
A#E 20 min (¢5,000 g HE)
i/ré HHERIR
HPiLC

= (FIED) SR IR RER B 2 R BRI I
Fig. 2. (Method II) Flow chart of gossypol residue analysis method in feedstuffs.
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HuEsieds 1 g BREELET

V
kgl 7K Wl (85/15/1) 4.5 mL

|

40°C & #<HL 30 min

|

9,000 rpm ¥fE/(» 5 min

|

DL ERERR 2 RGO EER

|

H B8 10 mL 500 E EER

’

HU_FJEH 200 ul DAPRERE, 7K (1/1) EAZE 1 mL

|

0.2 pm JEREIEIE - BEIERR

’

LC/MS/MS

B= - (757E=) HEPIERERE 2 RER

% ©

Fig. 3. (Method III) Flow chart of gossypol residue analysis method in mushrooms.

BB VAR 8 47 2 BU0E R HUZE RS » K
T3 A= g R IR R 0 57 A1 & HL 200
ul 28 H g 0% o7 BIIA 0.1 ug/mL
AEVEK 10 ~ 500 pl - FEAIA G & A EE LK
(1/1) {ERSHE B 1,000 pL - fEFEEE UCEC AR
HGUAK > BERL 0.001 ~ 0.05 pg/mL 7 Kk
Bt g4 - B E =Rz
LORAR @RI E FEHE (LC/MS/MS) 73tz
I35 BEESEAT © () B R - ERE
#t T~k (electrospray ionization, ESI) > (2)
fr & : Chromolith® Performance RP-18e °
=% 100 mm > N 3.0 mm - (3) PRe&EEFE
Chromolith® Guard Column RP-18e » £J& 5
mm > N{K 4.6 mm > (4) FEEIER A 2 DL
999 mL 4li/KAIA 1 mL R &5 - DL

0.2 um JERFIEIER ] - EIEZER B © EHL
700 mL % 5 {57 1 300 mL BN EDE & i
A 1 mL FEEEEE] » DL 0.2 um JERE R
i 5 BEIFERZE S 0.4 mL/min - (5) JEA
HSFE : 5 ul v (6) EEMEEEE (IonSpray Volt-
age) ' -4,500 V > (7) BT JREE (ion source
temperature) : 500°C - (8) A& BE AL /] (curtain
gas, CMR) : 15 psi » (9) ZE1E 28 BE /7 (nebu-
lizer gas, GS1) : 50 psi » (10) EEHIIEVAEEE 1
(auxiliary gas, GS2) : 60 psi > (11) {HHIFEZ ¢
%, 55 7 {2 M (multiple reaction monitoring,
MRM) &5z o b m/z & 517
JE B B2 231 EMEEE T o0 il 2 489
471 ~ 259 ~ 499 K7 461 °

J77A0 ([ ) KRZ2E iR 2 i
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Hokz=tfehe 1 g BEREELET
B K LB >7J<¢FE§PE£ (35/15/100/5) 5 mL
40°C %ﬁiﬁ‘iﬁﬁy 30 min
;’%ﬁﬂfﬁ%ﬁﬁ%
(DERFLIREE /7K 2B/ 7Kgl (35/15/100/5) #H1E)
9,000 rpm i‘%ﬁlu 5 min
DL EAEREE i Redf LER
£%0.2 um ;‘I%H%i@i[%?ﬁ%ﬂfﬁﬁ
LC/M¢S/MS

(J3EN ) REBRIEERB 2 RERITE ©
Fig. 4. (Method IV) Flow chart of gossypol residue analysis method in forest mushroom compost.

En7505 » BRI Fo B R HUAR I 4 A
HEALLY 0.1 g o FETEREE > LIFHE /0.2 % Bk
W% (85/15) AN E 2 % 100 mL » {F Fyffide
JFR > BOERL -18°C Ry Ffi - ERFHIHETE
BHUEEREER - IFEE 7K LT
% (35/15/100/5) #i # % 0.002 ~ 0.1 pg/mL >

HLAEREREIR R - RE LI ES ZBER
HZE hgie » RJ7AT 2 B AR AR -

73 A& HL 500 pL 22 B AR IFR - o3 BIAnA
0.2 pg/mL FEZAE YK 10 ~ 500 L » FEf1AE
BHEE K 2B B (35/15/100/5) f#
SR 1000 uL - fE/EEVE ULRCIR B 405K -
BL{F R 0.002 ~ 0.1 pg/mL 2 B UCHC i &
& o BREn T AR Bkt - DURHE
MrepRRE REEE (LC/MS/MS) J3Hfr 2 J57% -

AR (B A9 tntn 2tk
Ji7E o BEAEVS TR 2 Bio B4 R HUAR B 4 I8 R AR
ALY 0.1 g FETEREE > AR E 0.2%
Wl (85/15) MM EZ 2 100 mL » {F Ryt
HEJR > BOEHY -18°C ArfFEfiH - BEFIRHE
fife B HUE AR AR JFUR - DAL 0.2% Wl
Wz (85/15) i FE %5 0.005 ~ 0.2 pg/mL » {:/F
PRAEIR T - B IR B4R BUE Bz
Hfgie - OTARHARZE SRR - 7
BIEHL 0.5 mL Z2 9 iR R R BRI EZ > Al
A1 ml ZEERERRE ST » HERET
Fote B4R » 73 I %LE 0.005 ~ 0.2 pg/mL
ZHBE ViR E AR © BREn (R A TR Bis
i o LURAH AT SR BB 28 (LC/MS/MS)
D2 TTE
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HUFghtade 10 mL > BEREELE T

JndEsK 2.8t 10 mL

e Z<HL 2 min 1%

9,000 rpm /(s 5 min

HY B0 0.5 mL &R

WKz

LA CH,CN/0.2% Tkl (85/15) A4 1 mL

0.2 pm JEHEE

g HFRRR

LC/MS/MS

B~ (737ER) FPRiEBERE 2 R TTA -

Fig. 5. (Method V) Flow chart of gossypol residue analysis method in milk.

A By I 2% 8 5 B AR EUHT A R (instru-
ment detection limit, IDL) » Ay@[E 7 s{E:EE
(S/N) KJr 3 LAE » B IDL FAARkF ~ Feif 7
FARFRIT 5 0.8 pg/mL - GHRHE A 0.05 ugd
mL (x 100 ul) ~ %E 88 & £ 0.001 ug/mL (x 5
ul) ~ KZ2E B 0.002 pg/mL (x 5 ul) ~ 44
185 0.005 pg/ mL (x 5 ul) ; SHRERITE T E
= R E | (limit of quantitation, LOQ) j* ##
K~ AR R AR FE P £y 100 mg/kg ~ B}
i Fs 5 mg/kg o NG - RZEEL KA Y
KB A T Y ZE I SOF AR T =0 > o0 AR
EEcirEH R - KRAERITEBEE
# (LC/MS/MS) fglll » Ji>4h4H 1 Ry 0.05 mg/
kg ~ KZ=FH By 0.02 mg/kg ~ 45 £ 0.01
mg/L > FERFE— -

T3 AR A 7y BT (1) AT ~ Ak

B 5 (2) AL B AR 5 (3) A
fdE T EE S (4) TEEGEEZ KZEE S (5)
A FL T 2 FERME 3 R 2 OIUGAES > I
PLE SR H AR (recovery, R%) KETH 3
sy S FL(4HE] (coeflicient of variation,
CV) » I PR E M5 Er (0.1 ~ 2,500 mg/kg)
R EAE AN ZE A s B
B [E U2 By 67 ~ 100% » B MEEER >
L8 (CV) 1E 1 ~ 18% [ > RN .
FEARED (1 ~ 5,000 mg/kg) [EIUTEASRE 5[]
W By 73 ~ 99% - B Vsl BR 2 8RR
(CV) £ 1 ~ 7% [ » HITEBERUS R SdT
Bl R ER R m AT E ZEHEK  5EA
K.

FIREEII L > TR E S AR
PRV - 1F 18 fRARE - MRKFRE - ARk
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x— 5 O A BARREEUMREE

EMR e

Table 1. Comparison of IDL and LOQ for five methods studied

Method Method I Method IT Method Il Method IV Method V

Instrument Spectrophotometric HPLC LC/MS/MS LC/MS/MS  LC/MS/MS
determination

Sample cottonseed, cotton- feedstuffs = mushrooms forest mush- milk
seed hulls, and cot- room com-
tonseed meal post

Instrument detection 0.8 0.05 0.001 0.002 0.005

limit (mg/L)

Limit of quantita- 100 5 0.05 0.02 0.01

tion (mg/kg)

&= ARREEETEPRB EIEAHER

Table 2. Gossypol recovery results from different methods and matrixes

Low concentration

High concentration

Type of sample Method ~ Spike level Recovery CV  Spikelevel Recovery CV
(mg/kg) (%) (%) (mg/kg) (%) (%)

Cottonseed 1 2,500 87 12 5,000 82 6
Cottonseed hulls 1 500 100 4 1,000 99 6
Cottonseed meal 1 500 100 2 1,000 98 8
Feedstuffs for adult 11 100 95 1 200 92 3
cattle
Feedstuffs for poultry I 100 93 2 200 94 1
(chicken)
Mushrooms 11T 0.25 67 8 1 77 1
Forest mushroom v 0.2 81 4 1 84 3
compost
Milk A% 0.1 81 18 1 73 7

B R HORE S > SRR 4 4
(AT B PR A R B 6,347 ~ 7,325 ppm » 3
B M ST S B R ~ BT A
KPR 2 R HLERT < 5,000 mg/kg -
kT R B AT B < 1,200 mg/kg  7E 12

MFLARE ~ NS R B A FE R
B 2 (b LA R AR B pR B - HoAm
SR AEERE N4 H ER  ByARE &
EIRHBIMET B R - REA < 500 mg/kg ~ 15
4+ < 100 mg/kg > HAMA S HEFFRARY AR
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<20 mg/kg 5 1E 4 ST EREST & NE - BRER/NEERHERETT > it
Rim U AREYERS & 1 24 ik BB I RZE B -

BRSERGER 2 RZE RS > 7Y 13 K

ref e - HaEwas <lomg B SORR

kg : 1E 5 PRAEAEMT - B R AR
W sERR= GREBURHR I A R ZE
B R R AR TS A T E A 0 A
Bt o R AR HE TS A A 7L © AHEIERE

B 7 AR B TR - RASRE
SRR (R G B RS R
HEEGEEZ(ED FORIRRE

{(EH g AT G AR Z (SRR FEK
WiEfrismbgan B g E M -

M '

AT ASZAEMBE /N « FRE4D

E ~ 63 /fq:%l:ll:&l EP*?—‘E/D\ /\D%
Table 3. Gossypol residues in 63 samples analyzed

hEE R SRR B R B B R

1991 = lfeh o e AR B A9 H 5 704 -
GB 13086-91

e N B AR A B B o Bl B )
2003 - HEYIME B R A E -
GB/T 5009.148-2003 °

o gE N\ B SRR B AE O 1P b B =)
1996 - tH gk B iR ER T AR
#l% o SN 0535-1996 ©

frEE A RALFIBIRESEE] - 2007 - Ay oft
MR he A THNE moRAH % - NY/
T 1382-2007 ©

Type of sample Method  No. of sample No. of sample Gossypol residue
detected (mg/kg)
Cottonseed I 8 8 2,809 ~ 7,325
Cottonseed hulls I 7 7 186 ~379
Cottonseed cake I 1 1 749
Cottonseed meal I 2 2 268 ~ 426
Feedstuffs for adult cattle 11 6 2 79 ~ 206
f;sjguffs for poultry n 3 0 ND
Feedstuffs for poult
(chicken) e e 3 0 ND
Mushroom I 4 0 ND
Forest mushroom compost v 24 13 0.05 ~8.18
Milk \% 5 0 ND
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10.

11.

12.

WAL ~ HRFER ~ TR - 1984 - Ak
FFE A RFERIAMEREA R E - BHE
B2EAYy 3:13-18 -

B B A RS PINT FE 0 - 2013 »
AR R o 558 B B AR AT B - EUE hittpe//
nehrc.nhri.org.tw/foodsafety/ref/ %E6%A3%
89%E7%B1%BD%E7%B2%9520131029.pdf
A rR A D B oL SE Y S - 2013 -
B FH o Ol e A R B 2 e B 5 Uk
TFDAO 0013.01 °
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Analytical Methodology to Detect Gossypol Residue
iIn Agricultural Products

Hui-Shan Chen', Sz-Ying Chen', Tsyr-Horng Shyu', Chen-Hua Huang'*

Abstract

Chen, H. S, Chen, S. Y., Shyu, T. H., and Huang, C. H. 2016. Analytical methodology to detect gossypol
residue in agricultural products. Taiwan Pestic. Sci. 1: 183-194.

To investigate sources of gossypol residue in cottonseed- and mushroom-based
products, we developed five analytical methods to detect this pollutant in agricultural
products. Specifically, to detect gossypol residues, we used a solvent to extract a gossypol
sample and then analyzed this sample using a spectrophotometer, high performance liquid
chromatography, or a liquid chromatograph/tandem mass spectrometer. Data showed
that average recovery ranged from 67% to 100%, and the standard deviation (of triplicate
experiments) was less than 20%. Moreover, our methods were quick and accurate for both
quantitative and qualitative determination of gossypol, and gossypol limits of quantitation
were 100 mg/kg in cottonseed, cottonseed hulls, and cottonseed meal; 5 mg/kg in feedstuft;
0.05 mg/kg in mushroom; 0.02 mg/kg in forest mushroom compost; and 0.01 mg/L in
milk. Therefore, our proposed methods are suitable for the determination and screening
of residues in the aforementioned agricultural products. Using our proposed methods, we
further showed that accorded the European Union maximum levels of gossypol in animal
feed (including feed material and complete feedstuff). Indeed, of the 63 agricultural product
samples we analyzed, gossypol was detected in 23 of them. Furthermore, the concentration of
detected gossypol ranged from 6,347 to 7,325 mg/kg in 4 cottonseed samples. Our proposed
methods can should be applicable to the routine monitoring of gossypol residues and can

improve the quality and safety of agricultural products.

Key words: gossypol, agricultural products, feedstuff, growing medium, matrix matched.
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