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B OE: B TR0 AN AR A 4-C 568 2K B (4-hexylresorcinol, 4HR)AY 44T 5 ¥ .
FE M-S P EERIRE 4HR, £ Sep-Pak NH, FEAHABUAE 41k, 4HR 5[ W RR 5 (fast blue RR salt,
FBRR)FEGKIEA 5 o S 0 A6 BT B A7), T EE . SR AT e 0~90 pg/mL JE N HA RIFHY
L, ACERE r'=0.9998, HoA i FR AT E B R4 B2 1.019 pg/mL 1 3.087 ug/mL, 3 AR NARAK (0.5,
1.0, 2.0 pg/g)BEE A E N 86.30%~93.25%, MIXTPRIEMZE N 1.57%~5.54%., AJ5 50T GB
5009.280—2020 { £ ih 2 E ZARUE A 4-C BRI 5% B I ) HEAT HUXE, PR A 45 2R
T E MR (P>0.05), & AL, MERTRTEE, IR 4HR BRI
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Determination of 4-hexylresorcinol in marine-capture shrimp by
spectrophotometric method
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ABSTRACT: Objective To establish a method for the determination of the content of 4-hexylresorcinol (4HR)
in marine-capture shrimp by spectrophotometric method. Methods The 4HR was extracted with acetonitrile-
dichloromethane from sample. After purification by Sep-Pak NH, solid-phase extraction column, the 4HR coupled
with fast blue RR salt (FBRR) in alkaline medium, yielding red coupling product that could be quantified
colorimetrically. Results Good linearity was observed for 4HR in the range 0-90 pg/mL with a correlation
coefficient of 0.9998. The limits of detection and limits of quantitation were 1.019 pg/mL and 3.087 pg/mL,
respectively. The average recoveries were 86.30%-93.25% and the relative standard deviations were 1.57%—5.54%
at 3 spiked levels of 0.5, 1.0, 2.0 pg/g. Meanwhile, compared with the current standard of GB 5009.280—2020
National food safety standards-Determination of 4HR residues in foods, the results from 2 kinds of methods had no

distinguishability (P>0.05). Conclusion The new method is sensitivity, accuracy, credibility, which can be
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applied for analysis and detection of 4HR residues in marine-capture shrimp.

KEY WORDS: spectrophotometric method; 4-hexylresorcinol; marine-capture shrimp
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AT HAT R A ARAR ISR AL, IR 1 B
KRz — . B, BT — BRI a2, W2
W C T A T e ez BN AT, 4-C BRI
i (4-hexylresorcinol, 4HR)J&—FhAEMSHN 2 iy & AL e
AR, ELRT 2N AL L 2GR A T P
AHR I3 70 R B AR AT SO R A8 AR ), 5 ke bl 2 K B
AHR XHEEEAR A M ST, B =l A B R

R 4HR #OA R AR B AR, (HH R
BRI TEED), i FLR 4HR 5% B R S IR A 7 A4 AR
PR maE! M SR R A T 5 2 A, I
7 4HR KSR BRIl 2 mg/kg, BEA EIRE Jofk
b 2H 2 A T A= 20 23 (Food and Agriculture Organization of
the United Nations/World Health Organization, FAO/WHO)
AT RHLE KRS i 4HR [ RR B BN 1 mg/kg.
1996 4F, A% 4HR 49 A GB 2760 prifrh, B AL E
fif K (I BRER 2 Hr 4HR A KAR B BR 5 1 mg/kg. 4
T, ] PR A = R T DR B 3 5 DKOAR 455 O Ok £
AL, A ORE A 4HR, 23R IR A
AHR & iblibR, AIRESX M 4 —e faE . ZIRFIR
S5y P9 (S FTIAN T, A7 0 T — T BE Y 4HR A 7
25, DB X AR B i e I S5 4o

BT, 2T 4HR il Jr vk F24h 3 28 (DT 4
fEEdR, A A Al B AR R A Ik, R
7 SRR A AR FLAS R PR, S A AT A P BRI 1)
T2 HAHFER R, HPRLAR B a SARAE ] S HeR 20
AOAC Fr#fE(AOAC 933.10), FITFIEZ5HF 4HR &4E; (2)
FETOCIEHOR, Qs sy AR LT A G vk, (3% Tk
W AR B R R 221 Q)BT @ik, A2 2T -oe
BT S - SO B ARG T Bk gk )
T ROBOR €0 1% - 58 ARSI 0/ AR R AR I 88 1 9 ek
2R ER IR TR ER PO OB - R B/
FRIR TS TL ) Horh, i AR 2 3% -9 R 2325 (high
performance liquid chromatography with fluorescence detector,
HPLC-FLD)fF Jy —Filt 5 5B 0 i i 132 1 1) 2 M g 22 A i
HA, BRMTIE GB 5009.280—2020 ( &rdh %4 HEK
PR bR 4- OO OR R R AR IE ), TR
o 4HR FRE SRR, SRR A, PULER A B A
FHERAR . 4 A Ry DA KON #RAE X B3 AR 5K i 55 It A
MR 5% K07 AR A B T R ORAR i A . IR,

ST PR R AR L 45 R ]
M) 4HR ZrHrdeil Jr vk, DUE TR 0 Al F )2 1
BTN

FHECF A 4HR R ik, 430600 vk A AR %
F TR ERVE AR . S PSR SR A T T 0
BT By 2R A G i A R VA WA TR A
Fetayh . 4-SSL R bkt ik | AN RIS | ARk
Wy ek . ARG @R WA BRI L ek T i i
200 R BTSN B0 Rl o, -SR0S
TR L FNAT B ORI I, RN L AR AR
P A I A A ek R R h s (R . (R
25 Rt . BRSO 2T A
HEAMEGYN B AN, PHHGEEEA S YR B &
(fast blue B salt, FBB)FI[# % RR $(fast blue RR salt, FBRR)
Xt S-n-Jor KL A1 g oA B AR SRS, (2 Xt 4HR H
AEESEEEI R . Uk, AHF5E R A HLIE R B S [ A
AL BCHERR 3427, IOk %t 4HR HAT R SvE R &
AILEY, FHEYS 4HR B4 S0 OGN, Har
4HR G EER I vk, RIEE, M4 ICH 48R X i 5 ik
PEATIRAERY, I 5BATARE GB 5009.280—2020 FLXT, LA
Wi — B R ER T EE AR IR A AR R 4HR
BT ik, B ORMEAR T AHR 5% RS Wi B R B 0
PR TR

1 #MRI5H%

1.1 MR5RF

W EA AT A AR R (R 1K 52k )

AHR FRIES (P =98.0%, JE[E Sigma /A ]); FBB,
FBRR. I ERAES(BEFE 96%) . hIRMsME . L-M&ER |
L-H &l . shmdiie(dfbikAx) . FEE. 28 . K.CO;.
HCl, Na,COs, &K, ZHE. Z8EF k. IECKE. NEHGY
Bl (1 25 45 b 2400 A B2\ 7); Sep-Pak NH, [ AH < Hit
#:(500 mg. 3 mL, FE[E Waters 23 r)); ZNE (a4, EE
Sigma-Aldrich A ).

1.2 UFE5EE

ME204 15041 KF-CKEE 0.0001 g, Fis 45 8 -4T 7
Z4z); Evolution 608 AIEE4NAT WL A3 BT (3 E AR
3 HD); TKA T18 7Y i 4 B (£ [ KA £EHT); KQ-250B 7
PR IR VA (B 1L T 75 AR B T ); S804R 78 i il 4
VR ML E AR W] ); Waters 2695 7 i RO (213
10 2475 BRI #5 (35 E Waters A F]).
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1.3 WA
1.3.1 R4

AHR PRUEAG A I H EERE ) 5% 1.0 mg/mL 4HR fif &
W(m:V), F-18°CUKFEMBTE, A 1 AH, Ik i EE
H Gl 25 WO B PR E TRV FBB fi /57 k FBRR fifi %
W 1.0%2 B2 BT (V:V)BC I 0.05% FBB i £
% 0.05% FBRR fi# £ (m:V), 4°CHil & 7 d J5 i, W6 T
Pt & W 1.0% LR B i=1:5 (V)RR B TR W %
il B i 72 0 31 (p-nitroaniline diazo salt, pNAD) T/EiK:
¥i¢ AOAC 957.07 Jrikiil 4%, BUHBLH .
132 R&EXHiL

A3 HI IR 200 pL 0~50 pg/mL 4HR ARifE TAEW T4
B ARKAIA 150 puL 10% K,CO; (M:V)#E . 2 mL FBB &,
FBRR /B, WiRIES), MA#E 15 min, T 300~800 nm
JEEINEIBE 1 nm AT

43 B 200 L 0~50 pg/mL 4HR FrifE TAER Tk
o, R 150 L HC1 ¥ . 390 pl 10% K,CO5. 600 ul
pNAD TAEW AN 400 pL gk, JRFLIRS, BEALEE 15 min,
T+ 300~800 nm 3 [E P IFE | nm #EAT AT
133 we&&tMehsme

DA SGAE R 464%, FH 200 uL 40 pg/mL 4HR ARifE TAE
ORI 2 LA 25 o FEAR FL A5 ARUR )86 4HR ARifE T
VEWR YIRS TP A 150 pL 10% K,CO5 ¥ . 2 mL FBRR
TAER, WIRS], BiAEE 15 min, T 473 nm M EWE
fH. %% 4°C'F FBRR fiff £ W 1) i 77 B 0] (7~32 d)
4HR-FBRR A =445 mlia (WOBE) e, 2E8E A8 1
AR A, 2 2Eh Ak AN 2 (10% K,CO3 T | 10% Na,CO;
V. Z0K)X 4HR-FBRR B G 704 e 1 s ), P4
MR RO B AR R (RIS AL L RS b )X
4HR-FBRR {4774 e S R e MR SE ), w858
RGN 451, %8RRI FBRR T/ER (FBRR fifi &
:1.0%Z R P ISR =1:1~1:15, V:V)%} 4HR-FBRR {# &
WA RS2, BERR G IS U FBRR TR
134 FHMBELHHR

BT (2R . 1R . A, Bl . IR E)H
80% F B (V:V)BCHI AL 40 pg/mL THMER, &I
200 pL_FAR TR TS T, 3% 1.3.3 FA L 45 ik
TTBA Y, T 300~800 nm YEFEI NI 1 nm S K44

FHZ S-SR B (7:3, V)RR Z M 4HR i)
A 40 pg/mL B, FESHFE R 4HR 7E B A AR Y
FR SRR . 600 uL MR B 200 pL 4HR FRiE AT
1Y) Sep-Pak NH, [ AHZEHUE F#EAT /020 R . VM 5%
R VEBEHEEE 1 mL/min, BEMLINUT 0 IE ke HBEDS R
W(1:1, V:V), YEBAT 6 mL, WA VR4, S Alin 4
HUFER-1 8 4HR-1, HFE 3R-2 5 4HR-2, &ML 5T
45°CHAMRT, FREYIA A 200 uL B EERE AR, B
1.3.3 A LUt 25 A EA T A8 5 S 0 R 7 WA

13.5 FikkiE

(DAL . A H PR A E PR

A3 B2 B 200 uL 0~90 pg/mL 4HR 5 TAER TiR%E
o, i 1.3.3 SEAR H 6 A A T A SRR S WO,
53 RS IR, A 4HR R AT MR B - OGAE 18105
Fe M2 E P MR ICH 4575 2%, & 1B (limit of
detection, LOD)FI%E i FR (limit of quantitation, LOQ)43 %14
3.3s/b. 10s/b, FHrt s 2 20 PG ZS FHER R 2E, b R
o 28 5] 015 R A A

()N 25 1 55 o

B A6 8 MR T 3R 4y, AL SUHS R R AT K, R
10.00 g 53T 100 mL 45 AV EDELES.OE, ARUTIA—E R
i) 100 pg/mL 4HR ArdfE TAEMR . 30 mL ZJE- & PR,
12000 r/min 5 2 min, i€ 5577 10 min, 10000 r/min
B0 5 min, BIFWRA 100 mL 2800, BisEE Bk
BRVE 1, BF BT 45°Cliesz8 R B . 10 28180
FOmA 2.5 mL EELE, BEIEM, BREECEL
Sep-Pak NH, AR, BEEEAME 2 IR FHEBOE TG, %
1.3.4 VR ARV HEA TR | WSCHE (TR BT VAR | Wk R,
T4 1.3.3 AR L 64 T A SOn, A 2 OB ME
1.3.6 AfsuimlE

AT 8 A5 1S AU A AP AR A BN (17~ 17 RE S AN
W FRA IR (16"~307REAh), ZrBIR A 1.3.52)/9 43 Y66 1k
HIPATHRE GB 5009.280—2020 f#¥) HPLC-FLD % H: 4HR &
T .
14 HIELIE

2 WA E bR R 22 £ 8, SR IMB SPSS
Statistic 19.0 ZX{F1¥) Duncan #36XF B 547 245087, &
ZIKF-h P<0.05, F|H OriginLab Origin 2021 #A1EE .

2 EREHR

2.1 B aEFINTEESKNKE K HE

FERREAN T, EAER S 18028l & A A RN AR AR
BEMETY, FF O S-besE R T A R Y
LA R AL, RIS T 4HR AR R A I
I, #%%<T FBB, FBRR. pNAD 3 &AL 5 4HR (B4 %
MRS R . nlEl 1 BT, FBB Hil FBRR 5 4HR %
G SN ERISTE 400~550 nm U A — W lg, MR
=T 4HR-FBB Fl 4HR-FBRR 184 774 HAE 400~550 nm
YA G, 1M pNAD 5 4HR 84 527 7 i 2 JC B i W)
Wbk, 1B B2 AR AR i 4AHR-pNAD 84 7= W ek %48 & 7
WIAE T WGSBS TTROBAE . 734, Bl 4HR R A8,
4HR-FBB AYR R WE K 465 nm (&% 440 nm; 1M
4HR-FBRR 1155 KR IO MRS E £E 471~473 nm {5 H .
I, #E$E FBRR M 473 nm /F 5 £ 5256 14 B 6057 5 4 0
Pk
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Fig.l1 Ultraviolet-visible absorption spectra of coupled reaction solutions of different mass concentration of 4HR with 3 kinds of color
developing agents
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i, %%¢ FBRR fif &R A% 4HR-FBRR {85774
HE R AR, AR 2 R, B 2 RO, 7E 7~31 dfif
AN 4HR-FBRR {4 7914 il T i 2 2 10 (P>0.05),
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Fig.2 Effects of storage time of FBRR stock solution on the
generation of 4HR-FBRR coupling products (n=3)
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BALFI AU 4HR 5 FBRR AOME-A IS e Ho I i 3 %
L EAE T, T AR R A TR e, R,
FEET 3 Fh pH AL BIBRAL R B0 4HR-FBRR {6744
A LHASE MR, S5 3, I 3 AT, M
IHEAR T 30 min, 10% Na,CO; V527K IR s AL Y
4HR-FBRR & 7Y . 10% K,COs AR, X5
SAMPIETRO 20Oy 58 SR a], AT A Jir PR 2 5 W b i Ak 7]

SiH % 4HR AR AL T A SRR E S T, TG
M EEE T4 MEL 4HR-FBRR B4, —P1E
KR BIFE, 10% KoCOs I 4HR-FBRR R4 7914 il &
T EAK(P>0.05), M K,CO5 % 4HR-FBRR & 7241
R MG B, X ek IR AR 4 T i
AL P 4HR-FBRR 184G 7714 Bt W] 2 2580/ )M(P<0.05),
VLB 3 W Fh B AL 77 23 F& Ik 4HR-FBRR 1847 WIHFa &1k .
25 BT, JEEESRH R 10% KoCOs S i Ak 41
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Fig.3 Effects of basifying reagent types on the generation and
stability of 4HR-FBRR coupling products (n=3)
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W, Ik, AkEfe FBRR 20 I 52 25 Rt N Jeh
A RO 15 mine

048
—o— Skt
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Fig.4 Effects of light intensities on the stability of 4HR-FBRR
coupling products (n=3)
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it b, 1437 FBRR 0 5 2 431 4HR K AR &,
MBI -/ 1 4F 4HR Wr] 5 2 3 3 40 F FBRR K AR A
FiB3, B, #4577 FBRR T AEW Mk %t 4HR-FBRR 18
BT ARG, S5 5. I S WA, HE
FBRR AWM EE (36K, 4HR-FBRR {67714 Bt
BT, Mk RT 0.0083% (FBRR %45:1.0%Z
HESAR=1:5, V:V)B], iE—LH KM, 4HR-FBRR {84
PR A R .35 24 5 (P>0.05), % 4HR 5 FBRR 1
AR EAFH . ik, FBRR &5 1.0%2 Bk H B
TRPARFREL R 1:5 BOE H
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Fig.5 Effects of concentration of FBRR working solution on
the generation of 4HR-FBRR coupling products (n=3)
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TIUFTHEE FBRR BB ETEARE, 2558 LA
6. 6 R, {VIFH 25 FBRR (4B AR TE 400~550 nm
AbAT U, TESZERTS R -FBRR AT A Y, HiZ
YIRS 4AHR-FBRR W IR SEAR T A, M52 00 4HR
K zs Rt . Bk, ATHERINE ZREm, BET
WR AT 4HR A 2 2k AR ZETURE I (4 IR -5 A R B A
SR 7, HE 7 W, IRE RS OB v,
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Fig.6 Ultraviolet-visible absorption spectra of interferences and
FBRR reaction solutions
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Fig.7 Adsorption and desorption characteristics of Sep-Pak NH,
SPE column for astaxanthin and 4HR (n=3)
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VERER, DL 4HR JRREWE (X, pg/mL)AREABFR, WG
) RP AR, ahilbrde TAEMZ, IR S/ FRIH
P SEARTE AHR v B - G [l U3 5 R T AH G R B
(r*), el 8 FroRs . 7E 0~90 pg/mL Y5 H N, 4HR-FBRR I}
JGME 5 4HR J5T MR BE 1Y O R TG IR - R e, ARt L
Vil 4R 1 UH 5 B2 Y=0.00937X+0.06128, #H X & %
r’=0.9998, FHALEYEEIOBAI AT, WEHT 4HR HIE RS
Bro FELEME 20 YOz FROGE, SRRk ZE, RZAR
A7) LOD FMLOQ 43414 1.019 pg/mL 13.087 pug/mL.
MFREER 4 10.00 g B}, HPLC-FLD ) LOD #l LOQ 4341
} 0.0091 mg/kg F1 0.0228 mg/kg, i Ji¥k LOD F1 LOQ 43
M 0.0204 mg/kg F10.0617 mg/kg, B FH T3 4K b 4HR
43 B e
242 HWEEFEHE

T NS B R H N R 80 A 0 2 R A AR
W R 1 AT N, MXHRERZE R 1.57%~5.54%, F
Bmbr E & 86.30%~93.25%, 44 GB/T 274175—
2017 (CEA8PPE AF M IR RIS TERE ) AH DG
K, i HHEE 4HR npRig Ok, ik H S | ik
DR BB 2 T . Tk H RIRE % B i sl 6 d D
1.0 pglg MVARERAE b (ARG I 45 SR A AR R b e i 22, I A
HIE(n=6)K 5.78%. HULTTHI, AJFLEEIERL . %
BRI, AT R AR R 4HR E A TER

2.5 5MITFREEEXT
R AR FE 10 Y6 6 B B AT #R 1 HPLC-FLD X

T8 30 MHEFE T 4HR ST HTR, 558N, (VA 1
3 Fp AR AR (7RE AL AN 2 G305 EC O X IR (LO™RE i . 287
an) PRI B A 4HR(E 2), HEREE GB 2760—2014
CEMZ2EZERME SREIMFERRE) e RER
Bk, HARRES I RME Y 4HR; 40600 B8 BaAs I 45 5 10
XTI 2% 3.31%~14.9%, HPLC-FLD Y AH X i 22 N
1.66%~8.80%, F34b, 43 6B kel 45 5 [k HPLC-FLD
B, TG 2 B (P>0.05), IRy I 09I 25
A BB — M A5 06 B L B R PR (s
IGRFEZY 2 hy. B REREAEA, WTHTIEHLT 4HR
FR B By H R R

1.0

¥=0.00937X+0.06128
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Fig.8 Standard working curve (n=3)

F1 FENBEE. HEHEFEEN=6)

Table 1 Precisions, accuracies and recoveries of 4HR in spiked samples (n=6)

4HR INAr i/ (pg/g)
0.5 1.0 2.0
4HR 7 53 [/ (ng/g) 0.393~0.468 0.883~0.946 1.821~1.901
4HR “F¥ i/ (pg/g) 0.432 0.914 1.865
FrUEDw22/% 2.39 2.11 2.93
AHXT AR IR 22 /% 5.54 2.30 1.57
S AR IR /% 86.30 91.37 93.25
2 EMREIN AL 3T ER(n=3)
Table 2 Comparison results of 2 kinds of detection methods (n=3)
4HR % /(mg/kg)
Jrik XSRS 22 /%
THRE S 19" 5 28"
SR 0.682+0.036" 0.528+0.039" 0.429+0.032° 3.31~14.9
HPLC-FLD 0.673+0.017° 0.522+0.017° 0.432+0.019° 1.66~8.80

T [ P Rl 5= B C 2R 6 B #5122 53 (P>0.05).
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4HR JFRWSETE 0~90 pg/mL JEREP, HRGE 5 HHR &
WA A WA- LR B, MR ERZE A 1.57%~5.54%,
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WERN R R o [, SEATARME GB 5009.280—2020 Hext, 7
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