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Abstract: A new pre-column derivatization of reverse
determination of eight biogenic amines (histamine, tryptamine, f-phenylethylamine, tyramine, putrescine, cadaverine, spermidine and spermine)
in pickled vegetable was established using 4-fluoro-3=nitrobenzo-trifluoride (FNBT) as the derivatizing agent and N,N-diisopropylethyl-amine
(DIPEA) as the catalyst. The derivatization of biogenic-amines was conducted by FNBT and DIPEA with borate buffer solution at 60 ‘C for 30

min, and then the resultant mix as separated on a C18 column with mobile phase (acetonitrile and ultrapure water) at a flow rate of 1.00

mL/min. The detection wavelength 'was 242 nm. Eight biogenic amines showed a good linear correlation (%>0.999) in the concentration
range of 0.5~50 rﬁ, with the limits of detection (LODs) of 0.013~0.053 mg/L and the limits of quantification (LOQs) of 0.044~0.176 mg/L.
The mean reco was in the range of 93.47%~99.87%, and the relative standard deviations (RSDs) were 0.47%~3.67%. This method was
used to analyze the biogenic amines in the 26 commercial pickled vegetable, and the results showed that the total content of biogenic amine in
fermented-and non-fermented pickled vegetable samples were 40.57~692.82 mg/kg and 9.86~270.93 mg/kg, respectively; the average content of
eight monomer biogenic amines in fermented pickled vegetable samples were higher than those of non fermented pickled vegetable samples.
This developed method was simple, sensitive and reliable, and it was suitable for the rapid analysis of biogenic amines in pickled vegetable.
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R Bl RS TR RORE oL, FERE.
WAERE (4R 98%LLh 1), E[E Sigma A#F]; 4-%-3-
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% (DIPEA)ZEEEN 99%), - EifE#250
BRAF]; 2 HBE
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BURlRIR S, B TS s 3-18K AU iEA
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] TER RS

AN+]; PHS-3E FREETH, _BiEEHiAL
AR

<i:%mn, {815 sigma AF]; 24 FLATHERL, F

13 R F %

1.3.1, ARAERRFIXF] 6 Behl

FrREA WA HERFR B FRIE S 100 mg OFf
%] 0.001 g), F 0.1 mol/L #hERV#E, FHERZE 100
mL EFRHERE (1 mg/mL). 4r SIVERTECLL L 8 Ak
HEfE A 1 mL IRAIH25), H 0.1 mol/L e A F 10
mL, FH 0.1 mol/L EhFRHMRE AR 7319 100
50, 20. 10. 5. 2. 0.5 mg/L HIbnpEIREER, 4 C
WEFCARAT o

4-FR-3-TEE =M (ENBT) #74E7): FHEE
PRt 20 £, FEIRAEK.
132 Haaigi

FREL 5.0 g BifEsESErE T 50 mL & 0EH,
5120 mL 0.1 mol/L #hFRVAVR, A H2HN 30 min, B0

(6000 r/min, 10 min, 4 ‘C), Y& LEER, A

20 mL 0.1 mol/L EhFV B R H2H 1 IR, &9 LG,
F 0.1 mol/L ERIRIFBIE ST % 50 mL.
133 44t

ATEIL S Tang® 1 Jastrzebskal i J7i%, I
VERZ R . 0.5 mL A= PIRahrif IR AV alirs i it
HU, FH 0.1 mol/L Na,B4O; 25 pH=9.5, A
1.0 mL 4-5-3-if%E = F A (FNBT). 20 uL N,N-—-
FENFH LM% (DIPEA), B T1EEEZ K (60 C.
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30 min), HUH SN 20 pL HCL(2 mol/L)H i e b, =
RS min, A 5 mL AR ABREFEEL iRiERY JE
> (6000 r/min, 10 min, 4 °C), W& LEHAHIAMHE, =
S 3 K, A IFREGH, 40 CTFESMT, 1.0 mL
FA AR YD, 1L 0.45 pum JEAE, #E4T HPLC W2 .
134 &5t

KH Agilent TC-C18 144 (4.6x250 mmx5 pm),
EAMEIM A 242 nm,  FEIEN 35 °C, #EFEE 20 L.
WA A 4K, WA B AN, HEN 1.00
mL/min, FEEPEFET K 1.

=1 BERIRER

Table 1 Program of gradient elution program

Time/min A% B%
0 65 35
21 8 92
31 22 78
36 65 35
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fie. p-oR g TR T RS ARERG)RT A R
U, UAERERZEMFBUNATAEAN N, 8 P AEMIATAE
RCRERELT,  WOE R S 2 M E TN

H—P L TRTEAN T pH M (7.0~10.0) X7
AR NI . 25 mg/L AnHECEVIRA TR,  CAIIIER £h
SEMPRCAATEEAN R, pHAE (7.0~10.0), FNBT MfiTAE
7, 7E 60 ‘C FATAE M. 60 min. Z5F LA 1a, 8 FhAE
WIRERTAE P PV ARG T AE N T pH B TS
B R G 2R TS, 1E pH=9.5 I 8 PPl
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FRA, e R AT = e T A S 2 5k
e, RIEEATAEAN B pH R 9.5,
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e T AFFIEATAER FNBT (Fikt 100, 50.
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bR UEAE PGS, DA R 36 2% vl BN AT AR A
pH=9.5, FNBT (FiF 100, 50. 40. 30. 20. 10 fi15
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Fig.2’HPLC chromatograms of biogenic amines derivatives in

stan and pickled vegetable sample
VE adnfEdh, b EAAS; 14k, 2.&8, 34-RT

Jeey A JB e, 5B, 6.7 e, 7.3edERE, 8AERE,
23 Uk #EA

23.1 AL, Bl RfT R

EURE St ST AE Y I 2R, DR e LL
(SINYKTF 3 VA HH BRI I bR itE, ME ML KT 10
VENE BRI, 8 P EVIRGIILIETERE . br
AEM LR R DA 7 FE . R PR A e IR LR 2, 7
0.5~100 mg/L WREEVEREIN, 8 FhA:Wf 2O R AT rIZk
PEAR O (©>0.999). J5 kA RN 0.013~0.053
mg/L, EERAN 0.044~0.176 mg/L, PiHIZHM 7%
1) R e o
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Table 2 Linear range, regression equation, correlation coefficient (r?) and detection limits of eight biogenic amines

LX) ZHESE B /(mg/L) = )25 42 r # i PR /(mg/L) ZF&/(mg/L)
il 0.5~100 1=0.907x-0.524 0.9994 0.053 0.176
N3 0.5~100 y=2.457x+0.657 0.9999 0.020 0.065

BRI 0.5~100 y=2.723x+1.133 0.9994 0.013 0.044
J& e 0.5~100 1=2.496x+1.568 0.9993 0.019 0.064
Bk 0.5~100 1=1.787x-0.668 0.9998 0.027 0.090
P R 0.5~100 y=2.146x+1.140 0.9996 0.024 0.079

oAk 0.5~100 V=2.467x+2.180 0.9991 0.015 0.049
A 0.5~100 y=2.915x-4.210 0.9995 0.017 0.058
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232 HEE. TR AFELR

XF 10 mg/L ARkt AEVIEATAINESLERE 7 IR
HPLC 30, . (i, p-RK O, JElE. BEhZ.
U MRS REARS R AR Y RSD 23 5108: 0.422%.
1.507%- 0.619%- 2.702%-. 0.324%. 2.193%- 1.392%
F110.657%, RSD<3%. [Al—HF i SRR 7 ¥k 1) HPLC
wagrh, AR, Bk Pl Bk B B-2K -
SV KE i ARSI T AR () RSD 23514 1.690%2.201%-
1.612%- 2.402%- 1.324%- 2.193%. 0.920%#1 1.457%,
RSD<3%. 4 [F]—Ff S I AEMIERT AT 4 C IR,
HESE 3 d, FERHEFE 3 IR, TS 8 FhAEYIRATA)

7 3 ERESEmT 8 MR IAREI RO R
Table 3 Recoveries of eight biogenic amines in pickled veget

W& THIAR 1 H P9 RSD AH [8] RSD 4351124 0.78%~2.15%
A1 2.32%~6.43%. FEREBW: ZAER LITIERIRS E
R, EVINEATAEr=YIRIRa e s . fEARMETE R A ik
H5.00 10+ 20 mg/kg = AP FEMOINPR I SE S .
8 FAEWIRE I bR IR A 93.47%~99.87%, RSD N
0.47%~3.67%, RSD /N 5%, Uil 5 ikAil i
SERE S R AR S R TR

24 TWEERIMETEMBHILEE

RIFRZITER 26 AT s ESers it p AR
FSRAIE EATRN, S5 RIAE A

Iz A (mg/kg)

A AR melke) 5.0 10.0 20.0
2R % 10.89+0.35 15.64+0.43 20.07+0.36 29.6053‘2“ 93.47 1.66
;3 ND 4.71£0.17 9.68+0.12 19:56+0.60 94.02 1.60
BRI 3.06+0.12 7.96+0.41 12.97+0:52 23.26+0.20 98.68 1.77
J& Bt 9.32+0.28 14.37+0.27 18.87+0.69 8.91+0.24 97.58 3.01
B 4.89+0.23 9.91+0.37 6+0.20 9+0.40 98.85 3.67
Vabi:S 5.77£0.42 10.69+0.41 15.66+0.41 24:81+0.84 97.51 2.04
LAz 10.60+0.33 15.69+0.27 20.50+0:37 30.33+0.33 99.87 1.75
P 1.97+0.19 6.81+0.28 11.70+0.35 21.26+0.68 96.84 0.47

3 4 SR IRRHY 2 8 (me/ke)
Table 4 Content of bio > f in pickled vegetable samples (mg/kg)

HE mm ek pRUE | ORE i PR AR AR dadm A8
1 6692+231 14.61+0.78 -2:89+0.35 90.10i(?.£7 41’.46i0.56 126.30+1.67 3.78+0.17 1.85£0.06 347.92+6.38° F
2 6.0140.11  130.1140.57:30.75£1.06 74.78+1.68 278.01+2.50 6.09+0.59 36.18+1.05 3.66+0.30 565.75+7.86° F
3 ND 1.5740.09 2274023 8.47+1.58  1.66+0.18  2.74+0.22 7.0740.73 14.29+1.62 40.57+5.28™" F
4 19.99+0.12 5.86 4 6.69+0.85 154:55+0.38  58.3040.05  9.98+0.12  9.81+0.03 1.45+0.16 166.62+1.86" F
5 2496033 1.51%0.11 442010 64.1420.74 13.8140.67 39.07+1.03 5.14+0.64 024+0.03 166.79+3.97" F
6 4524028 298+0.63 64.16+1.15 7.64+0.97 8.87+0.76 0.71+027 112.57+576¢' F
7 0.90+0.10  9.33+1.15 457242.00 1327+121 9.59+1.71 4234072 162.5549.00" F

9.84+0.96 198.97+1.06 100.63+0.80 269.1942.39 16.34+1.32 1.33+0.09 692.8249.68* F

4.16+0.17 73714132 54.1940.95 128.02+0.53 14.61+041 2.33+0.71 317.65+6.02° F
10 1394021 31014058 4.75+0.75 3.534026 66.82+1.78 8.23+0.52 9274043 0.71+0.04  97.7144.56 F
11 71.58+0.57 18.66+0.71 12.04+0.24 199.75+2.58 65.86+2.40 202.16+2.37 21.57+1.56 1.05+0.11 592.66+10.55> F
12 71.0040.74 0.89+0.11  1.31+0.18 353.88+1.99 41.59+0.45 56.35+1.73 7.93+0.61 0.57+0.09 536.51£5.98" F
13 1.56+£0.05 1.31+0.08 2.41+£0.27 9.78+0.78  0.44+0.03 ND 7.8240.48 19.19+0.11  50.632.26' F
14 39341048 1.49+0.13 1.8740.21 4324023  048+0.03 4.36+0.36 6.89+0.29 1.44+0.10 24.75+1.83*® N
15 ND 0.9240.11 0.78t£0.11 2.40+£0.25  1.3840.07 ND 2.28+0.22 2.09+0.19  9.861+0.871 N
16 ND 5.14410.56  4.22+0.41 9.91+0.38  0.20+0.03  1.42+022 5791044 1.53+0.10 28.21+2.14° N
17 42040.19 12840.15 0.53+0.13 31.17+0.46 19.62+0.35 5.82+0.75 2.43+0.08 2.08+0.12 67.1242.23* N
18 1.05£0.06 1.31£0.20  0.10+0.05 4.8140.14  9.25+t0.44  0.87+0.09 5.43+0.71 0.76+0.13 23.57+1.82°® N

TR

241



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.10

ELER

19 235741.82 1.3740.17 1.31£0.18 10.96+0.91 4.01£0.26  3.83%0.17 12.60+0.40 3.54+045 37.61£2.54" N
20  67.86£1.63 2.29+0.07 3.38£0.25 72.64+1.13 35.95+0.70 47.56£0.69 6.73£0.39 0.73£0.06 270.93+5.67° N
21 20.20+0.33 3.75£0.52 ND 80.75+0.43 18.83+0.42 45.50£1.23 0.56+0.08 0.57+0.09 170.1743.09" N
22 ND 1.2740.08  0.5940.16 12.14£1.98 1.86£0.40  3.49+0.71 11.28+1.28 3.1840.75 40.33£6.42™" N
23 ND 1.34£0.06  1.30£0.12  5.83+0.38  0.2440.04  1.42+0.10 11.96+0.48 3.08£0.09 25.16+£1.25°°* N
24 1.09£0.09 1.46+0.18 0.35£0.02 5.08+0.72  1.16£0.11  3.24+0.46 10.34+0.44 2.15£0.65 24.87+2.68°®F N
25  1.65+£0.10  1.58%0.25 ND 3.66:0.18  1.7310.07  3.474039 3.60+0.31 0.25+0.02 17.05£1.401 N
26 10.8910.35 ND 3.06£0.12 9324028  4.894023 5774042 10.60£0.33 1.97+0.19.« 46.5%1.92"™ N

E: FATABAERE, NATELBEEBE; ND ATAENE. RRFHEA T HEEF(p<0.05).
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Fig.3 Comparison of the average content of monomer biogenic
amines in pickled vegetable samples
A LABAEER, 2R BAEER. .
HIEE 4 TN, 13 Fhoh R B SR AE ot (R
SETEEN 40.57~692.82 mg/kg, “FHIEEN
mg/kg, AN 7 ks H 2R 35 99203%, FLE 6 H
ik Y ZR 2509 100%. 13 TR A TR i it )
AR BV 9.86~270.93 mg/kg, K& EN
60.47 mg/kg, Hf%. (s B-IK LR A H % 0y

AN 69.2% 92.3%. 84. 92.3%, & 4 M)
Jiekar Hh 2 35) %

TEFTREN ﬁiﬁii%ﬂfzqﬂ, R S A
iafens= 0 mgke. EfE1EEN 0.89~130.11

mg/kg. B IRH S E910.90~30.75 mg/kg. ST
rEON 2.98~353(88 mg/kg BEIEI S &N 0.44~278. 01
mg/kg. FPRERIE BN 0~269.19 mg/kg. WkEHZHIE
N 3.78~21.57 mg/kg FENE 1) BN 0.24~19.19 mg/kgo
e PR S h 2 e R 5 B 0~67.86 mg/kg A i%
& BN 0~5.14 mgkg. f-K LM EEN 0~4.22
mg/kg. JEIEIIE TN 2.40~80.75 mg/kg. B&AL & &
4 0.20~35.95 mg/kg. S REIIE RN 0~47.56 mg/kg.
WAB AN 0.56~12.60 mgkg. FEIEHI &R A
0.25~3.54 mg/kg. KREERIFIER A E S+ 8 Fhep
AR S RN E 3 Fos, KEEARIEIESE
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W8 R AR BRI B T AR R R
Ko TR, AR 2 R L e e TR 3 AR )
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mg/kg, IR ) A )
fi&, ~FEE RS AN 13.86,n .56 mg/kg, It
2 5 5 AR U259 29 NG ¢ — 3. ¥ FDA Hle
i A AR 500 mg/kg, 26 MG
e & EAE R ANE N . ARIERT T, i, Al
IR Tt NG BB R AL, TEIE. %
AT DI A R B i it B, AT DL RS IR Bh I B
R R, PRI, KuenshP24%5 A g3
TS FBR & 50 mg/kg, EATREIIG 26 /M
i, A0 AMRER R R S R 50 mg/ke, 8.

L1255 R IR & & liA 2] T 198.97 mg/kg.
199.75 mg/kg A1 353.88 mg/kg. HEHEE RN 2 B %
BEAFHE 100~800 mg/kg, 7EFTRII 26 AR,
W, 20 8 SRl PRI I B B il 278.01 mg/kg A
100.63 mg/kg. TEATRMIE 26 MEMF, 8 SFEMHF
RS EREIAS] T 269.19 mgkg, f-AKOME.
JHe LG RFIAE R

3 g

AL LL 4-fluoro-3-nitrobenzo-trifluoride(FNBT) A
742575, N,N-diisopropylethyl-amine(DIPEA) AL 7,
TN T —FEETAERTATAE RP-HPLC [R]H 05 e il s
W 8 FEMINEII TS 1ZTEADE . RFE HRAERIE,
AIHER PO SN S S 8 AR g o X
26 FITT BB SR S 8 Pl AP RPN & AT
T o, RBERLEE e b AR i S B LN
40.57~692.82 mg/kg, JEifE 7 AN 2 I 2 5 i
KR EEAEYIN, FRIERS N 88.00 mgke.
72.42 mg/kg f164.05 mg/kg, AEKREEAIE A
Yl B EVO N 9.86~270.93 mg/kg, AN AR
R T I  MER JES E B R, PSR N
13.8 mg/kg 1 10.56 mg/kg. AFEAI M 8 FhAd4)
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