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U A A M B RS AT R R, FHEIKE A 97.92%-101.14%, AB*TE £ RSD < 5%. %% &9,
KBRS Z BT A6y RT-HPLC %, £ —fbbdt, 182, XL S48 7%, L5AHE
FE AR AT VR R E AT SUER ) A R 0.

KA LBRHE, AWk, BLABE, RT-HPLC

A RT-HPLC Method for the Determination of Biogenic
Amine Produced by Lactic Acid Bacteria

MENG Tian TIAN Feng-Wei CHEN Wei© ZHANG Hao

(State Key Laboratory of Food Science and Technology, School of Food Science and Technology, Jiangnan
University, Wuxi, Jiangsu 214122, China)

Abstract: Biogenic amines are produced by some lactic acid bacteria of decarboxylase activities which are
potential risk factors for lactic acid bacteria-fermented foods. In this paper, the biogenic amine-producing
capacities of 61 lactic acid bacteria strains were analyzed on a decarboxylase medium. Then the methodol-
ogy of RT-HPLC determination for biogenic amines in fermented broth and milk was studied. The biogenic
amines in test samples were extracted by 10% trichloroacetic acid and then derived with benzoyl chloride.
The HPLC analysis for the samples were conducted as the following condition: mobile phase was a gradient
elution program of methanol and water, the flow rate was 0.8 mL/min. UV detector was used in the final de-
termination on 254 nm. The results showed that biogenic amines were separated well on such condition. The
method was in a linear way for the amines studied at given concentrations (R*> 0.995). The average recov-
ery ratios ranged from 97.92%—101.14% for all samples. The RSDs were less than 5%. It can be seen that
the RT-HPLC method was rapid, stable, high sensitive. Combination of this HPLC method and microbial
primary screening on a decarboxylase medium could evaluate the biogenic amine-producing capacity of lac-

tic acid bacteria more accurately.
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YT FLIR TR 7 A6 1 AR W B 25 B i 2 A R I T
TEXURS, AT 5 58 5250 % PR AT i 2B AR R 1Y
FLER TR (1) 2 4 o AR SCLASE 5 2= PR 1 A0 16 FLAT B
J& (Lactobacillus) . 55K & (Streptococcus) . FLERH
J& (Lactococcus) . W B ERH & (Leuconostoc). BRI
J& (Pediococcus) T RUE; 14 J& (Bifidobacterium) TE P Y
61 PRFLER T ARG, Sl FH % 5 5% 57 3400 20 i £
PRI FLIR TR, PR SR v SO € v A A
R EWCRN K WSl b - A W R s 0, VP 25 A FLIRR
B2 BRI T O AR AR, ff ORI T 22 4 b
AT R,

1 MR %
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111 E#: AR EMEEILTEE
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(Lactococcus) . BB R & (Leuconostoc) . FERA &
(Pediococcus)FIXUEL 7 J& (Bifidobacterium)7E N Y 61
PRALBR A, Y5 AR S50 & I
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HEM. BREAK. SR BEREE . A, w
TRt QRN . IR A B . FPIERREL . KoHPO,,
MgSO,. MnSO,. FeSO,. CaCO;, &M . WH
% HiEE . Tween 80, AL, k. —HL
M2 . CWkikszal, B A E 2 4R Bk 7GR A R
NS
1.1.3 53R E: MRS WK I (%): EAK 1,
ARE 1, BEEEE 0.5, M 2, R 0.5, 7
BRRA 4 0.2, K,HPO, 0.2, MgSO4 0.02, MnSO,
0.005, Tween 80 0.1, ¥4 pH {6 %] 6.2-6.4, 1 x 10° Pa
KA 20 min,

VR T A R 3 (%)) BREE R 0.5, TERE
H 0.5, FRE 0.5 FAfLEN 025 A 0.05,

Tween 80 0.1, MnSO, 0.05, MgSO, 0.02, FeSO,
0.004, FifkZ 0.001, K,HPO, 0.2, CaCO; 0.01,

HI %% 0.006, 5'-BFRNLISEE 0.005, pH {H 5.3-5.5,
1 x 10° Pa K4 20 min,
114 FENES5IKEF: Waters 1 5K AH G151,
Waters 2489 484h/n] UK 45, Waters 1525 ZJCH6 B
7%, Waters RT-C18 4,4+ (5 pm, 4.6 mm x 100 mm).,
I K IR (KQ-700E 1Y), 41 zRE#% (5 mL),
i fL JE B (0.45 pm, 25 mm), %% % fH IR K B
(DK-8D #), 437 K-V (474 EL204 ),
1.2 A&
1.2.1 E#EK: 61 HRFLIRE MRS B 3R5E0G 1k 2
Wi, £ MRS FHILA 0.1% i 7R 2 3R B 77 3 v 1%
1k 5%,
1.2.2  RIRBRERERLE IR B A M B A AR i b
J&, R TR R B 5 B R, Rl 3 4
AT, 28 R SRE RA
1.2.3 BIiZL&MH: Waters RT-C18 (A4 (5 pum,
4.6 mm x 100 mm), SRFBEEEVENE, B6 R PR ALY
LFE 1, i 0.8 mL/min; A% K 254 nm; #EEE
i 20 pL; AE: 35°C,
1.2.4  FRAEBZERILLE): MO FRIBUbR I b 1 e 41 e
£ 100 mg, f 0.1 mol/L FhFR(HC)EZZE 100 mL,
il e B 1000 me/L RS PR ERE AR . S EL LR
FrRUEfE AW, 0.1 mol/L #hR(HCIHD i iy vk Ji
A3 0, 50, 100, 150, 200 1 250 mg/L RA& R
HER -
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Table 1 HPLC gradient elution program for
biogenic amine analysis

Time (min) A Methanol (%) B Water (%)
0 50 50
0.5 50 50
7.0 85 15
12.0 85 15
15.0 50 50

12,5 4YREERERRITE: B 2.00 mL
FREEMIA 1 mL 2 mol/L NaOH %% pH ZftE, finA
10 uL AR EEE/K IR 30°C fifAE AL 20 min, 15 0
A 2 mL #fF1 NaCl 7K# 60°C 5 min 2 1Ffii 41k, il
3 mL OERGIRG, RS 2REBR EEAYHE
21T, HASWRTE, 1 mL P ESE, &
AFESL S AT, B 20 pL JEREIN 2 A= Ui & B

1.2.6 HRBEROE & KBRS, 2% KR
10%(M/V) =& ZFRIEHU 1 h, XSUZIEACT €, 2 mL F
PR AL B, AR 3R A] 1.2.5, B 20 pL gEREDN &
YIS

1.2.7  &MPR: BOREME R AR ERR, %M 1.2.5 19
5 AT AE AL, HPLC #EME 5307 o R4S 3 A% TR 11
M o7 LA e Az ) RS

1.2.8  [EIYCERIE: ) & BRSO A SR A Y
Jeve BE Sk 50, 100 F1 200 mg/L FUFRAES o BTN
WREE S A TAT, [FIRHSES FRESL 20y, He IR R
AT EE R EIE S, AT RIS

1.29 HBEERKE: W3 PNAFEEE 50, 150,
250 mg/L, & MRWE I kSR 2 RS, 5 P AT
I 7 A ) e 5

2 R 545h0
2.1 RIARBREEFERNEYRTER

61 R LR B AE AN 1% 2 3L /R [ MRS K7 97 3
s A S AR, A SR AR T PR A A v A T A
BT A R B P T, E R i 2 SRR IS W) A TE 45
PN B SR BEVE = Az AR W e, T TR I 45 ok v
AR A, 5BENS AR, EEhIf R
PREE (0 R B, ¥k T B AT (ol 3 R o A,
L 1,

Positive Negative Blank control

B 1 RRREREEINIEFEEN SR
Fig. 1 Result of liquid decarboxylase media

22 BILFMIIRE

2 e R B AR E R AR R LR 2, SR
Deng-Fwu Hwang Z£/9777%, DIZKATH R i s A,
R FABEEEVEL, H i1 752 % SOl Y kA
JEEASTR) JIT LA 5 5 A o B B ), 20 g R S A 1) £
B4 INF ] 43591 42,90 + 0.02) min F1(4.37 £ 0.01) min,
58 TSR YA e RIS e 73 ORI RIXS AR, 1R
AHRING, LA 20 SR G T DL S0 4 i R
(iTQiDRV ST Y alll 8

030 f
0.20 Tyramine

=)

< A
0.10 [ Histamine
0.00lllllllmlll/\lllllllllIIII|IIII|I

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
t (min)

B2 BEeEYEiRHEEIiLEQ0 mg/L)
Fig. 2 Superposition chromatogram for standard mixture
of biogenic amine (200 mg/L)

2.3 fREMZRISHI AN ESEE R E

TEAEAN ) e 5 1 28 ) T s Vs VR AT A DU,
FE L P B MR FEAE 0250 mg/L 765 Rl P 2 4k
A o PR ZE I 3, HAK R KT 0.995,
i, I 2L J R % e P e TR AR 5 R g e 5 L R e vk
KR
2.4 FGBR Az B

FRAEAR e LU (S/NYK T 3 Al rbr o, 2Ry
il BR A 0.08 mg/L, P& A I FR 2 0.10 mg/L.
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B3 SRS ENE A%
Fig.3 Standard curve of bigenic amines content

B SR AN BENR FLARE i mb 23 S0 A A= W e e 2
50. 100 1200 mg/L KPRk, HE 2 AIIL, il
LR TR T % 57 5 b 7™ 2 Tl R i 1) [ 3 03 Ol
97.92%71 98.19%, TN 7L 2L A i ) el i =
SR 101.14%F1 98.44%, 725 REE/INT 5%, 1]
WLAZ 7 V5 W AR vy, AT 158 BH O v o — b Ay o

T A 00 2L 2 AT A i 7 B R R e 2L vl L e T e 14
5o
2.5 FBEERE

K B R 25 R UL 3, T LA H K i 2 iz
TEMG. . ORI EE T AS % B2 R 47, RSD {H¥/h
T 5%, RHEEATEY BT E, &R T Hhf
Hi PR IE S5 S HERR I, de g R AR A B S ST R
HLKG I
26 AREBBAMABIDEYERIENE

X 61 WRFLER B 7E A& W AN A I 2L v 7 A W ik
R EATINGE, S5R 0K 4. S50 EW 61 PRI
23 BRFLER A M IS AR TR, A 3 Rk AL AR
DA o FH T VRS R il 15 5 A 36 TR 1 1 R
A, WD KBRS S IR = A A Y e, 1EI
TR IR P LR P AL 1 &R 6.99-69.71 mg/L,
PR i ) AR 3.98-248.08 mg/L 22 [6), T AE Wi L
A W e e A /N F 30 mg/L

Fz2 EYREWRIEE R0 =5)

Table 2 Recovery tests for biogenic amines (n =

Standard sample concentration (mg/L)

Average recovery

Biogenic amine Sample (mg/L)

RSD (%)

50 200 (%)
Histamine" 69.46 + 1.27 120.17 +3.76 165.53 +3.26 262.00 = 2.07 3.09 97.92
Histamine® 9.20 +0.92 61.26 +1.03 110.69 + 0.36 205.08 + 4.53 1.68 101.14
Tyramine®" 33.59 +1.53 83.50 £ 2.26 128.10 £ 3.37 234.05 £ 3.60 3.25 98.19
Tyramine® 15.16 + 0.99 63.59 +0.97 117.70 + 4.16 206.97 + 5.63 3.64 98.44

Note: (1): Media; (2): Skim milk.

*3 HEYERBEEERBERMN=S5)

Table 3 Precision tests for biogenic amines (n = 5)

50 mg/L 150 mg/L 250 mg/L
Name
Peak area RSD (%) Peak area RSD (%) Peak area RSD (%)
Histamine 88.75 + 3.09 3.48 146.72 +3.62 1.21 333.54 + 12.34 3.70
Tyramine 141.20 £ 3.36 2.38 252.38 £ 8.58 2.86 422.88 £10.49 2.48
s B TE A [ R B2 B 1Y) X-ray #4952, KBS pH(E
3

3.1 R EE AT BRI

T A W A A A W e 2 LA B LRI A, A
FAXHRIRFE FRBEZ M2 F N, BUEY D T 445 A
B AR, 32 030 AL o 3 4 1 A w1 A
J, PR IE, A= A S 0 S R P M pH Ak
JERNELALZZ, BERE I35 IR A5 130 18 LR B R HTHAR
A P A R AR RN, S AN LB AR
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HPRME, TR b S e AR R M R
it 1% 35 BE AE R — i FRAH NS SO 14 S M R R
B, FLAT R Bl 1 4 T B i 2 TR 32 B i 7 2
W, DT (A A% 37 25 R B 8 78 790 e A B 7
o B H T4 7 0 R AR B, A BB R
A AWl A D, DT S B0 BB 1, AEAR 3
ORI B 77 A M REAR T 40 mg/L A LR B A WA
TR R B T XA O i LR Bl AT
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Table 4 Compared test result of biogenic amines produced by lactic acid bacteria

Histamine Tyramine
WS SR . HPLC  Skim milk . HPLC  Skim milk
Vedin gy gy M gy (mg)
1 Lactobacillus helveticus C1302 = nd nd a4 84.98 11.71
2 Lactobacillus helveticus E2402 = nd nd 4 224.97 10.98
3 Lactobacillus helveticus 6024 = nd nd aF 170.10 15.16
4 Lactobacillus helveticus D5402-1 = nd nd = 3.98 0.29
5 Lactobacillus helveticus D1401 = nd nd = 11.95 3.42
6 Lactobacillus helveticus C6302 = nd nd ar 142.81 24.10
7 Lactobacillus helveticus C3301 = nd nd a4 64.98 3.61
8 Lactobacillus helveticus C8402-2 = nd nd = 33.59 3.19
9 Lactobacillus helveticus T16 a4 69.46 9.20 = 15.16 2.06
10 Lactobacillus plantrum LP1001 = nd nd ar 248.08 20.86
11 Lactobacillus sp. CZ211-2 = nd nd a4 197.53 23.75
12 Lactobacillus sp. 5365 a4 35.49 2.39 = nd nd
13 Lactobacillus brevis DJ201 = nd nd R 194.63 29.17
14 Lactobacillus brevis LG43 = nd nd e 188.11 14.04
15 Lactobacillus sp. DC5 = nd nd S 167.97 17.18
16 Lactobacillus plantrum BCRC11697 = nd nd ar 203.40 23.61
17 Lactobacillus bifidum BB-20 = nd nd a4 179.86 26.14
18 Lactobacillus bifidum BB-24 = nd nd a4 178.48 19.05
19 Lactobacillus bifidum BB-39 =" nd nd aF 153.34 13.88
20 Lactobacillus brevis TC17 = nd nd a4 229.28 27.96
21 Pediococcus pentosaceus 20536 = nd nd a4 45.40 9.05
22 Bifidobacterium breve BRCR14634 = nd nd = nd nd
23 Bifidobacterium bifidum BCRC14615 = 6.99 nd = 27.81 2.02
24 Bifidobacterium adolescentis BCRC14606 = nd nd = nd nd
25 Streptococcus salivarirs subsp. thermophilus S28 = nd nd aF 175.89 13.70

Note: +: Positive; —: Negative; nd: Not detected.

77 A ) — S 2 ) o £ e B B L AR
FR Tl 15 A7 A LA Ry — BRI (5. BT AR 3,
ST X 7 A 0 e 1) LR B A T 2B A
3.2 RT-HPLC &4 FLES & 7= 4 $ B

HHij, HPLC j& & w A W i) 2077k, H
HAREW ., REER . i SERe i, AWk
AT UL 58 A1 X0 W 2 1 i, WA POt
4y o WUFE HPLC A i ZEE A7 A A LA BE, 25
S REET AR SR AT AR PR . B R A A AR R A AR R
T HE(OPA) . FHi# L5 (Dns-cL)F12% B Bt 58 (B-cL),
Hp R B B AR A . B . S ERAG
G/ =Yk ) Wt

AR, AR TR R MR T 45

R, HA 3 bR AEFLRR A A, B EiI#EH
Y R R B SE N, AR AW HE A 2R W e = A i
FRIEP R PRI Z W HA 69.71 mg/L. 1ML FLRR
A B WA A e, L7 A R AE A TR B ]
AR N HARRAHF . A 61 #2648 LR B
R 23 BB AT S R R B b = A i e, R AR it
Fed i Ky AN 248.08 mg/L, XS5 A FLIR H
f &S FUAT R . A FLT I . FLAT IR . SUE LT
AR ARV A A (1) FEEAE RUE Y
MITTIAR SRR, (2) FA7E & A E IR R B 00 T A
(3) Al IR T AAR SC B T R [R]85
Ir TSROk L B LR A P AR R I O o SR il
B SR SR T SO MR PE 0 A BT, W HE A AL
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