MR BRI

QUEChERS-UPLC-MS/MS ;EMIEZF T 8 Fih4 41p%

Ll
(] RIOTHRA YA A TRE), 7R )M 510100)

TE: Z3 T RIENEEw T 8 A ItIAR 3 BURM €188 BT (UPLC-MSIMS) 477 k. AdePhnn 1,7-&k = kA H
WAT, DARIBAEAKIAT pH LG, AN CHFSATRIRFEIR, HAT4 B, FIRR% QUECHERS #4t, ARBEL. R4 . LE%E,
vA UPLC-MS/MS 5 &M%, AAFkEE. ERAEHT, 8HFNMIAE 5.0 ng/L~ 500 ug/L RESLE A&tk 7 BRAF, ML AKX
F 0.998; ik FRA 30 ngkg ~ 60 pg/kg, F i EIEA 120 pg/kg ~ 250 pg/kg; ¥ hAfSe 34T 2 AK-P6 R 3 (n=6),
PRI 83.7%~110%, ABAHAREIRES 38%~115%,. KIFHhFLANERI T, HibtBBEA RIS ERE. AF ik
B, R Wik, ERTHEGT A A MR AR,

SR Ak Eih; A FHIURAR G- B ELTE; QUEChERS

NES: 1673-9078(2016)07-255-260

Modern Food Science and Technology 2016, Vol.32, No.7

DOI: 10.13982/j.mfst.1673-9078.2016.7.039

Determination of Eight Biogenic Amines in Soy Sauce by Using QUEChERS
and Ultra-high Performance Liquid Chromatography-tandem Mass

Spectrometry

ZHOU Chao-hui
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Abstract: An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method was established for the
simultaneous determination of eight biogenic amines in soybean sauce. 1, 7-Heptanediamine was added to the samples and used as the internal
standard. Samples were diluted in water and pH values‘were adjusted using ammonia water. The sample solution was then extracted by
acetonitrile using liquid-liquid extraction and salting out methods. The-extract was subsequently purified by using Quick Easy Cheap Effective
Rugged Safe (QUEChERS). After the acidity of the extract was adjusted and the solution was concentrated and reconstituted, all samples were
separated and measured by using' UPLC-MS/MS and quantitatively AND analyzed using an internal standard method. Under the optimized
conditions, the calibration curves of eight analytes showed a good linearity over a concentration range of 5.0~500 ug/L, with coefficients of
determination (R?) greater than 0.998. The limits:of detection (LODs) and the limits of quantitation (LOQs) of the method were in the range of
30~60 pg/kg and 120~250 ug/kg, respectively. The spike and recovery experiments at two levels of concentration in soybean sauce samples (n =
6) were performed. The average recoveries were found to be between 83.7% and 110%, with relative standard deviation (RSD) values of
3.8~11.5%. The detection results on the actual soybean sauce samples revealed that the content of tyramine and phenylethylamine were the
highest in the samples. The developed method is accurate, sensitive, rapid, and suitable for the simultaneous determination of eight biogenic
amines in soybean sauce.
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Table 1 Chemical properties of biogenic amines

No. Compounds Abbreviate CAS No. Structures pka molecular weight
1 Tyramine (B4 ) TYR 51-67-2 Ho—{ )\ AH, 9.6 137.2
NN NUNH,
2 Tryptamine ( &) TRP 61-54-1 QN\/ 10.2 160.2
H
3 Putrescine (J&#e) PUT 333-93-7 HoN- O\ NH; 9.4-10.8 88.2
N ) NH;
4 Histamine ( £/ ) HIS 51-45-6 /<y 6.0-9.8 1111
H
5  Cadaverine ( P/ ) CAD 462-94-2 HoN N 9.9-11.0 102.2
Phenethylamine =
- v PEA 64-040 Pasy 100 1212
(RTmk)
Spermine :
7 . SPM 71-44-3 HoN A NN NHy 8.9-115 202.3
(AEA) H
Spermidine HoN N o NH
8 (AR ) SPD 124-20-9 H 9.5-11.6 1453

1 SEIwERsy

1.1 7% U BRAEA

ACQUITY ™ s Rt (il Al Waters Xevo™
TQMS == PURRAT AR BRI (SEE Waters A #]);
MS3 basic JitimiE A a (FEE IKA 2 7]); KQ-500E i
G (BRI AEEs AR AR]D; Centrifuge
5804R il Centrifuge 5418 =i 204l ([ eppendorf
A]D; N-EVAP 112 /KIEMAX (EE OA AH));
Milli-Q £& 17Kk RAERS (3£ Millipore A]).

8 FAEMINE (F 1) brdEmMNAR 1,7-B8 %

(1,7-diaminoheptane, CAS: 646-19-5), 4l KT

98%, 4T Sigma-Aldrich A#]; 2. 4B 4HE. H
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g (¥8 HPLC 2%, CNW A #]); ZFRE: (HPLC 2,
Sigma AF]D; IETHE. =& k. &4, 2Kk (O
Mragi, TN ) N-SE 2% (PSA, 40-63
pm, 6 nm). CI18 f1 GCB W7 (fEE CNw
Technologies GmbH A ®]); #E4li7K (18.2 MQ-cm).

1.2 ARof V5 R B 4

Iy HIRRBGE ) 9 FibrdEI, FH 2SR 200
mg/L RIEAFRIT 4, 4 CIA7. WBGE R 8 FhAEY
f& (R 1) A&, H10%2EK (VIV, TED
FRERL 1.0 mg/L (PR EHRERE, 4 CIA7. RIEUE
I L7-BF AR, 10% C I KRR RE AR
100 mg/L, 4 CEA7.

TRAFRE TR F 10%Z857K% 1.0 mg/L 1)
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Table 2 MS parameters for the analysis of eight analytes and internal standard

NO. Compounds Q1 mass/(m/z) ~Q3 mass/(m/z) Cone voltage/VV  Collision energy/eV

1 TYR 137.9 121%/77 12 10/22
2 TRP 160.8 144*/117 10 10/22
3 PUT 88.9 72% 7 9

4 HIS 111.9 95*/68 15 15/20
5 CAD 102.9 86.1*/69.1 12 10/15
6 PEA 1219 105*/77 15 10/25
7 SPM 2029 112.1*/129 20 20/15
8 SPD 145.9 72.1*/112.1 15 15/15
IS 1,7-diaminoheptane 130.9 114.1%/55.1 15 10/15
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Table 3 Linear ranges, regression equations, correlation coefficients, LODs, and LOQs of eight analytes

Analyte Linear ranges (ug/L) regression equations R MLOD (o/kg) MLOQ (Lorkg)

TYR 5.0~500 y=0.0280x + 0.5115 0.999 6 30 120

TRP 5.0~500 y=0.0592x + 1.1248 0.999 0 30 120

PUT 5.0~500 y=0.0259x + 0.1753 0.9994 30 120

HIS 5.0~500 y=0.0683x + 0.7203 0.9995 30 120
CAD 5.0~500 y=0.0157x + 0.1390 0.9989 30 120

PEA 5.0~500 y=0.0678x + 0.9289 0.998 3 30 120

SPM 10~500 y=0.0350x + 0.1910 0.9990 60 250

SPD 10~500 y=0.0645x - 0.2952 0.998 9 60 250

R 4 MERETM RIS E E SIe HiE
Table 4 Recoveries of the spike and accuracy test data for eight
analytes in the sample

Content Added Recovery RSD

nalyte

/(mg/kg)  /(mg/kg) 1% (%, n=6)
TYR 21.07 20.0,400  110,95.7 38,44
TRP 241 25,50 90.2,955 | 87,102

PUT 0.24 0.5,1.0
HIS 2.35 25,50
CAD 0.20 0.5,1.0

92.3,92.9 6.6,5.3
97.1,103 71,55
915,938 9.2,7.0

PEA 20.13 20.0,40.0 107, 101 5.8,5.3

SPM N.D. 05,10 83.7, 88.2 11.5,8.9

SPD 7.20 7.5,15.0 89.6,91.6 10.0,7.6
3 Zhip

A SCHENT. T [ I 7 8 e A= Al (1) 1 K
TRORH e 5 DO I % 75725 KA ACQUITY UPLC
BEH C18 {aiftkt:, 1iik 0.1% 127K -0.1% iz 2 fisth
FEERET, '8 Bl Wi SRAT T R O B AU T 5
KHEAT- ORI, TRTTHER pH A, $EmHeiRL
#; SKFH QUECHhERS b, SCEPUE. RIFFk, W
PRI TTIEE VN ASEBRAE S AS U5 L 2 i,
KRIFVER Hef. PR, & T8 8 B4l
5E M T A

Bt I HK

[1] Armagan O. A review: Current analytical methods for the
determination of biogenic amines in foods [J]. Food

Chemistry, 2007, 103: 1475-1486

(21 ARBH ARG . i ROBUAR (i (RIS 00 e s i e 1 8
Tl i 0] DA £ R, 2012,28(5):570-573
Z0U Yang, ZHAO Mou-ming, ZHAO Hai-Feng.
Simultaneous determination of 8 kinds of biogenic amines in
soy sauce by HPLC [J]. Modern Food Science and
Technology, 2012, 28(5): 570-573

[3]  HEESE, B b, BARAAS, At ik 5 20 HIC I A A - K A D e
- R PR A S M Al 5 B AR RN 9] AL
% 2013,41(12):1869-1874
CUl Xiao-mei, CHEN Shu-bing, CHEN lJie, et al.
Determination of 5 kinds of biogenic amines in bonito by
matrix solid phase dispersion extraction with hydrophilic
interaction chromatography - tandem mass spectrometry [J].
Chinese Journal of Analytical Chemistry, 2013, 41(12): 1869-
1874

[4] Mayer H K, Fiechter G Fischer E. A new ultra-pressure
liquid chromatography method for the determination of
biogenic amines in cheese [J]. Journal of Chromatography A,
2010, 1217: 3251-3257

[5] Jain A, Gupta M, Verma K K. Salting-out assisted
liquid-liquid extraction for the determination of biogenic
amines in fruit juices and alcoholic beverages after
derivatization with 1-naphthylisothiocyanate and high
performance liquid chromatography [J]. Journal of
Chromatography A, 2015, 1422: 60-72

[6] Dadakova E, Krizek M, Pelikanova T. Determination of

biogenic amines in foods using ultra-performance liquid

259


javascript:void(0);
javascript:void(0);

MR BRI

Modern Food Science and Technology

2016, Vol.32, No.7

[7]

(8]

(9]

[10]

[11]

[12]

260

chromatography (UPLC) [J]. Food Chemistry, 2009, 116:
365-370

Sun X H, Yang X R, Wang E K. Determination of biogenic
amines by capillary electrophoresis with  pulsed
amperometric detection [J]. Journal of Chromatography A,
2003, 1005: 189-195

TSR, A, P24, 555 b AR 0 B 40 TR R F 3 £
Ty [ 43 Mk 2#,2007,35(1):95-98

QIAO Cheng-dong, SONG Ping-shun, YAN Xiang, et al.
Separation of biogenic amines by micellar electrokinetic
chromatograph [J]. Chinese Journal of Analytical Chemistry,
2007, 35(1): 95-98

Saccani G, Tanzi E, Pastore P, et al. Determination of
biogenic amines in fresh and processed meat by ion
chromatography and integrated pulsed amperometric
detection on Au electrode [J]. Food Chemistry, 2007, 105(4):
1652-1658

T WA I A A ARAT AR AGTRUR - R I AT
SR R 8 FhAEIE ). €1 1,2013,31(2):111-116
WU Yun-hui, ZHOU Shuang, XU Dun-ming. Determination
of eight biogenic amines in animal derived foodstuffs by high
performance  liquid  chromatography-tandem  mass
spectrometry without derivatization [J]. Chinese Journal of
Chromatography, 2013, 31(2): 111-116

Sagratini G, Fernandez-Franzon M, Berardinis F D, et al.
Simultaneous determination of eight underivatised biogenic
amines in fish by solid phase extraction and liquid
chromatography-tandem mass spectrometry [J]. Food
Chemistry, 2012, 132: 537-543

Gianotti V, Chiuminatto U, Mazzucco E, et al. A new
hydrophilic interaction liquid chromatography tandem mass

spectrometry method for the simultaneous determination of

[13]

[14]

[15]

[16]

[17]

seven biogenic amines in Journal of
Chromatography A, 2008, 1185: 296-300

DN e 3, AR AR, S8 YRR £ 1% - S D0 T A T
7 P EYIE 2] AR IR 102553, 2013,49(6):697-700
SUN Ji, SHI Ying, CHEN Shu-bing, et al. LC-MS/MS

determination of 7 bio-amines in the grape [J]. Physical

cheese [J].

Testing and Chemical Analysis Part B: Chemical Analysis,
2013, 49(6): 697-700

Cai Y P, Sun Z W, Chen G, et al. Rapid analysis of biogenic
amines from rice wine with isotope-coded derivatization
followed by high performance liquid chromatography -
tandem mass spectrometry [J]. Food Chemistry, 2016, 192:
388-394

Garc { a-Villar N, Hern & ndez-Cassou S, Saurina J.
Determination of biogenic amines in wines by pre-column
derivatization and high-performance liquid chromatography
coupled to mass spectrometry [J]. Journal of Chromatography
A, 2009, 1216: 6387-6393

T, B R S RO - DU B B
3 TSR AT 8 A AR L[] 3 A4, 2014,
33(1): 27-32

DING Tao, LV Chen, LIU Han, et al. Determination of eight
biogenic amines in red wines by liquid chromatography-
quadrupole/electrostatic field orbit trap mass spectrometry [J].
Journal of Instrumental Analysis, 2014, 33(1): 27-32

B, e 15 R, 55 QUEChERS- e KGR € 1
T 5 B v 0 5 Lok HH AR BUEURR [0 AR & B, 2013,
29(5): 1148-1153

LUO Hai-ying, XIAN Yan-ping, HOU Xiang-chang, et al.
Determination of dicyandiamide in milk powder samples by
QUEChERS-Ultra-HPLC-Tandem MS [J]. Modern Food
Science and Technology, 2013, 29(5): 1148-1153


http://xueshu.baidu.com/s?wd=paperuri:(454e1357993f2bcea714183ca59b1bc4)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.cnki.com.cn/Article/CJFDTotal-FXHX200701024.htm&ie=utf-8
http://xueshu.baidu.com/s?wd=paperuri:(454e1357993f2bcea714183ca59b1bc4)&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http://www.cnki.com.cn/Article/CJFDTotal-FXHX200701024.htm&ie=utf-8
http://www.cnki.net/kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%B6%A1%CC%CE&code=20161089;28238518;21694453;20058838;21095072;08043832;20544444;24917916;25444784;20330391;30412433;

