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Simultaneous determination of three tryptamines in foods by
ultra performance liquid chromatography-tandem mass
spectrometry coupled with hydrophilic column separation
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Abstract: The illegal addition of substances in ordinary food poses a serious threat to food safety.
Therefore, the detection and identification of such additives have long been important research areas
in the field of food safety. Especially, illegal additives are showing new trends now, such as
emerging functional varieties, new structural derivatives, and clandestine addition practices.
Meanwhile, along with the development of online shopping and logistics, new threats pose a
substantial challenge to social governance and food safety. In recent years, there are frequent cases

of people consuming wild mushrooms containing hallucinogenic tryptamine toxins out of curiosity,
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and the abuse of tryptamine psychoactive substances also occurs from time to time. Therefore, the
development of a robust and sensitive analytical method is necessary for accurately identifying the
risks associated with tryptamine psychoactive substances.To address this issue, a novel method
based on ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
combined with an isotopic internal standard and solid-phase extraction purification technique was
developed for the simultaneous determination of three tryptamines (psilocin, bufotenine and
psilocybin) in ten types of ordinary foods. Several optimization procedures were undertaken, in-
volving the chromatographic conditions, mass spectrometric parameters, and sample extraction and
purification protocols. The food samples were extracted and centrifuged, followed by purification
using a strong cation exchange solid-phase extraction column. The separation was carried out using
a Capcell PAK ST (S-5) hydrophilic interaction chromatographic column. The multi-reaction
monitoring (MRM) mode was employed for data acquisition in the positive ion mode, whereas
isotopic internal standards were used to quantify the three tryptamines. It was verified that the
calibration curves of psilocin, bufotenine, and psilocybin exhibited good linearities (R*>0.995) within
the range of 0.025-10.0 ng/mL. The limits of detection (LODs) for psilocin, bufotenine and psilocybin
were determined as 0.4, 0.5, and 0.6 wg/kg, respectively, while the limits of quantification (LOQs)
were determined as 1.4, 1.7, and 1.9 pg/kg, respectively. The LODs and LOQs demonstrate that the
method has the ability to detect minute quantities of tryptamines. The recoveries of the tryptamines
were 94.3%-113.7% under three spiked levels, with relative standard deviations (RSDs) ranging from
0.4% to 4.9% (n=6). The consistent and satisfactory recoveries of tryptamines indicate that this
method meets the requirements to accurately quantify the target analytes even in a complex matrix.
In summary, this newly developed method is rapid, sensitive, accurate, and compliant with relevant
regulatory standards; hence, it is suitable for the determination of psilocin, bufotenine and psi-
locybin in food matrices. As part of the application of this method, a comprehensive investigation
was conducted on ten types of actual food samples, including candies, beverages, wines, succade,
coffee, health care products, condiments, cooked meat products, spices and hot pot sauce. As a
result, out of 100 samples, 14 samples were found to contain bufotenine. Additionally, one sample
had a bufotenine concentration of 7.6 mg/kg. By tracing back, it was discovered that the bufotenine
in the positive samples was derived from Zanthoxylum armatum DC. or Zanthoxylum Bungeanum
Maxim. Subsequently, 12 samples, containing Zanthoxylum armatum DC. and Zanthoxylum
Bungeanum Maxim, were collected and processed using the same method, which revealed the
bufotenine in all samples with the content ranging from 23.8 to 885.0 mg/kg. At the same time, it
was found that the daughter ion scanning mass spectra of the Zanthoxylum Bungeanum Maxim
sample were almost consistent with those of the bufotenine standard. Based on this, it can be firmly
concluded that bufotenine is naturally present in Zanthoxylum armatum DC. and Zanthoxylum
Bungeanum Maxim. In conclusion, the developed method and the discovery of the content of
bufotenine in Zanthoxylum armatum DC. and Zanthoxylum Bungeanum Maxim provide a reference

framework for future research in the areas of food safety risk assessment, the screening of illegal
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additives, and food product development.

Keywords: ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/

MS); foods; psilocin; bufotenine; psilocybin; solid phase extraction
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Table 1 Retention times and MS parameters for the three
tryptamines and their internal standards

Retention Precursor Product

Compound time/min ion (m/z) ion (m/z) CVIV - CElev
Psilocin 3.47 205.2 58.0° 20 13
(PSC) 160.1 20 18
Bufotenine 4.07 205.2 58.0° 20 13
(BUT) 160.1 20 18
Psilocybin 5.39 285.2 58.0° 15 25
(PSB) 205.2 15 17
PSC-D10 3.49 215.3 66.0° 20 13
BUT-D4 4.07 209.4 60.0" 20 13
PSB-D10 5.39 295.3 66.0" 15 25

CV: cone voltage; CE: collision energy; * quantitative ion.
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Fig.1 TIC chromatograms of the three tryptamine stan-
dards and MRM chromatograms of the three trypt-
amine standards and their internal standards

1. PSC; 2. BUT; 3. PSB.
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] A 2 ORE o S 6 38 ) L A E bR 2H 43 00 15 5 e
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Fig. 2 TIC chromatograms of the soy sauce spiked sample
(1.0 ng/mL) using (a) different solid phase extraction
column types and (b) different loading volumes

1. PSC; 2. BUT; 3. PSB.
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Ve BRI . RIS, T A2 AR A i
T & 45 22 24 5, Sy %o sk b P 1 S 9% TG i o R
R R I | SR = X N AR N o 1V g
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Fig. 3 Effect of elution volumes on the recoveries of the
three tryptamines (n=3)
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Table 2 Matrix effects (MEs) of the three tryptamines in
the four matrices

MEs/% (2 pL/5 nL/10 wL)

Com-

Hot pot Black -

pound Succade Soy sauce otpo ack pep

sauce per sauce

PSC  -30.3/-22.1/ -14.7/-61.7/ -6.5/-11.7/ —-10.0/-56.3/
-25.9 -63.8 -17.5 -57.7

BUT -15.2/-11.7/ -12.4/-8.5/ -8.9/-1.6/ —-18.3/-4.7/
-12.2 -25.5 -23.9 -6.0

PSB  -22.0/-18.2/ -76.8/-96.9/ -1.1/-6.7/ ~71.6/-94.8/
-38.6 -99.1 -13.0 -97.8

2.5 FHEZRWIE
251 LERE ERMEER

T 1 TR A AR BT MR B2 32 0.5 ng/mL (1 &R
H1) J5 1 e (0.025.,0.05,0.10,0.25,0.50,1.00,2.50
5.00.10.0 ng/mL) B &5 n i TAER W 4% 1.3 75 5%
HEAT I E o LABR T VR T W B Uk R O B A AR
(X)), LASE 5 25 5 0 T AR 55 P s 068 T AR A LAl
AR (YY), 2 bR v AR 2, I 1158 4% R D 4 26 1
Wl 75 B S FEAH OC R A AnER3FT7N  FEIE B B B
0 iz R FE 3% 76 = AE 0.025~10.0 ng/mL 3 [Fl N H A
R MG FR M R E(R?) 1>0.995,

1 ) I L BT 0T E bR A SR ) 5 e 4K
KA S0 B s 1 ¥ 9l i 47 R K F (0.05 ng/mL) fin
B, DL LG S 3 45 R0 10 475 i A4 3 |40 04 R O

K H R (LOD) Al & fR(LOQ) . Wk 3 s,
FEWH IE T O FEIEVE =M LOD 4351k 0.4.0.5
0.6 ng/kg,LOQ 43512 1.4.1.7 Fl 1.9 pg/kg.

£3 3MEREDRNEESR ALRE QYURNEER

Table 3 Regression equations, correlation coefficients
(R?), LODs and LOQs of the three tryptamines

Regression ) LOD/ LOQ/
Compound X R
equation (png/kg) (pg/kg)
PSC y=2.45x-0.00066 0.9993 0.4 1.4
BUT y=1.33x-0.00230 0.9997 0.5 1.7
PSB y=1.54x-0.00290 0.9990 0.6 1.9

y: peak area ratio of the three tryptamines to internal stan-

dards; x: mass concentration, ng/mL.

252 EWREAEEE

ALY AR AL AR 10 Fhas (BT R 4 R
A b R 3 UK F(2.50,5.00.50.0 pg/kg) 1Y TR
B AR E ARV, 25 K- HIRE 6 0y, FH T 5 5805 1
14 T T B RDORS %% B, 45 S L3R4, SEIR 25 I R X
T kb 3 A e 25 B IR Dy 94.3% ~
113.7%, K5 % 12 0 0.4% ~ 4.9%. % )5 ¥ B AT K
LT B RORS % B, 15 A 2 28 B R R AR
2.6 EERESEN

SR FH AR 52 56 4 57 9 Oy 9k 6k DTT 3 R ) 46 I S
(4 100 3 BF S AT 0 2 o B 38 I8 B R8I T = 1ok

x4 AEEFRFIFHEREDREINMERAETHEYZENRSD(n=6)

Table 4 Recoveries and RSDs of the three tryptamines in different matrices at three spiked levels (n=6)

Sample Added/(pg/kg) Recoveries/% RSDs/%

PSC BUT PSB PSC BUT PSB

Candy 2.50 100.6 105.2 103.6 2.3 2.2 2.9
5.00 102.1 103.1 100.7 0.9 2.7 2.2

50.0 98.9 103.5 98.2 1.7 1.8 1.7

Coffee 2.50 98.3 101.5 97.6 1.5 3.2 3.0
5.00 102.7 99.9 100.3 2.5 1.9 1.5

50.0 101.8 102.4 103.1 1.9 1.1 1.7

Health supplement oral liquid 2.50 101.5 102.7 99.1 1.3 2.9 1.7
5.00 101.2 107.2 101.0 1.6 1.9 2.1

50.0 95.2 105.1 99.1 0.6 1.5 1.0

Chocolate 2.50 102.0 100.9 102.2 1.8 1.9 1.4
5.00 101.6 105.2 99.6 1.0 0.8 2.0

50.0 98.3 102.7 97.8 2.4 1.2 1.6

Beverage 2.50 99.8 99.7 100.4 0.9 1.1 1.5
5.00 102.2 100.6 101.7 0.4 1.5 1.0

50.0 94.3 103.7 96.4 0.6 1.0 1.1

Wine 2.50 105.5 102.5 100.1 1.1 1.8 1.2
5.00 103.1 100.8 102.6 1.6 0.9 1.2

50.0 95.5 105.3 98.5 0.4 1.2 1.8
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Table 4 (Continued)
Sample Added/(pg/kg) Recoveries/% RSDs/%
PSC BUT PSB PSC BUT PSB
Succade 2.50 101.2 113.7 101.8 2.3 1.7 4.9
5.00 105.1 111.9 108.9 2.4 2.9 2.1
50.0 113.4 112.1 105.1 1.8 1.5 2.6
Soy sauce 2.50 100.3 100.2 98.8 4.5 1.2 33
5.00 100.2 98.5 97.3 1.9 1.9 2.6
50.0 109.7 108.7 98.6 0.7 2.1 1.7
Sauced meat products 2.50 104.9 103.2 102.7 3.0 3.2 2.2
5.00 108.9 105.1 101.3 2.2 2.5 3.1
50.0 100.2 108.9 99.6 2.6 1.9 2.5
Hot pot sauce 2.50 103.8 103.3 99.5 2.1 3.0 2.8
5.00 99.7 101.5 102.7 2.2 2.4 1.8
50.0 98.4 107.4 100.5 1.8 1.9 1.1

Kt A0 6 14 3 BE SR T OB B €, BH R S
il g5 R UL 5. WERE R T 20 14%, o
K 5 7.6 mg/kg.

%5 MHEESTESERRNLESR(n=3)

Table 5 Detection results of bufotenine in positive
samples (n=3)

Sample Bufotenine content/(mg/kg)
Spiced salt 5.7
Spicy hot seasoning 1.7
Oil chili pepper seasoning 0.085
Barbecue seasoning powder 0.019
Garlic-flavored chili seasoning 0.21
Spicy hot seasoning 7.6
Butter hotpot seasoning 0.095
Spicy hot seasoning 0.60
Spicy smoked sausage 0.036
Black pepper sauce 0.0030
Marinated chicken wings 0.0037
Fried and marinated potato strips 0.0019
Marinated small fish 0.045
Spicy sausage 0.48

W (U B BT AR T WE IR R 5 T 1 /N BE 2
KRS A B BB 22 70 Tt s D A
o 2024 A SCHRL 28 JHIE £E F i I8 R R RS i 0 5
M, (ER X 28 W v M 7 I AT R . ARSI
XF IR 14 43 BRAERE fh bR 78 B TCORE AT X A, &
UK b 2 85 A R B2 ME AT AR, R A L
ST I 1R RO B2\ A R AR AU A v R AT
E R BAEHUP S A B AR R E T U X TR DUAE
FERUR SRS W i A 1 o S B 3IE 2% ) T

R SRR A, AR SCERAE T B F H i (Daughter Scan ) #
T K AEURE % 1.2.3 WA BG , 2 0% H 5,
XoF ARAT 9 BE AL 75 € e 1) R e EA T 4, OE A mz
R 205.2 A BREES -0 I A F B B B ] ) 2%
8 0 5 €0 R B o L AR AR 0 B I R R
KIEAT LR (TR ILIEI4) S5 R R P S B EEA W) 4
Ry 3t — AL B UEAE AR P A7 T WE B 0 AN A R IR FEA
JEC B O, PR U AN [R) 7= M A 75 A6 ABL £ 46 ABURT JEE AL
SEAE MU AL Y SR S 12 Oy RE S AT I, 4G ) 0
B, &8N 23.8~885.0 mg/kg (P IL % 6), HLN &
S5 5 1 S AR R S T A S W T T AR R
AE BRI WO ) 32 IV SRR &, L7630 B AT 3¢
KA L, BARAEHURREAR T AR & A ST U
9% T AH O 2 AR B i, DRI, A DG IF 9 38 A7 1+
H— IR

4.0 4 a
2.0
g 0.0 . Ll a. .|. Il || —1 .
5 4.0
E b
2.0 ‘
0.0 : Loal : ||. 1l || . J .
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E4 (a)ifSEEMRERM(D)ERNERNFEFABRLEE
Fig. 4 Daughter scan mass spectra of (a) bufotenine stan-
dard substance and (b) Zanthoxylum Bungeanum
Maxim sample
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Table 6 Detection results of bufotenine in Zanthoxylum
Bungeanum Maxim and Zanthoxylum armatum

DC. (n=3)
Sample name Bufotenine
content/(mg/kg)
Zanthoxylum armatum DC. 1 367.9
Zanthoxylum Bungeanum Maxim 1 530.6
Zanthoxylum Bungeanum Maxim 2 476.5
Zanthoxylum armatum DC. 2 239.6
Zanthoxylum Bungeanum Maxim 3 (Dried) 35.9
Zanthoxylum armatum DC. 3 435.2
Zanthoxylum armatum DC. 4 507.9
Zanthoxylum Bungeanum Maxim 4 405.2
Zanthoxylum Bungeanum Maxim 5 (Dried) 63.5
Zanthoxylum Bungeanum Maxim 6 (Dried) 23.8
Zanthoxylum Bungeanum Maxim 7 885.0
Zanthoxylum Bungeanum Maxim 8 453.0

AR SCE B 5 B [ AR A BURE Ak | [ 27
RN W Y = i VAN R LY == B TGRS
OB ME T O FFE I P R UPLC-MS/MS 46 7
o TR A PR A R R R R o (R
A S i e BRAE AURI e B P R SR 5 A W o (B e
ART7 VR RSN AUEAS T 8 dh AR I IS (2 )
AN J5 1 1 25 1, 9 A W) AR T A SE A 5T
B HEA 0 0 I T R R R A S P Y
LNV | FIE S E PR AR I BOR S

oA RO A 2y i B A R R AR I LA R AR
A O 22T A B S BN S WX AT 5 9 5 )
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