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Abstract: An effective method to detect papaverine in beverages was established based on magnetic solid phase extraction—gas
chromatography—mass spectrometry (MSPE-GC-MS). A nanocomposite of magnetic graphene oxide with excellent adsorption properties was
successfully synthesized, and its properties were analyzed. The adsorption and desorption conditions (adsorbent dosage, adsorption time, solution pH,
elution solvent, and desorption time) were optimized using single-factor experiments, Box-Behnken design (BBD) experiments, and response surface
methodology (RSM). The optimal experimental conditions were as follows: magnetic graphene oxide dosage, 15 mg; pH of solution, 7; adsorption time,
30 min; elution solvent, 2 mL methanol ammonium hydroxide (99:1); and desorption time, 6 min. Under optimal conditions, a good linear detection of
papaverine was obtained in the range of 0.10~2.00 pg/mL (R>>0.999). The content of papaverine in three beverages was determined using the proposed
method. The spike recovery rates of papaverine at three different levels (0.10, 1.00, and 2.00 pg/mL) were 98.43%~105.00%, with relative standard
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deviations of 0.61%~3.50%. Solid-phase extraction using magnetic graphene oxide combined with GC-MS is a suitable approach for the detection of
papaverine. This method not only facilitates efficient and rapid extraction of the target substances, but also ensures quantitative accuracy, with a high

recovery rate and excellent reproducibility.
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Table 3 The experimental design and results of response surface

optimization
A5 ApH/AL BERMAFE/mg C MR/ min =ILE/%
1 -1 -1 0 92.62
2 1 0 1 86.41
3 0 0 0 102.98
4 1 0 1 80.32
5 0 1 1 99.03
6 1 1 0 90.49
7 0 1 1 98.92
8 0 1 1 98.61
9 1 1 0 89.00
10 0 0 0 96.13
11 1 0 1 86.64
12 0 0 0 98.47
13 0 0 0 99.28
14 1 0 1 73.88
15 0 0 0 98.34
16 0 1 1 84.52
17 1 1 0 94.18

23.1 FEMH
WR¥ER 3 58, AT HEMNT, ERINE 4. X

315



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.8

SEIBHRHATI G, LR, HAM I (303):
Y=99.03-0.43A-1.85B+2.52C+1.81AB+4.71AC+3.55
BC-10.47A%+3.00B-6.79C" 3
x4 FES
Table 4 Analysis of variance

FERR FrHA awE ¥n FE P RHFE

Pl 938.78 9 10431 10.13 0.0030  **

A 1.46 1 146  0.14 0.7175
27.31 1 2731 2.65 0.1475
C 50.80 1 50.80 493 0.0618

AB 13.10 1 13.10 127 0.2965
AC 88.74 1 88.74 8.62 0.0219 *
BC 50.55 1 50.55 491 0.0623
A2 461.61 1 461.61 44.83 0.0003  **
B2 37.88 1 37.88 3.68 0.0966
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Table 6 The actual sample measurement results (n=3)

B BEHBAE/(ugml) AARE/(ugml) EHE/(ug/ml) EHE/%  RSD/%
0.10 0.102 102.03 1.72
ke ND 1.00 0.984 98.43 1.26
2.00 1.972 98.58 247
0.10 0.101 101.13 1.65
Brzh ND 1.00 0.998 99.82 1.06
2.00 1.998 99.91 2.83
0.10 0.105 105.00 1.85
g4 ND 1.00 1.013 101.32 0.61
2.00 1.996 99.83 3.50
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