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Abstract: Ziziphi Spinosae Semen is a traditional Chinese herbal medicine, which has attracted
increasing attention for its unique medicinal value and nutritional effects, and occupies a pivotal
position in Chinese traditional medicine. In the clinic, it is mainly used to sedate, modulate the
immune and nervous systems. In recent years, due to the increasing demand of Ziziphi Spinosae
Semen, numerous counterfeit and inferior products have emerged in the market, posing a significant
threat to human health. Therefore, evaluation of the quality of Ziziphi Spinosaec Semen is important
for its safety and efficacy. Researches have indicated that the medicinal value of Ziziphi Spinosae

Semen is attributed to its abundant fatty acid components. In this study, a method of internal
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extractive electrospray ionization mass spectrometry (iEESI-MS) was established for simultaneous
quantification of five fatty acids, including linoleic acid, oleic acid, linolenic acid, stearic acid, and
palmitic acid in Ziziphi Spinosae Semen from various origins. After the conditions were optimized,
methanol was chosen as the extraction solvent, the temperature of the ion transport tube was set at
400 °C, and the spray voltage was fixed at —5 kV. The flow rate of the extraction solvent was set to
10 pL/min. The analysis was carried out under negative ion mode with mass scanning of m/z 50-300.
The results showed that the linear relationships of these fatty acids are good within the range of 0.01-
50.00 mg/g, with the correlation coefficient (R?) exceeding 0.992. The limits of detection (LODs) and
limits of quantification (LOQs) are 0.01-0.08 mg/g and 0.03-0.27 mg/g, respectively. The average
recoveries are 93.39%-102.53%, with the relative standard deviations (RSD, n=3) of all fatty acids
below 6.05%. Principal component analysis (PCA) and heat map analysis revealed that quality
differences among Ziziphi Spinosae Semen sourced from Hebei, Henan, and Shaanxi correspond to
variations in their fatty acid contents. This method has the advantages of no needing sample
pretreatment, high sensitivity, and high throughput, which can rapidly quantify the contents of fatty
acids of Ziziphi Spinosae Semen in different sources.

Key words: internal extractive electrospray ionization mass spectrometry (iEESI-MS); Ziziphi

Spinosae Semen; fatty acid; rapid determination
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Table 1 Concentrations of five fatty acid

standard solutions
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No.  Fatty acid Concentration/(g/L)
1 il 0.001, 0.01, 0.10, 0.50, 1.00, 2.00, 5.00
2 TWAME  0.001,0.01,0.10, 0.50, 1.00, 2.00, 5.00
3 WHRER  0.001, 0.01, 0.10, 0.50, 1.00, 2.00, 5.00
4 T iR 0.001, 0.10, 0.50, 1.00, 2.00, 5.00

5 HNRER 0.001, 0.01, 0.10, 0.50, 1.00, 2.00
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Table 2 Regression equations, LODs and LOQs of five FAs

b FEA | mYEpy LIS i3 Ao R FE R
Number  Sample  Linear range/(mg/g)  Regression equation  Correlation coefficient (R) ~ LOD/(mg/g)  LOQ/(mg/g)
1 i 0.01~50.00 y=196.26x+53.86 0.999 0.04 0.15
2 PR 0.01~50.00 y=651.52x+347.71 0.998 0.01 0.03
3 P RRIR 0.01~50.00 y=82.135x+36.416 0.999 0.03 0.10
4 hEAE R 0.01~-50.00 y=38.159x—19.395 0.992 0.08 0.27
5 g 0.01~20.00 y=41.717x+10.655 0.999 0.07 0.22




508 Bt i 2 M Hao
R3 IEERANELSER(#=3)
Table 3 Analytical results of spiked samples (n=3)
A AEME e MEE ELES AR A 2
Sample Background value/(mg/g) Added value/(mg/g) Measured value/(mg/g) Recovery/% RSD/%
I 23.20 2.00 25.19 99.58 5.93
10.00 32.61 94.10 1.33
50.00 74.47 102.53 0.51
M IHPR 30.37 20.00 50.65 101.43 1.75
30.00 59.57 97.35 6.05
45.00 73.36 95.54 0.38
TP RRAR 0.45 0.20 0.65 98.08 1.19
1.00 1.42 96.72 2.31
5.00 5.27 96.42 1.13
TR RR 14.65 2.00 16.65 99.44 1.54
10.00 24.38 97.25 241
50.00 61.36 93.39 0.34
EE 6.13 1.00 7.09 95.94 2.22
4.00 10.11 99.49 1.06
16.00 21.69 97.29 1.30
F4 FRFHERISTER(1=3)
Table 4 Analytical results of samples from different origins (n=3)
M2 Oleic acid ~ JEHPR Linoleic acid  MVJFRMAZ Linolenic acid ~ 4XJIEf& Palmitic acid  TfJGFR Stearic acid
e B AHXS Epn AHXE i AT Ep AHXE B AHXT
Place of production Content/ #7:/#{i2% Content/ FREMZE  Content/ #7372 Content/ FRUEMIZE Content/ FRiEMZE
(mg/g) RSD/% (mg/g)  RSD/% (mg/g) RSD/% (mg/g)  RSD/% (mg/g) RSD/%
Ak 30.24 37.78 0.21 8.23 12.43
30.12 0.42 38.04 0.50 0.20 341 8.30 0.87 12.46 0.32
29.98 37.67 0.20 8.37 12.51
R 26.26 46.26 0.25 7.15 6.09
26.63 0.79 46.00 0.42 0.25 2.76 7.15 0.39 5.75 2.96
26.60 45.88 0.26 7.20 5.85
S| 19.19 11.88 0.48 3.98 4.07
19.09 0.27 11.78 1.28 0.48 1.45 4.01 1.60 4.10 1.35
19.14 12.08 0.49 3.89 3.99
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