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Abstract: To explore the reasons for the uneven quality of commercial Fucommia ulmoides leaves, an HPLC
method based on deep eutectic solvent (DES) and microwave-assisted extraction (MAE) was developed to determine
the contents of eucommiol, aucubin, geniposidic acid, chlorogenic acid and asperuloside. A DES composed of
choline chloride and urea (molar ratio 1:2) with water content of 40% exhibited the highest efficacy. MAE was
selected and the optimized conditions were microwave power of 70 W and extraction time of 15 s. The contents of
five compounds in green leaves were significantly higher than those in yellow-brown leaves. Part of yellow-brown
leaves even lacked aucubin, geniposidic acid and asperuloside. The contents of five compounds were the highest in
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the leaves treated with sun-drying and low-temperature drying, followed by the deactivated enzymes leaves and

shade-drying leaves. The content of each chemical component, especially iridoids, decreased significantly in room

temperature. However, the contents of the compounds decreased slowly in low temperature. There was a significant

difference in the quality of commercially available green and yellow-brown Eucommia ulmoides leaves, which

may be related to the drying and storage methods.

Key words: Eucommia ulmoides leaf; deep eutectic solvent; microwave-assisted extraction; drying method;

storage method; quality control
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Table 1 Components of 6 different deep eutectic solvent (DES)

synthesized for extraction. HBA: Hydrogen-bond acceptor; HBD:
Hydrogen-bond donor

No. HBA HBD Ratio
DES-1 Choline chloride ~ Xylitol :
DES-2  Choline chloride  Fructose
DES-3 Choline chloride  Glycerol

DES-4 Choline chloride Urea
DES-5 Choline chloride
DES-6 Choline chloride

2-Hydroxypropanoic acid
L-(+)-Ascorbic acid
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Figure 1 Extraction efficiencies of five compounds in Eucommia
ulmoides leaves using different DESs. EU: Eucommiol; AU: Aucubin;
GA: Geniposidic acid; CA: Chlorogenic acid; AS: Asperuloside.
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Figure 2 Effects of the molar ratio of DESs (A), water content (B), liquid-to-solid ratio (C) and extraction methods (D) on the extraction

efficiency of five compounds in Eucommia ulmoides leaves. UAE: Ultrasonic-assisted extraction; MAE: Microwave-assisted extraction;

HRE: Heat reflux extraction. n =3, x + s
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Figure 3 Effects of MAE power (A) and MAE time (B) on the extraction efficiency of five compounds in Eucommia ulmoides leaves.

n=3,x+s

Table 2 Calibration curve, LOQ and LOD for five compounds

from Eucommia ulmoides leaves
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Figure 4 HPLC chromatogram of reference substances (A) and
sample of Eucommia ulmoides Oliv. (B) at 210 nm. 1: EU; 2: AU;
3: GA; 4: CA; 5: AS
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Table 3 The information of commercial Eucommia ulmoides leaves and relative contents of five compounds. NF: Not found

No. Collect place EU/mg-g’ AU/mg-g" GA/mg-g" CA/mg-g" AS/mg-g” Appearance
1 Anhui 0.28 0.42 1.19 5.25 0.92 The leaves of No.1-10 are green or yellow-
2 Guizhou 0.44 0.32 0.66 2.60 0.30 green in color and relatively intact
3 Guizhou 0.52 0.29 0.50 2.45 0.29
4 Hubei 0.44 0.16 0.72 1.71 0.38
5 Hubei 0.37 0.18 0.62 1.91 0.39
6 Anhui 0.14 0.34 0.92 2.96 0.59
7 Anhui 0.19 0.16 0.57 2.73 0.42
8 Guizhou 0.29 0.37 0.38 1.45 0.20
9 Guizhou 0.21 0.83 0.63 1.65 0.67
10 Shanghai 0.15 0.78 0.58 1.85 0.68
11 Shaanxi 0.28 0.11 0.17 2.56 0.13 The leaves of No.11-20 are brown and often
12 Anhui 0.17 NF NF 0.073 0.013 broken
13 Anhui 0.16 NF NF 0.060 0.012
14 Hunan 0.11 NF NF 0.099 NF
15 Hubei 0.17 NF NF 0.030 0.009 1
16 Guangxi 0.067 NF NF 0.032 NF
17 Sichuan 0.28 NF NF 0.32 NF
18 Guizhou 0.16 NF NF 0.84 0.027
19 Hunan 0.53 NF NF 0.16 NF
20 Guangxi 0.24 NF NF 0.21 NF
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Figure 5 Appearance trait (A) and contents difference of five compounds (B) of Eucommia ulmoides leaves using different drying

methods. n=3,x+ s
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Figure 6 Appearance trait (A, C) and contents difference of five compounds (B, D) of Eucommia ulmoides leaves using different storage

methods. A, B: Storaged in room temperature; C, D: Storaged in low temperature. n =3, x £ s
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