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Optimization of the extraction process of cannabidiol from hemp leaves by
response surface methodology and its content distribution in different parts
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Abstract ; In this paper,an ultrasonic-assisted extraction method of cannabidiol (CBD) from hemp leaves was studied, and
the CBD content in different parts of hemp was analyzed. Firstly, an HPLC analysis method for CBD was established. Mean-
while, the single factor experiment was used to analyze the effects of ultrasonic-assisted extraction power, extraction tempera-
ture , extraction time and solid-liquid ratio on the extraction yield of CBD from hemp leaf. Moreover, the Box-Benhnken experi-
mental design was performed by using Design-expert software to determine and verify the optimal ultrasonic-assisted extraction
conditions of CBD,and detect the CBD content in different parts of hemp. The experimental results showed that the Agilent
HC-Cj4 column (250 mm x 4.6 mm,5 pm) ,detection wavelength of 220 nm, flow rate of 1.0 mL/min, column temperature
of 28 °C ,and mobile phase of 90% methanol with isocratic elution were adopted. Under these conditions , the separation effect
and peak type were good,and the results were accurate, reliable and stable. The optimum extraction conditions were as fol-
lows ; extraction power 320 W, extraction temperature 81 °C , extraction time 26 min,and solid-to-liquid ratio 1:22 g/mL. Un-
der these conditions, the average content of CBD was 79. 53 +0.26 mg/g. Among the kenaf, the CBD content in the tender
leaves was the highest,followed by the whole leaf,old leaf,seed and stem,and the CBD content in the root was the lowest. In
conclusion, the results showed that the ultrasonic-assisted exiraction was an efficient method for the extraction of CBD,and as
a natural product resource,CBD has important development and utilization value.
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Fig. 1 Molecular structure of THC and CBD
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Fig.2  Chromatograms ofCBD standard (a) and sample (b)
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Fig. 4 Content of CBD at different extraction temperatures
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Fig. 6 CBD content under different extraction power
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Table 2 Response surface experimental results

%5 A IR B HRORE C 4RI DR CBD 4kt

No. Power( W) Temperature ( °C ) Time( min) Material-liquid ratio( g/mL) CBD content(mg/g)
1 320 70 25 15 23.25 £0.07
2 340 80 25 15 67.44 £0.12
3 320 70 25 25 31.95 £0.09
4 320 80 25 20 77.49 £0.07
5 320 90 30 20 40.73 +0.08
6 320 80 25 20 73.59 £0.11
7 300 80 25 25 59.14 £0.06
8 320 90 20 20 23.66 £0.13
9 300 90 25 20 57.43 £0.09
10 320 80 20 25 52.63 £0.08
11 320 70 20 20 21.36 £0.10
12 340 80 20 20 47.63 £0.07
13 320 80 20 15 33.62 £0.09
14 320 80 30 15 36.25 +0.12
15 320 80 25 20 75.34 £0.10
16 340 90 25 20 41.45 +0.06
17 340 80 25 25 64.9 £0.13

18 300 80 30 20 63.77 £0.07
19 320 90 25 15 29.63 £0.08
20 320 80 25 20 70.45 £0.05
21 340 80 30 20 56.16 £0.10
22 320 80 30 25 67.71 £0.12
23 340 70 25 20 43.67 0. 06
24 320 80 25 20 68.89 £0. 14
25 300 70 25 20 27.83 £0.08
26 320 90 25 25 36.02 £0.17
27 300 80 25 15 36.18 £0.04
28 320 70 30 20 23.58 £0.06
29 320 70 25 15 24.962 +0.11
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Table 3 Analysis of variance of regression equation

K 7 A A M ¥J5 FiH P1{H B
Source Sum of squares df Mean square F-value P-value Significance
T Model 8 254.23 14 589.59 10. 84 < 0.000 1 ¥
A 55.47 1 55.47 1.02 0.3297 -
B 271.98 1 271.98 5 0.042 2 -
C 318.25 1 318.25 5.85 0.029 8 -
D 655.35 1 655.35 12.05 0.003 7 -
AB 354.38 1 354.38 6.51 0.0230 -
AC 2.98 1 2.98 0.055 0.818 5 -
AD 204.78 1 204.78 3.76 0.072 8 -
BC 53.16 1 53.16 0.98 0.3397 -
BD 1.33 1 1.33 0.025 0.877 8 -
cD 38.75 1 38.75 0.71 0.4129 -
A? 103.05 1 103.05 1.89 0.190 4 -
B? 4920.5 1 4920.5 90.45 < 0.000 1 -
c* 1295.17 1 1295.17 23.81 0.000 2 -
D? 1 062. 68 1 1 062. 68 19.53 0.000 6 -
5% 7 Residual 761.64 14 54.4 - - -
ST Lack of fit 712.37 10 71.24 5.78 0.0527 VNTES
%2 Error 49.26 4 12.32 - - -
JF Cor total 9 015.87 28 - - - -
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Fig. 7 Response surface diagram of interaction of each factor
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R4 FEEARZHER(v25,n=3)
Table 4  Content of CBD in different part(x £s,n=3)

JORRAEIRA [R5 FORR 5 it
Different parts of hemp CBD content(mg/g)

¥ Young leaves 87.32+0.24

JERIHF Mature leaves 36.67 £0.15

2% Stems 4.67 £0.30

& Roots 0.61 £0.16

Fih1 Seeds 22.84 +£0.23
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