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Optimization of Extraction of Gardenoside and Chlorogenic
Acid from Gardenia jasminoides Ellis
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Abstract: To determine gardenoside and chlorogenic acid in Gardenia jasminoides Ellis, response surface methodology
(RSM) was designed to optimize the extraction method based on the single-factor experiments. A second order quadratic
mathematical model for the extraction of gardenoside and chlorogenic acid from Gardenia jasminoides Ellis was estab-
lished. Its validity was verified,and the effects of solid-liquid ratio, ethanol concentration, ultrasonic time on the extrac-
tion yield were investigated. The optimal extraction conditions were determined as follows: liquid/solid ratio of 42. 67
mlL/g, methanol concentration of 56. 89% , ultrasonic time of 15. 67 min. Under theese conditions, the yield of chlorogen-

ic acid and gardenoside was 27.38 mg/g,48.47 mg/g,with only 0.60% ,1.16% differences from the predictive values

of RSM. The optimized extraction process was suitable and feasible.
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Fig. 1 UPLC chromatograms of G. jasminoides sample ( A)

and mixed reference standard (B)
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Fig. 2 Effects of ultrasonic time ( A) ,methanol concentration (B) and liquid/solid ratio (C) on the yield of chlorogenic acid
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Fig. 3 Effects of ultrasonic time (A) ,methanol concentration (B) and liquid/solid ratio (C) on the yield of gardenoside
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Table 1  Factors levels and coding of Box-Behnken Design
2% JKF- Level

Factors 1 0 1

A A [E] Ultrasonic time( min) 5 15 25

B: ¥k Liquid/solid ratio( mL/g) 10 40 70

C: I EEHk i Methanol concentration (% ) 20 40 60

£2 MEERBEHFESER (my/s)
Table 2 Matrix of Box-Behnken design and results (mg/g)
LR i 5 i [h] WEHE W SRR BT & =
No. Time Liquid/solid ratio Concentration Chlorogenic acid(R1) Gardenoside( R2)

1 0 0 0 25.47 46.3
2 1 1 0 25.07 43.25
3 -1 0 1 24.33 44.26
4 -1 0 -1 13 30.4
5 1 -1 0 21.39 37.82
6 0 -1 1 21.23 44.16
7 -1 -1 0 17.65 31.48
8 0 1 -1 15.33 36.15
9 0 1 1 25.1 47.79
10 0 0 0 25.55 44.68



Vol. 28

SR AT T AT T AR SRR A B T S0P 913

11 0 0
12 0 1
13 1 0
14 -1 1
15 1 0

0 26.09 46.94
-1 13.28 16.33
1 27.05 48.47
0 21.55 43.39
-1 16.42 36.69
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Table 3 Analysis of variance for quadratic polynomial model of ultrasonic extraction of chlorogenic acid

7 ZER S5 A A Bz ¥ F{H P g
Source Sum of squares DF Mean square F value P value
7Y Model 331.3515 6 55.22526 112.1719 < 0.0001 "
A 22.445 1 22.445 45.58961 0.0001 *
B 22.78125 1 22.78125 46.27259 0.0001 *
C 196. 8128 1 196. 8128 399.7603 < 0.0001**
A? 7.358041 1 7.358041 14.94543 0.0048 *
B? 30.55463 1 30. 55463 62.06164 < 0.0001 "
c? 61.81564 1 61.81564 125.5581 < 0.0001**
5% % Residual 3.938617 8 0.492327 _ _
ST Lack of fit 3.71115 6 0.618525 5.438379 0.1634
4lii% 2= Pure error 0.227467 2 0.113733 _ _
SN Total 335.2902 14

" R BE(P<0.05) ;" " FRl B#F (P <0.01),
Note: * indicated significant difference (P <0.05); " *
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indicated extremely significant difference (P <0.01).
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Table 4  Analysis of variance for quadratic polynomial model of ultrasonic extraction of gardenoside

ES 3 FJ5 A R ¥io7 F{E P{E
Source Sum of squares DF Mean square F value P value
I Model 1000.716 6 166. 7859 24.5791 < 0.0001 " "
A 34.86125 1 34.86125 5. 137473 0.0532
B 207.978 1 207.978 30. 64954 0.0005 "
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C 529.914 1 529.914 78.09298 < 0.0001 " "
BC 65.52903 1 65.52903 9.656957 0.0145 "
B2 104.2207 1 104. 2207 15. 35892 0.0044 *
c? 69. 54602 1 69. 54602 10. 24894 0.0126"
# 2% Residual 54.28544 8 6.78568 _ _
AT Lack of fit 51.57158 6 8.595263 6.334329 0.1426
4fii5 % Pure error 2.713867 2 1.356933 _ _
S total 1055. 001 14

TE: " R BE(P<0.05) ;" " FRi (P <0.01),
Note: * indicated significant difference (P <0.05) ;"
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Fig. 4 Response surface plots showing the interactive effects of ultrasonic time, liquid/solid ratio and concentration on yield of chlo-

rogenic acid and gardenoside
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Table 5 Results of verification test
LSaTIi iR/ SRR i AHXF R 2 PETH & & AR 5 22
Batch Chlorogenic acid (mg/g) Relative error Gardenoside (mg/g) Relative error
1 26.71 1.84% 48.13 1.86%
2 27.65 1.64% 48.70 0.70%
3 27.75 2.01% 48.58 0.93%
SEY{E AVE 27.38 0.60% 48.47 1.16%

TEARXT R 2E = | BN (E-SE 0 (B |/ TR x 100% o

Note ; Relative error = | Predictive value-Experimental value|/Predictive value x 100% .
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