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Optimization of extraction process of aloe emodin by response surface
frequency methodology
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ABSTRACT: Objective To optimize the extraction process of aloe emodin by response surface frequency
methodology. Methods On the basis of single factor, three factors including hydrochloric acid concentration, ferric
chloride dosage and reaction time were selected. Aloe vera powder was used as raw material to extract aloin by
solvent method, and aloe rhubarb was prepared by ferric chloride oxidation method. A quadratic general rotation
combination design was adopted, and the aloe-emodin content was used as the evaluation index to establish a
regression model of 3 factors and indicators. Finally, the frequency combination method was used to obtain the
optimal combination of process parameters. Results The optimal process parameters for the extraction of
aloe-emodin were: hydrochloric acid concentration 3.842~5.052 mol/L, oxidant addition amount 21.245~30.695 g,
and holding time 7.736~8.954 h, under which condition, the content of aloe-emodin was more than 9.89 mg/L, and
the product quality was satisfactory. Conclusion Response surface frequency methodology can optimize the

extraction process of aloe emodin. The order of the influence of hydrochloric acid concentration, oxidant dosage and
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holding time on the extraction of aloe emodin from aloe powder was as follows: oxidant dosage > hydrochloric acid

concentration > holding time.

KEY WORDS: aloe emodin; ferric chloride oxidation; response surface frequency methodology; ultraviolet and

visible spectrophotometry
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AR /(mol/L) /g /min
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1.68 7.36 33.4 682
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Table 2 Draw standard curve experimental data

FEW /mL 0.00(%5 1) 3.00 6.00 9.00 12.00 15.00 18.00
it/ (mg/L) 0.00 3.24 6.48 9.72 12.96 16.20 19.44
WA A 0.000 0.139 0.266 0.390 0.504 0.633 0.739
—0.00 W G(E 0.000 0.139 0.266 0.390 0.504 0.633 0.739
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Table 3 Design and results of quadratic universal rotational
combination experiment

&R3
Jr5 Xi/(mol/L) Xo/g X3/min Y/(mg/L)
9 0 —-1.68 0 7.24
10 0 1.68 0 12.35
11 0 0 —-1.68 10.15
12 0 0 1.68 10.48
13 -1.68 0 0 9.41
14 1.68 0 0 10.57
15 0 0 0 10.12
16 0 0 0 8.16
17 0 0 0 8.31
18 0 0 0 9.68
19 0 0 0 9.23
20 0 0 0 8.73

F5 Xi/(mol/L) Xo/g X3/min Y/(mg/L)
1 1 1 1 17.15
2 -1 1 1 12.08
3 1 1 -1 11.28
4 -1 1 -1 9.97
5 1 -1 1 10.27
6 -1 -1 1 7.63
7 1 -1 -1 8.34
8 -1 -1 -1 6.71
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Table 4 Test results variance analysis table

7% 5 R YA -5 A Ll F P{E M
X, 27.4428 1 27.4428 19.2717 0.0014 .
X, 117.9081 1 117.9081 82.801 0.0001 -
X, 22.4073 1 22.4073 15.7356 0.0027 -
X2 5.3669 1 5.3669 3.7689 0.0809 4
X2 3.6685 1 3.6685 25762 0.1396 _
X2 8.9132 1 8.9132 6.2593 0.0314 .
X,%, 1314 1 0.9228 0.3594 _
XX, 6.7153 1 6.7153 47158 0.055 _
XXs 7.7672 1 7.7672 5.4545 0.0417 .

T FR I B KO P<0.01, *F R BE K P<0.05, FR L BEIZES,
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Fig.1 Effect of oxidant dosage and holding time on the content
of aloe-emodin
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Fig.2 Effect of hydrochloric acid concentration and holding time
on the content of aloe-emodin
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Fig.3 Effect of hydrochloric acid concentration and oxidant
dosage on the content of aloe-emodin
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WP R E IRBUE KT 9.89 me/L i, MY Fik
WA 5 RE, AR ik, BEATIFSEALEIL, S FREfE
SRNEMAE T FR . BEREWIER 5), Hh 66 DI Eik
JEBOR, METRUKSE 3.842 ~ 5.052 mol/L. EALFIINALE
21.245~30.695 g. fRIRAT] 7.736 ~ 8.954 h, MK E
M =A 95%M ] BEME = T 9.89 mg/L.
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Table 5 Optimization results of process parameters using frequency analysis

2 BT /( mol/L) AR /g PRI BT ) /B
X, B X, B X3 ARERL
~1.6818 11 0.1667 1 0.0152 12 0.1818
-1 11 0.1667 3 0.0455 11 0.1667
K- 0 12 0.1818 12 0.1818 12 0.1818
1 14 0.2121 25 0.3788 14 0.2121
1.6818 18 0.2727 25 0.3788 17 0.2576
TECE- 2% 0.2240 0.9450 0.1730
FRifEiR 2 0.1540 0.0990 0.1550
95% - X[ —0.079~0.526 —0.751~1.139 —0.132~0.477
BAES RN TE 3.842~5.052 21.245~30.695 7.736~8.954
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