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Abstract

The objective of the study was to optimize the extraction of anthraquinones from S. tora seed using two-
factor spherical composite design. The effect of ethanol concentration and herbal weight was simultaneously
investigated to obtain the highest anthraquinones content. The extraction condition was based on spherical composite
design. Five levels of each factor were varied. Ethanol concentration and herbal weight were varied from 40% to 90%
and 1 to 9 g, respectively. The five responses including the content of aloe-emodin, rhein, emodin, chrysophanol, and
physcion were determined using high performance liquid chromatography. The optimal condition was optimized using
commercial computer software (Design-Expert). The accuracy was confirmed by extraction of S. tora seed using the
optimal condition. Finally, an error of the estimation by computer software was calculated. Estimation of
anthraquinones content extracted from S. tora seed provided from computer software showed that all five
anthraquinones contemporary highly extracted when using low ethanol concentration with low herbal powder weight.
The optimal condition providing a high content of anthraquinones was 43.1% ethanol and 1.0 g herbal weight. The
experimental values of anthraquinones content provided from the optimal condition were 8.71 ppm aloe-emodin,
419.32 ppm rhein, 82.21 ppm emodin, 74.97 ppm chrysophanol, and 15.47 ppm physcion. The accuracy of this study
was acceptable as the percent error less than 10. Computer software could be used for optimization of extraction of
anthraquinones from S. tora seed with high accuracy.
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1. Introduction

Anthraquinones (9,10-dioxoanthracenes) established an important naturally-occurring compound.
Anthraquinones promoted several medical applications; laxatives, antimicrobial and antiinflammation
(Malik and Miller, 2016). Senna tora (L.) Roxb. is a plant in the family of Fabaceae. Some examples of
major anthraquinones found in S. tora seeds are shown in Figure 1. Several solvent systems are used to
extract crude from S. tora seed containing anthraquinones such as methanol (Choi et al., 1997; Choi et al.,
1998; Jang et al., 2007; Kim et al., 2004; Sui-Ming et al., 1989), and 60% ethanol (Zhu et al., 2008).
Nowadays, environmental consideration of extraction solvent is generally accepted. Ethanol and water are
widely used in the green extraction of natural products. Thus, optimization of the concentration of ethanol
aqueous solution and extraction condition is an important manner to obtain a high content of natural active
compound.
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Figure 1 Chemical structure of some anthraquinones.

Recently, modern experimental design showed superior benefits compared to the traditional one at
time trialing: less time and financial consuming and less drug substance use. Interaction effects can be
identified, and surface response can be characterized (Gibson, 2016). Design-Expert® is such a type of user-
friendly software that succeeds in the optimization of extraction of a chemical constituent from many plants
such as phenolic compound from wheat (Liyana-Pathirana and Shahidi, 2005), puerarin and daidzein from
dried roots of Pueraria thomsonii Benth. (Liu et al., 2011), iridoids from roots and rhizomes of Gentiana
rigescens (Pan et al., 2015), a polysaccharide from Sargassum thunbergii (Yuan et al., 2015), phenolic
compound and flavonoids from Melaleuca bracteata leaves (Hou et al., 2016), anthocyanin from Ixora
siamensis (Mat Nor and Arof, 2016).

2. Objective

The objective of the study was to optimize the extraction of anthraquinones from S. tora seeds
using two-factor spherical composite design to obtain the highest amount of five anthraquinones i.e. aloe-
emodin, rhein, emodin, chrysophanol, and physcion. Two factors — ethanol concentration and herbal weight
- were simultaneously investigated. Furthermore, the accuracy of the predicted value of software was also
confirmed by the experiment.

3. Materials and methods
3.1 Materials

Aloe-emodin, rhein, and emodin were purchased from Sigma-Aldrich, USA. Chrysophanol and
physcion were purchased from Chengdu Biopurify Phytochemicals Ltd., China. Absolute ethanol was
purchased from QREC, New Zealand. Methanol (HPLC grade) was purchased from Honeywell-Burdick &
Jackson, USA. Orthophosphoric acid (85%) was purchased from Carlo-Erba, France. Reverse osmosis and
ultrapure water were produced by Puris-Expe water system, Korea.
3.2 Plant sample

S. tora seeds were collected from Buached District, Surin Province, Thailand. It was dried in a hot
air oven at 50 °C for 24 h, pulverized, and passed through a 20-mesh sieve.

89



RSU International Research Conference 2017 28 April 2017

3.3 Optimization procedure

The extraction condition, i.e. ethanol concentration (X;) and herbal weight to 100 mL solvent (X5),
was based on spherical composite design. Five levels of each factor were varied. X; and X, were varied
from 40% to 90% and 1 to 9 g, respectively. Ten extraction conditions (8 non-center points and 2 center
points) were used to extract the S. tora seeds (Figure 2). The five responses including the content of aloe-
emodin (Y3), rhein (Y5,), emodin (Y3), chrysophanol (Y,), and physcion (Ys) were monitored.

Weight of herbal powder

]x(n,j)

1 -1 473 -1 2.2
2 1 82.7 -1 22
41,1y
3 -1 47.3 1 7.8
J 4 1 82.7 1 7.8
2,05 | .  . 6(~2.0) 5 5 40 0 5.0
/  —— 7*— Ethanol cone. V=
| | 6 5 90 0 5.0
7 0 65 ‘ﬁ 1.0
8 0 63 ‘b_ 9.0
9 0 65 0 5.0
10 0 65 0 5.0

Figure 2 Two-factor spherical composite experimental design.

According to extraction method, 100 mL ethanol aqueous solution was added to S. tora seed
powder. The obtained mixture was shaken (level 5) in a water bath (Memmert, Germany) at 65.1 °C for
78.5 min. The obtained solution was immediately filtered through a 0.45-um pore-size syringe filter and
injected into HPLC instrument for analysis of anthraquinones content. The content of individual
anthraquinones was calculated based on the standard calibration curve of each anthraquinone. Then, the
content of anthraquinones was calculated based on a dried weight basis of S. tora seed powder in a unit of
ppm.

The optimal condition was estimated using Design-Expert® 10.0.3 software (Stat-Ease Inc., USA)
to obtain the simultaneously high content of anthraquinones. The optimal condition from the software was
confirmed again by the experiment. The accuracy of the predicted values by the experiment was reported as
% error (below equation).

experimental value— predicted value o
experimental value

%Error = 100

3.4 HPLC condition
Anthraquinones content was analyzed using HPLC instrument equipped with a photodiode array

detector, an autosampler, and an autoinjector (Agilent 1260 infinity, Agilent Technologies, USA). A Luna
C18(2) column (250%4.60 mm i.d., 5 um) was used for separation. The injection volume was 50 uL. The
column temperature was controlled at 25 °C. The gradient system comprised methanol and 0.01%
orthophosphoric acid aqueous solution with a flow rate of 1 mL/min (Table 1). The detection wavelength
was 254 nm.

Table 1 Gradient system of mobile phase using for anthraquinones analysis.

Time (min) Methanol (%v/v) 0.01% Orthophosphoric acid (%v/v)
0 70 30
12 70 30
14 90 10
22 90 10
23 70 30
25 70 30
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4. Results

The HPLC chromatogram of S. tora seed extract is shown in Figure 3 in which five identified
peaks at retention time of 10.280, 16.073, 19.273, 20.293, and 22.553 min were performed by aloe-emodin,
rhein, emodin, chrysophanol, and physcion, respectively. In addition, the content of anthraquinones
obtained from model conditions is shown in Table 2. According to the content of individual anthraguinone,
rhein and aloe-emodin had the highest and lowest content, respectively.
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Figure 3 HPLC chromatogram of S. tora seed extract obtained from the optimal condition. The identified peaks were
aloe-emodin, rhein, emodin, chrysophanol, and physcion, respectively.

Table 2 Content of anthraquinones obtained from model conditions.

Condition Content (ppm)
Aloe-emodin Rhein Emodin Chrysophanol Physcion
1 5.88+0.45 335.76+6.64 51.13+2.55 61.97+1.55 10.84+0.30
2 0.00+0.00 13.560.77 29.79+1.18 14.35+0.91 8.83+0.54
3 3.67+0.17 202.79+3.86 33.30+0.64 47.42+0.49 7.04+0.04
4 0.00+0.00 14.09+0.38 18.54+0.04 13.71+0.06 6.10+0.08
5 5.76+0.28 418.55+14.57 40.23£1.75 64.27+2.78 7.86+1.37
6 0.00+0.00 0.00+0.00 21.14+0.80 8.84+0.09 5.70+0.78
7 3.18+0.50 124.70+2.77 110.25+35.49 41.00+0.35 20.72+3.76
8 0.96+0.13 126.26+1.70 34.09+0.57 44.95+0.14 7.71+0.27
9 1.35+0.02 126.25+1.04 37.88+0.32 41.02+1.44 8.44+0.29
10 0.90+0.09 99.20+0.99 33.12+0.77 34.39+0.12 8.41+0.07

The contour plots and response surfaces of optimal model condition for all anthraquinones
obtained from computer software are shown in Figure 4 and 5, respectively. According to the effects of
ethanol concentration, the lower ethanol concentration was, the higher content of anthraquinone was
extracted. In the case of herbal weight, using a low amount of herbal powder, high content of
anthraquinones was extracted. This study revealed that the patterns of surface responses and contour plots
of the model condition of aloe-emodin, rhein, and chrysophanol were similar. In addition, emodin was
similar to physcion.
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Figure 4 Contour plots of the model condition of (A) aloe-emodin, (B) rhein, (C) emodin, (D) chrysophanol, and
(E) physcion.
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Figure 5 Response surfaces of the model condition of (A) aloe-emodin, (B) rhein, (C) emodin, (D) chrysophanol, and
(E) physcion.
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The optimal condition achieved when using 43.1% ethanol and a herbal weight of 1.0 g with a
slightly high desirability of 0.813. The maximum anthraquinones were obtained under this condition. The
predicted value and experimental value with a percent error of each anthraquinone provided from computer
software are shown in Table 3.

Table 3 Predicted value, experimental value, and %error of optimal condition.

Compounds Predicted value (ppm) Experimental value (ppm) %Error
Aloe-emodin 8.01 8.71+0.27 8.09
Rhein 428.68 419.32+18.47 -2.23
Emodin 90.06 82.21+15.48 -9.55
Chrysophanol 69.89 74.97+7.30 6.77
Physcion 16.88 15.47+0.20 -9.10
5. Discussion

A type of extraction solvent was found to be an important factor affecting the efficiency of
extraction. Several publications reported that 50-80% ethanol was the most suitable solvent for extraction of
anthraquinones from plants. The 50%, 60%, 70%, and 80% ethanol were the most suitable solvents for
extraction of anthraquinones from Morinda sp. (Temiyaputra et al., 2008), Heterophyllaea pustulata Hook
f. (Vazquez et al., 2015), Polygoni multiflori (Jiao and Zuo, 2009), and Rheum palmatum L. (Wang et al.,
2008), respectively. According to the solubility, anthraquinones were well soluble in hot water and dilute
alcohol (Troy and Beringer, 2006). Our results showed that aloe-emodin, rhein, and chrysophanol were
soluble well in 40% ethanol, of which the concentration was lower than those in previous reports. Emodin
and physcion were highly extracted at a low to medium ethanol concentration (approximately 40-65%
ethanol), which was close to the ethanol concentrations previously reported. The similarity of contour plots
and response surfaces between aloe-emodin, rhein, and chrysophanol, or between emodin and physcion,
could be described by the similarity of their chemical structures. Aloe-emodin, rhein, and chrysophanol, had
no substitution groups at C-6 while they had hydroxymethyl, carboxyl, and methyl group, respectively. In
the case of emodin and physcion, they both had a methyl group at the C-6 position. A slight difference
between these two compounds was found to be at the C-3 position. Emodin contained a hydroxyl group, but
physcion had a methoxy group. However, the hydroxyl group, in terms of its structure, was comparable to
the methoxy group.

Our results showed that, using a low herbal weight, high solvent-to-solid ratio, a higher content of
anthraquinones was extracted when compared to the lower solvent-to-solid ratio. This phenomenon was
found in the extractions in other research (Pinelo et al., 2005; Tan, Tan, and Ho, 2011; Wong, Tan, and Ho,
2013). According to the mass transfer principle, the concentration gradient between herbal powder matrix
and bulk of the solvent is an important factor affecting the mass transfer. The higher solvent-to-solid ratio
was, the higher amount of extracted compound was obtained. However, from an economical point of view,
higher solvent consumption caused a higher production cost. Thus, this factor should be carefully optimized
(Meireles, 2009). In addition, using the low ethanol concentration with low herbal weight (or high solvent-
to-solid ratio) performed a positive effect on the extraction of anthraquinones from S. tora seeds.

The error of the estimation of computer software was less than 10% of all anthraquinone types.
This result indicated that the optimization of extraction of anthraquinones from S. tora seeds by using the
computer software was successful with sufficiently high accuracy. However, the limitation of the extraction
method used in this work was not an exhaustive extraction. The content of anthraquinones might not be a
total content of each anthraquinone in this plant.

6. Conclusions

The extraction condition of S. tora seeds (i.e. ethanol concentration and herbal weight) was
optimized to obtain a simultaneously high content of anthraquinones: aloe-emodin, rhein, emodin,
chrysophanol, and physcion. The optimal condition obtained from the computer software was 43.1%
ethanol and a 1.0 g herbal weight. The extraction using the optimal condition provided 8.71 ppm aloe-
emodin, 419.32 ppm rhein, 82.21 ppm emodin, 74.97 ppm chrysophanol, and 15.47 ppm physcion. The
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prediction value of the content of each anthraquinone was close to the experimental value with a low
percent error (less than 10). In conclusion, computer software could be utilized for an optimization of
extraction of anthraquinones from S. tora seeds with a high percent accuracy.
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