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Abstract Response surface optimization was applied for

the extraction of antibacterial substances from Rhubarb

(ASR) against aquatic pathogenic Vibrio harveyi. Based on

the experimental results of single factors, the optimal

extraction conditions were determined by Box–Behnken

design combined with response surface methodology with

conditions: 100% ethanol as extraction solvent, liq-

uid/material ratio of 29 mL/g and extraction temperature at

88 �C for 148 min. The factual value of inhibition zones

can reach 21.31 ± 0.95 mm and is not different from the

predicted value (21.74 mm), which showed that the

response surface methodology applied to the extraction

optimization of antibacterial substances from Rhubarb

against V. harveyi is feasible. Moreover, the yield of ASR

was 30.29 ± 2.27%. Five compounds, namely, aloe-emo-

din, rhein, emodin, chrysophanol and physcion, were

identified in ASR by comparing the HPLC chromatogram

of the reference mixtures and the sample. Contents of the

five compounds were 0.68 ± 0.02, 0.24 ± 0.05,

0.78 ± 0.07, 6.68 ± 0.97 and 0.58 ± 0.15%, respectively.

The minimal inhibitory concentration (MIC) values of

ASR, aloe-emodin, rhein, emodin, chrysophanol and

physcion were 0.625, 0.125, 0.015,[ 1,[ 1, and[ 1 mg/

mL, respectively, which indicated that aloe-emodin and

rhein are the main antibacterial compounds of Rhubarb.

Keywords Rhubarb � Antibacterial substances � Vibrio
harveyi � Extraction process � Chemical identification

Introduction

Vibrio harveyi is a gram-negative and luminescent bac-

terium that is widely distributed in the mariculture envi-

ronment. V. harveyi is one of the important pathogens that

induce animal mortality during early larval stages, result-

ing in huge losses in the production and marketing of

aquatic animals, especially on farmed and wild shrimp

(Thompson et al. 2010; Morya et al. 2014). Over the years,

antibiotics have played an irreplaceable role in preventing

and treating bacterial diseases of aquatic animals. How-

ever, the long-term application or abuse of antibiotics can

lead to drug-resistant strains, ecological imbalance and

weakened immune systems. It can result in drug residues in

aquatic products that are harmful to the human body

(Harikrishnan et al. 2010; Cao et al. 2011). Thus an

increasing demand exists for the prevention and control of

V. harveyi in aquaculture. The alternative sources instead

of antibiotics are the use of essential oils (Randrianarivelo

et al. 2010), plant extracts (Turker and Yildirim 2015),

probiotics (Kesarcodi-Watson et al. 2008; Morya et al.

2014) and microbial metabolites (Guo et al. 2016a; Xu

et al. 2014; Yu et al. 2012), which have been used in vivo

as antibacterial agents to control bacterial infections.

Chinese herbal medicines have broad application pro-

spects in the prevention and control of aquatic diseases

because of their low drug resistance, low drug residue and

low toxic effects. Rhubarb (Da Huang) is a commonly used
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Chinese herbal medicine. It is the dried root and rhizome of

Rheum palmatum L., Rheum offcinale Baill., and Rheum

tanguticum Maxim. Ex Balf. according to the Chinese

Pharmacopoeia (Zhao et al. 2011). Rhubarb contains sev-

eral chemical components, such as anthraquinones,

anthrones, saccharides, stilbenes, and tannins. (Lin et al.

2006), which contributes to the pharmacological properties

of anti-inflammatory, antitumor, antimicrobial, purgation,

cardiovascular protection, hepatoprotectiom, choleretic and

anti-ageing effects, as well as other bioactivities (Chen and

Wang 2009; Fu et al. 2011; Hsu et al. 2013). Rhubarb has

been approved for use in the prevention and control of

aquatic bacterial diseases by the Chinese ministry of agri-

culture. However, to our best knowledge, no reports

towards identification of antibacterial active compounds of

Rhubarb and evaluation of their pharmacology in vivo have

been conducted.

To obtain an agent with high purity and to identify

antibacterial active substances, in the present study, Box–

Behnken design (BBD) and response surface methodology

(RSM) were adopted to optimize the extraction conditions

for antibacterial substances from Rhubarb (ASR) against

V. harveyi. Subsequently, five compounds were identified

by HPLC method from ASR, the content and antibacterial

activities against V. harveyi of the five compounds were

appraised.

Materials and methods

Materials and chemicals

Rhubarb was purchased from Anhui Traditional Chinese

Medicinal Factory (Baozhou, Anhui Province, China). The

raw materials were air dried, ground into fine powder and

passed through a 40-mesh sieve. V. harveyi were provided

by Dr. Zhenxia Su and kept at the Marine Microbial Nat-

ural Products Chemistry Laboratory of Huaihai Institute of

Technology (Lianyungang, China). Aloe-emodin, rhein

and chrysophanol were purchased from Shanghai Yuanye

Biotech Co., Ltd (Shanghai, China). Emodin and physcion

were purchased from Shanghai Jinsui Biotech Co., Ltd

(Shanghai, China). Methanol (HPLC grade) and all other

chemicals (analytical grade) were purchased from Sina-

pharm Chemical Reagent Co., Ltd (Shanghai, China).

Apparatus

QJ32W1000A high speed disintegrator (Tianjing TST

Equipment Co., Tianjing, China), HH-4 thermostatic water

bath boiler (Jiangnan Equipment Co., Jintan, China), RE-

52A rotary evaporator (Shanghai Yarong Biochem Equip-

ment Co., Shanghai, China), APX-250B biochemical

inculator (Shanghai Boxun Medical Biological instrument

Co., Shanghai, China), ultimate 3000 high performance

liquid chromatography (Thermo Fisher Scientific, USA)

Primary extraction experiments

Rhubarb powder (1 g) was accurately weighed and used for

each experiment. The single factor experiments were set as

described below: Firstly, the effect of extraction solvent on

the antibacterial activity of the extracts was studied. Rhu-

barb powder (1 g) was placed into a 100 mL round-bottom

flask and 20 mL of different extraction solvents (distilled

water, methanol, 50% methanol, ethanol and 50% ethanol)

were added. Extraction was conducted in HH-4 thermo-

static water bath boiler for 120 min at 80 �C. Secondly, the

effect of different ethanol concentrations on the antibac-

terial activity of the extracts was studied. One gram of

Rhubarb powder was put into a 100 mL round-bottom

flask, 20 mL different concentration of ethanol (60–100%)

was added and the extraction was conducted for 120 min at

80 �C. Thirdly, the influence of extraction temperature on

the antibacterial activity of the extracts was investigated.

One gram of Rhubarb powder was put into a 100 mL

round-bottom flask, 20 mL ethanol was added and extrac-

tion was performed at different temperatures (60–100 �C)

for 120 min. Fourthly, the effect of extraction time on the

antibacterial activity of the extracts was studied. 20 mL

ethanol was added in Rhubarb powder (1 g). The extraction

performed at 90 �C for different times (60–180 min).

Finally, the effect of liquid to material ratio on the

extraction was studied. Different volumes of ethanol

(10–50 mL) were added in 1 g of Rhubarb powder and the

extraction was performed at 90 �C for 150 min. Extracts

were centrifuged at 5000 rpm/min for 10 min. The super-

natant was diluted or concentrated to 20 mL for the

determination of antibacterial activity against V. harveyi.

Optimization of the extraction process

BBD combined with RSM was selected to optimize the

extraction conditions. Data analysis and model building

were carried out using Design Expert 7.0.0 (Stat-Ease,

Minneapolis, USA) (Guo et al. 2016b). BBD consisting of

12 factorial points and 5 central points, the dependent

variable (Y, mm) was the diameter of inhibition zone

against V. harveyi, whereas the extraction temperature (X1),

extraction time (X2) and liquid/material ratio (X3) were

chosen as independent factors. Ranges and levels of three

independent variables are presented in Table 1. By this

software, the optimization objective of the extraction pro-

cess was to achieve the maximum diameter of the inhibi-

tion zone of the extracts. The pattern of the system was
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evaluated by the following second-order polynomial

equation:

Y ¼ b0 þ
X3

i¼1

biXi þ
X3

i¼1

biiX
2
i þ

X2

i¼1

X3

j¼iþ1

bijXiXj ð1Þ

where Y represents the predicted response, b0, bi, bii and bij
are constant coefficients, while Xi and Xj are the indepen-

dent variables.

Identification and quantification of chemical

components of ASR

Identification and quantification of chemical components

of ASR were performed by HPLC method and used stan-

dard curves (Zhao et al. 2016). The standard curve between

the peak areas and the concentrations of reference samples

(aloe-emodin, rhein, emodin, chrysophanol and physcion)

were established by HPLC on an ODS column (Shim-Pack

CLC-ODS, 6.0 9 150 mm, 5 lm, 1 mL/min) using stan-

dard solutions over the concentration ranging from 5.0 to

20.0 lg/mL and UV detection at 280 nm. The mobile

phase consisted of a gradient elution of methanol and

water. The gradient program was as follows: 0–5 min 50%

(v/v) CH3OH, 5.1–20 min 50–100% CH3OH, 20–22.5 min

100% CH3OH, 22.5–25 min 100–50% CH3OH and

25–30 min 50% CH3OH.

Determination of antibacterial activity

Antibacterial activities against V. harveyi of the active

extracts were estimated by the Oxford cup method (Guo

et al. 2016a). Beef extract peptone medium (BP) composed

of 0.3% beef extract, 1% peptone, 0.5% NaCl and 1.5%

agar was used, and the pH was adjusted to 7.0 with NaOH.

These cups were placed on plates previously inoculated

with the pathogen V. harveyi. Each extract (200 lL) was

added in Oxford cups and incubated at 37 �C for 12 h. The

experiments were carried out in triplicate and the average

diameter of inhibition zones (mm) was recorded as the

antibacterial activity of the extracts.

Compounds were dissolved and diluted into different

concentrations with dichloromethane/methanol (1:1) using

the continuous two-fold dilution method. These solutions

were directly used to determine their antibacterial activities

against V. harveyi using the above method. Minimum

inhibitory concentration (MIC) was defined as the lowest

concentration of compounds that produced the inhibition

zone against V. harveyi (Guo et al. 2016a). Experiments

were performed in duplicate with full agreement between

both results.

Table 1 Coded (actual) levels of the operational parameters and observed values of Box–Behnken design

No. X1 X2 X3 Response

Temperature (�C) Time (min) L/M (mL/g) Inhibition zone (mm)

1 - 1 (80) - 1 (90) 0 (20) 17.91

2 ? 1 (100) - 1 (90) 0 (20) 18.89

3 - 1 (80) ? 1 (150) 0 (20) 20.31

4 ? 1 (100) ? 1 (150) 0 (20) 18.04

5 - 1 (80) 0 (120) - 1 (10) 18.56

6 ? 1 (100) 0 (120) - 1 (10) 16.96

7 - 1 (80) 0 (120) ? 1 (30) 19.59

8 ? 1 (100) 0 (120) ? 1 (30) 19.30

9 0 (90) - 1 (90) - 1 (10) 19.27

10 0 (90) ? 1 (150) - 1 (10) 20.08

11 0 (90) - 1 (90) ? 1 (30) 21.71

12 0 (90) ? 1 (150) ? 1 (30) 21.72

13 0 (90) 0 (120) 0 (20) 20.46

14 0 (90) 0 (120) 0 (20) 20.52

15 0 (90) 0 (120) 0 (20) 20.93

16 0 (90) 0 (120) 0 (20) 21.16

17 0 (90) 0 (120) 0 (20) 20.96
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Results and discussion

Optimization of the extraction parameters of ASR

In this study, the antibacterial substances against aquatic

pathogenic V. harveyi from Chinese herbal medicine

Rhubarb were studied. Before the optimized experiments,

the key factors independently affecting the antibacterial

activity of the extracts were investigated as extraction

solvent, concentration of solvent, extraction temperature,

extraction time and liquid to material ratio.

Figure 1 shows the effects of extraction solvents (dis-

tilled water, methanol, 50% methanol, ethanol and 50%

ethanol) on the inhibition zone of the extracts, with ethanol

being the best solvent. Subsequently, the effects of differ-

ent ethanol concentrations on the antibacterial activity of

the extracts were studied. Figure 2 presents an increased

inhibition zone diameter with increasing ethanol concen-

tration, which indicated that the antibacterial substances

are hydrophobic. Thus, 100% ethanol was selected as the

extraction solvent.

Figure 3 reveals the increased inhibition zone diameters

as the temperature increased from 60 to 90 �C. The

increase in temperature may have contributed to the

extraction of ASR by reducing the viscosity, enhancing the

coefficient of diffusion and increasing the solubility of

active substances (Guo et al. 2016b). Thus, 90 �C was

selected as the centre point for the RSM.

Figure 4 shows a comparatively prompt increase in the

diameters of inhibition zone with the extraction time from

60 to 150 min; thereafter, the increase was no longer sig-

nificant in the inhibition zone diameters. Hence, extraction

time of 120 min was chosen as the centre point for the

RSM.

Figure 5 demonstrates the diameters of inhibition zone

being elevated as the liquid/material ratio varied from 10:1

to 30:1 mL/g. However, the inhibition zone diameter did

not increase when the ratio increased continuously.

Therefore, a liquid to material ratio of 20:1 mL/g was

chosen as the centre point for the RSM.

0

4

8

12

16

20

Distilled
water

Methanol 50%
Methanol

Ethanol 50%
Ethanol

Extraction solvent

In
hi

bi
tio

n 
zo

ne
 (m

m
)

Fig. 1 Effect of extraction solvent on the inhibitory activity of the

extracts

2

6

10

14

18

22

60 70 80 90 100
Ethanol concentration (%)

In
hi

bi
tio

n 
zo

ne
 (m

m
)

Fig. 2 Effect of ethanol concentration on the inhibitory activity of

the extracts

10

12

14

16

18

20

22

60 70 80 90 100
Extraction temperature ( )

In
hi

bi
tio

n 
zo

ne
 (m

m
)

Fig. 3 Effect of extraction temperature on the inhibitory activity of

the extracts

8

12

16

20

24

60 90 120 150 180
Extraction time (min)

In
hi

bi
tio

n 
zo

ne
 (m

m
)

Fig. 4 Effect of extraction time on the inhibitory activity of the

extracts

377 Page 4 of 9 3 Biotech (2017) 7:377

123



Based on the results of single factors trial, extraction

temperature (X1), extraction time (X2) and liquid to mate-

rial ratio (X3) were chosen for further optimization in the

trial of BBD. The matrixs of BBD is shown in Table 1.

Based on the parameter estimates, the application of

response surface methodology can offer an empirical

relationship between the response variable and test vari-

ables. By applying multiple regression analysis on the

experimental data, the equation for the diameters of inhi-

bition zone was built as:

Y ¼ 20:81 � 0:40X1 þ 0:30X2 þ 0:93X3 � 0:81X1X2

þ 0:33X1X3 � 0:20X2X3 � 2:06X2
1 þ 0:037X2

2

� 0:15X2
3 ð2Þ

Table 2 shows the analysis of variance (ANOVA) for

the experimental results of BBD. The value of

determination R2 (0.9824) for Eq. (2) is fairly

approximate to 1, which revealed that the regression

model sufficiently defined the true behaviour of the system

(Guo et al. 2014). The P value\ 0.0001 indicated that the

fitness of the model was significant. In addition, the lack of

fit value of the model was 0.6299, which did not have

significant difference (Guo et al. 2016b). The results also

indicated that the linear effects of extraction temperature,

extraction exttime and liquid to material ratio are

significant (P\ 0.05). The intercept effect of extraction

temperature and time, and quadratic effect of temperature

(P\ 0.05) were also significant.

Interactions between three variables (extraction tem-

perature, extraction time and liquid to material ratio) and

the inhibition zone were exhibited by the response surface

and contour plots (Fig. 6). Effects of extraction tempera-

ture interaction with each of the two other variables on the

diameter of the inhibition zone are presented in Fig. 6a, b.

The diameter of inhibition zone increased to a high value

with increasing temperature from 80 to 88 �C, but then the

inhibition zone decreased with increasing temperature,

which indicated that high temperature may destroy the

antibacterial active substances. The effects of extraction

time interaction with each of the two other variables on the

diameter of inhibition zone are presented in Fig. 6a, c, and

the inhibition zone increased to a definite value with the

extension of time and subsequently maintained stable. A

similar phenomenon is observed in Fig. 6b, c with liq-

uid/material ratio and the other two factors, the increase in

liquid/material ratio enhanced the diameter of inhibition

zone.

The predicted optimal parameters were obtained:

X1 = 88 �C, X2 = 148 min, and X3 = 29 mL/g by
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Fig. 5 Effect of liquid to material ratio on the inhibitory activity of

the extracts

Table 2 ANOVA for the effect of temperature, time and liquid to material ratio on inhibition zone of the extracts using the quadratic response

surface model

Source Sum of Squares df Mean square F value P value Sig.

Model 30.23 9 3.36 43.50 \ 0.0001 **

X1 1.26 1 1.26 16.37 0.0049 **

X2 0.70 1 0.70 9.09 0.0195 *

X3 6.94 1 6.94 89.84 \ 0.0001 **

X1X2 2.64 1 2.64 34.20 0.0006 **

X1X3 0.43 1 0.43 5.56 0.0506

X2X3 0.16 1 0.16 2.07 0.1932

X1
2 17.79 1 17.79 230.38 \ 0.0001 **

X2
2 0.01 1 0.01 0.07 0.7926

X3
2 0.09 1 0.09 1.19 0.3106

Lack of fit 0.17 3 0.06 0.64 0.6299

* 0.01\P\ 0.05, ** P\ 0.01
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applying the regression analysis to Eq. (2). The corre-

sponding maximal diameter of the inhibition zone was

21.74 mm. The proof test was implemented using the

above optimized conditions, and the average value of

inhibition zone was 21.31 ± 0.95 with no conspicuous

difference to the predicted value. This revealed the good

feasibility of RSM for the extraction optimization of ASR.

Subsequently, the extracts were vacuum evaporated and

freeze-dried to achieve the solid ASR. After finishing the

above procedures, the yield of solid ASR was

30.29 ± 2.27% (n = 3). The solid ASR was applied to the

upcoming determination of chemical components and

analysis of antibacterial activities.

Identification, quantification and antibacterial

activities of chemical constituents in ASR

Five reference compounds, namely, aloe-emodin, rhein,

emodin, chrysophanol and physcion, were used to identify

the chemical substances of ASR by HPLC, and their

retention times (tR) were 19.073, 21.857, 23.027, 24.013

and 25.427 min, respectively (Fig. 7a). At the same oper-

ational conditions, the above five compounds, aloe-emodin,

rhein, emodin, chrysophanol and physcion, were identified

in ASR, and their retention times (tR) were 19.123, 21.710,

23.033, 24.133 and 25.440 min, respectively (Fig. 7b). The

linear regression equations were achieved and are shown in

Table 3, where Y is the peak area (mAu) and X is the

concentration of the reference compound (Table 3). The

linear relationships of these curves are ideal for the mea-

surement of the above five compounds. The percentages of
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Fig. 6 Response surface plots for the effects of temperature and time (a), temperature and liquid to material ratio (b), time and liquid to material

ratio (c) on inhibition zone of the extracts. Missing value of in each plot kept at the center point
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aloe-emodin, rhein, emodin, chrysophanol and physcion

were 0.68 ± 0.02, 0.24 ± 0.05, 0.78 ± 0.07, 6.68 ± 0.97

and 0.58 ± 0.15%, respectively. MIC values of ASR, aloe-

emodin, rhein, emodin, chrysophanol and physcion were

0.625, 0.125, 0.015,[ 1,[ 1,[ 1 mg/mL, respectively,

which indicated that aloe-emodin and rhein are the main

antibacterial compounds of ASR (Table 4).

Aloe-emodin is one of the major active components of

Rhubarb and can be separated from other herbal plants

such as Aloe and Cassia (Dong et al. 2017). Recent studies
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Fig. 7 HPLC chromatograms

of standard solution of five

anthraquinones (a) and

antibacerial substances of

Rhubarb (ASR, b): 1 aloe-

emodin, 2 rhein, 3 emodin, 4

chrysophanol, 5 physcion

Table 3 Linear relationship of five reference compounds and content in ASR

Compounds Linear regression equations R2 Percentages (X ± SD, %)

Aloe-emodin Y = 32.213X - 2.5027 0.9935 0.68 ± 0.02

Rhein Y = 26.927X ? 2.1962 0.9660 0.24 ± 0.05

Emodin Y = 58.806X - 1.7350 0.9781 0.78 ± 0.07

Chrysophanol Y = 9.5589X ? 2.4501 0.9935 6.68 ± 0.97

Physcion Y = 131.49X - 10.569 0.9817 0.58 ± 0.15
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have demonstrated that aloe-emodin exhibits various

bioactivities such as antifungal (Agarwal et al. 2000),

antibacterial (Liu et al. 2015; Smolarz et al. 2013; Wang

et al. 2010), anti-inflammatory (Hu et al. 2014), antiviral

(Li et al. 2014), antitumor (Dong et al. 2017), anti aggre-

gatory (Furkan et al. 2017), antileishmanial (Dalimi et al.

2015) and other effects. Rhein, a well-known natural

compound, is another important bioactive anthraquinone

isolated from several traditional Chinese medicines,

including R. palmatum L., Aloe barbadensis Miller, Cassia

angustifolia Vahl. and Polygonum multiflorum Thunb (Sun

et al. 2016). In recent years, rhein has been reported to have

antitumor (Cho et al. 2017), antibacterial (Azelmat et al.

2015), anti-inflammatory (Ge et al. 2017), antiviral,

antioxidative, antifibrosis, hepatoprotective and nephro-

protective effects (Sun et al. 2016). Previous several

studies have revealed that aloe-emodin and rhein exhibit

antimicrobial effects, but no studies have reported on the

mechanism of their antimicrobial action. Thus, work on the

mechanisms of antimicrobial action of ASR, aloe-emodin

and rhein against the aquatic pathogen V. harveyi would

provide a favourable prospect in aquatic applications.

Conclusion

In conclusion, BBD combined with RSM was carried out

to optimize the extraction parameters of ASR as fol-

lows: 100% ethanol as extraction solvent, liquid/material

ratio of 29 mL/g and extraction temperature at 88 �C for

148 min. Yield of ASR was 30.29 ± 2.27%, and the five

compounds, namely, aloe-emodin, rhein, emodin,

chrysophanol and physcion, were identified in ASR by

comparing HPLC chromatograms of the reference sub-

stances and sample. Among them, aloe-emodin and rhein

are the main antibacterial compounds of Rhubarb. The

results provide the basis for the development and

application of Rhubarb in the prevention and control of

aquatic animal diseases.
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