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Abstract  The aim of the current study is to focus on separating the oleanolic acid (OA) from previously prepared 
aqueous two-phase extraction (ATPE) of grape skins. Several different influential extraction parameters, such as 
ethanol concentration (v/w), ammonium sulphate concentration (w/w), crude extract concentration (w/w), extraction 
temperature, and pH, were also investigated. The optimal differential partitioning of OA was achieved in a system 
(at pH4.0, temperature=25°C)composed of 23% (v/w) ethanol, 18% (w/w) ammonium sulphate, 8% (w/w) crude 
extract and 41% (w/w) water. The recovery of extracted OA from experiments was determined to be 93.54%. The 
antioxidant activity of the separated ATPE in relative to VC were, also, investigated in this study at the proper 
conditions.The ATPE extract showed a relatively high antioxidant ability compared with that of Vitamin C. This 
proposed extraction technique opens up new possibilities in extraction of other active ingredients in natural plants or 
biologic samples. 
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1. Introduction 
Agricultural byproducts contain a variety of 

biologically active species which mostly go to waste. 
Particularly, most plant derived materials are rich in 
antioxidant compounds. An estimated 13% by weight of 
the grapes processed by the wine industry ends up as 
byproduct after pressing [1]. Grape skins are the primary 
main byproducts of viniculture and fermentation. In the 
last few years, increased attention has been focused on 
industrial wastes that are rich source of polyphenolic 
compounds, tannins, flavonoids, polysaccharides and 
triterpenoids [2,3,4,5]. Triterpenoids are important due to 
their high medicinal value; and oleanolic acid (OA) which 
is triterpenoid is major active substance. Figure 1 shows 
the chemical structure of oleanolic acid. Many researchers 
have studied the beneficial effects of OA in grapes and 
wines on human health [5]. These benefits include 
antioxidant activity [6], anti-inflammatory [7], anticancer 
activity [8], and others [9]. 

In recent years, industry has been seeking for efficient 
and economical downstream processes for partitioning and 
purification of OA. Several methods, such as extraction 
[10], precipitation, supercritical carbon dioxide 
purification [11] and column chromatographic purification 

[12], have been used for the fractionation of oleanolic acid 
from pomegranate flowers and Eucalyptus globulus bark. 
However, those methods are expensive, time-consuming, 
difficult for the recovery, reutilization of solvents, etc. 

 
Figure 1. Chemical structure of oleanolic acid 

Aqueous two-phase extraction (ATPE) is recognized as 
an effective, versatile and important emerging technique 
for the downstream processing of biomolecules. It will 
achieve high product purity as well as high yield, while 
maintaining the biological activity of the molecules, which 
has been widely applied in the separation of proteins, 
enzymes and antibiotics [13,14,15]. The aqueous two-
phase system (ATPS) comprises of short chain 
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alcohols/hydrophilic organic solvents and inorganic salts, 
which have many advantages, such as high extraction 
capacity, mild conditions, low cost, short process time 
without back extraction, and the potential to achieve the 
desired purification and concentration of the product in a 
single step [16]. 

The purpose of the present work was to demonstrate 
that ATPE novel and effective friendly technique formed 
by ethanol-ammonium sulfate can be successfully applied 
to the extraction and separation of OA from grape skins. 
To optimize the partition coefficient and recovery of OA 
using this system, the influence of various process 
parameters, including ethanol concentration, ammonium 
sulfate concentration, extraction temperature, and pH on 
OA partition capacity and recovery were studied. Under 
the optimal conditions, this novel method was indeed 
capable of purification of the target materials. 
Undoubtedly, this research may aid in the further 
utilization of renewable resources, and this method is 
worthy of further investigation for the extraction and 
enrichment of natural products from other industrial 
byproducts and primary materials. 

2. Materials and Methods  

2.1. Materials and Reagents 
Grape (Vitis vinifera L.) skins (by products) were 

obtained from the Bin He food industry Co, Ltd at spring 
season. (Gansu, China). The chemicals 2,2-diphenyl-2-
picrylhydrazyl hydrate (DPPH), Ethanol, ammonium 
sulfate, and perchloric acid were purchased from the sixth 
Chemical Reagent Factory of Tianjin, China. OA 
(purity >98% HPLC grade) was purchased from the 
National Institute for the Control of Pharmaceutical and 
Biological Products (Beijing, China). Other materials used 
in this study were of analytical grade. 

2.2. Preparation of Crude Extract 
Grape skins powders(10g) were extracted twice with 

200mL 95% ethanol at 60°C for 2 h. The extract was 
centrifuged at12,000×g for 10min and the supernatant was 
filtered through a 0.45um filter membrane, the ethanol 
was removed by vacuum evaporator and the samples was 
changed to dryness. The crude extract could be diluted by 
deionized water to obtain different concentrations and to 
use in the following experiments. 

2.3. Aqueous Two-Phase Extraction (ATPE) 
An aqueous two-phase system was prepared as follows: 

1.5-2.8g of ammonium sulphate was dissolved in water, 
and then certain volumes of ethanol and crude extract of 
the grape skins were added into the ammonium sulphate 
solution, and mixed well to form two phases. After that, 
more water was added to make the total weight of the 
system equal to 10g. The mixture was vortexed 
thoroughly and held until the two phases were completely 
separated. The OA concentration in both the top and 
bottom phases was analyzed.  

In order to obtain the optimum extraction conditions, 
the effects of ammonium sulphate on the differential 
partitioning of OA in ATPS (at fixed 23% (v/w) ethanol 

concentration and 8% (w/w) crude extract concentration at 
25°C, no pH adjustment) were investigated with different 
amounts of ammonium sulphate (final concentration from 
16 to 24% (w/w)). If the ethanol concentration was less 
than 18%, no two-aqueous phase could be formed, 
whereas when the concentration was above 32%, the 
ammonium sulphate would precipitate in the system. 
Similarly, the ATPS with varied ethanol concentrations 
(final concentration from 19 to 27% (v/w)), under constant 
other conditions, were studied to investigate the influence 
of ethanol concentration on partition behaviours. Other 
parameters of the ATPS were also studied: the sample 
concentration was tested from 6 to 14% (w/w), the 
temperature was studied in the range of 25°–50°Cwater 
bath, and the pH was tried in the range of 3–7 with 1mol/L 
HCl.All the experiments were carried out in triplicate. 

The volume ratio(R) of the ATPS was estimated via the 
equation [17]. 

 t bR V / V ;=  (1) 

where Vt and Vb were the volumes of top phase and 
bottom phase, respectively. 

The partition coefficient (K)of the OA was calculated 
using the equation [17]. 

 t bK C / C ;=  (2) 

where Ct and Cb were the equilibrium concentrations of 
the OA in the top phase and bottom phase, respectively.  

The recovery(Y) was the ratio of the OA partitioned in 
the top phase. It was calculated using the following 
equations [17]. 

 ( )Y RK / 1 RK= +  (3) 

2.4. Determination of OA Concentration [18] 
The OA concentration in the top phase and bottom 

phase was estimated using the colorimetric method of 
vanillin perchloric acid under the conditions of OA as a 
standard. To evaporate sample solvent, the sample residue 
was reacted with 0.3 mL 5%(w/v) vanillin in glacial acetic 
acid and 1.0 mL perchloric acid at 70°C in water bath for 
25 minutes, the optical density was measured at 548 nm. 

2.5. Antioxidant Activity 

2.5.1. DPPH Assay [19] 
Any substance that can donate a hydrogen atom 

(antioxidant) to the solution of DPPH can reduce the 
stable free radical and change the colour of the solution 
from violet to pale yellow. The non-reacted radical form 
of DPPH absorbs in the visible range, and spectroscopic 
method is based on the measurements of colour intensity 
at 517 nm. The radical scavenging activity was calculated 
as follows:  
 ( )i j 0%Inhibition 1 A A / A 100 = − − ×   

where A0 was the absorbance of the blank sample, Ai 
was the absorbance in the presence of the test compound 
at different concentrations and Aj was the absorbance of 
the blank reagent. 

2.6. Statistical Analysis 
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Data were reported as mean of triplicate 
determinations±SD (standard deviation). The statistical 
significances of process parameters were evaluated by 
analysis of variance using Microsoft excel. One-way 
ANOVA was applied to determine the statistic differences 
using SPSS statistical software (SPSS Statistics 17.0, 
Chicago, IL, USA). P<0.05 was considered as 
significantly different. 

3. Results and Discussion 

3.1. Effects of Ethanol Concentration on the 
Partition Coefficients and Recoveries of OA 
in ATPS 

The effects of ethanol on the partition coefficients and 
recoveries of OA were further investigated. Figure 2 
shows the curves of the partition coefficients and 
recoveries of OA versus the concentration of ethanol. 
With the ethanol concentration increasing from 19 to 
27%.The partition coefficients and recoveries of OA were 
firstly enhanced. At a concentration of ethanol of 23% 
(v/w), the highest partition coefficient and recovery of the 
OA were achieved (10.53 and 91.04%, respectively). Such 
behavior can be attributed to an increase in the ethanol 
concentration in the top phase, which will favor 
partitioning towards the upper phase for OA soluble in 
alcohol. When the ethanol concentration was more than 
23% (v/w), The partition coefficients and recoveries of 
OA decreased slightly. This may be because that the 
content of OA in top phase was closed to saturation, and 
the distribution in bottom phase was more than top phase, 
which reduced the OA partition coefficient and recoveries 
[16]. Thus, 23% (v/w) ethanol was used in further 
experiments. 

 

Figure 2. Effects of the ethanol concentration on the partition 
coefficients and the recoveries of OA 

3.2. Effects of Ammonium Sulphate 
Concentration on the Partition Coefficients 
and Recoveries of OA in ATPS 

The effects of ammonium sulphate concentration on the 
partition coefficients  and recoveries of OA in ATPS were 
investigated (Figure 3). The partition coefficient and 
recovery of OA reached the maximum when the 
concentration of ammonium sulphate was 18% (w/w). 
This behavior can be related to the salting out effect. This 

is probably due to that the ‘‘ion–dipole’’ interaction 
between salt ions and water molecules leads to the 
hydration of ions, causing the phase-forming salts to 
dissolve in the lower phase, meanwhile, these interactions 
decrease the amount of free water molecules in the lower 
phase, leading to the exclusion of alcohol and the OA [20]. 
Therefore, 18% (w/w) ammonium sulphate was chosen for 
the following investigation. 

 

Figure 3. Effects of ammonium sulphate concentration on the partition 
coefficients and the recoveries of OA 

3.3. Effects of Crude Extract Concentration 
on the Partition Coefficients and Recoveries 
in ATPS  

The effect of crude extract concentration on the 
partition coefficients and recoveries were presented in 
Figure 4. The partition coefficients and recoveries of OA 
showed an increased trend with increasing crude extract 
concentration from 6 to 8%(w/w). However, the partition 
coefficients and recoveries were slightly decreased with 
further increase of crude extract concentration from 8 % to 
14% (w/w). This phenomenon could be attributed to the 
fact that increasing the crude extract concentration causes 
the aggregation of OA molecules and the enhancement of 
intra-molecular hydrogen bonds, which weaken the 
interactions between OA and water molecules. Moreover, 
excessive addition of crude extract caused accumulation at 
the interface, which negatively affected mass transfer [21]. 
These results suggest that the crude extract concentration 
should be 8%(w/w). 

 

Figure 4. Effects of crude extract on the partition coefficients and the 
recoveries of OA 
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3.4. Effects of Extract Temperature on the 
Partition Coefficients and Recoveries in 
ATPS 

The effects of temperature on partitioning behavior of 
OA in ethanol and (NH4)2SO4 system were also 
investigated in the present study. The temperature in the 
range from 25° to 50°C water bath was investigated. As 
shown in Figure 5, The partition coefficient and extraction 
efficiency decrease with increase of temperature. It proves 
that this partition experiment should be done at a 
relatively low temperature. OA was more stable at lower 
temperature. The ethanol concentration and phase-forming 
ability of (NH4)2SO4 decreased with increasing 
temperature. This result can be attributed to the transition 
of water from the ethanol -rich phase to the salt-rich phase 
[22], which decreased the salt-out effect in the salt-rich 
phase and reduced the recovery of OA. Furthermore, the 
OA was more stable at lower temperatures. 
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Figure 5. Effects of extract temperature on the partition coefficients and 
the recoveries of OA 

To investigate the thermodynamics, extraction of OA 
can be regarded as a transfer process of the OA from the 
salt-rich phase to the ethanol-rich phase. The Gibbs 
energy change (∆G) is related to the partition coefficient 
K can be calculated by the known Eq.(4).The enthalpy 
change (∆H) and entropy change (∆S) were obtained from 
the slope and intercept of the linear Eq. (5) between lnK 
and 1/T. Figure 6 shows the effect of temperature on the 
partition coefficient expressed through Van’t Hoff plots. 
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Figure 6. Van’t Hoff plot of lnK versus 1/T produces a straight line 

Table 1. The Transfer Thermodynamic Properties for OA from the 
Salt-rich Phase to the Ethanol-rich Phase in ATPS 

T K ∆G(KJ/mol) T∆S(KJ/mol) ∆H(KJ/mol) 
298 11.6 -6.07 -51.02 -57.09 
303 7.35 -5.02 -52.07 -57.09 
308 6.47 -4.78 -52.31 -57.09 
313 4.76 -4.060 -53.03 -57.09 
318 2.34 -2.247 -54.843 -57.09 
323 2.01 -1.874 -55.216 -57.09 

 G RTlnK= −  (4) 

 lnK H S
RT R
−∆ ∆

= +  (5) 

The resultant ∆G, ∆H and ∆S values obtained by linear 
least-square analysis are showed in Table 1. The ∆G 
values are negative, indicating that the extraction of OA is 
spontaneous and preferential partitioning in the ethanol -
rich phase as indicated by the K>1 within this temperature 
range. Partitioning of OA is marked by negative values for 
∆H and T∆S with the enthalpy change being greater in 
value than the entropy change. Thus it can be concluded 
that partitioning of OA involves an exothermic, 
spontaneous process. This result indicated that 
temperature had great influence on the distribution 
behaviour of OA in the experimental range. In following 
studies, all extraction experiments were carried out at 
room temperature. 

3.5. Effects of pH on the Partition 
Coefficients and Recoveries in ATPS 

As seen in Figure 7, the partition coefficient of OA 
increased from 3.44 to 7.52, and the recovery varied in the 
range of 73.77-93.54% with the pH increasing from 3 to 7. 
OA is weak acid (HA). An ionization equilibrium of 
HA←H++A- happens at different pH values. OA exist in 
the form of molecules under acidic condition and tend to 
stay in ethanol-rich phase. To make this equilibrium go 
toward left, an acidic environment should be created. 
Interestingly, the inherent pH of the ATPS (23%(w/w) 
ethanol, 18%(w/w) ammonium sulphate, 8%(w/w) curde 
extract and 41%(w/w) water) was observed to be 4.0, 
which showed the highest recovery of OA in the top phase. 
In summary, the pH of ATPS had an important influence 
on the partition behaviour and pH 4.0 was shown to be the 
optimal condition. 

 

Figure 7. Effects of pH on the partition coefficients and the recoveries of 
OA 
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3.6. Antioxidant Activity of OA 
The OA obtained by the ATPE was evaluated for the 

ability to scavenge DPPH radicals in relative to VC. Figure 
8 showed an increase in scavenging ability with increasing 
the concentration of the OA. It was also observed that a 
dose–response relationship was found in the free radicals 
scavenging ability. The DPPH scavenging rate reached 
88.3% at a concentration of 0.08%(w/v) of ATPE extract, 
whereas the Vc scavenged 87.3% of DPPH radical at a 
concentration of 0.1%(w/v). The result indicated that the 
scavenging ability of the ATPE extract exhibited good 
antioxidant activity, which was higher than Vc. 

 

Figure 8. Scavenging effect of ATPE extract on DPPH radicals 
compared with these of Vitamin C (standard control) and OA 

4. Conclusion 
The extraction, antioxidant activity of OA from grape 

skins were reported in the present study. The optimal 
differential partitioning of OA was achieved by ATPE 
carried out at pH 4.0 and 25°C, using 23% (v/w) ethanol, 
18% (w/w) ammonium sulphate, 8% (w/w)curde extract 
and 41% (w/w) water, where 93.54% of OA were 
partitioned to the top phase. Furthermore, the OA showed 
a relatively high antioxidant activity compared with that of 
Vitamin C (standard control). ATPS is more efficient and 
low-cost , and it will be widely used in isolation of other 
natural active compounds or bio-products. 
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