\

P & § N
/ ’b\og‘ '3 SEA’?»\i
§ L : %
A\
)
e
F;

 Chromatography

' Separation Techniques

< of Chp
Iuyosy WO

X
Song,

\USSN: 2157-7064

Hua et al., J Chromat Separation Techniq 2013, 4:2
DOI: 10.4172/2157-7064.1000167

Research Article Open Access

Extraction and Purification of Anthocyanins from the Fruit Residues of

Vaccinium uliginosum Linn

Zhang Hua, Dong Yuesheng, Xu Ge, Li Menglu, Du Liya, An LiJia and Xiu Zhilong*
School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, P R China

Abstract

An aqueous two-phase system was developed to extract anthocyanins present in the fruit residue during juice
production from the fruit of Vaccinium uliginosum Linn. A maximum partition coefficient of 10.67 and a recovery of
96.09% for anthocyanins could be obtained using an extraction system consisted of 30% (w/w) ethanol and 19%
ammonium sulfate. Compared with the traditional extraction using acidified ethanol, the novel aqueous two-phase
extraction could not only yield a much higher concentration of anthocyanins, save more ethanol, energy, and time,
but also decrease impurities in extract, e.g. proteins and sugars by 58% and 66%, respectively. AB-8 macroporous
resin was applied to the purification of anthocyanins. A novel and simple separation technique for anthocyanins was
developed by integrating aqueous two-phase extraction and macroporous resin column chromatography. This new
technology might be a suitable for other bioactive natural products on industrial scale.

Keywords: Aqueous two-phase extraction; Ethanol/ammonium
sulfate; Macroporous resin column chromatography; Vaccinium
uliginosum Linn; Anthocyanin

Introduction

In the past decade anthocyanins have been found as health-
promoting ingredients in many fruits and vegetables [1,2]. In such
plants, the content of anthocyanins in Vaccinium uliginosum Linn (V.
uliginosum) is the highest [3]. Anthocyanins are flavonoid pigments
with a flavylium cation structure described as a C6-C3-C6 skeleton [1,4].
They play a vital role in the prevention of neuronal and cardiovascular
illnesses, cancer and diabetes due to their antioxidant property [1,2].
In addition to being edible fruit, V. uliginosum fruits are mainly used
to make fruit juice, producing lots of fruit residue as by-products.
Anthocyanins, which are present mainly in the peel of V. uliginosum,
constitute the most important pigments of the vascular plants [5]. They
are harmless, easily dissolved in aqueous media, and therefore suitable
natural water-soluble colorants.

Commercial recovery of natural pigments from plant materials is
usually solvent extraction after homogenization. For examples, acidified
solutions of methanol, ethanol, acetone, water, and a mixture of
acetone/methanol/water are traditionally used to extract anthocyanins.
From these methods, the extraction with acidified methanol is the most
efficient [6-8]. Nevertheless, in food industry ethanol is preferred due
to the toxicity of methanol. In addition, the extraction method needs
large amount of organic solvents and much energy for recovering the
solvent. Thus, there is a need for an efficient, economical and large-scale
bioseparation method that can achieve high purity as well as high yield,
while preserving the biological activity of these molecules. Aqueous
two-phase extraction (ATPE) is likely to be developed as one extraction
method to meet the above criteria.

ATPE used as a primary separation method has been widely
applied for the recovery of biological products due to its easiness for
scale-up, high capacity and yield, low cost and short processing time
[9-12]. Furthermore, ATPE has the potential to achieve the desired
purification and concentration of the product in a single step. In the
separation of the pigments, polyethylene glycol (PEG)/ (NH,),SO,
system has been used to separate betalains from crude beetroot extract
[13], and Mageste et al. studied ATPE of natural dye carmine with
polyethylene oxide (PEO)/Li,SO, system [14]. However, polymers are
very expensive and not easy to recover. Recently, a novel aqueous two-

phase system (ATPS) composed of short chain alcohol and salt has
been used to extract natural compounds due to its low cost and easy
recovery of solvent by evaporation. For example, ethanol/ (NH,),SO,
system has been used to separate piceid, resveratrol and emodin from
Polygonum cuspidatum [15], and n-propanol/ phosphate system has
been used for the purification of salvianolic B from crude extract of
Salvia miltiorrhiza by counter-current chromatography (CCC) [16].
Encouraged by the previous results, ATPE is thought to be suitable for
the extraction of natural pigments.

Generally, the purification of anthocyanin is carried out by HPLC or
CCC [17,18]. However, these methods are too expensive to popularize.
In recent years, macroporous adsorption resin is more and more used
in the purification of pigments [19,20]. Especially, AB-8 resin is a kind
of macroporous resin for the purification of flavonoid [21].

In this study, anthocyanins was extracted directly from V.
uliginosum residue by ethanol/ammonium sulfate system and then
purified by AB-8 macroporous resin. This method not only salvaged the
wasted residue from V. uliginosum juice production, but also integrated
extraction, clarification, concentration and purification into single steps
without pretreatment to provide a simple method for the production of
anthocyanins.

Materials and Methods
Chemicals and materials

V. uliginosum fruits were obtained from Blueberry Source of Dalian
Science and Technology Co. Ltd (Dalian, China). AB-8 macroporous
resin, whose particle size (>99%) was 0.3-1.25 mm, was bought from
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Tianjin Haiguang Chemical Co., Ltd (Tianjin, China). Prior to use, the
resin was immersed with ethanol more than 12 h to remove the inert
solvent, repeatedly washed with distilled water to no odour of ethanol,
and then kept it in a beaker for later use. Ethanol and inorganic salts
used were of analytical grade.

Preparation of fruit residue

V. uliginosum fruits (0.5 kg) were put into a JJ-2 Tissue Grinders
(Shenzhen, China) and homogenized for 2 min at speed of 1200 rpm.
After filtration, the solid residue was stored at -20°C.

Aqueous two-phase extraction

ATPSs were consisted of specific amount of ethanol, inorganic salt
and water in a total amount of 20 g. Various systems were prepared
in a range of ethanol (20%-40% (w/w)) and inorganic salt (10%-25%
(w/w)) concentrations. Inorganic salt was first dissolved into water in
25-mL teat glass tubes. Through preliminary experiments, we found
V. uliginosum residue hung between top phase and bottom phase. If
V. uliginosum residue was too much, the solid phase was too thick
to lower mass transfer. Therefore, in this study, the ratio of material
and solvent was 1:20. 1.0 g V. uliginosum residue was then added and
mixed by vortexing for 30 s, followed by addition of ethanol, and the
whole mixture was then thoroughly mixed by vortexing for 30 s and
then allowed to stand at room temperature for 0.5-1.0 h to enable phase
separation. Alternatively, a specificamount of inorganic salt solution was
added to 1.0 g of V. uliginosum residue by vortexing for 30 s, followed by
addition of ethanol. The mixture was then treated as described above.
After the two phases had separated, the volumes of the top and bottom
phases were recorded, and anthocyanins were analyzed in the top and
bottom phases, respectively. The extraction experiments were carried
out in triplicate at room temperature. Furthermore, ATPE was scaled
up on 3.0 kg scale in a 5.0-L beaker under optimized conditions. During
experiments visual inspection of the residue subjected to ATPE showed
a crimson top phase and a light purple bottom phase. The grey residue
present in the extract was accumulated at the interface, which was
discarded. The partition coeflicient (K) of anthocyanins was defined as
the ratio of the concentration of anthocyanins in the top phase to that in
the bottom phase. The recovery (R) of anthocyanins was the percent of
anthocyanins in the top phase to the total amount in ATPS.

The yield (Y) of anthocyanins was defined as the percent of the
mass of anthocyanins in the extract to that obtained from acidified
ethanol extraction.

Acidified ethanol extraction

Acidified ethanol extraction of anthocyanins was performed with
50% (w/w) ethanol at 50°C and pH 3.5 for 60 min [7].

Aqueous two-phase extraction of anthocyanins combined
with column chromatography

100 g pretreated AB-8 macroporous resin was soaked by deionized
water (pH=3.0-3.5) for 24 h to equilibrate, and then filtered.

After ATPE, the anthocyanin extract was diluted 5 times by water
(pH=3-3.5) until ethanol elimination under vacuum at low temperature
(37°C) on a rotary evaporator (Rotavapor RE-52A, Yarong, Shanghai,
China). The diluted extract was added into a glass column (®1.5x40
cm) packed by 50.0 g pretreated AB-8 macroporous resin at a volume
of 40 mL resin bed (BV). The anthocyanins adsorbed to the resins were
washed with 1-2 BV water (pH 3-3.5), 1-2 BV 20% (v/v) ethanol solution
(pH 3-3.5), 1-2 BV 30% (v/v) ethanol solution (pH 3-3.5), 1 BV 40%

(v/v) ethanol solution (pH 3.0-3.5), and eluted from the column with 5
BV 60% (v/v) and 1-2 BV 80% (v/v) ethanol solution, respectively. The
flow rate was controlled to 2.0 mL/min by metering pump. The effluents
from the column were collected by 100-mL volumetric cylinders.

The desorption ratio (DR) was evaluated as follows:

CaVa

DR(%)=—"%4%4—
( ) (CO_Ce)VO

where C, is the initial concentration of anthocyanin (mg/L); C, is
the desorption concentration of the solute in the desorption solution
(mg/L); C, is equilibrium concentration of anthocyanin (mg/L); V, is
volume of the eluent (L); V is volume of initial anthocyanin solution

(L).
Analytical procedures

Anthocyanins were directly determined by the pH-differential
method as described by Wrolstad [22]. Samples were diluted with buffer
and the absorbance was read at 520 and 700 nm using a Jasco V-560
UV/VIS spectrophotometer. Anthocyanin content was calculated as
pelargonidin-3-glucoside, with molar absorbance of 22,400 M cm™
and molecular weight of 433.2 Da.

Total sugar concentration was determined by 3, 5-dinitrosalicylic
acid colorimetry [23]. Protein concentration was determined by
Coomassie Brilliant Blue method using BSA as standard protein [24].

Results and Discussion

Selection of aqueous two-phase system

Partition behavior and stability of anthocyanins were studied
in ATPSs employing ethanol and different phase forming salts
(dipotassium hydrogen phosphate, natrium carbonate and ammonium
sulphate). Ammonium sulphate was selected as the best salt due to
higher stability of anthocyanins in ammonium sulphate (pH 4.3) than
dipotassium hydrogen phosphate (pH 8.2) and natrium carbonate (pH
9.0). The stability of anthocyanins was proved to be affected by the
pH of the system: When pH of anthocyanin solution was above 8, the
pyran ring in structure of anthocyanin was opened [4]. There was less
than 33.5% anthocyanin in those systems comparing with the acidified
ethanol extract.

The effects of ethanol and ammonium sulphate concentration
on the partitioning of anthocyanins were determined on the basis
of phase diagram of ATPS of ethanol/ (NH,),SO, as shown in figure
1. Comparing with the previous phase diagram [25], the upper limit
line of two phases was added in figure 1. As shown in figures 2 and
3, the partition coefficient and recovery of anthocyanins increased
dramatically with increasing concentrations of (NH,),SO, and ethanol,
which indicated that anthocyanins tended to concentrate in the top
phase. The partitioning behavior of anthocyanins was similar with
another water soluble pigments-betalain in ATPS consisting of PEG
and (NH,),SO, [13]. Compared these ATPSs, the partition coefficient
and recovery of anthocyanins in ATPS of 30% (w/w) ethanol and
19% (w/w) (NH,),SO, were 10.67 and 96.09%, respectively. And the
recovery was the highest. Thus this ATPS was chosen for the ATPE of
anthocyanins in the next study.

Extraction of anthocyanins from V. uliginosum residue

To optimize ATPE, the effects of ATPE strategies on partition
coeflicient and recovery of anthocyanins were investigated (Figure 4).
When (NH,),SO, solution and ethanol were added to V. uliginosum

J Chromat Separation Techniq
ISSN:2157-7064 JCGST, an open access journal

Volume 4 -+ Issue 2 + 1000167



Citation: Hua Z, Yuesheng D, Ge X, Menglu L, Liya D, et al. (2013) Extraction and Purification of Anthocyanins from the Fruit Residues of Vaccinium
uliginosum Linn. J Chromat Separation Techniq 4: 167. doi:10.4172/2157-7064.1000167

Page 3 of 5

100
0.40 L .
90 - it
o " & . _..~—1..»" - M
g 0.35 X T . :
s \ Z 8ot .t
£ .. ; i
f_’ 0.30 '.\.'. 70 N i
o L
: ., S
= 0.25 l.. [ 60
o . - L
tg "u 12 n
0 0.20 . .
(7] L] L # L]
g L ] L 9
0.15 "a . -] r at
L] x i
oqob— - ! n 6L ” .
0.10 0.15 0.20 0.25 0.30 s 2 -
Mass fraction of (NH,),SO, T > ]
Figure 1: Phase diagram of aqueous two-phase system of ethanol/
ammonium sulfate. 015 1'8 2'1 2'4 pt

Concentration of ammonium sulfate (% ,w/w)

Figure 3: Effect of ammonium sulfate concentration on partition of
100 anthocyanins. Concentrations of C2H50H (w/w) were 20% (m),

24% (A), 28% (o). Data are the means + SDs from three different
experiments.
-
- A
90 o l.,--""" ‘,,,--é"
& A s 10
D) L]
<~ / 2 Yield [ Partition coefficient K& Recovery - 100
L / A € —_
R 80 . 5 S
3] <
70 5 9
g 2
10.0 E -}
[]
s >
75+ . _._,"" l"_! Fy
o L Y A B c
5.0 /
M . ) _‘---"‘ Figure 4: Effect of ATPE strategies on partition of anthocyanins. (O)
b / L Addition of (NH,),SO, solution; (2) Addition of ethanol; 3 Vortexing
for 5 s. The ATPE strategies were A: D32, B: @@, and C:
25 = @®Q@@®. Data are the means + SDs from three different experiments.
0.0 e e
20 24 28 32

10\ ZZ Yield [ Partition coefficient [ Recovery |

g

Concentration of ethanol (% ,w/w)

Figure 2: Effect of ethanol concentration on partition of anthocyanins.
Concentrations of (NH4)2S04 (w/w) were 16% (A), 19% (m), 22%
(e). Data are the means + SDs from three different experiments.

8

3
Yield, Recovery (%)

residue without vortexing during addition, the highest partition
coefficient of anthocyanins was obtained. The differences among the
partition coefficients obtained from three different ATPE strategies
were small; the highest value was 8.69 and the lowest value was 7.86, but
the recovery and yield of anthocynins were highest when (NH,),SO,
solution was firstly added to the fruit residue, and the mixture was
vortexed for 30 s before the addition of ethanol.

Partition coefficient
=]

8

Figure 5: Effect of extraction time of (NH,),SO, solution on partition
To further optimize ATPE, the effects of extraction time on partition of anthocyanins. Data are the means + SDs from three different
. . . . . experiments.
coeflicient, recovery and yield of anthocyanins were investigated. The
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Extraction methods Temperature Time Volume of extract Concentration of Proteins Sugar
anthocyanins in extract
(°C) (h) (mL) (mglL) (mg) (mg)
Acidified ethanol extraction 50 2 180 15.20 + 1.36 16.86 + 0.98 370.54 £ 10.38
Aqueous two-phase extraction 15-30 <1 33.5 80.34 + 3.46 714 +£0.32 127.60 £ 9.36

Data are the means + SDs from three different experiments

Table 1: Comparison between acidified ethanol extraction and aqueous two-phase extraction.

Concentration of | Volume of eluent Content of DR (%)

ethanol (%, wiw) (mL) anthocyanins (mg)
0 59
20 60
30 63 0.012 0.015
40 41 0.65 0.84
60 205 75.97 98.30
80 84 0.65 0.84

Table 2: Gradient desorption result of anthocyanins.

partition coefficient of anthocyanins increased as extraction time was
increased (Figure 5). However, the recovery and yield of anthocyanins
scarcely changed, indicating that the concentrations of ethanol and
(NH,),SO, were high enough to let anthocyanins dissolve from cells
thoroughly. In order to obtain high recovery and improve extraction
efficiency, after addition of (NH,),SO, solution and vortexing
thoroughly, ethanol should be added immediately.

Based on the above results, ATPEs of anthocyanins were carried out
on different scales (20 g vs. 3 kg) under the optimized conditions. On
the 20 g scale performed in glass tubes, partition coeflicient, recovery
and yield of anthocyanins were 10.67, 96.09% and 92.34%, respectively.
On 3.0 kg scale ATPE of anthocyanins was performed from 150 g V.
uliginosum residue in a 5-L beaker, partition coeflicient, recovery and
yield of anthocyanins were 8.89, 94.37% and 103.20%, respectively. No
distinct difference in partition behavior was observed on different scales
[26]. However, the yield of anthocyanins on 3.0 kg scale was higher
than that on 20 g scale, it was attribute to the ratio of height to diameter
of extractor. Because the smaller the ratio of height to diameter is; the
thinner the solid phase between top and bottom phase in ATPS is,
and the faster the mass transfer rate is. Therefore, the extraction in the
beaker was performed more completely than in the tube. Moreover, on
3.0 kg scale, the yield of ATPS was also higher than that of acidified
ethanol extraction. The experimental results showed that ATPS is more
favorable for extraction of anthocyanins as it consumes less energy and
is easy to scale up.

Comparison of different extraction methods for anthocyanins

Five different extraction methods for anthocyanins were compared.
These methods were extraction in water at room temperature
(pH=3.03), extraction in 19% (w/w) (NH,),SO, solution at room
temperature (pH=3.03), extraction in 50% ethanol solution at room
temperature (pH=3.47), extraction in acidified 50% (w/w) ethanol at
50°C (pH=3.47) for 2 h (Heat reflux extraction by ethanol solution),
and aqueous two-phase extraction with 30% (w/w) ethanol/19% (w/w)
(NH,),SO, system at room temperature, respectively. The yields of
these methods were 7.56%, 42.78%, 51.86%, 100.00%, and 92.34%,
respectively.

Atroom temperature, the yield from 19% (w/w) (NH,),SO, solution
or 50% (w/w) ethanol solution was much more than that of water,
indicating that (NH,),SO, and ethanol could facilitate the dissolution of
anthocyanins from cells. The sum of yields from 19% (w/w) (NH,),SO,
solution and 50% (w/w) ethanol solution was a little higher than that of

ATPE, because a small amount of anthocyanins remained in the bottom
phase of ATPS. When a system composed of 30% (w/w) ethanol/ 19%
(w/w) (NH,),SO, was used, the yield of anthocyanins from the top
phase was close to that obtained with heat reflux extraction by acidified
ethanol at 50°C. On the contrary, ATPE don't require heating.

The yield of anthocyanins by aqueous two-phase extraction
achieved 92.34% of that in acidified ethanol extration. Meantime, the
concentration of anthocyanins in the top phase of ATPS increased about
4 times. Some researchers, including our lab, have reported that ATPE
could be used remove protein impurities [26,27] and suger [12,27].
Similarly, in the top phase of our ATPS, the contents of proteins and
sugar decreased by 58% and 66%, respectively (Table 1). Additionally,
no heating requirement, short operation time and less ethanol
consumption are the other import characteristics of the new application.
ATPE thus integrated extraction, clarification, concentration and
preliminary purification into a single step, and provides a simple and
effective method for the separation of anthocyanins.

Column chromatography of anthocyanins on AB-8 resin

Column chromatography of anthocyanins on AB-8 resin was
investigated by following ATPE of anthocyanins from V. uliginosum
residue. Gradient elution was used to obtain anthocyanins from AB-8
resin as shown in table 2. Almost no product could be obtained when
the column was eluted with ethanol at concentration of less than 30%
(v/v). The yield of anthocyanins was 98.30% when the eluent containing
60% (v/v) ethanol. The ethanol in eluent was evaporate by a rotary
evaporator under vacuum at 37°C, and then lyophilized to obtain
anthocyanin product with a purity of 27.58%. CCC [18] or HSCCC
[1] need higher equipment cost, and compared with them, the column
chromatography with AB-8 resin was more suitable for the purification
of anthocyanins.

Conclusions

An aqueous two-phase system composed of hydrophilic solvent and
an inorganic salt, especially ethanol and ammonium sulfate, is suitable
for the extraction of anthocyanins from V. uliginosum residue. The effect
of ethanol and ammonium sulfate on the partition of anthocyanins was
investigated to obtain the optimum condition for the extraction. The
ATPS composed of 30% (w/w) ethanol/19% (w/w) ammonium sulfate
was found to yield the best result. Meanwhile, the AB-8 resin fit for the
purification of anthocyanins. Compared with conventional extraction
based on acidified ethanol, an integrated process of ATPE combined
with column chromatography has some advantages, such as short
treatment time, lower ethanol consumption and no heating requirement
to yield anthocyanins from the fruit residue of V. uliginosum. This new
technology might be a suitable extraction method for other natural
pigments and bioactive natural products on industrial scale.

Acknowledgments

This work was supported by the grant from Science and Technology Research
of Liaoning Provincial Department (No.LS2010044). The authors thank Dr. Alan K
Chang (Dalian University of Technology) for proof reading the manuscript.

J Chromat Separation Techniq
ISSN:2157-7064 JCGST, an open access journal

Volume 4 -+ Issue 2 + 1000167



Citation: Hua Z, Yuesheng D, Ge X, Menglu L, Liya D, et al. (2013) Extraction and Purification of Anthocyanins from the Fruit Residues of Vaccinium
uliginosum Linn. J Chromat Separation Techniq 4: 167. doi:10.4172/2157-7064.1000167

Page 5 of 5

References

1.

Du QZz, Jerz G, Winterhalter P (2004) Winterhalter, Isolation of two anthocyanin
sambubiosides from bilberry (Vaccinium muyrtillus) by high-speed counter-
current chromatography. J Chromatogr A 1045: 59-63.

Konczak L, Zhang W (2004) Anthocyanins-more than nature’s colours. J
Biomed Biotechnol: 5: 239-240.

Hu YX, Li J, Hui BL (2006) Study on major nutrition and anthocyanins of
blueberry. Food Science 27: 600-603.

Barnes JS, Nguyen HP, Shen SJ, Schug KA (2009) General method for
extraction of blueberry anthocyanins and identification using high performance
liquid chromatography-electrospray ionization-ion trap-time of flight-mass
spectrometry. J Chromatogr A 1216: 4728-4735.

Nelson HH, Alicia LM, M Lourdes GM, M Luisa EG, Francisco JH (2009)
Colour, pH stability and antioxidant activity of anthocyanin rutinosides isolated
from tamarillo fruit (Solanum betaceum Cav). Food Chem 117: 88-93.

Kapasakalidis PG, Rastall RA, Gordon MH (2006) Extraction of polyphenols
from processed black currant (Ribes nigrum L.) residue. J Agric Food Chem
54:4016-4021.

Wang ZY, Xu ML, Zhu BW (2007) Optimum conditions for extraction of
anthocyanidin from blueberry. J Dalian Inst Light Ind 26: 196-198.

Awika JM, Rooney LW, Waniska RD (2004) Properties of 3-Deoxyanthocyanins
from Sorghum. J Agric Food Chem 52: 4388-4394.

Babu BR, Rastogi NK, Raghavarao KSMS (2003) Liquid-liquid extraction of
bromelain and polyphenol oxidase using aqueous two-phase system. Chem
Eng Process 43: 83-89.

10. Benavides J, Aguilar O, Lapizco-Encinas BH, Rito-Palomares M (2008)

Extraction and purification of bioproducts and nanoparticles using Aqueous
Two-Phase Systems Strategies. Chem Eng Technol 31: 838-845.

11. Johansson G, Walter H (1999) Partitioning and concentrating biomaterials in

aqueous phase systems. Int. Rev. Cytol 192: 33-60.

12. Rito-Palomares M (2004) Practical application of aqueous two-phase partition

w

to process development for the recovery of biological products J Chromatogr B
Analyt Technol Biomed Life Sci J Chromatogr B 807: 3-11.

.Chethana S, Nayak CA, Raghavarao KSMS (2007) Aqueous two-phase
extraction for purification and concentration of betalains. J Food Eng 81: 679-
687.

14. Mageste AB, Lemos LR, Ferreira GMD, Silva MCH, Silva LHM, et al.

(2009) Aqueous two-phase systems: An efficient, environmentally safe

20.

2

=

22.

2

w

24,

25.

26

27.

and economically viable method for purification of natural dye carmine. J
Chroumatogr A 1216: 7623-7629.

.Wang H, Dong YS, Xiu ZL (2008) Microwave-assisted aqueous two-phase

extraction of piceid, resveratrol and emodin from polygonum cuspidatum by
ethanol/ammonium sulphate system. Biotechnol Lett 30: 2079-2084.

.Zhi WB, Deng QY (2006) Purification of salvianolic acid B from the crude

extract of Salvia miltiorrhiza with hydrophilic organic/salt-containing aqueous
two-phase system by counter-current chromatography. J Chromatogr A 1116:
149-152.

.Ella Missang C, Guyot S, Renard CM (2003) Flavonols and anthocyanins

of bush butter, Dacryodes edulis (G. Don) H.J. Lam, fruit. changes in their
composition during ripening. J Agric Food Chem 351: 7475-7480.

. Swhwarz M, Hillebrand S, Habben S, Degenhardt A, Winterhalter P (2003)

Application of high-speed countercurrent chromatography to the large-scale
isolation of anthocyanins Biochem Biochem Eng J 14: 179-189.

.Liu YF, Liu JX, Chen XF, Liu YW, Di DL (2010) Preparative separation and

purification of lycopene from tomato skins extracts by macroporous adsorption
resins. Food Chem 123: 1027-1034.

Zhang YL, Yin CP, Kong LC, Jiang DH (2011) Extraction optimisation,
purification and major antioxidant component of red pigments extracted from
Camellia japonica. Food Chem 129: 660-664.

.Zhao ZY, Dong LL, Wu YL, Lin F (2011) Preliminary separation and purification

of rutin and quercetin from Euonymus alatus (Thunb) Siebold extracts by
macroporous resins. Food Bioprod Process 89: 266-272.

Wrolstad RE (1993) Color and pigment analysis in fruit products. Station
Bulletin 624, Corvallis, 2nd. Edn.

.Miller GL (1959) Use of dinitrosalicylic acid reagent for determination of

reducing sugar. Anal Chem 1959 31: 426-428.

Bradford MM (1976) A rapid and sensitive method for quantitation of microgram
quantities of protein utilizing the principle of protein-dye-binding. Anal Biochem
72: 248-254.

Li ZG, Jiang B, Zhang DJ, Xiu ZL (2009) Aqueous two-phase extraction of
1,3-propanediol from glycerol-based fermentation broths. Sep Purif Technol 66:
472-478.

.Jiang B, Li ZG, Dai JY, Zhang DJ, Xiu ZL (2009) Aqueous two-phase extraction

of 2,3-butanediol from fermentation broths using an ethanol/phosphate system.
Process Biochem 44: 112-117.

Sun LH, Jiang B, Xiu ZL (2009) Aqueous two-phase extraction of 2,3-butanediol
from fermentation broths by isopropanol/ammonium sulfate system. Biotechnol
Lett 31: 371-376.

J Chromat Separation Techniq
ISSN:2157-7064 JCGST, an open access journal

Volume 4 -+ Issue 2 + 1000167


http://www.ncbi.nlm.nih.gov/pubmed/15378879
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1082903/
http://124.205.222.100/Jwk_spkx/EN/abstract/abstract19999.shtml
http://www.sciencedirect.com/science/article/pii/S0021967309005573
http://europepmc.org/abstract/AGR/IND44217406/reload=0;jsessionid=O3eSdKTPy5Ea1i0Jix24.2
http://pubs.acs.org/doi/abs/10.1021/jf052999l
http://www.ncbi.nlm.nih.gov/pubmed/15237941
http://www.sciencedirect.com/science/article/pii/S0255270107002772
http://onlinelibrary.wiley.com/doi/10.1002/ceat.200800068/abstract
http://www.sciencedirect.com/science/article/pii/S0074769608605215
http://www.ncbi.nlm.nih.gov/pubmed/15177153
http://www.sciencedirect.com/science/article/pii/S0260877407000350
http://www.ncbi.nlm.nih.gov/pubmed/18682898
http://www.ncbi.nlm.nih.gov/pubmed/18682898
http://www.ncbi.nlm.nih.gov/pubmed/18682898
http://www.ncbi.nlm.nih.gov/pubmed/16581081
http://www.ncbi.nlm.nih.gov/pubmed/14640602
http://www.sciencedirect.com/science/article/pii/S1369703X0200219X
http://www.sciencedirect.com/science/article/pii/S0308814610006151
http://www.sciencedirect.com/science/article/pii/S0308814611006765
http://www.sciencedirect.com/science/article/pii/S0960308510001124
http://ir.library.oregonstate.edu/xmlui/bitstream/handle/1957/15825/StationBulletin624.pdf?sequence=1
http://pubs.acs.org/doi/abs/10.1021/ac60147a030
http://www.sciencedirect.com/science/article/pii/S1383586609000458
http://www.sciencedirect.com/science/article/pii/S1383586609000458
http://www.sciencedirect.com/science/article/pii/S1359511308003115
http://www.ingentaconnect.com/content/klu/bile/2009/00000031/00000003/00009874?crawler=true

	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods
	Chemicals and materials
	Preparation of fruit residue
	Aqueous two-phase extraction
	Acidified ethanol extraction
	Aqueous two-phase extraction of anthocyanins combinedwith column chromatography
	Analytical procedures

	Results and Discussion
	Selection of aqueous two-phase system
	Extraction of anthocyanins from V. uliginosum residue
	Comparison of different extraction methods for anthocyanins
	Column chromatography of anthocyanins on AB-8 resin

	Conclusions
	Acknowledgments
	Figure 1

	Figure 2

	Figure 3

	Figure 4

	Figure 5

	Table 1

	Table 2

	References



