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paration of anthocyanins from
Kushui rose by ethanol-(NH4)2SO4 aqueous two-
phase system†

Yuanyuan Li, *a Tongyu Li,a Hongxu An,a Xinyi Wang,a Juan Hanb and Yun Wang c

Simultaneous extraction of anthocyanins and removal of sugars from Kushui rose was performed using an

ethanol-ammonium sulphate aqueous two-phase system (ATPS). The effects of different parameters, such

as type of salt, concentrations of salt and ethanol, temperature and pH on the partition coefficient and

recovery of anthocyanins in the top system and sugars in the bottom system were studied. Furthermore,

an experimental design of a three-level three-factor Box–Behnken design response surface

methodology (RSM) was used to obtain optimal extraction conditions. The maximum partition coefficient

(5.64) and recovery (78%) of anthocyanins in the top system within the investigated range were obtained

at 22% (w/w) concentration of ammonium sulphate, 25% (w/w) concentration of ethanol, pH 5 and

33.5 °C. During the discussion of the main factors, the maximum recovery of sugars reached 70.09%.

The HPLC profile of anthocyanins obtained from the ATPS top phase was similar to that of anthocyanins

extracted by ethanol, which indicated that the ethanol-ammonium sulphate ATPS was suitable for the

extraction of anthocyanins. On the basis of the anthocyanin stability experiment, anthocyanins extracted

from Kushui rose should be stored at low pH and temperature.
1. Introduction

In recent years, the exploitation and application of natural
pigments have caused widespread attention due to their
apparent non-toxicity and safety compared with synthetic
pigments.1 Anthocyanins are water-soluble natural pigments
belonging to avonoids and are responsible for pink, red, violet
and blue colors of owers, vegetables and fruits. Anthocyanins
have physiological functions such as antioxidant activity and
free radical scavenging, which are important in the prevention
of cancer, cardiovascular disease and neurological disease.2

Therefore, nding good methods to separate anthocyanins
effectively is of great signicance.

The organic solvent extraction is commonly used for
extraction of anthocyanins in plants and the most used solvents
are mixtures of ethanol and methanol/acetone because antho-
cyanins are soluble in polar solvents.3 However, some draw-
backs of this method have emerged, such as low extraction
rates, the presence of water-soluble impurities (such as sugars)
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in the extract, and the consumption of large amounts of organic
solvents. Other extraction methods with more advanced tech-
niques have been reported, such as pressurized solvent extrac-
tion, subcritical water extraction and supercritical uid
extraction.4–6 Limitations of these new methods are demanding
more complex process conditions and higher cost in
equipment.

As one of the separation methods, aqueous two-phase
extraction (ATPE) has been proved to be a biocompatible and
efficient technique for the downstream processing of biomole-
cules. Aqueous two-phase system (ATPS) not only has the
function of easy processing, but also exhibits high performance
in large-scale recycling of biological products. ATPS has been
applied to the separation and purication of proteins,7,8

enzymes,9 antibiotics,10 genetic materials11 and low molecular
weight products.12,13 The hydrophilic alcohol-salt ATPS has
advantages of low viscosity and low cost14 and shows potential
to achieve the desired purication and concentration of the
product in a single step.15 So far, the hydrophilic alcohol-salt
ATPS has been applied in the Lithospermic acid B from Salvia
miltiorrhiza Bunge,16 lignans from seeds of Schisandra17 and so
on. Anthocyanins have been widely found in different kinds of
roses18 and Chinese Kushui rose dominates the domestic
market share of more than 50% with high brand awareness. As
far as we know, the paper on the hydrophilic alcohol-salt
aqueous two-phase extraction of anthocyanins from rose has
not been published.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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This study developed a simple aqueous two-phase system for
the extraction and separation of anthocyanins from Kushui
rose. The anthocyanins could be enriched in the top system
while the sugars were enriched in the bottom system of the
ATPS. The partition coefficient and recovery of the anthocyanins
in this system were optimized. In order to obtain a higher
extraction rate, the inuences of process parameters, including
the type and concentration of salt, the concentration of ethanol,
temperature and pH were studied. The concentration of salt/
ethanol and temperature were optimized using response
surface methodology (RSM). In addition, HPLC analysis and the
stability of anthocyanins from Kushui rose were also
investigated.
2. Experimental
2.1. Chemicals and materials

Kushui rose was purchased from Gansu Longcuitang Nutrition
Health Priducts Co., Ltd. (Gansu, China). Methanol (HPLC
grade), phenol, sulfuric acid, ethanol, ammonium sulphate,
sodium dihydrogen phosphate, potassium chloride, hydro-
chloric acid were supplied by Sinopharm Chemical Reagent Co.,
Ltd. (Shanghai, China). Double distilled deionized water was
used throughout the experiment and all the chemicals used in
the experiment were of analytical grade.
2.2. Aqueous two-phase extraction

The Kushui rose petals were ground and sieved by 120 meshes,
the powders were collected and subject to the experiment. A
predetermined quality of ammonium sulphate solution was
mixed with certain volumes of ethanol to obtain a nal quality
of 10.0 g. An ethanol-(NH4)2SO4 aqueous two-phase system was
prepared. Then 0.1 g rose powders were added into the ATPS,
the system was mixed up to form a homogeneous phase.
Shaking the tube 2 min, complete phase separation was ach-
ieved by low-speed centrifugation at 3000 rpm for 10 min at 35 °
C. Aer centrifugation the mixture was vortexed thoroughly for
2 h and held until the two phases were completely separated.
The residues accumulated at the interface of two phases were
discarded. The volumes of both top and bottom phases were
noted. The anthocyanins and sugars concentrations in both the
top and bottom phases were analyzed.
2.3. Estimation of anthocyanins and total sugars

The concentration of anthocyanins was determined by a dual-
wavelength pH-differential method.19 Two dilutions were
prepared, one for pH 1.0 using potassium chloride buffer
(0.03 M, 1.9 g KCl into 980 mL distilled water) and the other for
pH 4.5 using sodium acetate buffer (0.4 M, 54.4 g CH3-
COONa$3H2O in 960 mL distilled water). Samples under test
were diluted 5 times with the buffer solutions. A UV-visible
Spectrophotometer was used for the spectral measurements.
With distilled water as blank, the absorbance of each sample
was measured at 520 and 700 nm, respectively. The concentra-
tions of Kushui rose anthocyanins were expressed as cyanidin-3-
© 2024 The Author(s). Published by the Royal Society of Chemistry
glucoside (Cy-3-glc, molarextinction coefficient of 26 900)
equivalents.

The phenol-sulphuric acid method, based on Dubois,20 was
carried out to determine the content of the total sugar in the
phases. An aliquot of 1.0 mL of sample solution was mixed with
1.0 mL of phenol (5%, v/v) and 4.0 mL of sulphuric acid. The
absorbance of the mixture, with the characteristic yellow–
orange color, was measured at 490 nm. Dextrose was used as
a standard for calibration.

The volume ratio (R) of top phase and bottom phase in the
ATPS was obtained via eqn (1):

R = VT/VB (1)

where VT and VB represent the volumes of top phase and bottom
phase, respectively. The partition coefficient (K) of the
anthocyanins/sugars was calculated using eqn (2):

K = CT/CB (2)

where CT and CB are concentrations of the anthocyanins/sugars
in the top and bottom phases, respectively.

The recovery rate YT was the ratio of the anthocyanin
amounts partitioned in the top phase to the total amount of
anthocyanins, and it was calculated using eqn (3). The recovery
rate YB was the ratio of the sugar amount partitioned in the
bottom phase to the total amount of sugars, and it was calcu-
lated using eqn (4):

YT = 100CTVT/(CTVT + CBVB) (3)

YB = 100CBVB/(CTVT + CBVB) (4)
2.4. Experimental design of RSM

In order to obtain the optimum extraction condition, the effect
of ammonium sulphate on the differential partitioning of
anthocyanins and sugars in ATPS (with xed 25% (w/w) ethanol
concentration at 25 °C, no pH adjustment) was investigated
with different concentrations of ammonium sulphate (from
17% to 22%, w/w). Similarly, the ATPS with varied ethanol
concentrations (from 21% to 25%, w/w), under other constant
conditions (with xed 22% (w/w) ammonium sulphate
concentration at 25 °C, no pH adjustment), were studied to
investigate the inuence of ethanol concentration on the
partition behaviors. Other parameters of the ATPS were also
studied: the temperature was studied in the range of 15 °C to
55 °C, and the pH was tried in the range of 1–5. All the experi-
ments were carried out in triplicate.

RSM was performed to optimize the ATPS conditions for the
recovery of anthocyanins from Kushui rose. The independent
variables tested were salt concentration (A), ethanol concen-
tration (B) and temperature (C). A Box–Behnken design was
selected for the optimization of the process at each of the two
levels, with 17 runs including ve replicates at the central point.
RSC Adv., 2024, 14, 21250–21259 | 21251
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Fig. 1 Effect of the ammonium sulphate concentration on the parti-
tion coefficients and the recoveries of anthocyanins and sugars. The
solid points represent recoveries, and the empty points are partition
coefficients. Symbols: anthocyanins (-, ,); sugars (C, B).
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2.5. HPLC analysis

The HPLC system adopted in this work consisted of Agilent
1200 system (Thermo Fisher Scientic, America) equipped with
a quaternary pump, surveyor plus detector. Chromatographic
analysis was carried out on an Agilent TC-C18(2) column (4.6 ×

250 mm, 5 mm, Shanghai, China). Sample solution was ltrated
through a syringe lter (0.22 mm) and the injection volume was
10 mL. The mobile phase consisted of water (solvent A) and
100% methanol (solvent B) at a ow rate of 1.0 mL min−1. Type
of isocratic elution was performed with 10% A and 90% B. The
column temperature was set at 35 °C and 520 nm was selected
as the detection wavelength.

2.6. Stability analysis

The stability of anthocyanins from Kushui rose was evaluated at
ve different pHs (3.0, 4.0, 4.3, 5.0 and 6.0) by respectively xing
the temperature 70, 80 and 90 °C. Anthocyanins concentrate
(0.2 g) from Kushui rose was dissolved with 50 mL deionized
water (pH 4.3) and four copies of 50 mL citrate-phosphate
buffers (pH 3.0, 4.0, 5.0, 6.0) in the beakers from which
aliquots of 15 mL anthocyanins solution were taken out and
enclosed in ve glass tubes in a thermostatic water bath (pre-
heated to a given temperature which varied ±1 °C), avoiding
evaporation and shielded from light. At regular time intervals
(0, 1, 3, 6, 9 and 11 h), samples were removed from the water
bath and rapidly cooled by plunging into an ice water bath. The
concentration of anthocyanins was measured immediately.
Experiments were performed at triplicates.

3. Results and discussion
3.1. Effect of salt type

The anthocyanins are known to stably exist in the form of the
avylium cation at low pH.21 The phase-forming salt selected
should be acidic, ethanol-NaH2PO4 ATPS and ethanol-
(NH4)2SO4 ATPS were compared to discuss the partition coeffi-
cient and recovery rate of anthocyanins and sugars from Kushui
rose.

In ethanol-NaH2PO4 ATPS and ethanol-(NH4)2SO4 ATPS, the
differential partition of anthocyanins and sugars was studied.
The recovery value of anthocyanins is close to that in ethanol-
(NH4)2SO4. The difference lies in the recoveries of sugars, which
are 31.14% and 58.73% in the ethanol-NaH2PO4 ATPS and
ethanol-(NH4)2SO4 ATPS, respectively. Therefore, the ethanol-
(NH4)2SO4 ATPS was used for the extraction of anthocyanins
and sugars from Kushui rose.

3.2. Effect of salt concentration

The inuence of (NH4)2SO4 concentration on the partition
coefficient and recovery rate of anthocyanins and sugars in the
ATPS was shown in Fig. 1. In the case of 25% (w/w) ethanol, the
results indicated that partition coefficient and recovery rate of
anthocyanins increased with the increase of (NH4)2SO4

concentration in ATPS. When the concentration of (NH4)2SO4

increased from 17% to 22%, the partition coefficient of antho-
cyanins increased from 1.06 to 5.81 and recovery rate of
21252 | RSC Adv., 2024, 14, 21250–21259
anthocyanins increased from 67.00% to 81.28%. It could be
explained that the increase of (NH4)2SO4 concentration would
lead to the increase of ethanol concentration in the upper phase
and the increase of (NH4)2SO4 concentration in the bottom
phase. On the one hand, the increase of ethanol concentration
in the upper phase made anthocyanins favor partitioning
towards the upper phase for that anthocyanins were freely
soluble in ethanol. On the other hand, the increase of
(NH4)2SO4 concentration in the bottom phase would enhance
the salting-out effect.22 The anthocyanins were readily dissolved
in the ethanol-rich phase (the upper phase) due to the driving
force produced by the strengthening of salting-out effect of the
salt-rich phase (the bottom phase).

As the salt concentration increased, the partition coefficient
of sugars in the ATPS slightly decreased from 0.85 to 0.56 while
the recovery rate of sugars increased from 48.1% to 67.97%.
This was because sugars were prone to be enriched in the salt-
rich phase of ATPS in the presence of water-soluble small
molecular organic solvents.23,24 The recovery rate of sugar
reached its maximum when (NH4)2SO4 concentration was 22%,
therefore this concentration of (NH4)2SO4 was chosen for
further discussion.

3.3. Effect of ethanol concentration

The inuence of ethanol on the partition coefficient and
recovery rate of anthocyanins and sugars in the ATPS was shown
in Fig. 2. In the case of 22% (w/w) (NH4)2SO4, the partition
coefficient and recovery rate of anthocyanins increased with the
increase of the ethanol concentration in the investigated ATPS.
When the ethanol concentration increased from 21% (w/w) to
25% (w/w), the partition coefficient increased from 3.81 to 5.81
and recovery rate of anthocyanins increased from 64.91% to
81.28%.

Similar to the salt effect discussed above, the ethanol
concentration in the upper phase would increase when
increasing the total addition amount of ethanol. Accordingly,
© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra03195d


Fig. 2 Effect of the ethanol concentration on the partition coefficients
and the recoveries of anthocyanins and sugars. The solid points
represent recoveries, and the empty points are partition coefficients.
Symbols: anthocyanins (-, ,); sugars (C, B).

Fig. 3 Effect of the temperature on the partition coefficients and the
recoveries of anthocyanins and sugars. The solid points represent
recoveries, and the empty points are partition coefficients. Symbols:
anthocyanins (-, ,); sugars (C, B).

Fig. 4 Effect of pH on the partition coefficients and the recoveries of
anthocyanins and sugars. The solid points represent recoveries, and
the empty points are partition coefficients. Symbols: anthocyanins (-,
,); sugars (C, B).
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the concentration of salt in the upper phase decreased but
increased in the bottom phase.22 Due to the strengthening of
salting-out effect in the bottom phase and the increase of
ethanol concentration in the upper phase, the anthocyanins
were readily dissolved in the ethanol-rich phase. The contami-
nant sugars were also prone to distribute to the bottom phase
due to the incompatibility between the water-soluble small
molecular organic solvents and the water-soluble mono-
saccharides or polysaccharides (such as glucose, glucan) as
discussed above.23,24 Both the partition coefficient of sugars
(0.74 to 0.56) and the recovery rate of sugars (70.09% to 67.97%)
decreased slightly as the ethanol concentration increased.
Thereby, 25% ethanol was nally chosen for the following
discussion.
© 2024 The Author(s). Published by the Royal Society of Chemistry
3.4. Effect of temperature

Fig. 3 showed the inuence of temperature on the partition
coefficient and recovery rate of anthocyanins and sugars in the
ATPS. It could be observed that the partition coefficient of
anthocyanins increased from 4.55 to 5.81 and the recovery rate
of anthocyanins increased with the system temperature from
15 °C to 35 °C. When the temperature increased from 35 °C to
55 °C, both the partition coefficient and recovery rate of
anthocyanins decreased. The recovery rate of sugars reached
maximum and the partition coefficient reached minimum at
35 °C. Increasing the temperature was benecial to cell wall-
broken, which could serve to extract anthocyanins and sugars.
However, the anthocyanins would be subjected to a certain
damage at high temperature.25–27 This result indicated that the
system temperature would inuence the distribution behavior
of anthocyanins and sugars in the experimental range and the
best temperature was 35 °C.
3.5. Effect of pH

The inuence of pH on the partition coefficient and recovery
rate of anthocyanins and sugars in the ATPS was investigated
and shown in Fig. 4. If the pH was high, the anthocyanins would
degrade rapidly. Thus, the pH of the ATPS was tested in the
range of 1–5. The data indicated that the recovery rate of
anthocyanins increased (72.96% to 81.28%) and the partition
coefficient of anthocyanins increased (2.25 to 5.82) with
increasing pH (1 to 5). The partition coefficient of sugars
decreased (0.52 to 0.46) slightly while the recovery rate of sugars
increased (59.31% to 68.98%). Therefore, the optimal experi-
mental conditions were obtained with a pH value of 5 within the
pH range discussed in this experiment.
3.6. Modeling of the ATPS process from Kushui rose

Based on the discussion on the single factor experiment and the
inuence of various factors on the partition of anthocyanins,
RSC Adv., 2024, 14, 21250–21259 | 21253
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Fig. 5 Response surface plots for the yield of anthocyanins.
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a Box–Behnken design was selected for the optimization of the
process at each of the three levels, with 17 runs including ve
replicates at the central point. The recovery rate and partition
coefficient of anthocyanins were identied as response value,
and concentration of ammonium sulphate, concentration of
ethanol and temperature were independent variables. And the
experimental yields of three markers under various experi-
mental conditions were presented in Table S1.†

The ANONA result of response surface quadratic model for
the recovery rate of anthocyanins are shown in Table S2,† the
regression model established by partition coefficient is signi-
cant (P < 0.01), and R2 of the model is 0.9707 which indicates
21254 | RSC Adv., 2024, 14, 21250–21259
that the model shows satisfactory accuracy in tting the
experimental data. Lack of t value P = 0.1412 which indicates
the lack of t for the equation is not signicant, and the model
can be used to theoretical prediction for the partition coefficient
of anthocyanins. In this case A, B, C, AB, BC, B2, C2 are signi-
cant model terms. AC and A2 are not signicant model terms.

The multiple regression analysis between recovery rate Y and
independent variables was performed on the experimental data
and the result was shown in eqn (5):

Y = 72.84 + 4.14A + 13.74B − 5.06C − 5.44AB + 2.16AC +

4.08BC − 2.32A2 − 4.87B2 − 4.03C2 (5)
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Response surface plots for the partition coefficient of anthocyanins.
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The 3D plots (Fig. 5) were constructed to predict the rela-
tionships between independent variables and dependent vari-
ables. It shows that the yield of anthocyanins increased with the
increase in concentrations of salt and ethanol with the inves-
tigated range. The three factors inuenced the partition coeffi-
cients are in the order: concentration of ethanol > concentration
of salt > temperature.

The experimental values of the partition coefficients of
anthocyanins were also presented in Table S3,† and multiple
regression analysis between partition coefficient K and inde-
pendent variables was performed on the experimental data and
the result was shown in eqn (6):
© 2024 The Author(s). Published by the Royal Society of Chemistry
K = 3.59 + 0.78A + 1.00B − 0.23C + 0.22AB − 0.013AC −
0.029BC + 0.01A2 + 0.017B2 − 0.68C2 (6)

The ANONA result of response surface quadratic model for
the partition coefficients of anthocyanins is shown in Table S3,†
the regression model established by partition coefficients is
signicant (P < 0.01), and R2 of the model is 0.9853 which
indicates that the model shows satisfactory accuracy in tting
the experimental data. Lack of t value P = 0.1412 which indi-
cates the lack of t for the equation is not signicant, and the
model can be used to theoretical prediction for the partition
coefficients of anthocyanins. In this case A, B, C, AB, C2 are
RSC Adv., 2024, 14, 21250–21259 | 21255
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Fig. 7 HPLC chromatograms of ethanol extract and ATPE of anthocyanins from Kushui rose.
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signicant model terms. AC, BC, A2, B2 are not signicant model
terms.

3D plots (Fig. 6) were constructed to predict the relationship
between independent variables and dependent variables. It can
be seen that the partition coefficients of anthocyanins increase
with the increase in concentrations of salt and ethanol within
the investigated range. The three factors inuencing the parti-
tion coefficient are in the order: concentration of ethanol >
concentration of salt > temperature.

Due to the partition coefficient and the yield of anthocyanins
are both important to the extraction of anthocyanins from
Kushui rose in order to obtain the best extraction efficiency, the
partition coefficient and the yield of anthocyanins are observed
corresponding to its maximum value. The results from the
soware indicated that optimized condition for anthocyanins
extraction occurred when the concentration of ammonium
sulphate, concentration of ethanol, and the temperature were
set at 22% (w/w), 25% (w/w) and 33.5 °C, respectively, giving
a partition coefficient of anthocyanins, 5.64 and the yield of
anthocyanins, 78%. Therefore, the optimization model of the
BBD is able to predict the average partition coefficient and
sublation yield of anthocyanins.
3.7. HPLC analysis

The HPLC results of the Kushui rose extraction obtained by
ATPE and conventional extraction were shown in Fig. 7. Two
peaks were found on each chromatogram. The HPLC proles of
anthocyanins extracted by the two methods were quite similar
as well as the retention time of every peak labeled in Fig. 7,
which conrmed that the anthocyanins extracted by ATPE and
ethanol had no obvious change.
21256 | RSC Adv., 2024, 14, 21250–21259
3.8. Kinetics of Kushui rose anthocyanins degradation

Previous studies have shown that thermal degradation of
anthocyanins followed a rst-order reaction which was
expressed by the following equations:28,29

ln(Ct/C0) = −k × t (7)

t1/2 = −ln 0.5/k (8)

where C0 is the initial anthocyanin contents, Ct is the antho-
cyanin contents aer time t (h) of heating at given temperature,
k is the rst order kinetic constant and t1/2 is the half-life of
anthocyanins contents during heating.

The temperature-dependence degradation rate constant was
represented by the Arrhenius equation:

ln k = ln k0 − Ea/RT (9)

where k0 is the frequency factor (per hour), Ea is the activation
energy (kJ mol−1), R is the universal gas constant (8.314 J mol−1

K−1) and T is the absolute temperature (in Kel-vin, K).
It was clear from Fig. 8 that the thermal degradation of

anthocyanins from Kushui rose followed rst order reaction
kinetics with respect to temperature. The kinetic parameters of
Kushui rose anthocyanins degradation during heating (70, 80,
90 °C) at different pH levels are shown in Table 1. At the same
pH levels, an increase of anthocyanins in the constant (k) and
a corresponding decline in the half-life values (t1/2) with
increasing heating temperature were found, which suggested
that anthocyanins from Kushui rose were unstable as the
temperature increased. Anthocyanins were known to be more
stable at lower pH, an increase in pH may result in reduction of
pigment stability. Increasing the pH from 3.0 to 6.0 hastened
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Degradation of anthocyanins from Kushui rose during heating at different pH levels.

Table 1 Degradation kinetics of anthocyanins extracts

pH

k (h−1) t1/2 (h)

Ea (kJ mol−1)70 °C 80 °C 90 °C 70 °C 80 °C 90 °C

3 0.02 0.040 0.078 34.6 17.5 8.9 70.40
�0.006 �0.009 �0.013 �2.5 �2.0 �1.0 �1.41

4 0.058 0.088 0.136 12.0 7.9 5.1 44.33
�0.010 �0.014 �0.025 �1.3 �0.9 �0.6 �0.87

4.3 0.069 0.104 0.152 10.0 6.7 4.6 40.78
�0.012 �0.019 �0.028 �1.1 �0.8 �0.5 �0.82

5 0.119 0.159 0.208 5.8 4.4 3.3 29.10
�0.022 �0.031 �0.043 �0.7 �0.5 �0.4 �0.58

6 0.251 0.283 0.314 2.8 2.4 2.2 11.73
�0.039 �0.044 �0.047 �0.3 �0.2 �0.1 �0.22
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the degradation of Kushui rose anthocyanins, which showed pH
had a strong inuence on the stability of Kushui rose antho-
cyanins (Table 1 and Fig. 8). With the increase of pH value, the
© 2024 The Author(s). Published by the Royal Society of Chemistry
constant (k) increased, while the half-life values (t1/2) declined,
in other words, the degradation of Kushui rose anthocyanins
accelerated as the pH increased at the same heating tempera-
ture. When it comes to the anthocyanin stability, reactions that
altered their structures may occur because of the electronic
deciency of their avylium nuclei. Anthocyanins stability
increases with the number of methoxyl in the B ring and
decreases as hydroxyls increase.30 In a word, Kushui rose
anthocyanins are unstable to high temperature or high pH
conditions.

The t1/2 values of Kushui rose anthocyanins extracted by the
ethanol-(NH4)2SO4 ATPS were greater than those of black rice
anthocyanins and blackberry anthocyanins reported at similar
pH and similar temperature, which indicated that anthocyanins
extracted from Kushui rose by ethanol-(NH4)2SO4 ATPS were
more stable.28,29 It has been proven that the degradation rate of
anthocyanins is related to the Maillard reaction of sugars to be
degraded into furfural compounds.31,32 The Maillard reaction
RSC Adv., 2024, 14, 21250–21259 | 21257
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becomes strong at high temperatures, making the auxiliary
color complexes of pigments unstable.32 In this work, ethanol-
(NH4)2SO4 ATPS could extract and separate anthocyanins by
removing the majority of sugars, which reduced the Maillard
reaction and improved the stability of anthocyanins extracted
from Kushui rose by ethanol-(NH4)2SO4 ATPS during heating.

The calculated Ea values for Kushui rose anthocyanins
concentrate in aqueous and buffer solutions (pH 3.0–5.0) were
70.40, 44.33, 40.78, 29.10, 11.73 kJ mol−1 (Table 1). The Ea
values decreased when pH changed from 3.0 to 5.0. The Ea
values at pH 3.0 were highest which indicated that it was the
most stable at pH 3.0. Consequently, higher Ea meant slower
anthocyanins degradation, which also proved that Kushui rose
anthocyanins in lower pH environment were more stable.
4. Conclusions

The present study has demonstrated the feasibility of using
ATPS for the simultaneous extraction of anthocyanins and
removal of sugars from Kushui rose. That the ethanol-
(NH4)2SO4 ATPS has a unique advantage in terms of separation
of anthocyanins and sugars needs to be particularly empha-
sized. The concentrations of salt and alcohol, temperature and
pH discussed within investigated range produced effects on the
partition behaviors of anthocyanins and sugars. Furthermore,
optimal experiment was performed based on the BBD. The
maximum partition coefficients (5.64) and recoveries (78%) of
anthocyanins in the top system within investigated range were
obtained at 22% (w/w) concentration of ammonium sulphate,
25% (w/w) concentration of ethanol, pH 5 and 33.5 °C. On the
basis of HPLC analysis, the ethanol-(NH4)2SO4 ATPE was proved
to be a suitable method for extraction of anthocyanins with
structure unchanged. Finally, the thermal degradation of the
Kushui rose anthocyanins corresponding to rst-order kinetics
implied that high temperature or pH should be avoided when
storing or processing the anthocyanins extracted. In addition,
anthocyanins extracted from Kushui rose were more stable than
black rice anthocyanins and blackberry anthocyanins, so the
superiority of separating anthocyanins and sugars by the
ethanol-(NH4)2SO4 ATPE was further reected through the
thermal degradation experiment.
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