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Purification of anthocyanins derived from black kidney bean (Phaseolus vulgaris L.) by column chromatography and simulated
moving bed (SMB) methods was investigated, and the anthocyanins of black kidney bean were identified. +e SMB had ad-
vantages over column chromatography in processing efficiency, operation cost, and automation degree in contrast testing. +e
best SMB conditions resulted in purity and yield of black kidney bean anthocyanins of 24.61± 0.21% and 87.85± 0.32%, re-
spectively. +e half maximal inhibitory concentration (IC50) of 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity and
2,2ʹ-azinobis-(3-ethylbenzthiazoline-6-sulphonate) radical (ABTS+∙) scavenging activity was 0.95 and 2.14 of refined antho-
cyanins, respectively, indicating strong antioxidant capacity. +ree anthocyanins were detected and identified by UPLC-Triple-
TOF/MS from black kidney bean skins: delphinidin-3-O-glucoside, petunidin-3-O-glucoside, and malvidin-3-O-glucoside. +e
experimental results suggested that SMB may help promote industrialization and purification of anthocyanins from colored
kidney beans as well as from other plant materials.

1. Introduction

Kidney bean (Phaseolus vulgaris L.) is a widely cultivated
legume crop in China and has important nutritional and
medicinal value. In recent years, the proteins [1, 2], oils [3],
lectins [4], peptides [5], starch [6–8], polyphenols [9, 10],
and flavonoids [11] of kidney bean have been researched,
representing a great achievement. +e utilization of kidney
beans will increase with the development of these studies
and result in discarding a lot of skin. +e skin of colored
kidney beans possesses superior antioxidative activity
compared with white kidney beans because it contains
anthocyanins [12, 13]. Most studies have focused on the
antioxidant characteristics [14, 15] and the effect of pro-
cessingmethods on the bioactivity of anthocyanins of kidney
beans [16], but research is rare on the purification method of
anthocyanins derived from colored kidney beans. Studies on

colored kidney beans have focused on red and Swedish
brown kidney beans, with few on black kidney beans.

+e methods for purifying anthocyanins include ad-
sorption on macroporous resins [17–19], liquid and sub-
critical carbon dioxide [20], membrane separation [21],
preparative high-performance liquid chromatography [22],
aqueous two-phase extraction [23, 24], ionic liquid soluti-
ons [25], high-speed countercurrent chromatography [26],
high voltage paper electrophoresis [27], and column chro-
matography [28]. +ese methods can achieve high purity,
but many are laboratory-level and cannot be industrialized.
Some integration and combination technologies have been
used to purify anthocyanins, and the process efficiency has
been improved, but there is still some gap before indus-
trialization [29–31].+e continuous chromatography system
is a type of simulated moving bed (SMB) chromatography
and is an efficient and advanced purification technology.
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Compared with traditional column chromatography, the
SMB method has a short processing time and good pro-
ductivity and requires less buffer and volume of resin [32].
+e SMB system has been used in many fields of protein
separation [33], Ginkgo biloba enrichment [34], and heparin
purification [35]. +e use of the SMB system in purifying
anthocyanins has not been reported. +e objective of this
study was to purify the anthocyanins derived from black
kidney bean using the SMB system and investigate the in
vitro antioxidant properties of black kidney bean anthocy-
anins (BKBA).+e principal components of BKBAwere also
discussed. +is will provide useful information for devel-
oping a new industrialization purification method for an-
thocyanins (see Figure 1).

2. Experimental

2.1. Methods

2.1.1. Black Kidney Bean Collection. Black kidney bean
grown in Baiquan, Heilongjiang Province, was collected
during autumn 2017. +e beans were stored at −20°C within
2 h of collection.

2.1.2. BKBA Extraction. Before extraction, black kidney
beans (cv. LongYun no. 4) were soaked at 30°C for 8 h, and
the skin was obtained. +e BKBA was extracted by the
method of Li et al. [36]: the bran was extracted by an ul-
trasonic processor (JinBaiTe, China) twice with 70% (v/v)
ethanol and 0.6% hydrochloric acid was added for 20min.
Operation parameters were set as follows: the liquid material
ratio 20mL/g, ultrasonic frequency 24 kHz, ultrasonic power
300W, extraction temperature 30°C, and it was evaporated
to dryness using a rotary evaporator (Buchi, Switzerland) at
50°C. +e content of BKBA anthocyanin is about 40mg/g
[37]; the amount (21.5mg/g) obtained by this method was
consistent with previous studies [38].

2.1.3. Effects of Separation Conditions on the Purification of
BKBA by AB-8 Resin. +e pretreated AB-8 resin (the
macroporous slightly polar adsorbent resin of polystyrene,
pore size 13-14 nm, specific surface area 450–530m2/g,
water content 65–75%, bulk density 0.62–0.72 g/mL, particle
size 0.315–1.25mm, porosity 42–46%, white opaque
spherical particles) was put into a chromatography column
(15× 500mm) (constructed by the National Coarse Cereal
Engineering Technology Research Center). +e AB-8 ab-
sorbs BKBA through surface adsorption and hydrogen
bonds, forming a relatively stable structure and completing
the adsorption process. +en, the BKBA is desorbed from
the resin by washing with different polar solvents and
constantly destroying the formed hydrogen bonds. Antho-
cyanins are compounds with a 2-phenyl chromogenic ke-
tone structure; in addition to a keto carbonyl group, they
often contain alcohol hydroxyl and phenol hydroxyl groups.
Different anthocyanins have different polarities. +erefore,
the molecular structure of anthocyanins contains both hy-
drogen-bonded donor and hydrogen-bonded receptor

groups, so polar and nonpolar resins can be used for ad-
sorption and desorption. +e operation parameters were set
as follows: column temperature of 30°C; BKBA concentra-
tions of 100, 150, 200, 250, and 300mg/mL (desorption flow
rate: 2.0mL/min); desorption flow rates of 1.0, 1.5, 2.0, 2.5,
and 3.0mL/min (BKBA concentration: 200mg/mL). After
saturated feed, the chromatography column was washed by
deionized water (3 BV) and desorbed by 60% ethanol (3 BV).
+e lyophilized product was collected, and the purity and
yield were calculated to study the effect of concentration on
the purification of BKBA by the AB-8 resin.

2.1.4. Purification of BKBA by Column Chromatography.
+e column chromatography was a fixed mode and a true
moving bed (TMB).+e AB-8 resin was put into preparative
chromatography column (15× 500mm). +e operation
parameters were set as follows: column temperature of 30°C,
concentration of 200mg/mL, and desorption flow rate of
2.0mL/min. After saturating the feed, the chromatography
column was washed by deionized water (3 BV) and desorbed
by 20%, 40%, and 60% ethanol (3 BV), respectively. +e
eluent was, respectively, collected, and finally, the samples
were analyzed by an ultraviolet spectrophotometer, and the
antioxidant activities were determined, to study the puri-
fication of BKBA by column chromatography.

2.1.5. Purification of BKBA by SMB. +e SMB (20 columns
of 25mm× 500mm, National Coarse Cereal Engineering
Technology Research Center) was used in this experiment.
Using the SMB technology, the traditional SMB was im-
proved according to the technical requirements. +e whole
process cycle consisted of a disk with a plurality of resin
columns (20 columns) and a porous distribution valve.
+rough the rotation of the disk and the conversion of the
valve mouth, the separation column completed the whole
process of adsorption, purification, desorption, and regen-
eration in a process cycle. In the continuous separation
system, the process steps were carried out simultaneously.
Twenty chromatography columns (25mm× 500mm) were
used in this study for the separation process.

Studies suggest that anthocyanins mainly exist in the
40% ethanol solution of black kidney bean. Accordingly, the
chromatographic separation system of SMB separation for
BKBA was divided into five parts: adsorption zone, refined
zone, desorbing zone, regenerative zone, and water washing
zone. +e raw material was added to the system at the
adsorption zone, where the anthocyanins were absorbed by
the resin. +e regenerative zone can also be regarded as the
impurity removal region. +e 20% ethanol was applied to
remove proteins, polysaccharides, and other impurities. +e
desorption zone was eluted with 40% ethanol to obtain high
purity BKBA products. In the regenerated zone, 80% ethanol
was used to rinse the chromatographic column, and other
impurities in the column were completely removed. In the
wash zone, deionized water was used to remove ethanol
from the chromatographic column and prepare for the
feeding zone. +e system had 20 chromatographic columns.
When the system was running, the resin column and
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supporting chassis were in the fixed positions. +e rotary
valve rotated at a regular rate, and consequently, 20 chro-
matographic columns were used during the operation of five
procedures, including continuous adsorption, purification,
elution, regeneration, and water washing. Twenty slots were
matched with the stiff end of the 20 columns. When the
system was running, the liquid flow into or out of the fixed
slot was constant and uninterrupted. When the rotating
valves rotated in a circle, each column of resin underwent a
complete process of adsorption, refining, desorption, re-
generation, and water washing. On the basis of single col-
umn experiment, the equivalence and conversion relation
between the SMB and TMB is linked by the following
equations [39].

+e conversion relationship between solid state flow and
switching time of SMB is as follows:

QS �
1 − ε
τ

. (1)

Flow ratio formula of TMB is as follows:

mj �
Q

TMB
j

QS

. (2)

+e conversion relationship between the flow ratio of
SMB and the flow ratio of TMB is as follows:

Q
SMB
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+e conversion relationship between the flow rate ratio
and the flow ratio of TMB is as follows:

u
TMB
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ε

Q
SMB
j
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− 1, (4)

where QS is the solid state flow, Qj is the mobile state flow of
zone j, ε is the porosity, t is the retention time, mj is the flow
ratio of zone j at TMB, uj is the flow rate ratio of zone j, us is
the flow rate ratio of solid state, and Dj is the axial diffusion
coefficient.

According to the adsorption experiments of AB-8 resin
for BKBA, the parameters, including saturated adsorption
capacity, saturation time, eluent, elution and regeneration
agent and water flow rate, regeneration and washing effect,
and the actual operation performance of resin and equip-
ment, were determined. +e types of distribution of IE-SMB
chromatographic separation zones were defined. +e initial
process parameters were calculated according to the static
and dynamic experiments of resin and the material balance
equation of the TMB model. According to the basic pa-
rameters of the TMB experiment, the technological pa-
rameters of the separation and purification of BKBA by SMB
were further optimized.

2.1.6. Determination of Anthocyanins. Two samples of an-
thocyanin solution were diluted with potassium chloride
buffer (pH 1.0) and sodium acetate buffer (pH 4.5), the ratio
of the two solutions was 1 :15, using distilled water as a
blank, and adsorption was measured by an ultraviolet
spectrophotometer (Evolution 220, +ermo Fisher Scien-
tific, USA) at 515 nm and 700 nm. +e anthocyanin content
was calculated by formula (5), with cyanidin-3-O-glucoside
(C3G) as the standard:
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Figure 1:+e assembly diagram of the SMB system for purification of BKBA. Note: A: desorbing solution (40% ethanol), B: refined solution
(20% ethanol), C: adsorption solution (raw anthocyanin solution), D: water washing solution (deionized water), E: regenerative solution
(80% ethanol), F: waste water, and G: refined anthocyanins.
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content of anthocyanins(mg/mL) � ΔA × Mw × DF ×
103

ε
× l,

(5)

where ΔA is the difference of absorbance,
ΔA= (A510nm −A700nm)pH1.0 − (A510nm −A700nm)pH 4.5, Mw is
the molecular weight of C3G (449.2 g/mol), DF is the di-
lution multiple, ε= 26,900 is the molar extinction coefficient
of C3G, and l is the optical distance of the cuvette (cm).

2.1.7. UPLC-Triple-TOF/MS Analysis for BKBA. +e UPLC-
Triple-TOF/MS was determined by the method reported by
Wang et al. [40]. +e UPLC-Triple-TOF/MS system was
TOF 5600+ of Acquity™ ultra Triple (Waters Corporation,
Milford, MA, USA) equipped with a ZORBAX-SB C18
(4.6mm× 100mm, 1.8 μm, Agilent Co. Ltd., Palo Alto, CA,
USA). +e wavelength of the UV detector was set at 520 nm.
+e injection volume was 5 μL and the column temperature
was 30°C. Mobile phase A consisted of a water solution
containing 0.1% (v/v) formic acid, while mobile phase B was
an acetonitrile solution containing 0.1% (v/v) formic acid.
+e gradient program at a flow rate of 0.8mL/min was as
follows: 0–25min: 5% B; 25–35min: 25% B; 35–38min: 95%
B. It was equipped with an electrospray ionization source
(AB Sciex Co. Ltd., USA) and positive ion mode monitoring,
the atomizing gas GS1 was 50 psi, atomizing gas GS2 was
50 psi, and the air curtain gas (CUR) was 35 psi, the ion
source temperature (TEM) was 600°C (positive), the ion
source voltage (IS) was 5,500V (positive), and the m/z
setting range was 100–1,500. First level scan: cluster voltage
(DP), 100V, and focus voltage (CE), 10V. Secondary
scanning: mass spectrometry data were collected by TOF
MS-Product Ion-IDA mode. CID energy was 20, 40, and
60V. Before injection, the mass axis was corrected by CDS
pump, so that the mass axis error was less than 2 ppm.
Compounds were identified using the SciFinder and Reaxys
databases [41].

2.1.8. Determination of DPPH Radical Scavenging Activity.
+eDPPH (Sigma, USA) free radical scavenging activity was
determined by the method of Maeda et al. with slight
modification [42]. To the samples (2mL) at different con-
centrations (0–50 μg/mL) was added 2mL of 0.4mM DPPH
radicals.+emixture was shaken vigorously and left to stand
for 30min in darkness before the absorbance was measured
at 517 nm against a methanol blank. Ascorbic acid (Vc) was
used as a positive control. +e percent inhibition of DPPH
was calculated according to the following equation:

DPPH scavenging activity(%) �
A − B

A
  × 100, (6)

where A is the absorbance of DPPH radical +methanol and
B is the absorbance of DPPH+ test samples. All determi-
nations were performed in triplicate. IC50 is the concen-
tration of the sample needed to decrease 50% of the DPPH
concentration relative to that of control.

2.1.9. Determination of ABTS+∙ Radical Scavenging Activity.
+e ABTS+∙ free radical scavenging activity was determined
by the method of Arnao et al. and Zhang et al. with slight
modification [43, 44]. +e ABTS (Sigma-Aldrich) solution
(7mmol/L; 5mL) and potassium persulfate solution
(2.45mmol/L; 5mL) were mixed in darkness for 12 h, to
produce ABTS+∙. +e ABTS+∙ solution was diluted with
water, and the absorbance was 0.70± 0.02 at 734 nm. +e
percentage inhibition of ABTS was calculated according to
the following equation:

ABTS scavenging activity(%) � 1 −
A1 − A2

A0
  × 100.

(7)

2.2. Statistical Analysis. +e data are presented as
means± SD. Statistical analyses were done using the sta-
tistical SAS program, and the significance of each group was
verified by one-way ANOVA followed by Duncan’s test at
P< 0.05.

3. Results

3.1. Ae Result of Separation Conditions on the Purification of
BKBA by AB-8 Resin. +e results showed a significant effect
of concentration on the purification of BKBA by AB-8 resin
(Figure 2). +ere were few differences in BKBA purity and
yield at low concentrations (100–200mg/mL), and BKBA
purity and yield suddenly declined when the concentrations
were above 200mg/mL. +e high concentration led to in-
adequate contact between BKBA molecules and resin and a
decline in adsorption capacity, which affected the BKBA
purification by the AB-8 resin. +e best concentration was
200mg/mL.

+e desorption flow rate of AB-8 resin significantly
affected BKBA purification (Figure 3). +ere were few dif-
ferences in BKBA purity and yield at a low desorption flow
rate (1.0–2.0mL/min) and the BKBA purity and yield
suddenly decreased for a desorption flow rate above 2.0mL/
min. A higher adsorption flow rate of AB-8 resin led to
insufficient adsorption and lowered the adsorption capacity.
+at may have affected the BKBA purification. +e best
desorption flow rate was 2.0mL/min.

3.2. Purification of BKBA by Column Chromatography.
Scavenging capacity of BKBA and concentration of BKBA
significantly differed with different EtOH concentrations
(Figure 4). Most of the BKBA was concentrated in the 40%
ethanol elution solution, and little was concentrated in
deionized water or 20% ethanol or 60% ethanol elution
solutions. In addition, the 40% ethanol had higher purity
than the other eluents.

+e results showed that the test samples and the positive
control Vc had an inhibitory effect (Table 1), and the IC50 of
DPPH and the IC50 of ABTS+∙ scavenging activity of 40%
ethanol solution were 0.95 and 2.14 μg/mL, respectively.+is
was lower than in other samples, and scavenging activity was

4 Journal of Chemistry



in the following order: 40% ethanol> 20% ethanol>Vc
(positive control)> 60% ethanol> distilled water. +erefore,
the best results for scavenging activity for BKBA were with
40% ethanol solution. +e 40% ethanol elution solutions
exhibited higher antioxidant activity than ascorbic acid.
However, the IC50/DPPH of BKBA we obtained was slightly
lower than the IC50/DPPH of the anthocyanins of the fruit of
Berberis heteropoda Schrenk (2.25 μg/mL) reported by Sun
et al. [45], and the IC50/ABTS+∙ of BKBA we obtained was
slightly lower than the IC50/ABTS+∙ of the anthocyanins of
blueberry (4.33 μg/mL) reported by Zhao et al. [46].+is was
because we removed the 20% and 60% ethanol solution, and
the 20% and 60% ethanol elution solutions had similar
antioxidant activity to ascorbic acid, so the purity of BKBA
was lower and may have contained proteins, polysaccha-
rides, flavonoids, and other impurities.

+us, we collected the 40% ethanol elution solution
during the SMB.

3.3. SMB Purification for BKBA. Using the column chro-
matography results and free scavenging capacity research
and correlation theory, we assigned the zoning mode of SMB
and the primary parameters of SMB. +e SMB had five
zones: adsorption, refining, desorbing, regenerative, and
water washing zones. +ese five zones had six (series con-
nection), four (series connection), three (series connection),
four (parallel countercurrent), and three columns (series
connection), respectively. +e primary parameters of SMB-
IEC were adsorption zone flow rate of 12mL/min, refined
zone flow rate of 26mL/min, desorbing zone flow rate of
24mL/min, regenerative zone flow rate of 20mL/min, water
washing zone flow rate of 30mL/min, and switching time of
1080 s. +e results (Table 2) were obtained through exper-
imental optimization.

+e SMB test results showed that the no. 4 test was better
than the other six tests (Table 2), when we considered the
quantity of treatment, ratio of material to water, purity, and
yield. +e best conditions were an adsorption zone flow rate
of 12.5mL/min, refined zone flow rate of 28.5mL/min,
desorbing zone flow rate of 24.5mL/min, regenerative zone
flow rate of 22.5mL/min, water washing zone flow rate of
38.5mL/min, and switching time of 1,080 s, which resulted
in a purity and yield of BKBA of 24.61± 0.21% and
87.85± 0.32%, respectively.

3.4. UPLC-MSAnalysis for 40%Ethanol Elution Components.
Anthocyanins have a similar structure to flavonoids and they
can easily be confused in routinemass spectrometry analysis,
so we used positive ion detection, meaning that the main
anthocyanins were concentrated within 7–15min [45]. +e
UPLC-MS analysis for 40% ethanol elution indicated three
compounds in the 40% ethanol elution of BKBA (Figure 5).

3.5. Component 1. +e peak time of compound 1 was
9.26min, [M]+m/z was 465.1019Da, and the molecular
formula was C21H21O12

+. According to the secondary mass
spectrometry, the parent nucleus of the compound was
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303Da, which indicated delphinidin. +ere was a six-carbon
sugar structure in the compound. Searching the SciFinder
and Reaxys database showed the compound to be delphi-
nidin-3-O-glucoside. +e mass and mass2 spectra and the
possible structural formula of compound 1 are shown in
Figure 6.

3.6. Component 2. +e peak time of compound 2 was
11.67min, [M]+m/z was 479.1173Da, and the molecular
formula was C22H23O12

+, from the results of high resolution
mass spectrometry. According to the second-order mass
spectrometry, the parent nucleus of the compound was
317Da, with one more methylene than the parent nucleus of
component 1, indicating that it was petunidin. +e m/z 317
[M-162] and m/z 302 [M-162-15] implied that there was a
six-carbon structure in the compound. +e structures of
carbohydrate and methoxy groups were retrieved using the
SciFinder and Reaxys databases and showed compound 2 to

be petunidin-3-O-glucoside. +e mass and mass2 spectra
and the possible structure formula of the compound are
shown in Figure 7.

3.7. Component 3. +e peak time of compound 3 was
11.67min, [M]+m/z was 493.1331 Da, and the fitting
formula was C23H25O12

+, using the results of high res-
olution mass spectrometry. According to the second-
order mass spectrometry, the parent nucleus of the
compound was 331 Da, with one more methylene than the
parent nucleus of component 2, making it malvidin. +e
m/z 331 [M-162] indicated that it included a six-carbon
sugar structure. Using the SciFinder and Reaxys data-
bases, the structures of carbohydrate and methoxy groups
were retrieved and showed compound 3 to be a malvidin-
3-O-glucoside. +e mass and mass2 spectra and the
possible structure formula of the compound are shown in
Figure 8.

Table 2: SMB operating conditions and test results.

No.
Adsorption

zone flow rate
(mL/min)

Refined
zone flow

rate
(mL/min)

Desorbing
zone flow rate
(mL/min)

Regenerative zone
flow rate (mL/min)

Water washing
zone flow rate
(mL/min)

Switching
time (s) Purity (%) Yield (%)

1 11.0 27.5 23.5 23.5 32.0 1260 23.22± 0.15c 80.61± 0.22d
2 11.0 24.5 23.5 26.5 32.0 1260 24.34± 0.18a 84.92± 0.26c
3 12.5 29.5 24.5 22.0 37.5 1260 20.28± 0.12f 79.84± 0.19e
4 12.5 28.5 24.5 22.5 38.5 1080 24.61± 0.21a 87.85± 0.32b
5 14.5 36.5 24.5 28.5 42.0 1080 22.19± 0.11d 79.62± 0.28e
6 14.5 38.5 26.5 26.0 42.5 1080 21.32± 0.09e 90.91± 0.36a
7 16.0 42.5 30.0 29.5 45.5 1080 23.78± 0.14b 88.36± 0.35b

Letters a–f indicate intergroup differences (P< 0.05).

Table 1: +e IC50 of free radical scavenging capacity for BKBA (μg/mL).

Sample IC50 of DPPH scavenging activity IC50 of ABTS+∙ scavenging activity
Distilled water 18.34± 0.36e 35.21± 0.52e
20% ethanol 4.86± 0.05b 8.17± 0.13b
40% ethanol 0.95± 0.03a 2.14± 0.11a
60% 7.79± 0.22d 16.32± 0.35d
VC 5.26± 0.08c 9.69± 0.16c

Letters a–e indicate intergroup differences at ρ< 0.05.
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Figure 7: +e first class two-level mass spectrogram and the possible structure formula of component 2.
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Figure 8: +e first class two-level mass spectrogram and the possible structure formula of component 3.
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4. Discussion

+e procedures of SMB and TMB are quite different. +e
SMB feeding mode is continuous, and the TMB feeding
mode is indirect. +e SMB control mode is automatic, and
the TMB control mode is manual (Table 3). Besides the
differences in control devices, there are large differences in
operation conditions. For the same resin, the treatment
capacity of SMB is five times that of TMB. Under the same
daily treatment capacity, the consumption of ethanol and
water of SMB was only 0.48 and 0.63 times that of TMB,
respectively. +ere were no significant differences in purity
and yield between SMB and TMB separation methods
(Table 3). +e result was consistent with the principle of ion
exchange separation. However, SMB had obvious advan-
tages in industrial production compared with TMB. First,
SMB is a continuous operation system of 20 separation
columns. +e resin in the SMB system had higher utilization
rate and higher production efficiency. +e TMB is a single
column indirect operation system and its resin had a lower
utilization rate and lower production efficiency. To achieve
the same treatment capacity, SMB would require more than
20 separation columns in the TMB system. +e volume of
each TMB column was double that of SMB, and the floor
area was increased accordingly. +e SMB equipment is a
well-knit structure, occupying less land, convenient for
installation, and uses 1/2-1/3 of the amount of resin of TMB.
Second, compared with TMB, the amount of eluent, re-
generator, and water used in SMB was 40–60% lower. Fi-
nally, the SMB method used automatic control to adjust the
parameters at any time according to the needs of the pro-
duction process to reach an optimal economic state.
Comparison of parameters showed that the SMB system had
a larger operational capacity, lower solvent consumption,
lower cost, higher production efficiency, and continuous
production advantage. +e SMB method was therefore very
suitable for the industrial production of BKBA.

To the best of our knowledge, this is the first report on
the purification of BKBA by SMB.Moreover, the antioxidant
activities were improved by SMB.+is SMBmethod is of low
cost; it is a simple process and a continuous operation, with
obvious advantages compared with the combinatorial
chromatography [47] and high-speed countercurrent
chromatography aqueous two-phase system [48] in indus-
trial production. +ese results are useful in guiding the

industrial production of BKBA. +ey also provide evidence
for the production and application of other agricultural
byproducts. However, the results only represented the
sample tested and might not be representative of the pop-
ulation of colored kidney beans. +e separation and puri-
fication parameters of SMB in different cultivars should be
tested in the future.

5. Conclusion

To the best of our knowledge, this is the first report on the
purification of BKBA by SMB. Moreover, the antioxidant
inhibition activities were improved by SMB. +ese results
are useful as guidance for the industrial production of
BKBA. It also provided evidence for the production and
application of other agricultural byproducts. However, our
results only represented the sample we tested and might not
necessarily be representative of the population of black
kidney bean. +e separation and purification parameters of
SMB in different cultivars should be tested in the future.
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