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In  present  study,  the  performance  and  separation  characteristics  of  nine  macroporous  resins  for  the
enrichment  and  purification  of  gardenia  yellow  from  Gardenia  jasminoides  var.  radicans  Makino  have been
evaluated.  The  adsorption  and  desorption  properties  of  crude  gardenia  yellow  solution  on  macroporous
resins  including  HPD722,  HPD100,  HPD100A,  HPD400,  HPD400A,  D101,  AB-8,  XAD-16,  and  NKA-9  have
been  compared.  Then,  HPD722  was  chosen  to  purify  gardenia  yellow  because  of  its  strong  adsorption  and
desorption  abilities  as well  as  high  selectivity.  Column  packed  with  HPD722  resin  was  used  to  perform
dynamic  adsorption  and  desorption  tests  to optimize  the  separation  process  of  gardenia  yellow.  The
optimal  conditions  were  as  follows:  The  crude  gardenia  yellow  solution  with  concentration  of 15  mg/mL
acroporous resin
olority

was loaded  in column  packed  with  HPD722  resin  at the  flow  rate  of  1.0  mL/min,  and  the adsorbate-laden
column  was  washed  with  800  mL water,  600  mL  15%  ethanol  water  solution  respectively  at  the  speed
of  2.5  mL/min,  then  desorbed  with  200  mL  80%  ethanol  water  solution  at the  speed  of 3.5  mL/min.  The
colority  of the  product  obtained  were  up  to 300.  The  method  developed  in  this  study  provides  a new
approach  for  scale-up  separation  and  purification  of  gardenia  yellow  from  G.  jasminoides  var.  radicans
Makino.
. Introduction

Gardenia fruit, the dried ripe fruit of Gardenia jasminoides Ellis
Rubiaceae), is a traditional Chinese medicine widely used orally
s an antiphlogistic, choleretic, diuretic, hemostatic and anticancer
gent, and externally as a resolutive in treatment of sprains and
ruises [1]. In addition, gardenia yellow extracted from this fruit

s widely used in food processing as a rare natural water-soluble
ellow pigment. Because of its water solubility, it has been used
s a natural food colourant for a long time in Japan, mainly in
oloured juice, jelly, candy and noodles [2].  It also has advan-
ages such as high stability, strong tinting strength, of nutrition
nd health-keeping value compared with many other natural food
olorants. These properties, combined with the worldwide trend
oward replacing synthetic colorants with natural pigments, have

enerated a growing demand for gardenia yellow in international
arkets, especially in Japan.
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The studies of extraction and purification of gardenia yellow
mostly focus on G. jasminoides Ellis. The gardenia yellow was  usu-
ally extracted from G. jasminoides Ellis by methods such as water
extraction [3],  alcoholic extraction [4] and ultrasonic extraction
[5]. Gardenia yellow is a mixture and its main components include
crocin, crocetin, geniposide, genipin [6] in which crocin occur as the
main pigment [7].  Gardenia yellow is easy to fade and turn green
because of the coexistence of geniposide and chlorogenic acid in
the crude gardenia yellow extraction. Thus, an efficient method to
remove geniposide and chlorogenic acid from gardenia yellow is
necessary. As so far, the methods for the purification of gardenia
yellow from G. jasminoides Ellis include CO2-SFE [8],  gel chromatog-
raphy [9],  ultra filtration [10] and adsorption method [11,12], in
which only adsorption method could really be scaled-up for indus-
trial production. There has been a growing interest in employing
macroporous resins to separate the bioactive compounds from
crude extracts of herbal raw materials; this was  due to the unique
advantageous adsorption properties including ideal pore structure
and various surface functional groups available on these resins, in
addition to low operation costs, less solvent consumption and easy

regeneration of these resins [13,14].

Gardenia yellow exists in different species of Gardenia jasmi-
noides and its content varies. Gardenia genus fruit is a nature plant
rich in crocin besides saffron. Gardenia jasminoides var. radicans

dx.doi.org/10.1016/j.jchromb.2012.02.032
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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Table 1
Physical properties of macroporous resins.

Name Polarity Particle diameter (mm)  Average pore diameter (Å) Surface area (m2/g)

D101 None-polar 0.25–0.85 90–100 500–550
HPD100 None-polar 0.3–1.25 85–90 650–700
HPD100A None-polar 0.25–0.85 95–100 650–700
HPD722 Weak-polar 0.3–1.25 130–140 485–530
XAD-16 Weak-polar 0.7 150 800
AB-8  Weak-polar 0.3–1.25 130–140 480–520
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HPD400 Moderate-polar 0.3–1.2 

HPD400A Moderate-polar 0.25–0.85 

NKA-9 Polar 0.3–1.25 

akino, also named Gardenia jasminoides var. grandiflora is the
ried fruit of Gardenia jasminoides Ellis var. grandiflora,  which is

 form of G. jasminoides Ellis. And it has been reported that content
f gardenia yellow in G. jasminoides var. radicans Makino was much
igher than that in G. jasminoides Ellis [15]. As the source of gardenia
ellow, G. jasminoides var. radicans Makino has advantages includ-
ng higher content, lower cost and higher yield compared with G.
asminoides Ellis. However, to our knowledge, few reports on the
xtraction and purification of gardenia yellow from G. jasminoides
ar. radicans Makino have been published to date.

This study aims to develop an efficient method for the enrich-
ent and purification of gardenia yellow from G. jasminoides var.

adicans Makino. The results in this study are significant in indus-
rial production of gardenia yellow from G. jasminoides var. radicans
akino.

. Materials and methods

.1. Chemicals and reagents

Analytical-grade ethanol, hydrochloric acid, sodium hydroxide
ere purchased from Damao Chemical Reagent Factory (Tianjin,
hina). HPLC-grade methanol was obtained from YongDa Chem-

cal Reagent Co., Ltd. (Tianjin, China). All aqueous solutions were
repared with distilled water. The standard sample of crocin-1
C44H64O24, ≥98% purity) was obtained from Sigma. G. jasminoides
ar. radicans Makino was purchased from Zhangshu city, Jiangxi
rovince, China.

.2. Adsorbents

Macroporous resins including HPD722, HPD100, HPD100A,
PD400 and HPD400A were purchased from Cang Zhou Bon Adsor-
er Technology Co., Ltd. (Hebei, China), AB-8 and NKA-9 from The
hemical Plant of Nankai University (Tianjin, China), D101 from
nhui Sanxing Resin Technology Co., Ltd. (Anhui, China) and XAD-
6 from Rohm & Haas (American). Their physical properties are
ummarized in Table 1.

The resins were soaked in ethanol, shaken for 24 h before filtra-
ion. Then the resins were pre-treated with 5% HCl and 2% NaOH
olutions in succession to remove the monomers and porogenic
gents trapped inside the pores during the synthesis process, and
hen were subsequently washed to neutrality with distilled water
efore use.

.3. Preparation of Gardenia jasminoides var. radicans Makino
xtracts

The powdered sample (90 g) of G. jasminoides var. radicans

akino was extracted by 720 mL  ethanol–water (50:50, v/v) solu-

ion at 60 ◦C for 1 h. The residue was further extracted with the
ame method. The combined aqueous extracts were purified by
embrane filtration and then concentrated to paste-like in a rotary
75–80 500–550
85–90 500–550

155–165 250–290

evaporator under reduced pressure at 50 ◦C. Then the concentrated
solution was  stored in fridge at 4 ◦C.

2.4. Measurement of concentration of gardenia yellow

The concentration of gardenia yellow was measured by spec-
trophotometry. The calibration curve was  plotted using the
absorbance at 440 nm as the abscissa and the corresponding con-
centration of gardenia yellow in mg/mL  as the ordinate. The linear
regression equation was C = 0.052A − 0.0009 (R2 = 0.9993), and its
linear range was between 0.0072 mg/mL  and 0.036 mg/mL.

2.5. Static adsorption and desorption tests

The static adsorption and desorption tests of gardenia yellow
on macroporous resins were performed as follows: 1 g samples
of hydrated test resins together with 50 mL  aqueous solution of
crude gardenia yellow (4.28 mg/mL) were added into a flask, then
shaken (125 rpm) at 25 ◦C for 24 h. After adsorption equilibrium
was reached, the resins were desorbed with 50 mL  ethanol–water
(80:20, v/v) solution, then shaken (125 rpm) at 25 ◦C for 20 h. The
concentrations of gardenia yellow in the sample solution after
adsorption of a certain time were monitored at different time inter-
vals till equilibration to get adsorption kinetic curves.

The selectivity of resins was  based on the capacities of adsorp-
tion, the ratios of adsorption and desorption and the OD value
(A238/A440). Maximum absorption wavelengths of geniposide (main
impurity of gardenia yellow) and crocin (main components of gar-
denia yellow) are 238 nm and 440 nm,  respectively.

The capacity of adsorption, the ratios of adsorption and desorp-
tion as well as OD value were quantified as the following equations:

• Adsorption capacity:

Qe = (C0 − Ce)Vi

m
(1)

• Adsorption ratio:

E(%) = C0 − Ce

C0
× 100 (2)

where Qe is the adsorption capacity, which represents the mass of
the analyte adsorbed on 1 g wet  resin at the adsorption equilibrium
(mg/g); E is the adsorption ratio (%), which means percentage of
total analyte being adsorbed at the adsorption equilibrium; C0 and
Ce are the initial and equilibrium concentration of gardenia yellow
in the solutions (mg/mL), respectively; Vi is the volume of the initial
sample solution added into the flask (mL); m is the weight of resin
(g).

• Desorption ratio:

D(%) = CdVd

Q
× 100 (3)
e

•OD value:

OD = A238

A440
(4)
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Table 2
Adsorption capacity, adsorption and desorption ratio and adsorption selectivity of
different resins on gardenia yellow.

Resin Adsorption
capacity (mg/g)

Adsorption
ratio (%)

Desorption
ratio (%)

OD value
(A238/A440)

HPD100 198.39 92.77 82.26 0.84
HPD722 192.42 89.98 85.91 0.78
XAD16 191.20 89.41 85.99 1.04
D101 190.34 89.00 79.37 0.79
HPD400 188.84 88.30 85.45 0.75
HPD100A 187.52 87.72 81.09 0.79
AB-8 184.73 86.38 78.75 0.77

slow adsorption process of HPD722 resin 2 h later was due to the
high intraparticle mass transfer resistance.
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here D is the desorption ratio (%); Cd is the concentration of the
olutes in the desorption solutions (mg/mL); Vd is the volume of the
esorption solution (mL); Qe is the same as that defined above. OD
eans the OD value, and A238, A440 are the absorbances at 238 nm,

40 nm (A238, A440) of the desorbed solution, respectively.

.6. Dynamic adsorption and desorption

Dynamic adsorption and desorption experiments for gardenia
ellow were carried out on glass columns (2.6 cm × 30 cm)  wet-
acked with 25 g (wet resin) of the selected hydrated resin. The
ed volume (BV) of resin was 85 mL.  After the sample loading
200 mL), the adsorbate-laden column was washed first by dis-
illed water, and then eluted with ethanol–water (15:85, v/v) and
thanol–water (80:20, v/v), respectively. The conditions including
oncentration of the loading sample solution (5, 10, 15, 20 mg/mL),
ample flow rate (0.5, 1.0, 1.5, 2.0 mL/min), desorption solvent
ethanol–water 30:70, 80:20, 90:10, v/v), desorption flow rate (1.5,
.5, 3.5, 5.0 mL/min) and amounts of different eluents for the purifi-
ation of gardenia yellow were optimized.

.7. Measurement of the colority of gardenia yellow

The colority of gardenia yellow was measured following the Chi-
ese national standard entitled GB7912-2010 [16]. The concrete
teps were as follows: Firstly, 0.15 g powdered sample was  dis-
olved in water. Then the solution was transferred to a 100 mL
olumetric flask and brought to volume and shaken. Next, 10 mL
ample solution was transferred to another 100 mL  volumetric
ask, brought to volume and shaken, too. Finally, the absorbance A
f the diluted gardenia yellow solution was measured in a standard
.0 cm pathlength cuvette by spectrophotometer at the maximum
bsorption wavelength 440 nm (absorbance should be controlled
etween 0.3 and 0.7). The colority of gardenia yellow can be calcu-

ated as the following equation:

 = A

C
× 1

100
(5)

here E stands for the colority, A is the absorbance at 440 nm,  and C
s the concentration of the diluted gardenia yellow solution (g/mL).

.8. UV–vis analysis of gardenia yellow before and after
urification

Gardenia yellow solutions before and after purification were
canned between 200 and 700 nm using ultraviolet and visible
pectrophotometry.

.9. HPLC analysis of gardenia yellow [17]

Waters 2695-2996 liquid chromatographic system was  used to
etermine the purity of gardenia yellow. Chromatographic separa-
ion was carried out by Kromasil C18 column (4.6 mm × 250 mm,

 �m).  The mobile phase was methanol–water (50:50, v/v); the
ow rate was 1.0 mL/min; the column temperature was maintained
t 25 ◦C; the separated gardenia yellow was detected at a wave-
ength of 440 nm and the injection volume was 20 �L.

. Results and discussion

.1. Adsorption capacity, ratios of adsorption and desorption as
ell as OD value
As shown in Table 2, all the resins in this study showed high
dsorption and desorption capacity except NKA-9. In general, the
dsorption ability of resin is correlated with its surface area and
HPD400A 184.41 86.23 82.28 0.83
NKA-9 94.89 44.37 72.06 0.85

the chemical features of the adsorbed substance. Resins with
weak-polarity showed stronger adsorption ability to weak-polar
substances such as crocin and crocetin compared with non-polar,
moderate-polar and polar resins. We  have observed that the
HPD722 and XAD16 have higher adsorption capacity for the garde-
nia yellow (192.42 mg/g for HPD722 resin; 191.20 mg/g for XAD16
resin, respectively). In addition, we noted that the non-polar resin
HPD100 showed better adsorption capacity for gardenia yellow
(198.39 mg/g) because HPD100 resin had a relative larger surface
area. However, the desorption ratio of HPD100 resin was  lower
than those of HPD722 and XAD16 resins owing to its relative
smaller average pore diameters (82.26% for HPD100 resin, 85.91%
for HPD722 resin, 85.99% for XAD16 resin, respectively). OD value
could reflect the selectivity of resin on gardenia yellow and genipo-
side in a degree. The lower the OD value is, the higher the selectivity
of resin is for gardenia yellow and geniposide. A quick perusal of
Table 2 indicated that the OD value of HPD722 resin was the lowest
among HPD100, HPD722 and XAD16 resins. Considering the mea-
sured adsorption capacity, the ratios of adsorption and desorption,
as well as the OD value, we selected the HPD722 resin to perform
the further experiment.

3.2. The adsorption kinetics curve for gardenia yellow on HPD722
resin

Adsorption kinetics curve was  obtained for gardenia yellow on
HPD722 resin. As shown in Fig. 1, the adsorption ratio of the HPD722
resin increased rapidly in the first 2 h, then followed by a slow
increase until it reached equilibrium after 6 h. The fast adsorption
process of the HPD722 resin in the first 2 h was due to the high
diffusivity of gardenia yellow into micropores of the resin, and the
0%

24201612840

Adsorption time (h)  

Fig. 1. Adsorption kinetics curve for gardenia yellow on HPD722 resin.
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sharp, narrow, symmetric and with no trailing peak, which indi-
cated that ethanol–water (80:20, v/v) solution was quite suitable
as the desorption solution of gardenia yellow. When the consump-
ig. 2. Effect of concentration of gardenia yellow in the loading sample on the ratio
f  adsorption.

.3. Optimization of the conditions for the purification of
ardenia yellow

.3.1. Effect of concentration of gardenia yellow in the loading
ample on the ratio of adsorption

As shown in Fig. 2, the adsorption ratio increased slowly and
hen reduced as the concentration of gardenia yellow increased
uring the loading of the sample. Thus, the adsorption ratio was
ighest at a concentration of 15 mg/mL. When the concentra-
ion reached 20 mg/mL, the adsorption ratio logically reduced as
he content of gardenia yellow in the loading sample exceed the
dsorption saturation limit of the HPD722 resin. Furthermore, the
se of a higher concentration of gardenia yellow during the loading
f the sample would complicate the resin regeneration and recy-
ling. So the appropriate concentration of gardenia yellow during
he loading of the sample on the column to be 15 mg/mL. Thus, we
alculated that the load capacity of HPD722 resin was 120 mg/g.

.3.2. Effect of flow rate of loading sample on the ratio of
dsorption

As shown in Fig. 3, it is evident that the sample flow rate had a
irect effect on the ratio of the adsorption. Thus, with the increase
f the sample flow rate, the adsorption ratio reduced gradually
ecause of the apparent reduction in the time used for the adsorp-
ion with the increase of sample flow rate. The adsorption ratio was
ighest at a flow rate of 0.5 mL/min, however we concluded that
he production period was too long and not conducive to industrial
roduction. The adsorption ratio decreased only by 1.66% when the
ample flow rate changed from 0.5 mL/min to 1.0 mL/min. Consid-

ring the production efficiency and the ratio of adsorption, the
ppropriate sample flow rate would be 1.0 mL/min.
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Flow rate of  loading sample (mL/min)  

Fig. 3. Effect of flow rate of loading sample on the ratio of adsorption.
Ethanol concentration

Fig. 4. Effect of ethanol concentration on the ratio of desorption.

3.3.3. Effect of ethanol concentration on the ratio of desorption
Ethanol–water solutions were usually used as the desorption

solution of gardenia yellow [18,19]. Therefore, in this study we used
different concentrations of ethanol–water solutions (70:30, 80:20,
90:10, v/v) to establish the proper desorption conditions. As shown
in Fig. 4, the desorption ratio was  highest when the ethanol con-
centration was  80%. Thus ethanol–water (80:20, v/v) solution was
selected as the appropriate desorption solution.

3.3.4. Effect of desorption flow rate on the ratio of desorption
Desorption flow rate had obvious effect on the ratio of desorp-

tion. Too low desorption flow rate would result in long desorption
time and more impurity desorbed. While too high desorption flow
rate would increase the amount of desorption solution and result
in heavy burden of subsequent enrichment process. From Fig. 5,
it was seen that the ratio of desorption was highest at desorption
flow rate of 3.5 mL/min.

3.3.5. Dynamic desorption curve of geniposide
The ethanol–water (15:85, v/v) solution was used to wash geni-

poside (the main impurity). The flow rate was  2.5 mL/min. As it is
shown in Fig. 6, when the volume of ethanol–water (15:85, v/v)
solution was at a range from 400 to 600 mL,  the content of geni-
poside in the eluate was  quite low and varied little. In order to
remove geniposide as thoroughly as possible, the proper volume of
ethanol–water (15:85, v/v) solution was  600 mL.

3.3.6. Dynamic desorption curve of gardenia yellow
According to previous results, the ethanol–water (80:20, v/v)

solution was used to elute gardenia yellow and its flow rate was
3.5 mL/min. As can be seen in Fig. 7, the desorption curve was
tion volume of eluent reached 200 mL, gardenia yellow was totally
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Desorption flow rate  (mL/min)

Fig. 5. Effect of desorption flow rate on the ratio of desorption.
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Fig. 6. Dynamic desorption curve of geniposide.

esorbed. Therefore, 200 mL  was selected as the proper desorption
olume.

.4. UV–vis analysis of gardenia yellow before and after
urification

The crude gardenia yellow was purified according to the above
ptimized refining process, and the eluate of ethanol–water (80:20,
/v) solution was collected and concentrated by rotary evaporation
o remove the solvent, then dried thoroughly in a vacuum freeze-
rier under −80 ◦C, finally the purified product was  obtained. The
esult of color value analysis showed that colority of the prod-
ct was 300. The UV–vis absorption spectrums of gardenia yellow
olution before and after purification were shown in Figs. 8 and 9,
espectively. There were three obvious absorption peeks (238 nm
or geniposide, 323 nm for chlorogenic acid and 442 nm for garde-
ia yellow, respectively) in Fig. 8. By comparison, it can be seen
hat the absorption peek of geniposide almost disappeared and the
bsorption peek of chlorogenic acid was significantly smaller, while
he relative peak of gardenia yellow increase obviously after the
reatment with the HPD722 resin. The results indicated that most
mpurities such as geniposide and chlorogenic acid were removed.

.5. HPLC analysis of crocin-1 and gardenia yellow after
urification

Main components in gardenia yellow are crocin and crocetin.

he HPLC chromatograms of crocin standard and gardenia yellow
fter purification were shown in Figs. 10 and 11,  respectively. The
esults showed that the absorption peeks of gardenia yellow after
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Fig. 7. Dynamic desorption curve of gardenia yellow.
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Fig. 10. HPLC spectrum of crocin-1.
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Fig. 11. HPLC spectrum of gardenia yellow solution after purification.
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urification was similar with that of crocin-1 standard. It indicated
hat the purity of gardenia yellow after purification was high.

. Conclusions

In this study, the adsorption and desorption characteristics of
ine macroporous resins were investigated by static adsorption and
esorption of gardenia yellow. HPD722 resin was selected to enrich
nd purify gardenia yellow because of its high adsorption capacity,
igh adsorption and desorption ratios as well as high selectivity.
he processes of dynamic adsorption and desorption were con-
ucted to ensure the optimal separation parameters of the HPD722
esin. Under the optimal separation parameters, the load capacity
f HPD722 resin for gardenia yellow was 120 mg/g, which was 1.8
imes of that of HPD450 resin [19]. It means that it would greatly
educe the amount needed of the selected resin and the cost. The
olority of the gardenia yellow product obtained were 300. Further-
ore, the results of UV–vis and HPLC analysis showed that most

mpurities were removed after purification with the HPD722 resin

nd the content of gardenia yellow in the product was  almost the
ame as that (≥98%) of the standard.

In conclusion, this adsorption–desorption method was useful
n the enrichment and purification of gardenia yellow from G.
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jasminoides var. radicans Makino for its low cost, high efficiency,
procedural simplicity and ease in scaling-up.
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