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Abstract: A new technology involving resin purification of proanthocyanidins extracted from sea
buckthorn bark has been studied. By investigating single-factor effects, the main factors affecting
proanthocyanidin extraction were identified as extraction temperature, pH and ethanol concentration. A
central composite design and response surface analysis were used to determine the optimal parameters
of the extraction process (temperature 21 ◦C, pH 5.13, ethanol concentration 65%). The optimal resin
for purification, D3520, was selected from 16 different resins by means of static adsorption and dynamic
adsorption/desorption tests. After using this resin to purify the crude extract, a proanthocyanidin extract
was obtained whose yield and purity were above 80% and greater than 95% respectively. Procyanidin dimers
and trimers predominated among oligomer procyanidins of the proanthocyanidin extract according to
analyses by high-performance liquid chromatography (HPLC) and HPLC/mass spectrometry.
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INTRODUCTION
Proanthocyanidins are major phenolic constituents
in many fruits and their derived products, affect-
ing colour, clarity, taste and mouthfeel astringency.1

Proanthocyanidins are mainly procyanidins with (−)-
epicatechin and (+)-catechin as constitutive units
(Fig. 1). They have been reported to possess a vari-
ety of physiological activities, e.g. antioxidant,2–5

anti-atherosclerotic, anti-allergenic and anticarcino-
genic effects, and to inhibit the activities of some
physiological enzymes and receptors.6 The beneficial
effects of proanthocyanidins on human health have
been attributed mainly to their strong free radical-
scavenging and antioxidant activities.

Proanthocyanidins extracted from various natural
sources, including grapes, wine, apple juice, cider,
beer, hops, malt, cranberries, chocolate and sorghum,
have been studied.7 However, proanthocyanidins from
sea buckthorn have seldom been reported. A study
comparing procyanidins in grape and sea buckthorn
seeds indicated that sea buckthorn seeds are another
potential source of proanthocyanidins,8 but the bark
was not investigated.

Sea buckthorn (Hippophae rhamnoides L.) belongs
to the family Elaeagnaceae, which is native to Europe
and Asia. Most parts of the tree can be used, including
the bark, leaves, fruits and seeds. A wide range of
products incorporating sea buckthorn can be made,
including pharmaceuticals, cosmetics, teas, animal
feeds, sport and health drinks, jams, jellies, beverages,
dyes, candies and liqueurs. However, there is almost
no literature available on sea buckthorn as a source of
proanthocyanidins.

The industrial extraction of proanthocyanidins
involves solvent processing and step-by-step refine-
ment. Commonly used solvents are water, acetic ether,
acetone, petroleum ether and ethanol. The main dis-
advantage of traditional solvent extraction lies in the
complex working procedure resulting from the variety
of solvents involved, which increases the cost. In addi-
tion, repeated distillations prolong the heating time
and accelerate oxidation of the extract. Moreover, the
remnant solvent is undesirable.

In this paper a new method has been adopted in
which the material is first immersed in ethanol under
optimal conditions and then the extract is eluted from
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Figure 1. Flavan-3-ol monomeric and dimeric procyanidins.

a resin. The advantages are that ethanol is relatively
non-toxic and, since this is a single-solvent process,
remnant ethanol is easy to reclaim. In addition, the
resulting good-quality product obtained at relatively
low cost lends itself to mass production.

Various types of resin, including anion/cation
exchange and macroporous adsorption resins, were
used to purify sea buckthorn proanthocyanidins. The
static adsorption and dynamic adsorption/desorption
behaviour of 16 candidate resins was compared. The
results of this study suggest that the use of resins
for purifying proanthocyanidins is feasible on a mass
production scale.

MATERIALS AND METHODS
Reference compounds
(+)-Catechin and (−)-epicatechin were purchased
from Sigma Chemical Co., St. Louis, MO, USA.
Procyanidin B2 was obtained from Nakahara Science
Co., Saitama, Japan.

Samples
Fresh ripe samples of sea buckthorn (H. rhamnoides L.)
were obtained from Northwest Sci-Tech University
of Agriculture and Forestry (Yanglin, China). The
bark was chopped into pieces about 3 cm in size,
freeze-dried and milled. All samples were stored under
vacuum in the dark at a temperature of −20 ◦C.

Resins
Resins 1–12 were purchased from the Chemical
Plant of Nankai University (Tianjing, China), resins
13–15 from YaDong Nuclear Grade Resins Co.,
Shanghai Institute of Pharmaceutical Industry (Shang-
hai, China) and resin 16 from Shanghai Chemical
Reagent Co. (Shanghai, China). All resins were pre-
treated before being used in the purification process
(see below). Detailed information can be obtained
from the following two web sites: http://www.yd-
hitech.com/pages2/indexE.htm and http://www.nksg.
com/chemical/english/index.htm.

Extraction of grape seeds
Approximately 100 g of grape seeds were manually
separated from the berries, ground and homogenised
in 70% (v/v) aqueous ethanol three times (3 ×
150 mL). The slurry was centrifuged (6000 × g,
5 ◦C, 40 min) and the precipitate was re-extracted
twice with the same solvent (30 min, 2 × 50 mL).
The supernatants were pooled and the mixture was
concentrated under vacuum until all the ethanol had
been removed. The extract obtained was washed three
times with petroleum ether to eliminate liposoluble
substances. The residual sample was lyophilised to
a powder and further dried in a desiccator at room
temperature before purification.

Preparative Sephadex LH20 chromatography
Sephadex LH20 gel (Pharmacia Biotech, Uppsala,
Sweden) pre-swollen in 60% (v/v) methanol plus 0.2%
(v/v) formic acid was manually packed into a glass
column (50 cm × 2.6 cm). Prior to sample loading, the
column was equilibrated with the same solvent. The
ethanol-extracted crude proanthocyanidin powder was
dissolved in a minimum amount of the same solvent
and then applied to the column. The column was
washed sequentially with 2.5 L of 60% (v/v) methanol
plus 0.2% (v/v) formic acid and 2.5 L of 60% (v/v)
acetone plus 0.2% (v/v) formic acid at a flow rate
of 0.4–0.5 mL min−1. Polymeric procyanidins were
eluted with 2.5 L of 60% (v/v) acetone plus 0.2%
(v/v) formic acid. The acetone was subsequently
evaporated off in a rotary vacuum evaporator at 42 ◦C.9

The residual sample was lyophilised and stored in a
desiccator at room temperature. A 100 mg quantity
of purified grape seed proanthocyanidins eluting with
60% (v/v) methanol was equivalent to 98 ± 3 mg of
gallic acid when assessed by the Folin–Ciocalteu
method.11 The 60% (v/v) methanol fraction was
used as oligomeric proanthocyanidin standard for
colorimetric assay.

Extraction of sea buckthorn bark
Samples of sea buckthorn bark were immersed in
aqueous ethanol under various conditions of temper-
ature, solvent concentration, time, pH and ratio of
extraction phase. The extracts obtained under differ-
ent conditions were estimated by colorimetric assay,
after acid catalysis in n-butanol with ferric ions, as
oligomeric proanthocyanidin standard equivalents.12

The bark extract freeze-dried powder dissolved in
1 mL of methanol in a screw-capped glass vial was
heated for 40 min at 95 ± 0.5 ◦C with 6 mL of acid
reagent (70% (v/v) concentrated HCl in n-butanol)
in the presence of 0.2 mL of ferric reagent (2% (w/v)
NH4Fe(SO4)2·12H2O). The reaction was followed
by spectrophotometer at 550 nm. The quantity of
procyanidins in the bark extract was determined from
a standard curve constructed using a purified grape
seed oligomeric procyanidin standard subjected to the
same acid degradation procedure.
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After comparing the effects of single factors, the
extraction conditions were optimised by response
surface methodology (RSM) with three factors and
three levels.14 Data obtained from the extraction
process were analysed using Statistical Analysis System
(SAS) software (SAS Institute, Cary, NC, USA).

Purification of sea buckthorn bark extract by
resin
After rinsing with water, all resins were manually
packed into the column. The pretreatment processing
of resins was carried out as follows. Anion/cation
exchange resins were washed with five times the
resin volume of 5% (v/v) hydrochloric acid in distilled
deionised water followed by distilled deionised water
to pH ∼ 7, then washed with five times the resin
volume of 5% (w/v) sodium hydroxide in distilled
deionised water followed by distilled deionised water
to pH ∼ 7. This process was repeated twice. Anion
exchange resins were then washed with 5% (w/v)
sodium hydroxide in distilled deionised water, and
cation exchange resins with 5% (v/v) hydrochloric acid
in distilled deionised water. Macroporous adsorption
resins were washed sequentially with 5% (v/v)
hydrochloric acid, distilled deionised water to pH ∼ 7,
5% (w/v) sodium hydroxide, distilled deionised water
to pH ∼ 7, and 96% (v/v) aqueous ethanol, distilled
deionised water to pH ∼ 7. This process was repeated
until the eluate became colourless.

The 16 resins chosen for purifying the optimal
sea buckthorn bark extract were tested for their
static adsorption and dynamic adsorption/desorption
capabilities. To estimate the capability for static
adsorption, 25 mL of sea buckthorn bark extract was
placed in a volumetric flask with 10 mL of eluted resin;
a flask containing the extract but no resin was used as
control. The static adsorption test was carried out at
room temperature (15–20 ◦C) under periodic stirring
for 24 h. The determination of proanthocyanidins in
each flask was performed by n-butanol/HCl/Fe(III)
assay.12

To estimate the capability for dynamic adsorp-
tion/desorption, 30 mL of eluted resin was manually
packed into a glass column (20 cm × 2 cm) and equi-
librated with distilled deionised water. Then 2 mL of
sea buckthorn bark extract was loaded on the col-
umn and eluted with five column volumes of distilled
deionised water. The eluate was collected until it
became colourless.

The capability for static adsorption was estimated
as

WSA = (Q0 − Qi)/Vi

where WSA = capability for static adsorption
of proanthocyanidins (mg mL−1 resin), Q0 =
proanthocyanidin mass in control (mg), Qi =
proanthocyanidin mass in flask after adsorption (mg)
and Vi = volume of resin (here 10 mL).

The capability for dynamic adsorption was esti-
mated as

WDA = (M0 − M1)/Vi

where WDA = capability for dynamic adsorption
of proanthocyanidins (mg mL−1 resin), M0 =
proanthocyanidin mass in sample before loading on
column (mg), M1 = proanthocyanidin mass in water
fraction (mg) and Vi = volume of resin (here 30 mL).

The capability for dynamic desorption was esti-
mated as

RDD =
∑

Mi/(M0 − M1)

where RDD = ratio of dynamic desorption of proantho-
cyanidins (%), Mi (i = 2, 3 and 4) = proanthocyanidin
mass in ethanol fractions (30, 50 and 70% respectively)
(mg), M0 = proanthocyanidin mass in sample before
loading on column (mg) and M1 = proanthocyanidin
mass in water fraction (mg).

Partial characterisation of extract from sea
buckthorn bark by reverse phase high-
performance liquid chromatography/mass
spectrometry (HPLC/MS) and normal phase
HPLC
HPLC/MS analyses of polyphenolic extracts were
performed using an Agilent (Agilent Technologies,
Palo Alto, CA, USA) 1100 series LC/MSD trap
equipped with an auto-injector, binary HPLC pump,
column heater and diode array detectors. The sample
was loaded on a Zorbax (Agilent Technologies) SB-
C18 column (150 mm × 2.1 mm, 5 µm). The column
was equilibrated in solvent A (0.2% (v/v) acetic acid),
and proanthocyanidins (5 µL injected) were eluted
with a gradient of solvent B (5% (v/v) acetonitrile)
from 0 to 5% B between 0 and 10 min, from 5
to 20% B between 10 and 20 min, from 20 to
40% B between 20 and 40 min, from 40 to 50%
B between 40 and 45 min, from 50 to 5% B between
45 and 50 min and held isocratic at 5% B between
50 and 60 min. The mass spectrometer was operated
in negative mode for LC/ESI-MS and scanned from
m/z 100 to 1200. A nebulising pressure of 20 psig
and a gas drying temperature of 325 ◦C were used.
Data were collected on an HP Chemstation (Agilent
Technologies). Peaks were detected at 280 nm and
identified by comparison with retention times of
standards.

Normal phase HPLC was performed using a Waters
(Milford, MA, USA) 2695 separation module with a
Waters 996 photodiode array detector and Waters
temperature control module II. A Lichrospher Si
100 column (250 mm × 4 mm, 5 µm) purchased from
Merck (Darmstadt, Germany) was used, without a
guard column. The normal phase HPLC method
adopted was that described by Rigaud et al.13 The
solvents used were dichloromethane/methanol/formic
acid/water in volume ratios of (A) 5:43:1:1 and
(B) 41:7:1:1. The elution conditions were as follows:
flow rate, 1 mL min−1; oven temperature, 30 ◦C;
elution, linear gradient from 0 to 20% A in 30 min,
from 20 to 50% A in 30 min and from 50 to
100% A in 5 min, followed by isocratic elution
with 100% A for 5 min and re-equilibration of

488 J Sci Food Agric 86:486–492 (2006)



Extraction/purification of proanthocyanidins from sea buckthorn bark

the column. Peaks were detected at 280 nm and
identified by comparison with retention times of
standards.

RESULTS AND DISCUSSION
Effects of different factors on extraction
By comparing the effects of different factors on
extraction, it was found that solvent efficiency could be
ranked in the following order: methanol > acetone >

ethanol > water. Although water is a good solvent
for polyphenolics, the yield from water extraction is
low, partly because the polyphenols present in plant
tissues are often proteins/polysaccharides bound by
hydrogen bonds and hydrophobic bonds. Therefore a
good solvent for extraction must not only display high
solvency but also be able to cleave hydrogen bonds.
Although methanol is the most efficient solvent, it is
fairly toxic. Therefore ethanol was used in this study
because of its lower toxicity and greater safety in
industrial production.

Considering the effects of single factors on
extraction, the yield at temperature 20 ◦C, time
90 min, pH 4.80, solid/liquid phase ratio 1:10 and
ethanol concentration 60% was the optimal point on
the curve (data not shown). A previous study by Zhu
et al.15 showed that flavonoids are unstable in neutral
or weakly alkaline solutions. The present research is
consistent with a report that all monomers and dimers
are relatively stable at pH 5.0.10 Our optimal pH
of 4.8 is close to that value. Flavonoids are mainly
present in plant cell walls. Low concentrations of
ethanol and water can enter into cells freely. Although
a high ethanol concentration is good for hydrogen
bond cleavage, it may block protein denaturation.
Therefore it is reasonable that an intermediate ethanol
concentration can maximise the yield of extraction.

The three main factors temperature, pH and ethanol
concentration and an L33 design (Table 1) were used
in the RSM analysis. All extractions were performed
in triplicate for the same time (90 min) at the same
solid/liquid ratio (1:10 w/v) (Table 2).

Table 1. The L33 design

Factor Code Factor number Level

Temperature (◦C) X1 −1 5
0 25

+1 45
pH X2 −1 3.5

0 4.8
+1 6.1

Ethanol concentration (%) X3 −1 40
0 60

+1 80

Table 2. Experiment assignment and data

Code X1 X2 X3 PAC purity (%)

1 −1 −1 0 29.29
2 −1 0 −1 35.46
3 −1 0 +1 31.35
4 −1 +1 0 35.85
5 0 −1 −1 31.02
6 0 −1 +1 28.56
7 0 +1 −1 32.90
8 0 +1 +1 31.33
9 +1 −1 0 30.15

10 +1 0 −1 31.53
11 +1 0 +1 33.44
12 +1 +1 0 31.87
13 0 0 0 39.07
14 0 0 0 39.26
15 0 0 0 38.70

The polynomial regression equation used was

Y = a0 + a1X1 + a2X2 + a3X3 + a11X2
1 + a22X2

2

+ a33X2
3 + a12X1X2 + a13X1X3 + a23X2X3

All data obtained from the experiment were analysed
by SAS software. The results are given in Tables 3
and 4. As shown in Table 5, compared with the linear
and quadratic terms, the lack-of-fit term is smaller,
so the regression model is suitable for analysing
and forecasting the result. Using partial derivative

Table 4. Analysis of variance

Source DF
Sum of
squares

Mean
square

F
value

Pr
>F

Model 9 173.41405 19.26823 39.20∗∗ 0.004
Error 5
Corrected
total

14

R2 0.9862

∗∗ f0.01(9, 5) = 10.2.

Table 5. Coding coefficients for the independent variable

Source DF Mean square F value

Linear 3 9.6083 118.47∗∗
Quadratic 3 43.1582 539.48∗∗
Cross

product
3 5.0381 62.12∗

Lack of fit 3 0.7568 9.33
Pure error 2 0.0811

∗ f0.05(3, 2) = 19.2.
∗∗ f0.01(3, 2) = 99.2.

Table 3. Parameter estimates of polynomial regression

Variable a0 a1 a2 a3 a11 a12 a23 a13 a22 a33

Parameter estimate 39.01 −0.62 1.61625 −0.77875 −2.61375 −1.21 −0.2225 1.50500 −4.60625 −3.45125
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Table 6. Canonical analysis of response surface based on code

Critical value

Factor Coded Uncoded

X1 −0.208416 20.83
X2 0.199148 5.13
X3 −0.151844 64.26

Predicted value at stationary point: 39.29.

calculus, the optimal parameters were obtained from
the equation (Table 6).

The effects of the three main factors on proantho-
cyanidin extraction were complex: the linear, quadratic
and cross-product terms were all significantly different.
Neither a simple linear relationship nor a quadratic
relationship could explain the interaction between
them. When extraction was performed at temperature
21 ◦C, pH 5.13 and ethanol concentration 65%, the
extract purity reached its maximum value of 39.32%,
which matches the model well.

Comparison of adsorption/desorption
capabilities of different resins on
proanthocyanidins
For static adsorption of proanthocyanidins, most
resins showed strong adsorption capability, with the
exception of the anion exchange resins (Table 7).
The reason why WSA is greater than WDA is
that static adsorption has more working time than
dynamic adsorption, whereas the dynamic adsorption
experiment simulates real processing and is therefore
useful in industrial plants. Despite its high adsorption
capability, the desorption capability of polyamide

Table 7. Capability for static adsorption and dynamic

adsorption/desorption of resins on proanthocyanidins

(mean ± standard deviation, n = 3)

Code Grade
WSA

(mg mL−1)
WDA

(mg mL−1)
RDD
(%)

1 D3520a 28.96 ± 1.31 20.30 ± 1.22 87.84 ± 0.34
2 D4020a 28.83 ± 1.25 17.00 ± 0.76 93.93 ± 0.37
3 H103a 32.31 ± 2.18 21.32 ± 1.33 81.62 ± 0.6
4 NKA-IIb 16.45 ± 0.89 2.71 ± 0.43 70.88 ± 0.52
5 NKA-9b 29.62 ± 1.42 20.23 ± 1.27 81.77 ± 0.3
6 D14a 23.79 ± 0.21 15.14 ± 0.17 49.03 ± 0.11
7 D16a 23.62 ± 0.42 5.71 ± 0.71 4.02 ± 0.34
8 110c 18.71 ± 1.12 2.23 ± 0.91 17.81 ± 0.42
9 D151c 14.15 ± 2.44 3.27 ± 0.33 46.21 ± 0.66

10 D152c 12.39 ± 0.71 4.27 ± 0.50 29.35 ± 0.19
11 D301Rd 34.37 ± 2.21 28.13 ± 0.90 0.04 ± 0.10
12 D392e 34.32 ± 1.22 27.95 ± 0.14 0.23 ± 0.28
13 JK-110 14.26 ± 0.88 1.27 ± 0.62 86.63 ± 0.77
14 HD-1 31.83 ± 0.26 18.27 ± 0.13 58.64 ± 0.33
15 SIPI-DA201 29.75 ± 0.14 25.95 ± 0.21 94.47 ± 0.24
16 Polyamide 33.49 ± 2.12 22.25 ± 0.20 5.63 ± 0.48

1–7, 15: macroporous adsorption resin; matrix structure: crosslinked
polystyrene.
a polar.
b non-polar.
8–10, 13, 14: weakly acidic cation exchanger—carboxylic.
c functionality –COOH.
11, 12: weakly basic anion exchanger—primary, secondary and tertiary
amine functionality.
d functionality –NCH2.
e functionality –NH2.

(resin 16) on proanthocyanidins was very low, possibly
owing to its granularity or to inappropriate elution.
This finding contradicts the claim by Lu16 that
polyamide is efficient for grape seed proanthocyanidin
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Figure 2. Top: reverse phase HPLC/MS trace from negative ion TIC of sea buckthorn bark extract (1 mg mL−1, 5 µL injection) using acetic acid to
assist ionisation. Bottom: UV trace at 280 nm for sea buckthorn extract. P1, dimers; P2, dimers; P3, (+)-catechin; P4, trimers; P5, (−)-epicatechin;
P6, dimers.
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Table 8. Content of proanthocyanidins in different elution fractions

Crude sample Water fraction 30% EtOH fraction 50% EtOH fraction 70% EtOH fraction

Code g PC% g PC% g PC% g PC% g PC%

1 2.0013 36.1 0.9358 7.38 0.6093 96.5 0.0246 36.82 0.0067 49.10
3 2.1539 36.1 0.9026 2.05 0.2649 50.7 0.2369 67.22 0.0742 65.90
5 2.0459 36.1 0.9283 1.58 0.2718 57.7 0.2795 71.85 0.0748 65.78
15 2.6026 36.1 1.2086 4.88 0.8701 70.5 0.0513 38.08 0.0063 16.07
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Figure 3. Mass spectrum of PX (retention time 16.9 min) from sea buckthorn bark extract determined by LC/ESI-MS analysis.
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Figure 4. Normal phase HPLC analysis of sea buckthorn bark procyanidin extract of different elutions on D3520 resin. Top: 30% EtOH elution
fraction. Middle: 50% EtOH elution fraction. Bottom: 70% EtOH elution fraction. Peaks: 1, (−)-epicatechin; 2, (+)-catechin; 3, procyanidin B2.

purification with acetone as eluant. Resins 11 and
12 showed good adsorption but poor desorption
capability. This may be due to the proanthocyanidin
structure being destroyed in weakly alkaline conditions
owing to anion exchange of the resin with the hydroxyl

group. Macroporous adsorption resins 1, 3, 5 and 15
all seem to be suitable for extract purification owing
to their strong adsorption and desorption capabilities
(Table 8). However, it is clearly seen that resin 1 is the
optimal candidate because of its high yield and quality
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Table 9. Ions identified by HPLC/MS analysis of sea buckthorn bark

extract

Oligomer Peaks Molecular ion (M − H)−

Monomers P3, P5 289
Dimers P1, P2, P6 577
Trimers P4 865

of extract. A single fraction with high purity is easy to
process industrially.

Identification of procyanidins derived from sea
buckthorn bark extract by reverse phase
HPLC/MS and normal phase HPLC
The total ion current (TIC) for sea buckthorn bark
extract is shown in Fig. 2 and compared with the
UV trace at 280 nm. Mass spectral data were used to
identify the peaks labelled P1 − P6. P3 and P5 were also
identified via reference standards. The ions observed
for each procyanidin oligomer are listed in Table 9.
PX includes ions at m/z 289, 577 and 865, which
may indicate that the eluted peaks P4 − P6 were not
separated completely. The major m/z signals of peak
PX (retention time 16.9 min) are shown in Fig. 3.

Normal-phase HPLC analysis showed that the
30% ethanol (EtOH) fraction was a high-quality
extract: many impurity peaks appeared in the 50%
and 70% EtOH fractions, but seldom on the 30%
fraction, which contained fewer monomers and more
dimers, while the 50% EtOH fraction contained more
monomers and fewer dimers; however, in the 70%
EtOH fraction, monomers and dimers could hardly
be detected (Fig. 4). Some small peaks near peak
3 and small peaks eluted from 20–30 min seemed
like procyanidins with the same UV spectrogram;
it was speculated that they were other dimers, but
this couldn’t be confirmed as a standard reference
was lacking. In the 70% fraction, according to
Rigaud et al.,13 some tetramers are eluted from 30
to 40 min; higher polymers would be eluted later. The
70% fraction is likely composed of high polymers;
however, the UV spectrogram of those peaks (elution
time beyond 40 min) can seldom match those of
procyanidins. Normal phase HPLC analysis shows
the sharp contrast in impurity peaks between the 30%
fraction and the other two fractions and indicates that
D3520 resin could be used as separation medium for
procyanidin purification.

CONCLUSION
We have presented an effective method for purifying
proanthocyanidins from sea buckthorn bark extract.
Compared with other resins, macroporous adsorption
resins have great capability of adsorption and
desorption by modifying the concentration of ethanol.
The mechanism is still unknown, but we observed
that the final extract has better-than-average purity

and the process is also simple. Sephadex LH20 is a
popular chromatographic medium for the separation
and purification of procyanidins. D3520 resin is
recommended as an alternative medium for the
purification procedure.
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