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A method has been developed for the separation of anthocyanins and anthocyanidins with high performance liquid
chromatography (HPLC). Experimental designs were applied for multivariate optimization of the HPLC experimental condi-
tions with using response surface methodology (RSM). Three independent factors, namely formic acid concentration, initial
ratio of acetonitrile in gradient program and flow rate, were used to design mathematical models. The responses were reso-
lutions of four peak couples which were the most difficult to separate including: pelargonidin-3-glucoside and delphinidin,
delphinidin and peonidin-3-glucoside, peonidin-3-glucoside and malvidin-3-glucoside, peonidin and malvidin. Variance
analysis proved a chosen model was highly fit and the RSM method yielded good results in improving separation of antho-
cyanins and anthocyanidins. The optimized HPLC parameters were as follows: C18 column (250 mm x 4.6 mm x 5 um),
mobile phase is FA 10 % and ACN used as a gradient; flow rate 0.8 mL.min-1. Using these optimum conditions, separation
of compounds with good resolutions and a run time of less than 30 min were archived. The results for method validation
satisfied the requirement of AOAC, linearity range from 0.2—10 ppm with R? > 0.9955, LOD from 0.05-0.1 mg/kg, RSD from
4.79-6.45 % and the recovery is from 85.4 — 109.6 %. The method was applied to determone anthocyanins and anthocyanid-
ins in some fruits and vegetables samples with the content of anthocyanidins being from 5.74 — 218.27 mg/100g. Antho-

cyanins primarily concentrate in peel of fruits and vegetables, black bean peel contains most anthocyanins.
Key words: anthocyanin, anthocyanidin, response surface methodology (RSM), HPLC, antioxidant, chromatography.

Introduction. The anthocyanins are the
largest and most important group of water-
soluble pigments which are responsible for the
blue, purple, red and orange colors of numerous
fruits and vegetables. Anthocyanins occur natu-
rally as glycosides of their respective aglycone
(anthocyanidin) nucleus with the sugar moiety.
The differences between anthocyanins are re-
lated to the number of hydroxyl groups, the na-
ture and number of sugars attached to the mole-
cule, the position of these sugars, and the nature
and number of aliphatic or aromatic acids at-
tached to the sugars [12]. It is reported that
more than 600 different anthocyanins have been
found in plant sources [20]. Most of them were
formed from the six most common anthocya-
nidins including cyanidin (Cya), delphinidin

(Del), petunidin (Petu), pelargonidin (Pelar),
malvidin (Mal) and peonidin (Peo) [3]. In na-
ture, anthocyanins rarely exist in the free state
(unglycosylated) because the lack of electrons
in the cationic flavylium makes it very reactive
and therefore the molecule is very unstable
[13]. Sugar attachment is thought to be of im-
portance for pigment stability. They occur in
flower mainly as 3-monoglucosides, 3,5-diglu-
cosides or 3,7-diglycosides [13].

Anthocyanins possess potent antioxidant
capacities and health-promoting properties.
With such advantages and popularity, antho-
cyanins and anthocyanidins compounds are
replacing artificial food colorants.

The daily intake of anthocyanins in the
U.S. diet is estimated to be between 180 and
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215 mg, whereas the intake of other dietary
flavonoids such as genistein, quercetin or an-
dapigenin is only 20-25 mg.day™ [15]. Antho-
cyanins are postulated to act as antioxidants by
donating hydrogen atoms to form highly reac-
tive free radicals [5].

There are numbers of methods applied to
determine anthocyanins or anthocyanidins
such as UV-Vis [2], HPLC [19, 11, 9], LC-MS
[7, 8, 23, 1] or CE [17, 6]. However, the pub-
lished studies usually applied these techniques
to determine the total content of anthocyanins
or anthocyanidins. It has been reported that a
simultaneous determination of anthocyanin
glucosides and anthocyanidin aglycones is
challenged due to different polarities between
the anthocyanin glucoside group and the an-
thocyanidin aglycone group [18]. Therefore,
this study focused on the multi-separation of
twelve anthocyanins and anthocyanidins by
HPLC combined with response surface meth-
odology.

Experimental. Materials and reagents.

Anthocyanidins standards including Del-
phinidin chloride, cyanidin chloride, pelargo-
nidin chloride, peonidin chloride and

malvidin chloride were provided by Sigma —
Aldrich. Petunidin chloride was provided by
Chromadex. Anthocyanins standards: Pelar-
gonidin — 3 — glucoside (Pelar-3-G), cya-
niding — 3 — glucoside (Cya-3-G), peonidin —
3 — glucoside (Peo-3-G) and malvidin — 3 —
glucoside (Mal-3-G) were purchased from
Sigma — Aldrich. Delphinidin — 3 — glucoside
(Del-3-G) and Petunidin — 3 — Glucoside
(Petu-3-G) are from Chromadex. All other
reagents and chemicals were of analytical or
HPLC grade from Merck.

Several fruits and vegetables (red apple,
purple potato, black grape, black bean, etc.)
were randomly collected from the markets and
supermarkets in Hanoi, Vietnam, and analyzed
using the optimized method.

Apparatus and procedures. All experi-
ments were conducted on a Shimadzu LC
20AD series liquid chromatography equipped
with a vacuum degasser, binary pump, auto-
sampler, column oven and photodiode array
detector. Instrument control and data acquisi-
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tion and analysis were performed through LC
Solution software.

Separation was achieved on a Sun Fire
Ciscolumn 250 mm x 4.6 mm, 5 um with a
guard column. The injection volume was 20 uL
with PDA detection at 520 nm. The elution sol-
vents were formic acid in water and acetonitrile
at specific compositions.

A homogenized sample was weighted into
a heat-resistant flask. 30 mL of methanol was
then added to the flask. The solution was ex-
tracted at 100°C during 30 min. After cooling,
the extract was diluted and filtered by using
0.45 pm membrane. Obtained solution was
finally analyzed on HPLC system with PDA
detector for anthocyanin.

For anthocyanidin detection, the antho-
cyanin extract was added with concentrated
hydrochloric acid to reach hydrochloric acid
concentration of 2.4 M and heated in water
bath at 90°C in 60 min. After cooling to the
room temperature, the solution was diluted by
adding methanol, filtered and analyzed on
HPLC system with PDA detector for antho-
cyanidin.

Data analysis. The data analysis was per-
formed using Design-Expert Version 10.0.7
statistical software (Stat-Ease Inc., Minneapo-
lis, MN, USA). Factor significance was calcu-
lated using such a statistical tool as analysis
of variance (ANOVA) that was estimated and
run up to the first order interaction terms. For
all the calculation, it was assumed that higher
order interaction terms did not contribute sig-
nificantly to the behavior of the selected sta-
tistical model, since the chances of these in-
teractions happening are low.

Method validation. The optimized method
was validated with the following parameters:
linearity and range, precision, accuracy, and
limit of detection and quantitation. The results
were verified according to AOAC strict valida-
tion guidelines.

Results and discussions. Selection of
HPLC analytical conditions. Due to the polar-
ity of anthocyanins and anthocyanidins the
nonpolar column C;3 was chosen as the sepa-
rate column. It was reported that the anthocya-
nidins and anthocyanins were eluted by ace-
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tonitrile (ACN) and acid, such as: formic acid
(FA) concentration of 0.05-10%, trifluoroace-
tic acid (TFA) concentration of 0.05-0.1%,
phosphoric acid 0.3—4%, and hydrochloric
acid SmM [10, 14, 16, 4, 21, 22]. In particular,
FA and TFA acid were commonly used be-
cause organic acids increase the signal and
should be added to water as eluent. The use of
inorganic acids such as hydrochloric acid or
phosphoric acid at high concentrations could
affect the chromatographic column perform-
ance. Therefore, in this study FA and TFA
were selected to investigate the separation of
anthocyanidins and anthocyanins.

Preliminary experiments showed that us-
ing TFA 0.1% produced sharp, symmetrical
but overlapped peaks, while FA 0.1% com-
pletely separated the peaks. On the other hand,
as FA is a weaker acid than TFA, it was possi-
ble to increase FA concentration to obtain
higher sensitivity (sharper peak). Therefore,
FA was chosen for optimizing the separation.

Due to the different polarities, anthocya-
nidins and anthocynins interact differently
with stationary phases. When eluting in an iso-
cratic mode they could be completely sepa-
rated from each other, but there is still a possi-
bility that the analysis time lasts approximately
50 to 60 minutes and the signal could be sig-
nificantly low. For this reason, it is necessary
to change the ratio of the mobile phase compo-
sition to the gradient program.

In addition, the flow rate could strongly af-
fect the elution capacity, the amount of solvent
consumed, and the analysis time. For the Cg
column (250mm x 4.6mm % 5pum) the flow rate
was selected in the range of 0.6-1.0 mL/min™

In this part, investigates were archived to
find out a condition in which the resolution of
4 couples of peaks (Pelar-3-G and Del, Del and
Peo-3-G, Peo-3-G and Mal-3G, Peo and Mal)
was larger than 2 for a good determination.

Optimization of analytical factors by RSM.
RSM is a collection of mathematical and statis-
tical techniques for empirical model building.
By careful design of experiments, the objective
is to optimize a response (output variable)
which is influenced by several independent
variables (input variables). An experiment is a
series of tests, called runs, in which changes are
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made in the input variables in order to identify
the reasons for changes in the output response.

In order to determine simultaneously
twelve anthocyanins and anthocyanidins, a
proper separation between them was abso-
lutely important. Hence, it was necessary to
find a condition in which the peaks were
separated completely, it means that the reso-
lutions of peaks were large enough (normally
larger than 2). Aquadratic central composite
designwas used with 3 independent factors,
including the concentration of FA in mobile
phase (X), the initial ratio of ACN in the gra-
dient (X3), and the flow rate (X3). The re-
sponses were the resolutions of peaks that are
usually small. According to our preliminary
results, four responses were selected as fol-
lows: the resolution between Pelar-3-G and
Del (Y1), Del and Peo-3-G (Y3), Peo-3-G and
Mal-3-G (Y3), and Peo and Mal (Y4).

The number of experiments performed on
the quadratic central composite matrix was
calculated by the following formula:

N = N,+ N* + N,

where:

N* is a number of experiments at point *,
N*=2n

N, is a number of experiments at center,
N> 1

N, 1s a number of experiments at origin,
No=2""(n is a number of factors, q is a num-
ber of reduced factors)

For n = 3, q = 0, we have the following:
N*=6;No=8; N.=6

Thus, the total number of experiments pro-
ceeded N = 20 with 6 repeated experiments at
the center and the distance from the origin to
the point * is d =29 = 1 682.

By using the Design Expert software, the
quadratic response with three factors was
evaluated and the results are given in Table 1.

Table 1
The base levels of 3 factors with their codes

Level
Factors 1 0 1
X (concentration of FA, % v/v)| 5 10 | 15
X, (initial ratio of ACN, %) 1 6,5 | 12
X3 (flow rate, mL.min-1) 06 | 08| 1,0
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The design matrix as well as the corre-
sponding resolution values are given in Table 2.
All experiments were performed in randomized
order to minimize the effects of uncontrolled
variables that may introduce a bias in the meas-
urements.

By postulating a fitted full quadratic
model described in Eq. (1), the mathematical
models were obtained for each response (Y;) in

terms of coded factors after fitting Eq. (1) by
the least square regression, see Table 3.

k k Kk
2

Yi = bo +Zh)§ + Z hj)ﬁxj +Zhi>§ , (1)
=l I<i<j =l

Where k is the number of factors (variables); by is
the intercept parameter; and b;, b; and b; are the
regression parameters for linear, interaction, and
quadratic effects of each factor x;, respectively.

Table 2
Experimental design matrix of coded variables and studied responses
Std. Run Coded variable Response
Ord. Ord. X1 X2 X3 Y1 Yz Y3 Y4
19 1 10 6,5 0,8 2,641 3,483 2,344 2,696
3 2 5,0 12 0,6 5,044 0,468 4,525 2,394
15 3 10 6,5 0,8 2,637 3,609 2,381 2,717
4 4 15 12 0,6 1,838 1,566 3,206 3,415
9 5 1,6 6,5 0,8 1,589 0,729 3,227 1,601
1 6 5,0 1,0 0,6 1,229 0,000 0,548 0,140
8 7 15 12 1,0 2,271 2,272 2,988 3,122
10 8 18,4 6,5 0,8 0,685 3,040 3,345 3,549
7 9 5,0 12 1,0 4,479 0,611 3,522 2,579
20 10 10 6,5 0,8 2,641 3,483 2,344 2,696
6 11 15 1,0 1,0 1,527 3,010 2,593 3,438
11 12 10 0,0 0,8 1,250 0,832 0,717 2,495
14 13 10 6,5 1,1 2,663 3,500 2,143 2,405
12 14 10 15,7 0,8 4,560 0,000 3,878 3,639
13 15 10 6,5 0,5 2,669 1,271 1,817 0,943
5 16 5,0 1,0 1,0 0,000 1,673 0,997 1,932
16 17 10 6,5 0,8 2,630 3,438 2,325 2,717
18 18 10 6,5 0,8 2,639 3,430 2,326 2,695
2 19 15 1,0 0,6 1,436 0,877 1,382 2,427
17 20 10 6,5 0,8 2,625 3,462 2,338 2,713
Table 3
Refined regression equations and statistical parameters for studied responses
from the experimental design
Response Reoression equations® C.V. | Adjusted | Predicted | Adequate
P & d (%)° R’ R’ precision
c Y, =2,72 - 0,38X;+ 1,10X,— 0,094 X; —
Y, _0.89X X0+ 0,20XXs— 0,54X, 9,22 | 0,9707 0,9286 37,040
Y,=3,49 + 0,65X;—-0,15X;,+ 0,62X; + 0,13X;X;—
Y, Z0.37XoXs— 0.59X,2— 1,11%> — 0,42X: 7,35 | 0,9878 0,9628 34,651
¢ |1Y3=2,32+0,057X;+ 1,03X,+ 0,072X;— 0,54 X, X, +
Y; L 0.19X,Xs— 0.36XXs + 032X, — 0,145 4,12 | 0,9904 0,9705 57,652
Ys=2,67+0,63X,+ 0,40X;+ 0,38X;— 0,28 X, X, —
Y4 016X Xs— 0.36%:Xs + 0,13%,2 — 0.36X5 4,44 | 0,9830 0,9433 46,720

? Obtained by applying backward elimination tool to remove nonsignificant (P > 0.05) terms from the full models

b Coefficient of variation

¢ The nonsignificant terms X3 (in Y/), X; (in Y3) were included in the equation to maintain model hierarchy.
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As there are potential problems associ-
ated with the normality assumption, unequal
error variance by treatment or block, and
block treatment interaction, the adequacy of
the assumed model needs to be examined. In
this study, adequacy checking of ultimate
refined models was carried out using the
adequate precision statistic tool and normal
probability plots of the residuals. "Adequate
Precision" measures the signal to noise ra-
tios. A ratio greater than 4 is desirable. The
ratios of 37.040, 34.651, 57.652, and 46.720
indicate adequate signals. This model can be
used to navigate the design space. Besides
that, a fitted model is usually evaluated with
a coefficient of determination, R%. A concern
with this statistic value is that it always in-
creases when terms are added to the model,
even if the terms are not significant. There-
fore, it is usually smaller for the refined
model than the corresponding full model. To
overcome the disadvantages associated with
the use of R, adjusted coefficients, adjusted
R?, are used. Consequently, to get a simpler
but more accurate model, the nonsignificant
terms (P> 0.05) were removed from the
models. Although the main effect X3 was not
a significant term in models corresponding
to Y, and X; was not a significant term in
models corresponding to Y3 to comply with
the model hierarchy, it was included in the
resulting equations. In addition, the values
fell within the reasonable agreement with
predicted R? and within the acceptable limits
of R? > 0.80, indicating that the data showed
good fit with the second-order polynomial
equations. The values of model F implied
that all four models were significant. There
was only a 0.01% chance that an F-value this
large could occur due to noise. The values
obtained for the coefficient of wvariation
(C.V.) percent, which measures the repro-
ducibility of a model, were less than 10%
(from 4.12% to 9.22%).

As we can see in Table 3 and Figure 1,
the factors had very different effects on re-
sponses. Concentration of formic acid and

122

flow rate made positive effects on responses
Y2, Y3, Y4 but negative effects on response
Y. Concentration of acetonitrile made posi-
tive effects on responses Y, Y3, Y4 but
negative effects on response Y. For Y, reso-
lution (pelar-3-G and Del), Y3 resolution
(Peo-3-G and Mal-3-G), the term X;had the
most significant effect on separation. These
resolutions were increased by X,. Interaction
of formic acid and acetonitrile increased the
resolutions, while interaction of acetonitrile
and flow rate decreased them. Almost square
terms had negative effects. The flow rate had
little effect on the responses than the other
two, possibly due to the limited operating
range.

Figure 1B showed the effect of formic
concentration and flow rate in the resolution
of Peo and Mal by keeping acetonitrile ratio
at 6.5%. As we can see, increasing both for-
mic acid concentration and flow rate led to a
gradual increase in the resolution. This can
be explained by anthocyanins and anthocya-
nidins being stable at pH < 3. A higher acid
concentration and lower pH level could raise
the percentage of flavylium cation and in-
crease the peak area and resolution. How-
ever, high organic acids could increase the
polarity of the mobile phase, resulting in
weaker power of elution and thus a longer
retention time. Subsequent reduction in the
retention time could be attributed to a com-
petitive interaction between formic acid
molecules and the polar groups of antho-
cyanins for the silanol group on the alkyl sil-
ica surface when excessive organic acid was
added.

When a simple response is being ana-
lyzed, model analysis indicates areas in the
design region where the process is likely to
give desirable results. Many response sur-
face problems involve the analysis of several
responses. Meanwhile, simultaneous consid-
eration of multiple responses involves build-
ing an appropriate response surface model
for each response and finding a set of operat-
ing conditions that in some senses optimizes

Health Risk Analysis. 2019. no. 3
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R1 (R Pelar3G-Del)

B: ACN (%)

2T A FA (%)

(A) Theresolution of Pelar-3-G and Del as a function
of acetonitrile ratio and formic concentration

R3 (R Peo3G-Mal3G)

17 15
13
: 9
C: TF (mL/ph) o7 \//? A: FA (%)

06 5

(C) The resolution of Peo-3-G and Mal-3-G asa
function of flow rate and formic concentration

R2 (R Del-Pe03G)

C: TF (mL/ph) 0-7\\\,/? A: FA (%)

(B) Theresolution Del and Peo-3-G as a function
of flow rate and formic concentration

R4 (R Peo-Mal)

- 76 V
u\ %
C:TF(mbiph)  °7 "~ ~"32  BIACN (%)
06 1

(D) Theresolution of Peo and Mal as a function
of flow rate and acetonitrile ratio

Figure 1. Response surface plots representing the responses

all responses or at least keeps them within a
desired range. Settings for multi-criteria opti-
mization of the individual factors and re-
sponses were showed in Table 4.

The goals were combined employing this
strategy into an overall desirability function
and the global desirability for the optimal solu-
tion was determined to be 0.748. Following
the conditions and restrictions discussed, the
optimal calculated parameters were obtained
as: formic acid concentration of 10%, acetoni-
trile ratio of 10% and flow rate of 0.80
mL.min-1.
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Table 4

Settings for multi-criteria optimization
of the individual factors and responses

Factor/ Goal Lf)w-er U.p pet Importance
Response limit | limit
X In range 5 10 3
X, Inrange 1 12 3
X3 Target=1| 0,6 1 3
Y, Maximum 0 5,044 2
Y, Maximum 0 3,609 5
Y; Maximum 0 4,525 5
Ys Maximum 0 3,639 4
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Figure 2.Chromatogram of twelve anthocyanin and anthocyanidin at optimized conditions.
The elution order was as follow: (1) Del-3-G, (2) Cya-3-G, (3) Petu-3-G, (4) Pelar-3-G,
(5) Del, (6) Peo-3-G, (7) Mal-3-G, (8) Cya, (9) Petu, (10) Pelar, (11) Peo, (12) Mal.

The optimized HPLC parameters: C18 Sun
Fire column by Waters (250 mm % 4.6 mm X
5 um), mobile phase was FA 10% and ACN
using a gradient: starting at 10% ACN, linear-
ity increasing from 10 — 12% ACN in 0 — 10
minutes, constant at 19% ACN from 10.01 —
21 minutes, constant at 10% ACN in 21.01 —
25 minutes for the next analysis; flow rate:
0.8 mL.min-1. Fig. 2 was the chromatogram of
multi-separation anthocyanins and anthocya-
nidins with good resolutions.

Method validation. Calibration curve of
anthocyanins and anthocyanidins was estab-
lished in the concentration range of 0.2-10
mg/L with the correlation coefficient > 0.9955.
Limit of detection was determined by gradu-
ally spiking small amounts of standard solu-
tion into blank samples until getting the signal
over noise equal to 3. The results showed that
HPLC-PDA method provided a good sensitiv-
ity for the determination of anthocyanins and
anthocyanidins with LOD of 0.05-0.1 mg/kg.
Precision was assessed by six replicates in
some sample matrixes. RSD was from
4.79—-6.45%. The recovery was determined by
spiking standards into plum, sweet potato
samples with three different levels. Assays
were performed in three replicates at each
added concentration. The recoveries between
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85.4 % and 109.6% have been obtained. The
method satisfied the requirement of recovery
for corresponding analyte concentration ac-
cording to AOAC.

Analysis of the marketed products. The
samples were collected randomly from the
markets and supermarkets in Hanoi. After
homogenizing, the samples were analyzed by
the procedure as mentioned above.

After the extraction, almost anthocyanins
were transformed to anthocyanidins. The an-
thocyanins content before the hydrolysis and
anthocyanidins content after the hydrolysis
of some fruits were given in Tables 5 and
Figure 3.

500,00
- 450,00
50 ’ &
S 400,00 S
= 350,00 # Cya
2’ 300,00 Petu
< 250,00 Pelar
= 200,00 Peo
150,00 _
“ 100,00 " Mal
50,00 i |
| I I - -
0,00 E 8 sS85 § 5
Z S 28882588 2 &
c¥ 8 o8 © 8 @
28 3 =40 7 & g
Em & 8 = g
'y &) < &)

Figure 3. The anthocyanidins contents
in marketed products
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Table 5

Anthocyanins content in the marketed
products
Samples Content (mg/100g)

Plum Cya-3-G |Pelar-3-G|Peo-3-G| Mal-3-G
Purple 157 3 3 B
potato
Black bean
(peel) - 1.05 - -
Rose apple
(peel) 18.67 - 8.28 19.30
Garlic (peel)| 11.23 — — —
Eggplant B B B
(peel) 8.4
Apple (peel) - - — -
Red bean 27.17 — — —
Grape (peel)| 1.76 7.40 — —

Accordingly, the anthocyanidins content
was much higher than the anthocyanins-3-
glucoside content, so, there were other types of
anthocyanins in the samples excluding antho-
cyanins-3-glucoside. Among them, cyanidin-3-
glucoside was the most appeared anthocyanin
in fruits and vegetables, other anthocyanins
were found in a less extent. In addition, cya-
nidin was the most common anthocyanidin,
which occurs in almost sample, following by
delphinidin.

Black bean peel had the biggest diversity
of anthocyanidins with all 6-most-common an-

thocyanidins and also had the highest total con-
tent, reaching more than 600mg anthocyanidins
in 100g sample. Grape peel also contained a
high total content of anthocyanidins, with the
majority was malvidin, which reaches more
than 450mg/100g. Plum, rose apple peel, garlic
peel and apple peel contained only cyanidin.
Purple potato and eggplant contained only pe-
largonidin and delphinidin, respectively.

Conclusions. The main contribution of
this study was to use experimental design to
find optimal HPLC conditions for simultaneous
separation twelve anthocyanins and anthocya-
nidins. The mathematical models developed for
relating resolutions to the composition of the
mobile phase proved to be an efficient strategy
for optimization of the chromatographic
method. A significant good fit with the models
was found between predicted and observed
data, which means the method was suitable for
the analysis of the compounds. This method
allows simultaneous determination of antho-
cyanins and anthocyanidins in fruits and vege-
tables samples in a short time, with a high se-
lectivity and sensitivity. The procedure is sim-
ple, and the cost is also reasonable.
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