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ABSTRACT

This research aimed to develop and validate a reversed phase-high performance liquid
chromatography method to determine phenolic compounds in dried flowers extract
simultaneously. The research was divided into two parts: (1) optimization of the separation
condition employing a Box Behnken design, and (2) validation test including assessment for the
precision, accuracy, and method applicability of a High-Performance Liquid Chromatography
(HPLC) coupled with Diode Array Detector (DAD). The studied factors for the optimization of
the separation condition were flow rate (0.8—1.2 ml min™), percentage of the mobile phase at the
beginning (0—20% phase B), and end (70—-100% phase B) of the gradient program. It was
statistically evinced that the chromatographic resolutions (Rs>1.0) indicated acceptable separation
for protocatechuic acid, p-hydroxybenzoic acid, protocatechuic aldehyde, vanillic acid, p-
coumaric acid, and ferulic acid. A fast separation method (8.00 min) was achieved by applying the
optimum condition of a flow rate of 1 mL min, mobile phase composition of 20% acidified
methanol at the beginning, and 100% acidified methanol at the end of the gradient program. The
validation was then performed for the developed method assuring high precision and accuracy.
Additionally, the HPLC-DAD method was successfully applied to determine the phenolic
compounds in three dried flower extracts revealing that the method was reliable for routine
analyses.

Keywords: bnox-behnken design; edible flowers; method applicability; method validation
ABSTRAK

Penelitian ini bertujuan untuk mengembangkan dan validasi metode kromatografi cair
kinerja tinggi untuk mengidentifikasi komponen fenolik pada ekstrak bunga kering secara
bersamaan. Penelitian dibagi menjadi 2 bagian: (1) optimasi kondisi pemisahan menggunakan
metode desain Box Behnken, dan (2) uji validasi yang meliputi pengujian presisi, akurasi, dan
aplikabilitas metode pada Kromatografi Cair Kinerja Tinggi (HPLC) yang dilengkapi dengan
detektor Diode Array (DAD). Faktor yang dianalisis untuk optimasi kondisi pemisahan adalah laju
aliran (0.8-1.2 ml min1), persentase fase gerak pada awal (0-20% fase B), dan pada akhir (70-
100% fase B) program gradien. Dibuktikan secara statistik bahwa resolusi kromatografi (Rs>1.0)
mengindikasikan pemisahan yang baik untuk asam protokatecuat, asam p-hidroksi benzoat,
aldehid protokatecuat, asam vanilat, asam p-kumarat, dan asam ferulat. Metode separasi yang
cepat (8.00 min) didapatkan dengan mengaplikasikan kondisi optimum dari laju aliran yaitu 1 mL
min-t, komposisi fase gerak 20% metanol ter-asidifikasi pada tahap awal, dan 100% metanol ter-
asidifikasi pada tahap akhir program gradient. Validasi dilakukan terhadap metode yang
dikembangkan untuk memastikan tingginya presisi dan akurasi. Metode HPLC-DAD berhasil
diaplikasikan untuk mengidentifikasi komponen fenolik dari tiga ekstrak bunga kering dan
membuktikan bahwa metode tersebut dapat digunakan untuk analisis rutin.

Kata kunci: aplikabilitas metode; bunga yang daat dimakan; desain box-behnken; validasi metode.
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INTRODUCTION

Edible flowers are a class of harmless flowers that
has gained attention in many sectors widely. It is
preferred as traditional cuisine, traditional
medicine, and primarily as ornaments. Edible
flowers could enhance the food flavor, color, and
aesthetic value. Consumption of flowers has started
in ancient Rome and Greece, and the trend has
recently increased [9]. In the recent market, edible
flowers are used as salad, soup, and tea from dried
ones [24]. Currently, the infusion has become the
most common way to utilize edible flowers since it
is a simple way to obtain the bioactive substance of
the flower. Moreover, edible flowers can be
transformed into sauces, jams, jelly, candy, wine,
and food preservatives [14]. [13] reported that 97
families, 100 genera, and 180 species of edible
flowers are used globally, and their demand is
exceptionally high. Some are dianthus, osmanthus,
chrysanthemum white, orange lily, calendula, and
peach blossom.

The aforementioned edible flowers are well-known
because they exhibit an excellent source of
bioactive compounds, such as phenolic, flavonoid,
anthocyanin, and alkaloid [6] [15]. The phenolic
compounds found in the edible flowers include
epicatechin, gallic acid, protocatechuic acid, and
catechin. The total phenolic compounds were also
relatively high [6][17]. The phenolic compounds of
edible flowers are attractive to explore due to
exhibit antioxidant power, whereas phenolic
compounds positively impact several chronic
diseases [5][24]. To obtain the advantage of edible
flowers, therefore, identifying and quantifying
phenolic compounds is necessary. The most
frequently used method for determining bioactive
compounds is liquid chromatography [5][11].

High-performance liquid chromatography (HPLC)
is a separation method for chemical compounds
and is the most commonly used method for the
analysis of phenolic compounds [2][8][9]. The
compound will be separated in the column
depending on their polarity. When using the
reverse phase column, the less polar compounds
will retain in the column for a longer time than the
more polar compounds, and hence, the more polar
compounds have a shorter retention time. HPLC is

a fast method to analyze compounds since it uses
high pressure to force the solvents through the
column [6].

Retention time is the amount of time a compound
spends on the column after being injected. If a
sample contains several compounds, each
compound will spend a different amount of time on
the column according to its chemical composition,
i.e., each will have a different retention time.
Retention times are usually quoted in units of
seconds or minutes [7]. Retention time is used to
measure the resolution, which measures how well
separated two peaks are from each other.
Resolution is defined as the difference in retention
time between the peaks divided by the widths of
the peaks [5]. Some factors such as gradient
program and flow rate could affect the resolution
and analysis time of the separation using HPLC

[8].

Usually, the interaction among the separation
factors may influence the resolution. The
chemometric approach can be applied to assist the
optimization of the chromatographic method by
evaluating the factors concurrently. In evaluating
the chromatographic parameters, factorial design is
more  worthwhile  than  the  single-factor
experimental [19]. Moreover, BBD is time efficient
since it offers fewer runs for three factors over
other factorial designs [7].

After developing an analytical method, validation
testing must be performed by checking the
linearity, detection and quantification limits,
precision, and accuracy [3]. In this study, the ICH
Guideline Q2 (R1) and suggestions in 1SO 17025
outlined the assessment of the validation
parameters. Henceforth, the objective of this study
was to evaluate the robustness and other validation
parameters of HPLC-DAD for the determination of
phenolic compounds in some selected dried edible
flowers (dianthus, chrysanthemum, and orange

lily).
MATERIALS AND METHOD
Materials

HPLC-grade methanol and acetic acid were
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purchased from Merck (Darmstadt, Germany).
Standard compounds of the highest available purity
were used. Protocatechuic acid (PRO),
Protocatechuic aldehyde (PRA), p-hydroxybenzoic
acid (p-OHB), vanillic acid (VAA), p-coumaric
acid (p-COU), and ferulic acid (FER) were
obtained from Sigma Aldrich (St. Louis, MO,
USA). Water (aqua pro injection) was obtained
from PT Ikapharmindo Putramas (Jakarta,
Indonesia). Stock standard solutions of studied
compounds were prepared in aqueous methanol
50:50 (v/v) at 1000 mg L.

Dried edible flowers

The separation method was developed using a
mixture of three commonly used dried flowers for
tisane:  carnation or dianthus (Dianthus
caryophyllus), chrysanthemum white
(Dendranthema x grandiflorum), and orange lily
(Lilium bulbiferum). The dried edible flowers were
purchased from Elif Tea and Tisane (Cirebon,
Indonesia). While for the real sample application,
the method was utilized to determine the phenolic
compounds in each dried flower.

Sample preparation

The dried flowers were firstly ground for 4.5 min
with resting for 30 s in every 30 s milling process.
The phenolic compounds in 1 g of dried flower
samples were extracted using the Ultrasound-
Assisted Extraction (UAE) method applying the
conditions of 80% ultrasound power at ambient
temperature using methanol:water (1:1) as an
extraction solvent with a sample-to-solvent ratio of
1:5. The extraction process was performed in three
cycles, each for 10 min. The obtained supernatants
were separated with a centrifuge of 4000 x g for 10
min. Subsequently, the resulting extracts were
collected, and the organic solvent was removed
under a vacuum using a rotary evaporator until the
remaining extract was 5 mL. The concentrated
extract was then filtered with a 45 um nylon filter
prior to the injection to the HPLC-DAD system.

Chromatographic method

The compounds separation was performed by an
HPLC Shimadzu prominence with a C18 column

Shim-Pac GIST Shimadzu (150 mm, 4.6 mm, 5
um) supported by a binary pump (LC-20AD) and
an auto-sampler (SIL-HTC, Shimadzu, Japan). The
diode array detector (DAD SPD M-20A) was set
for compound identification wusing a three-
dimensional (3D) scan mode in the wavelength
range from 190 to 350 nm. While for compounds
quantification, a channel of 260, 280, and 320 nm
was selected. This chromatographic system was
managed using LabSolutions software. The mobile
phases consisted of phase A containing 2% acetic
acid, 5% methanol in water, and mobile phase B
containing 2% acetic acid, 88% methanol in water.
Both phases were filtered using a 45 um nylon
filter then were sonicated in an ultrasound bath for
20 min before use.

Experimental design

A Box Behnken Design (Figure 1) was used to
evaluate the effect of three studied independent
variables: xi1, flow rate (min); x2, mobile phase
composition at the gradient start (%B initial), and;
X3, mobile phase composition at the end of gradient
elution (%B end). Each variable was normalized,
resulting in three levels coded as -1, 0, and 1 (Table
1). The composition of the mobile phases in this
study was set by earlier studies of phenolic
compounds with HPLC [8]. Standard solutions of
the six studied phenolic compounds were used to
assess the effect of the operating HPLC condition
on the separation result. All standard compounds
were mixed, achieving a concentration of 200 mg
L"* for each compound.
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Figure 1. Fifteen run box-behnken design with 3
factors and 3 levels
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Table 1. Selected variables and their levels

Coded )
Factor - Unit
-1 0 1
Flow rate 08 1 12 mLmin!
Phase B initial 0 10 20 %

Phase B end 70 85 100 %

The responses considered for the optimization were
analysis time and the resolution (Rs) of
chromatographic peaks. The analysis time was
indicated by the retention time of the last eluted
peak in the chromatogram. While the peak
resolution (Rs) described the separation of two
adjacent peaks in terms of their average baseline
peak width and was measured using the following
equation:
E2 -1

Rs = )

—(t2—t1)

where Rs is the peak resolution; t; and t; are the
retention times of the first and second peaks,
respectively; wi and w, are the corresponding
widths at the bases of the pair of adjacent peaks.

Method validation

The validation criteria were based on ICH
Guideline Q2 (R1) and suggestions in ISO 17025
for the linearity of the calibration curve, limit of
detection, the limit of quantification, precision, and
accuracy. Standard working solutions were
prepared by dissolving the standard stock solution
(1000 mg L—-1) using aqueous methanol 50:50
(v/v), resulting in concentrations 1, 10, 30, 50, 75,
and 100 mg L-1. Regression analysis was
performed to measure the coefficient of
determination (R?). The limit of detection (LOD)
and limit of quantification (LOQ) were then
calculated using the regression result for each
compound.

standard error of the regression curve
L0Q =3.3x , f s reg )
slopeof the regression curve

standard error of the regression curve
LOD = 10 x ZEnde TS ©)
Slopeof the regression curve

The precision was done by comparing three HPLC-
DAD runs intra-day analysis (repeatability, n = 9)
and inter-day analysis (intermediate analysis, n =
3x3). Possible outliers were checked using the Q
Dixon test. The precisions were indicated by the
coefficient of variation (CV) values for each
phenolic compound. The value of the CV should
not exceed 15 % [1].

(v = Standard deviation o000 (4)

Mean value

RESULTS AND DISCUSSION
Data acquisition for the responses

The peaks of phenolic compounds appeared in the
order of polarity. As a reverse-phase column of
C18 was used, the higher polarity, the faster the
compound retained in the column. Therefore,
protocatechuic acid (PRO) was first eluted,
followed by p-OH benzoic acid (p-OHB),
protocatechuic aldehyde (PRA), vanillic acid
(VAA), p-coumaric acid (p-COU), and ferulic acid
(FER). Hereafter, these order numbers indicate the
corresponding compounds, as cited in the peak
resolution. Rs;» means resolution between PRO
and p-OHB, and so forth.

The collected extracts were analyzed using HPLC-
DAD to identify the existing phenolic compounds
in the sample. The compounds were identified
based on the comparison of the retention times
comparison of the peaks that appeared in the
sample chromatogram to the peaks of the studied
six standard compounds that were used as
references.

Optimization of HPLC-DAD condition

Utilizing a Box-Behnken design (BBD) of three
factors and three levels, 15 analyses were
performed to assess the effect of HPLC-DAD
factors on the separation of the studied phenolic
compounds (Table 2). The resolution between each
consecutive peak was higher than 1.0, confirming
good separations applying different conditions
suggested by the BBD. Henceforth, a flow rate
change from 0.8 to 1.2 ml min as well as altering
the mobile phase composition slightly at the
beginning (0 to 20% Phase B) and end (70 to 100%
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Phase B) of the gradient program did not affect the

separation performance of the method.

Table 2. Results obtained in 15 runs performed for peak resolutions analysis time

HPLC factors Resolutions*

Run Flowrate %Binitial %Bend Rsi2 RS»3 RS3s  RSss  RSse Analysis time
1 -1 -1 0 6.83 490 384 755 134 13.34
2 -1 0 1 6.30 523 349 746 1.28 11.55
3 -1 1 0 6.62 573 3.80 9.66 1.76 11.38
4 -1 0 -1 6.74 5.83 451 959 1.82 13.14
5 0 1 -1 6.35 540 3.87 1020 212 10.22
6 0 0 0 6.19 541 4.28 9.04 1.76 10.83
7 0 -1 -1 6.93 532 4.64 8.85 1.74 12.32
8 0 -1 1 6.25 456 351 7.13 1.30 10.65
9 0 0 0 6.16 544 4.26 9.10 1.78 10.81

10 0 0 0 6.12 546 4.30 9.09 1.78 10.81
11 0 1 1 6.56 522 337 851 149 9.06
12 1 -1 0 6.36 4.67 4.42 837 171 10.54
13 1 0 1 559 493 3.78 8.06 1.54 8.89
14 1 1 0 588 5.00 3.52 940 1.93 8.57
15 1 0 -1 575 486 423 934 189 10.39

* Rs1-2, resolution between protocatechuic acid and p-OH benzoic acid; Rs..3, resolution between p-OH

benzoic acid and protocatechuic aldehyde; Rss., resolution between protocatechuic aldehyde and vanillic

acid; Rsas, resolution between vanillic acid and p-coumaric acid; Rs5-6, resolution between p-coumaric acid

and ferulic acid.

Subsequently, the effects of flow rate and mobile
phase composition throughout the gradient
program were calculated to optimize the HPLC-
DAD factors with the target to minimize the
analysis time. The statistical significance for each
studied factor was measured (Figure 2). The
corresponding bar crossing the vertical line showed
the significant factors influencing the analysis time
(p<0.05). All the main (X1, X2, and x3) and their
quadratic effects (XiX1, X2X2, and Xsxsz), in addition
to the interaction of the mobile phase composition
at the initial and end of the gradient program (x2Xs),
significantly influenced the analysis time.

The aforementioned significant effects were then
used to construct a mathematical model to predict
the optimum HPLC-DAD factors. The resulting

model for the proposed chromatographic method
was as follows:

Y=1082—-138x, —095x,— 074 x, +
0.28 xyx, — 0.14x,x, — 0.11 xgx; +
0.13x,x,

where y was the analysis time (min), xi were the
studied factors (x;, flow rate; x,, mobile phase
composition at the gradient start (%B initial), and;
X3, mobile phase composition at the end of gradient
elution (%B end).

As suggested by the model, a fast separation (8.00
min) was achieved by applying a flow rate of 1 ml
mint with 20% and 100% phase B for the mobile
phase composition at the initial and end of the
gradient program, respectively.
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Validation of optimization

AFlowrate

P
. -

| The analytical HPLC-DAD method was validated

B:%B initial

C:%B end

AA

BB

|"
|
I,
[
i

«|[
I
|
|

I

cc

1 1 1 1
0 20 40 60 80

Standardized effect

Figure 2 Standardized values of main, interaction,
and quadratic effects of HPLC-DAD factors on the
analysis time

following the 1SO 17025 and ICH Guidelines (R1)
(ICH, 2005; ISO, 2005). The linearity of
calibration curves for protocatechuic acid, p-OH
benzoic acid, protocatechuic aldehyde, vanillic
acid, p-coumaric acid, and ferulic acid was
validated with a high coefficient of determination
(R?, higher than 99.69%). The limit of detection
(LOD) ranged from 5.07 (p-coumaric acid) to 7.60
(ferulic acid) mg L%, while the limit of
guantification (LOQ) ranged from 15.37 (p-
coumaric acid) to 23.04 (ferulic acid) mg L.

Table 3. Concentration of phenolic compounds in dried edible flowers

Phenolic compounds (ug g)

Samples PRO VAA p-COU FER
Dianthus caryophyllus 169.50+1.64 148.96+0.54 ND ND
Dendranthema x grandiflorum ND 419+ 0.01 ND ND ND
Lilium bulbiferum ND ND 296.29+2.28  267.96+1.88

Note. PRO, protocatechuic acid; PRA, protocatechuic aldehyde; VAA, vanillic acid; p-COU, p-coumaric acid;
FER, ferulic acid. ND, not detected as the value was lower than the limit of detection.

A Q-Dixon test was performed to evaluate the data
for the precisions and showed that there were no
outliers in the data set. Two levels of precision of
the developed HPLC-DAD method, namely
repeatability and intermediate precision, were
evaluated. The precision, indicated as CV, of the
HPLC-DAD method was ranged from 0.23
(protocatechuic aldehyde) to 0.97%
(protocatechuic acid) for repeatability (n=9) and
0.56 (p-hydroxybenzoic acid) to 1.50% (ferulic
acid) for intermediate precision (n=3x3). Since
both CV values for repeatability and intermediate
precision were below 1.50%, the developed HPLC-
DAD has been proved as a precise separation
method.

Real sample application

The compounds were identified based on the
comparison of the retention times of the peaks that
appeared in the sample chromatogram to the peaks
of six standards compounds that were used as
references (protocatechuic acid, p-OH benzoic
acid, protocatechuic aldehyde, vanillic acid, p-
coumaric acid, and ferulic acid). Five phenolic
compounds were detected in the dried flower
samples, namely protocatechuic acid,
protocatechuic aldehyde, vanillic acid, p-coumaric
acid, and ferulic acid. These identified compounds
were in common to those that have been reported
to be presented in edible flowers namely dianthus,
chrysanthemum white and orange lily. Chen at al.
(2015) reported protocatechuic acid (719.27 ug g*)
and vanillic acid (555.18 pg g*) were found in
Dianthus caryophyllus, while in Dendranthema x
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grandiflorum  showed  different level of
protocatechuic acid content (31.32 pg g?) in
addition to protocatechuic aldehyde. Other report
by Sim et al. (2020) revealed the identification of
p-coumaric acid and ferulic acid in Lilium
lancifolium with a concentration of 1.14 and 1.46
mg g respectively. On the other hand, p-OH
benzoic acid was not detected in the studied
samples as the concentration was lower than the
detection limits of the validated HPLC-DAD
method.

CONCLUSION

An HPLC-DAD was developed and validated to
determine phenolic compounds in selected dried
flowers. This method offers the advantage of using
a short run time of 8 min to separate six studied
phenolic compounds on the C18 column. Sufficient
separation of the compounds was achieved (Rs >
1.0), applying a mobile phase composition of 20%
and 100% at the beginning and end of the gradient
program, respectively, at a flow rate of 1 ml min™.
Results from validation of the method proved
satisfactory linearity, accuracy, and precision;
therefore, we conclude that the method is suitable
for routine quantification of individual phenolic
compounds in dried edible flowers.
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