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ABSTRACT

Anthocyanins are bioactive compounds, which thanks to their anti-free radical properties, can
protect the human body against oxidative stress. The latter can cause many diseases, such as
cancer, aging. The extract of the green cap purple variety of the sweet potato (Ipomoea batatas L.)
is active against the radical ABTS. Its antioxidant content is estimated at 0.183 mg E TEAC/ g fresh
material. The characterization of anthocyanins was performed by high performance liquid
chromatography-mass  spectrometry-UV ~ (HPLC-MS-UV) and high performance liquid
chromatography-mass spectrometry (HPLC-MS/MS) analyses. These analyses allowed the
identification of five anthocyanic compounds. These are: cyanidin 3-(6"-caffeoyl- 6"-p-
hydroxybenzoyl sophoroside) -5-glucoside; cyanidin 3-(6"-feruloyl 6"-caffeoyl sophoroside) -5-
glucoside; peonidin  3-(6"-caffeoyl sophoroside)-5-glucoside; peonidin  3-(6"-caffeoyl-6"'-p-
hydroxybenzoyl sophoroside) -5-glucoside; and peonidin 3-(6"-feruloyl -6"'-caffeoyl sophoroside)-5-

glucoside.

Keywords: Anthocyanins; high performance liquid chromatography ; mass spectrometry.

1. INTRODUCTION

Anthocyanins are positively charged flavonoids
with a C6-C3-C6 structure and are water-soluble
pigments most commonly encountered in nature.
The structures of anthocyanins vary according to
the nature, number and position of the sugars
attached to the aglycone; as well as the number
of hydroxyl groups, aliphatic or phenolic acids
that are attached to these different sugars [1]
This particular chemical structure makes them
powerful natural antioxidants and therefore very
reactive towards free radicals [2]. The six most
common aglycones in plants are cyanidin,
peonidin, delphinidin, pelargonidin, petunidin and
malvidin [3]. The basic structures of purple sweet
potato anthocyanins are cyanidin, peonidine and
pelargonidin. Among them, the pelargonidin
content is relatively low [1]. But the most
abundant anthocyanins in reported PFSP were
peonidin derivatives [4,5]. In these varieties,
glycosylated and acylated anthocyanins account
for over 93% [4,6].

The purple-fleshed sweet potato has a high
nutritional value due to its abundance of
phytochemicals beneficial to human health; it is
therefore considered a functional food [7]. C3
and C5 were combined separately with
sophorosis and glucose to form a glycosidic
bond. C6 sophorosis was combined with p-
hydroxybenzoic acid, ferulic acid, coumaric acid
or coneic acid to form one or two monoacylated
bonds [8]. Acylation with various phenolic acids
makes PSP anthocyanins unique and also offers
some benefits in pH and heat resistance, light
sensitivity, and overall stability. From a nutritional
point of view, acylated anthocyanins have been
reported to possess high antioxidant and anti-
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mutagenicity activities [4]. When it comes to color
food with water-soluble natural red pigments, the
large group of anthocyanins is the first choice for
coloring beverages, fruit preparations and
confectionery [9].

Anthocyanins, especially acylated ones, play a
very important role in human health. Indeed, a
study on adult men with borderline hepatitis
indicated that consumption of purple-fleshed
sweet potato beverages (400 mg
anthocyanins/day) may have a potential
protective capacity for the liver against oxidative
stress [10]. Acylated anthocyanins are known to
have better stability and biological activities
[11].

In order to contribute to the study of
anthocyanins in purple sweet potato, the variety
TUSKEGEE POURPRE CAP VERT, introduced
and produced in the agroecological conditions of
Burkina Faso, was studied. Indeed, the present
work aims to determine the antioxidant contents
and to identify anthocyanin structures from this
variety by coupling Hight-Performance Liquid
chromatography and Mass  spectrometry
methods (HPLC-ESI-MS/MS).

2. MATERIALS AND METHODS
2.1 Plant Material

The plant material studied consists of tubers of a
local variety of sweet potato with purple flesh. It
is the variety TUSKEGEE POURPRE CAP VERT
produced in an experimental garden of
Laboratory of pure and applied organic chemistry
and physics in Joseph Ki-Zerbo University. The
cuttings of this variety were provided by INERA




Kaboré et al.; IRIPAC, 22(7): 48-66, 2021; Article no.IRJPAC.73800

(Institut de I'Environnement et de Recherches
Agricoles).

2.2 Methods
2.2.1 Extraction

Acidified methanol 1 % (hydrochloric acid) was
used to extract anthocyanins of the tubers of
PFSP. Crude extracts obtained were evaporated
almost dry and then filtered and taken back with
a minimum of acidified water. The filtrate was
deposited on the Amberlite XAD-7 in a column of
about 24 cm [12]. The extract was then washed
with a large amount of acidified water to get rid of
impurities and free sugars contained in the crude
extract. Total anthocyanin extract was removed
from the column using a minimum of acidified
methanol. This total extract was evaporated to
dry and dissolved in a minimum of pure acidified
methanol. A few drops of pure ethyl acetate in
the previous extract precipitate anthocyanins
whose drying with Speed dryer makes it possible
to obtain an amorphous powder of purple color.
For HPLC-ESI-MS/MS tests, a 1 mg/mL
concentration solution was prepared using
the 95:5 (v/v) water-acid mixture as a solvent
[13].

For the determination of antioxidant contents,
acidified ethanol 1% (hydrochloric acid) was
used for extraction. Indeed, 5 g (gram) of fresh
plant material was extracted with 10 mL of the
solvent in an ultrasonic for 1h. This operation
was repeated twice.

2.2.2 Evaluation of antioxidant contents

The antioxidant content (TAO) was determined
by the radical-cation reduction method of 2,2'-
azino-bis-3-ethylbenzothiazoline-6-sulfonic  acid
(ABTS). Indeed, the Trolox Equivalent
Antioxidant Capacity (TEAC) assay reported by
Miller and Rice-Evans [14] is based on the ability
of antioxidant compounds in an extract to
scavenge the radical-cation. The radical-cation
was chemically generated by mixing 10 mL of
potassium persulfate solution K2S20s to and 50
mL of 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) solution at 7.01 mM. The
resulting mixture was stored in the refrigerator for
16 hours before use. The resulting
greenish-blue solution was diluted to have an
absorbance of approximately 0.700+0.05 at 734
nm [15]. In addition, 50 yL of the extract was
added to 200 uyL of ABTS solution and the
absorbance was measured after 10 min at 734
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nm using MP96 microplate spectrophotometer,
SAFAS.

2.2.3 Analysis HPLC-DAD-MS-UV

visible

using

PFSP extract was first analyzed using high-
performance liquid chromatography coupled with
mass spectroscopy equipped with a positive
electrospray ionization source (ESI) and UV-
visible spectroscopy. An agilent HPLC system
was used. It has a column type "Column Oven
(G7130A)" type. This was a 250 mm long C18
column. The elution was achieved with the
mobile phase C (acetonitrile 5 % formic acid
/H20 1:1 v: v) and the mobile phase D (H20 5 %
formic acid v: v). The gradient of elution was 0 to
2 min, 20 % C; 2 to 15 min, 40 % C; 15 to 17
min, 50 % C; 17 to 27 min, 50 % C; 27 to 40 min,
95 % C and 40 to 50 min, 95 % C. The flow has
been maintained at 1 mL/min and the injection
volume was 10 pL [16].

2.2.4 HPLC-ESI-MS/MS Analysis

HPLC coupled with tandem mass spectrometry
by electrospray ionization in positive mode
(HPLC-ESI-MS/MS) was used in this study for
the identification of anthocyanins. Indeed, a
HPLC system of Agilent technology infinitely
better 1290 was used for chromatographic
separation. It had a C18 reverse-phase column
with a length of 250 mm and a diameter of 4.6
mm, the size of the particles was 5 um. The
elution was achieved with the mobile phase A
(water : 5% formic acid v: v) and the mobile
phase B (acetonitrile : 5% formic acid, v: v). The
gradient of elution according to the time
expressed as a percentage of the volume of A
and the mobile phase B was programmed as
follows: 0 to 5 min, 5% B; 5 to 15 min, 10% B; 15
to 25 min, 10% B; 25 to 35 min, 12% B; 35 to 50
min, 15% B; 50 to 60 min, 18% B; 60 to 80 min,
25% B and 80 to 90 min, 30% B. The flow was
maintained at 0.6 mL/min and the temperature of
the column at 25°C [1].

Mass spectrometry scanning was
performed in positive mode with a scanning
interval of 200-1200 m/z. Nebulization was
performed at 200°C with a simultaneous flow of
N2 to 15 psi. The hair strains were set to 3.5 kV.
Data were analyzed using the LC/MS Data

Acquisition  software  for 6400  series
triple  quadrupole version B.06.00 Bulld
6.0.6025.0.
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3. RESULTS AND DISCUSSION
3.1 Antioxidant Contents

For the evaluation of antioxidant levels by the
Trolox Equivalent Antioxidant Capacity (TEAC)
method, a standard curve was previously
established using Trolox as the reference
antioxidant (y = -24.371x + 0.5953) (Fig.1) and
the result is then expressed in mg Trolox
Equivalents (TE) per gram of fresh material. The
antioxidant content of the anthocyanin extract of
TUSKEGEE POURPRE CAP VERT variety was
0,183+0.005 mg d’E TEAC/ g; lower than those
found by Yeong Ran Im et al which were 6 mg/ g
[17].

the

3.2 HPLC-MS-UV Profiles of

Anthocyanin Extract

The chromatographic profile of the extract
revealed thirteen peaks noted from 1 to 13
corresponding to 13 compounds of anthocyanin
(Fig. 2). Among these thirteen peaks, only peaks
5, 10, 12 and 13 were major.

In ultraviolet-visible (UV) spectroscopy, all the
anthocyanins in the extract showed the two
characteristic absorption peaks of anthocyanins,
notably at about 280 nm and 530 nm. In addition,
most of these compounds showed an absorption
peak around 330 nm characteristic of the
presence of acid substituents. Through the
different UV-visible spectra recorded we can note
that all the anthocyanins of extract were

glycosylated in position 3 and 5 (Fig. 3). Indeed,
number

the position and of these acid
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substituents as well as the position of the
different glycosyl moities could be deduced from
the Aaso/Avis and Aacyi/Avis ratios (Table 1). Indeed,
a ratio of Aas /Avis between 29% and 35% or
15% and 24 % indicates respectively a monoside
or a bioside [18,19]. Three different cinnamic
acids were found acylating the anthocyanins of
the studied extract. These were caffeic, p-
hydroxybenzoic and ferulic acids.

3.3 HPLC-MS/MS Profiles

High performance liquid chromatography (HPLC)
coupled to electrospray ionization tandem mass
spectrometry  (ESI-MS/MS) on a triple
quadrupole instrument was used to study
anthocyanins of the extract. The LC-ESI-MS in
SIM mode "select ion monitoring” was used to
obtain chromatograms of all molecular ions
already identified in the previous study (LC-MS-
UV). After obtaining these chromatograms, the
LC-ESI-MS/MS in "ion product" mode was
used to obtain individual chromatograms
for the purpose of fragmentation of molecular
ions.

Using the chromatographic conditions described
above, and from the study previously carried out,
we were interested in the five compounds
corresponding to peaks 3, 5, 6, 7 and 9 at the
respective retention times RT= 47.09; 51.552;
53.57; 55.14 and 58.65 min (Fig. 4). The UV-
visible  spectra  corresponding to these
compounds showed characteristic absorption
bands of anthocyanins (cyanidin and peonidin)
with wavelengths ranging from 518 nm to 528 nm
[20].

y =-24.371x + 0.5953
R2? =0.9995

0.015 0.02

Concentration (mg/mL)

Fig. 1. Trolox standard curve by method (ABTS)
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Fig. 2. HPLC-UV-MS chromatogram of the crude extract of TUSKEGEE POURPRE CAP VERT
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Table 1. Data obtained from HPLC-UV-MS chromatogram and UV-visible spectra of
anthocyanins

Peak Retel’]tlon % Area Avis Aacy A440/Amaxvis % Aacy/Avis % M+H
number time

1 5.06 1.19 514 18 773
2 6.5 2.09 514 18 611
3 7.92 3.59 514 18 787
4 12.32 3.67 520 330 17 30 907
5 15.49 10.18 520 328 14 25 963
6 16.55 5.98 520 328 18 62 935
7 17.17 3.9 518 328 18 51 1055
8 17.73 1.90 514 19 773
9 18.24 1.56 528 330 19 105 1111
10 18.5 13.13 522 330 18 60 949
11 19.15 3.78 526 330 15 49 1069
12 19.65 14.72 520 14 787
13 20.07 8.11 520 328 22 66 1125

Avis : visible UV wavelength; Aacy: acylated wavelength; Ao : absorbance at wavelength 440 ; Amaxvis : maximum
visible uv absorbance; Aacy : acylated absorbance; % : percentage

Fig. 3. Structure of anthocyanidin

3.3.1 Identification of compound 3

The electronic spectrometry spectrum  of
compound 3 showed an absorption
band around 328 nm which could correspond to
the presence of an acyl group confirmed
by the Aacy/Amaxvis ratio of about 51%
(Fig. 5). Anthocyanins are more stable when
position 3 of the aglycone is occupied as a
priority.

The LC-MS/MS analysis of the mass
spectrometry of compound 3 revealed a
molecular ion [M+H]* at m/z 1055 at
retention time RT= 47.09 min (Fig. 6)

corresponding to the mass calculated from
molecular formula CasHs1026 and three fragment
ions.

The fragment ion at m/z 449 [M+H-606]* would
correspond to the loss of 2 glycosyl + p-
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hydroxylbenzoyl all in

position 3.

and caffeoyl moiety ;

The Auso/Amax.vis ratio about 18% obtained from
its UV-visible spectrum showed that this
compound was glycosylated in position 5 [19]. A
fragment ion at m/z 893 with formula C4zH41021.

This fragment ion corresponded to the loss of an
hexose [M+H-hexose]*. This fragment ion could
correspond either from the loss of a glycosyl
(glucosyl or galactosyl) in position 5 or from the
loss of caffeoyl [M+H-caffeoyl]* bound to
sophoroside in position 3 of aglycone.

In addition, the presence of the fragment ion at
m/z 286.700 (=287) revealed that 3 was cyanidin
derivative (Fig. 7). Compound 3 could be
identified as cyanidin 3-(6"-caffeoyl- 6"-p-
hydroxybenzoyl sophoroside)-5-glucoside (Fig.
8).
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Fig. 4. HPLC/MS-MS chromatogram of the crude extract of TUSKEGEE POURPRE CAP VERT
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Fig. 5. UV -Visible spectrum of compound 3
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Fig. 6. Chromatogram of compound 3

x10 1{*ESI Product lon (46.55237-47.17735 min, 73 Scans) Frag=100.0V CF=0.000 DF=0.000 CID@30.0 (1055.0000 -> *..
3 1055‘5000

2.5
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Fig. 7. MS/MS spectra of compound 3
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Fig. 8. Structure of compound 3

3.3.2 Identification of compound 5

In addition to the absorption band at 528 nm
characteristic of the 3-glucosylated cyanidin, the
electronic spectrum of compound 5 (Fig. 9)
showed an absorption band around 330 nm
characteristic of the presence of an acyl group.
This result was confirmed by the Aacy/Amax.vis
ratio of about 105%. The UVvisible spectrum
gave a ratio Aasso/Amax.nis Of about 19 %. This
result showed that compound 5 was glycosylated
at position 5. The chromatographic analysis
revealed two peaks at retention times 51.72 min
and 54.23 min (Fig. 10). The molecular ion
corresponding to these peaks had a mass of m/z
1111. It corresponded to the mass calculated
from the formula Cs2Hss027. By comparing the
intensity of the peaks, the compound with
retention time at 51.72 min was major in the
studied extract. To determine the structure of this
compound 5 two techniques were used. The
MRM (multiple reaction monitoring) and ion
product techniques.

The MRM technique was used specifically in this
case due to some troubles with the separation. It
is a very specific and sensitive mass
spectrometry technique that allowed the selective
guantification of compounds in an extract. It
uses a triple MS quadripole that first targets the
molecular ion corresponding to the compound
with a later fragmentation of that compound to
produce a range of fragment ions. Only the

specific fragment ions from the targeted
molecular ion are isolated in the mass
spectrometry [21]. In this case, the mass

spectrum of the compounds gave three masses
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corresponding to the fragment ions at m/z 949;
463 and 449 (Fig.11). This result revealed that
the studied extract contained two molecular ions
at m/z 1111. A molecular ion that gave the
fragment ions at m/z 949 and 463 corresponding
to a peonidin derivative; the other which gave
fragment ions at m/z 949 and 449 corresponding
to a cyanidin derivative. This result confirmed
that of high-performance liquid chromatography
where the chromatogram (Fig.10) showed two
peaks at different retention times (51.72 and
54.23 min). The cyanidin derivative being more
polar had the lowest retention time compared to
that of peonidin which had a methyl group on the
B ring of aglycone.

LC-MS/MS mass spectrum analysis by the ion
product technique showed one molecular ion at
m/z 1111 and two fragment ions at m/z 949 and
287 (Fig. 12). The fragment ion at m/z 949 would
correspond to the loss of a hexose [M+H-
glycosyl]*. This peak corresponded to the loss of
a glycosyl which could be at position 5 as
reported by Monalisa et al. [16] ; the position 3
being occupied by a caffeoyl-feruloyl
sophoroside group. The fragment ion at m/z 287
corresponds to the aglycone of cyanidine. It
corresponds to the loss of caffeoyl-feruloyl
sophoroside [M+H-caffeoyl-feruloyl
sophoroside]*. This compound can therefore be
identified as cyanidin 3-(6"-feruloyl-6"-caffeoyl
sophoroside)-5-glucoside (Fig. 13). As the
molecular ion corresponding to the peonidin
derivative was not abundant (Fig. 10),
fragmentation could not be performed for the
confirmation of the structure of the peonidin
derivative.
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Fig. 9. Visible UV spectrum of compound 5
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Fig. 10. chromatogram of compound 5
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Fig. 12. Structure of compound 5

3.3.3 Identification of compound 6

The electronic spectrum of compound 6 showed
an absorption band around 522 nm which could
correspond to a glucosylated peonidin derivative
in position 3 (Fig. 14). From the UV-visible
spectrum of this compound, As40/Amax vis and
Aacy/ Amax.is ratios obtained which were 18% and
60% respectively. These values revealed that
this compound was not only glucosylated in
position 5 but it had in its structure an acylated
derivative. This result was in agreement with the
results of the LC-MS/MS analysis. Indeed, the
MS/MS (Fig. 15) spectrum showed a molecular
ion at m/z 949 corresponding to the mass
calculated from the molecular formula C43H4902a4.
Like the previous cases this molecular ion gave
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three fragment ions (Fig. 16). A fragment ion at
m/z 787 corresponding to [M+H-160]*. This peak
could correspond to the loss of either the caffeoyl
bound to the sophoroside or the glycosyl in
position 5 of the aglycone. The fragment ion at
m/z 463 corresponded to the loss of 2 glycosyl +
caffeoyl fragments all in position 3. The fragment
ion at about m/z 301 corresponds to the
aglycone of peonidin. The absence of a fragment
ion at m/z 449 showed that it was a peonidin
derivative. The MS/MS spectrum showed that the
peak corresponding to [M+H-acyl-sophoroside]*
was weaker than the peak corresponding to

[M+H]*. So, the caffeoyl group could be in
position 6™. Compound 6 could then be
identified as Peonidin 3-(6"-caffeoyl

sophoroside)-5-glucoside (Fig.17).
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Fig. 14. Visible UV spectrum of compound 6
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Fig. 15. Chromatogram of compound 6
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Fig. 16. MS/MS spectrum of compound 6

3.3.4 Identification of compound 7

In addition to the absorption band at 526 nm
characteristic of 3-glucosylated peonidin, the
electronic spectrum of compound 7 showed an
absorption band around 330 nm characteristic of
the presence of an acyl moiety (Fig. 19). This
was confirmed by the Aacy/Amaxvis ratio of about
49%. From UV-visible spectrum a Aasso/Amax.vis
ratio 15 % was calculated. This result showed
that compound 7 was glycosylated at position 5.
The LC/MS chromatogram showed that

60

compound 3 is more polar than compound 7.
This could be explained by the presence of a
methyl group in compound 7. The chromatogram
of compound 7 showed a peak with a retention
time of 55.14 min (Fig. 19). LC-MS/MS analysis
of mass spectrometry spectrum of compound 7
showed a molecular ion [M+H]* at about m/z
1069 corresponding to the mass calculated from
molecular formula CsoHs3026 and three fragment
ions (Fig. 20). A fragment ion at m/z 907
corresponding to the formula CaiH47023 would
correspond to either the loss of a hexose
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(glycosyl) bound to the agycone in position 5 or
to the loss of the caffeoyl bound to the
sophoroside. The fragment ion at m/z 463 would
correspond to the loss of 2 glycosyl + caffeoyl
moieties and the p-hydroxybenzoyl all in position
3 of the agycone. The fragment ion at m/z 301
corresponded to the aglycone of peonidin. When
acylation occurs at the 6™ position of the carbon
belonging to the sophoroside (Fig. 21), then the
intensity of the [M+H-acyl-sophoroside]* peak is
lower than the [M+H]* one [16]; this was the
case. Then, the p-hydroxybenzoyl moiety was in

HO

HO

HO
HO

the 6™ position. Compound 7 can be identified as
peonidin 3-(6"-caffeoyl-6"'-p-hydroxybenzoyl
sophoroside)-5-glucoside (Fig. 21).

3.3.5 Identification of compound 9

The observation of the electronic spectrum of
compound 9 showed three absorption bands
characteristic of anthocyanins. One band in the
visible at 520 nm, two others in the ultraviolet at
282 nm and at 328 nm (Fig. 22). The last one in
uv is characteristic of the presence of an acyl

OH
OH

Fig. 17. Structure of compound 6
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Fig. 18. Visible UV spectrum of compound 7
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Fig. 19. Chromatogram of compound 7
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Fig. 20. MS/MS spectrum of compound 7

moiety. This compound could correspond to an
acylated derivative of peonidin or cyanidin. This
result was confirmed by the Aacy/Amaxvis ratio
(66%) showing the presence of two acyl groups
[22]. This spectrum gave an Aaso/Amaxvis ratio of
22 % which revealed that this compound was
glycosylated in position 5.

The chromatogram of extract showed that
compound 9 had a retention time RT= 58.65 min
(Fig.23). ESI-MS/MS signal analysis of this
compound showed a molecular ion [M+H]* at m/z
1125 corresponding to the mass calculated from
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molecular formula Cs3Hs7027 and three fragment
ions (Fig. 24). There was a fragment ion at m/z
963. According to the work reported by Jiu-Liang
Zhang et al, [18] this fragment ion corresponded
to [M+H-caffeoyl]*. The fragment ion at m/z 463
would correspond to the loss of 2 glycosyl +
caffeoyl fragments and the -feruloyl all in position
3 of the aglycone ; the fragment ion at m/z 301
corresponding to the aglycone of peonidin.
Compound 9 can be identified as peonidin 3-(6"-
feruloyl-6"-caffeoyl sophoroside)-5-glucoside
(Fig. 25).
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Fig. 21. Structure of compound 7
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Fig. 22. Visible UV spectrum of compound 9
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Fig. 23. Chromatogram of compound 9
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Fig. 25. Structure of compound 9

4. CONCLUSION

From TUSKEGEE POURPRE CAP VERT, a
variety of sweet potato produced in a garden in
Joseph Ki-Zerbo University, five acylated
anthocyanins were identified using successively
HPLC-UV-MS and HPLC-ESI-MS/MS. Thirteen
anthocyanins (five non-acylated and eight
acylated) were identified by HPLC-UV-MS.
Among these thirteen anthocyanins; five were
analyzed by HPLC-MS/MS. These were cyanidin
3-(6"-caffeoyl-6"'-p-hydroxybenzoyl
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sophoroside)-5-glucoside; cyanidin 3-(6"-feruloyl-
6"'-caffeoyl sophoroside)-5-glucoside ; peonidin
3-(6"-caffeoyl sophoroside)-5-glucoside;
peonidin 3-(6"-caffeoyl-6"'-p-hydroxybenzoyl
sophoroside)-5-glucoside and peonidin  3-(6"-
feruloyl-6"-caffeoyl sophoroside)-5-glucoside.
The antioxidant content assessed using TEAC
method was estimated to be 0.183 mg TEAC/ g
fresh material. This local sweet potato variety
could be a potential source of natural
antioxidants and beneficial for the health of
consumers.
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