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Abstract

A high resolution LC-ESI-QTOF-MS, LC-MS/MS, and HPLC-DAD
analysis were conducted to isolate, identify and quantify the chlorogenic acids
in 17 sweet potato varieties cultivated in Korea. The impacts of extracting
solvent mixture system on the quantity and composition chlorogenic acids of the
extracts were studied. It was found that extracting solvent mixture system greatly
affected the quantity and quality of chlorogenic acids in the extracts of sweet
potato. The optimum extracting solvent system was selected for extracting the
chlorogenic acids from sweet potatoes. The profiles and quantities of chlorogenic
acids in sweet potatoes were greatly different with variety, showing about 30-fold
variation in quantity. Juhwangmi contained the highest quantity of chlorogenic
acid (2393.65 μg/g dry weight), while Matnami contained the least quantity
of chlorogenic acid (68.62 μg/g dry weight). High correlations (>0.97) were
observed between chlorogenic acid contents and antioxidant potential data from
DPPH, ABTS, FARP, and total phenolic assays. Sweet potatoes were statistically
classified in 4 well defined groups in terms of their similarity in chlorogenic acid
profile and quantity. This represents the first report on the profiles and quantity of
chlorogenic acids as well as antioxidative potentials of several unreported sweet
potato varieties.
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Introduction

The sweet potato (Ipomoea batatas L.) is a dicotyledonous vegetable plant
of the family convolvulaceae. It has been reported that sweet potato root
contains high quantity of Chlorogenic acids [1, 2]. Chlorogenic acids are a
family of esters formed between caffeic acid and L-quinic acid. Most common
chlorogenic acids found in sweet potatoes are 3-O-caffeoylquinic acid (3-CQA),
4-O-caffeoylquinic acid (4-CQA), 5-O-caffeoylquinic acid (5-CQA), 3,4-diO-caffeoylquinic acid (3,4-diCQA), 3,5-di-O-caffeoylquinic acid (3,5-diCQA),
4,5-di-O-dicaffeoylquinic acid (4,5-diCQA), and 3,4,5-tri-O-caffeoylquinic
acid (3,4,5-triCQA) [2]. Sweet potatoes have been reported to have a range
of beneficial functionalities due to high contents of chlorogenic acids. The
chlorogenic acids extracted from sweet potato were found to inhibit the growth
of human colon, leukemia, and stomach cancer cells, to ameliorate diabetes in
humans, and to inhibit growth of viruses and fungi [3-6]. Caffeoyl quinic acids
isolated from Japanese sweet potato leaves exhibited antimutagenic activities
Park et al.
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in the Ames Salmonella assay and selective inhibition of
matrix metallo proteinase (MMP)-9, an angiogenic enzyme
responsible for tumor invasion and metastasis [7].
Total phenolic acid contents in sweet potatoes (Ipomea
batatas L.) as determined by UV/V is spectrophotometric
measurement after treatment with Folin-ciocalteu phenol
reagent have been extensively reported [8-10]. It has been
reported that there was great variation in total phenolic
content with varieties [1, 8]. However, there are surprisingly
not so many reports on quantitative analytical data of the
profiles and quantities of individual chlorogenic acids in
various sweet potatoes [11-18]. Furthermore, there are
various different varieties of sweet potatoes widely cultivated
in Korea for edible and/or food processing purposes. Among
them, the profiles and contents of chlorogenic acids in only
8 sweet potato roots have been previously reported [13]. The
quantitative analysis of chlorogenic acids in the many other
important sweet potato varieties in Korea has never been
previously carried out. Therefore, an urgent need still exists to
analyze total and individual chlorogenic acids in these sweet
potatoes widely cultivated in Korea for the evaluation of their
nutritional and health-promoting properties and commercial
application values.
Thus, the objectives of this research were (1) to study
the profile and quantity of individual and total chlorogenic
acids in 17 different varieties of sweet potatoes cultivated
widely in Korea by HPLC-DAD UV-Vis scanning spectra
and high resolution LC-ESI-QTOF-MS2 analysis, (2) to
measure the antioxidant potentials of the solvent extracts of
the sweet potatoes by utilizing DPPH, ABTS, FARP, and
Folin-ciocalteu phenol total phenolic assay, (3) to study the
correlation between the quantities of chlorogenic acids and the
data from the antioxidant potentials assays, and (4) to make a
classification of the sweet potatoes by employing hierarchical
cluster analysis (HCA) based on the data of the chlorogenic
acid profiles and contents.

Materials and Methods

Chemicals and materials
5-Caffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, formic
acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azobis-(2methylpropionamidine) dihydrochloride(AAPH), 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), FeCl3, Folin-ciocalteu phenol reagent, and sodium
ascorbate were purchased from Sigma-Aldrich (St. Louis, MO,
USA). The HPLC-grade water and methanol were obtained
from Fisher Scientific (Pittsburgh, PA, USA) and JT Baker
Chemical (Co., Phillipsburg, NJ), respectively. Seventeen
different varieties of sweet potatoes (Cheongsol, Goganmi,
Hayarnmi, Helsimi, Jeungmi, Jinhongmi, Juhwangmi,
Matnami, Shinchunmi, Shingeonmi, Shinhwangmi,
Shinhyoung-3-ho, Shinyulmi, Su, Yeonhwangmi, Yeonmi
and Yulmi) were obtained from Iksan-si Agricultural
Technology Service Center (Iksan, Republic of Korea). All
the sweet potatoes were grown in the cultivation fields under
the same environment and cultivating conditions by Iksan-si
Agricultural Technology Service Center in the year of 2010.
The harvest season was October.
Journal of Food Chemistry & Nanotechnology | Volume 1 Issue 1, 2015
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Impact of solvent system on the chlorogenic acids extraction
from sweet potatoes
Sweet potatoes were first sliced into thin pieces, then
freeze-dried and ground to make fine powder to pass
through a 150 mm sieve. The impacts of solvent system on
the chlorogenic acid contents and composition were studied
by conducting the solvent extraction with a various extraction
solvent mixture systems of ethanol or methanol. One hundred
milligrams of the dried sweet potato powders were weighed,
in duplicate, in a 15 mL capacity tube (SPL Life Sciences.,
Co., Ltd.). Then, 8 mL of extracting solvents was added to
the sample tube. The sample tubes were caped, and placed
in a water bath at 80°C for 10 min. Then, the sample tubes
were mixed briefly, and placed on a shaker (EYELA MMV1000W, Tokyo, Japan) at a speed of 280 rpm for 1 hr. Then, the
samples were centrifuged at 2224.5 g for 20 min at 5oC with
a refrigerated multi-purpose centrifuge (Combi-514R, Hanil
Science, Seoul, Republic of Korea). The supernatant extract
was transferred into a 15mL tube and filtrated with a syringe
filter.
HPLC/DAD for separation and quantification of chlorogenic
acids
The HPLC-DAD analyses were performed on a HPLC
equipped with a diode array detector (Agilent 1200 Series
Diode array Detector, Agilent Technologies Inc., Santa Clara,
CA, USA). The column used was a C18 HPLC column
(Ascentis Express C18 column, 15 cm x 4.6 mm, 2.7 mm,
Sigma–Aldrich Ltd.). The temperature programmable column
oven (Agilent Technologies Inc.) was used to maintain the
column temperature at 40oC during the HPLC analysis.
The injection volume of the prepared sample was 10 µL. The
mobile phase was a gradient prepared from 0.1% formic acid
in water (component A) and methanol (component B). The
gradient program for the HPLC was as following: 0-5min,
2-2% B; 5-10 min, 2-10% B; 10-50 min 10-40% B; 50-55
min, 40-45% B. The flow rate of mobile phase was 0.7 mL
min-1. Quantifications of individual chlorogenic acids in sweet
potatoes were obtained by HPLC-DAD at 326 nm using
the standard calibration curves drawn based on authentic
standards of 5-chlorogenic acid and 3,5-O-dicaffeoylquinic
acid for the quantification of monocaffeoyl quinic acid (monoCQA) and dicaffeoyl quinic acid (di-CQA), respectively.
LC-ESI-TOF-MS analysis for characterization
HPLC-TOF-MS analysis were performed on the HPLC
(UltiMate 3000 Series system, DIONEX Technologies,
Sunnyvale, CA, USA) equipped with a diode array detector
(DIONEX Technologies) and a QTOF/MS (quadrupoletime-of-flight mass spectrometer, micro QTOF-Q II,
Bruker Daltonik, Bremen, Germany) in series in the same
chromatographic line. The HPLC column and conditions for
the mobile phase gradient were the same as those in HPLC/
DAD analysis. The HPLC column oven temperature was
maintained at 40oC. Mass spectra in the m/z range 100-600
were obtained by electrospray ionization with a negative-ion
mode. The mass spectrometric conditions were optimized
as follows: gas temperature 220oC, drying gas flow rate
10.0 L min-1, nebulizer gas pressure 1.5 bar, and capillary and
fragment or potentials 4,000 V and 220 V, respectively. The
mass axis was calibrated using the internal calibration solution
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(0.02 N lithium formatein 50% propanol in water).
LC-ESI-QTOF-MS/MS analysis for characterization
The LC-QTOF-MS/MS analysis was performed with
the same HPLC-MS spectrometer as described above. The
mass spectrometric conditions for MS2 were identical to those
for TOF/MS analysis. For obtaining MS/MS fragments ions,
argon was used as a collision gas. The collision energy (5 eV)
was optimized for individual chlorogenic acid by performing
the repeated analysis.
DPPH assay
Antioxidant potential against DPPH radicals was assayed
according to a previous method, with some modifications [19,
20]. DPPH solution was prepared and 20 µL of the sample
were added. The reaction was taken for 30 min at 37oC in
the dark and the absorbance was determined at 517 nm with
a spectrophotometer (MECASYS Optizen pop, Daejeon,
Korea). The external standard curve was drawn by using various
concentrations of sodium ascorbate in 50% EtOH solutions.
DPPH radical scavenging activity was expressed as μg sodium
ascorbate equivalent (AE)/g sample.
ABTS assay
The antioxidant potential against ABTS radical was
assayed by the improved ABTS method [21, 22]. Briefly,
the ABTS solution was prepared by the reaction of ABTS
(2.5 mM) by addition of AAPH and potassium phosphate
buffer (0.1 M), and placed at 68oC for 15 min in a water bath
under the dark. The ABTS solution (980 µL) was added to the
sample extracts (20 µL) and mixed thoroughly. The reaction
mixture was incubated for 10 min at 37oC and the absorbance
at 734 nm was determined with a spectrophotometer. An
external standard curve was drawn using sodium ascrobate
solution at various concentrations in 50% ethanol. The
absorbance of the reaction samples was compared to that of
the sodium ascrobate standard curve. ABTS radical scavenging
activity was expressed as μg sodium ascorbate equivalent
(AE)/g sample.
Ferric-ion reducing antioxidant power (FRAP) assay
FRAP solution was prepared by mixing 10 portions
of phosphate buffer (pH 6.6) with one portion of FeCl3
solution. Addition of the sample was added to the FRAP
solution and placed at 50oC for 20 min. Then, the solution was
centrifuged (10 min, 2224.5 g) and absorbance was measured
at a wavelength of 700nm with a spectrophotometer [23,
24]. An external standard curve was obtained using sodium
ascrobate solution at various concentrations in 50% ethanol.
The absorbance of the reaction samples was compared to that
of the sodium ascrobate standard curve. FRAP antioxidative
potential was expressed as μg sodium ascorbate equivalent
(AE)/g sample.
Total phenolics with Folin-ciocalteu phenol regent method
Total phenolic contents of the extracts were determined
by a previously reported colorimetric Folin-ciocalteu phenol
regent assay [25] with a slight modification. Briefly, the
filtered sample extract (0.2 mL) and distilled water (1.8 mL)
were added to a 15 mL capacity tube. Then, 0.2 mL Folinciocalteu phenol reagent was added to this tube, and the
tube was allowed to react at room temperature for 5 min.
Journal of Food Chemistry & Nanotechnology | Volume 1 Issue 1, 2015
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Two mL of 7% sodium carbonate aqueous solution and 0.8
mL distilled water were added to the tube, and mixed for 5
sec with a vortex. Then, the tube was set at room temperature
for 90 min. The absorbance was measured at 750 nm with a
spectrophotometer. Chlorogenic acid (5-caffeoylquinicacid)
was used as a standard for drawing a calibration curve. The
total phenolic content was expressed as μg of Chlorogenic acid
equivalent (CAE)/g sample.
Statistical analysis
Duncan’s multiple-range test was used to ascertain the
differences in the obtained quantitative data at α=0.05 by using
a SPSS statistical analysis program (SPSS 14.0K, SPSS). The
correlation between the data was obtained by the regression
analysis using SigmaPlot 12.5 (Systat Software Inc., San
Jose, CA, USA). The data of the chlorogenic acid profiles
and quantity were analyzed for the classification of the sweet
potatoes by employing multivariate statistical analysis using
hierarchical cluster analysis (HCA). The similarities between
the analyzed samples were presented in the dendrogram for
each sweet potato variety. The dendrogram similarity scales
that are generated by the SPSS statistical analysis program
range from zero (greater similarity) to 25 (lower similarity).

Results and Discussion

Separation and characterization of individual chlorogenic acid
A HPLC chromatogram for the chlorogenic acids of a
sweet potato variety is shown in (Figure 1). The peaks 1-6 of the
HPLC chromatogram were identified by the combination of
UV/Vis scanning spectra obtained by HPLC-DAD detector,
high resolution LC-ESI-TOF/MS, and LC-ESI-QTOFMS/MS. The UV/Vis scanning spectra provided valuable
information supporting the characterization of chlorogenic
acids. Mass spectra in the m/z range 100-600 were acquired
with a negative-ion mode LC-ESI-TOF/MS. LC-ESI-TOF/
MS has been known to offer the capability of unambiguous
identification by simultaneously providing the information on
exact mass measurements, fragment ion patterns, and isotope
ion peaks. The TOF/MS also provides the full spectrum
recorded at all times, which allows identification of nontarget compounds. Furthermore, the high resolution TOF/
MS analysis allowed the calculation of the molecular formulas
with the obtained molecular ion data [26, 27]. The chemical
formulas corresponding to the peaks 1-6 were first established
after automatic calculation with the exact mass of the molecular
ions ([M-H]-) obtained from the LC-TOF/MS analysis.
Table 1 summarizes the identification of chlorogenic acids in
sweet potatoes. In this study, excellent agreement was obtained
between the theoretical and the actual experimental mass
data of the peaks. The accuracy for confirmation of elemental
compositions was less than ±6 ppm mass error, showing the
high mass accuracy. Besides exact mass measurements, the
abundances of the isotope peaks and fragment ions of the
molecular ions ([M-H]-) were also monitored to confirm the
identities of chemical formulas. Furthermore, LC-ESI-tandem
MS analyses were carried out for the further confirmation of
their structural identifications by using the data of the product
ion patterns. The UV/Vis scanning spectra, LC-TOF-MS
spectra and isotope pattern of [M]- ion, and LC-QTOF-MS2
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Figure 1: A representative HPLC-DAD chromatogram of chlorogenic acids in a sweet potato (Gogeonmi) cultivated in Korea.
Table 1: Identification of chlorogenic acid in sweet potato (Shinhwangmi) using HPLC-DAD and LC-ESI-QTOF-MS2.
Peak

R.T.

No.

(min)

TOF/MS
Formula

Theoretical

Experimental

Error

Collision
Energy

Mass(m/z)

Mass (m/z)

(ppm)

(eV)

MS/MS
Fragment ions (m/z)

DAD
UV-VISλmax

Identification

(nm)

1.

12.73

C16H18O9

353.0867

353.0887

5.7

5

191.0560/353.0861

326, 299, 242

3-caffeoylquinic acid

2.

19.01

C16H18O9

353.0867

353.0876

2.5

5

191.0563/353.0862

326, 299, 237

5-caffeoylquinic acid

3.

19.31

C16H18O9

353.0867

353.0880

3.7

5

191.0560/353.0945/
173.0480/286.0767

324, 296, 234

4-caffeoylquinic acid

4.

37.21

C25H24O12

515.1184

515.1186

0.4

5

515.1184/384.9304/
353.0885

326 296 240

4,5-dicaffeoylquinic acid

5.

38.02

C25H24O12

515.1184

515.1175

-1.7

5

515.1184/353.0866

326, 298 240

3,5-dicaffeoylquinic acid

6.

43.92

C25H24O12

515.1184

515.1153

-6.0

5

384.9304/515.1184/
353.0875

326, 298 242

3,4-dicaffeoylquinic acid

Figure 2: UV-Visible scanning spectra (A), LC-TOF/MS spectra (B), and LC-MS/MS spectra (C) for the HPLC peaks 1-6

product ion spectra of peaks 1-6 are shown in (Figure 2). The
λmax values the UV/VIS spectra of individual peaks isolated
from a sweet potato extract were consistent with those of
chlorogenic acids in the previous report [13]. As previously
reported, the position and number of caffeoyl groups linked
to quinic acid did not significantly affect the absorption
Journal of Food Chemistry & Nanotechnology | Volume 1 Issue 1, 2015

spectra. The TOF/MS data showed that the peaks 1-3 had
virtually the same molecular ion (m/z 353.0876-353.0887)
(Table 1, Figure 2). With this exact mass data, the molecular
formula of peaks 1-3 was calculated as C16H18O9. The
experimental mass data of m/z 353.0876–353.0887 for
peaks 1-3 were closely matched with the theoretical value
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(m/z 353.0867) of C16H18O9 with the error of less than 2.5 ppm.
Furthermore, the experimental isotope information (exact
masses and pattern of isotopes) of [M-H]- ion was matched
with those of its theoretical isotope information (exact
masses and pattern of isotopes) within the tolerable error
ranges (Table 1), confirming the correct assignment of their
molecular formula. In the MS2 analysis, the molecular ion of
peaks 1-3 was fragmented to a product ion, m/z 191.0560
([M–caffeic acid]-), due to the loss of caffeic acid from their
structures (Figure 2). The results clearly showed that the peaks
1-3 were monoester of caffeoyl quinic acid with the molecular
formula of C16H18O9. The identity of monoester of caffeoyl
quinic acid of peaks 1-3 were assigned by the previously
reported eluting order of these compounds. Thus, peaks 1,
2, and 3 were tentatively assigned as 3-CQA, 5-CQA, and
4-CQA, respectively. The MS2 spectra of peak 3 (Table 1,
Figure 2) showed the characteristic product ion m/z 173.0480
along with m/z 191.0561, which was a unique product ion for
4-CQA, confirming the identity of peak 3. Furthermore, the
identity of peak 2 was confirmed by comparing its retention
time with that of authentic 5-CQA.
The LC-TOF/MS data showed that the peaks 4-6 had
virtually the same molecular ion (m/z 515.1153-515.1186)
(Table 1 and Figure 2). The molecular formula C25H24O12 of
the peaks 4-6 was calculated from this exact mass data. The
experimental mass value of (m/z 515.1153-515.1186) for
peaks 4-6 was closely matched with the theoretical value
(m/z 515.1183) of C25H24O12 with the error of less than 6.0
ppm. LC-QTOF-MS2 showed that the product ions of peaks
4-6 obtained from their parent ion (m/z 515.1184) were m/z
353.0886 and 191.0550, due to the losses of one and two
caffeic acids from their structures, respectively. The results
showed unambiguously that the structural identification
of peaks 4-6 were dicaffeoyl quinic acids. The identities of
individual compounds of peaks 4-6 were tentatively assigned as
3,4-diCQA, 3,5-diCQA, and 4,5-diCQA, respectively, based
on the previously reported eluting order of these compounds.

Park et al.

The identity of peak 5 was further confirmed by comparing its
retention time with that of authentic 3,5-diCQA. Unlike most
of the previous reports [12], none of the tested sweet potatoes
contained tricaffeoyl quinic acid (3,4,5-triCQA) in this study.
We tried to check meticulously the presence 3,4,5-triCQA
by LC-TOF/MS with a selective ion mode. But we failed
to found the presence of tricaffeoyl quinic acid in the sweet
potatoes. This result was consistent with another previous
report on the Korean sweet potato varieties [13].
Impact of extracting solvents on chlorogenic acid extraction
For studying the impact of different solvent on the
contents and composition of chlorogenic acids extracted from
sweet potato, six different extracting solvent systems, which
have been frequently used for extracting chlorogenic acids,
were tested. The tested extraction solvents were 50%, 80%,
and 100% methanol or 50%, 80%, and 100% ethanol. The
extraction efficiency and profiles of chlorogenic acids from
sweet potatoes were greatly dependent on the extracting solvent
type (Table 2). It was found that pure ethanol (100%) were not
efficient solvents for extracting chlorogenic acids from sweet
potatoes. Pure methanol was much better in chlorogenic acid
extraction than pure ethanol (p<0.05). The chologenic acid
extraction by 100% methanol was about 2.4 times higher than
that by 100% ethanol. The results showed that mono- and
dicaffeoyl quinic acids are more soluble to the higher polarity
solvent (methanol) than lower polarity solvent of ethanol.
Monocaffeoyl quinic acid is more polar than dicaffeoyl quinic
acid. The solubility dependent extraction efficiency was
further proven by the addition of water to the ethanol, which
created more polar environment in the extracting solvent
system. It was found that the addition of water to ethanol
dramatically increased the extraction efficiency from 655.55 to
1978.36 μg chlorogenic acid/g, which represented about 3 fold
increase in chlorogenic acid extraction by adding 50% water
to ethanol. However, the addition of 50% water to methanol
drastically decreased the chlorogenic acid extraction from
1578.79 to 930.97 μg chlorogenic acid/g. Furthermore, it is

Table 2: Impact of extraction solvent on the contents and composition of chlorogenic acids extracted from a sweet potato (Hayarnmi).
Chlorogenic Acids (μg/1g sweet potato powder) a)
Ratio of

Sweet
potato
Varieties

3-CQA

5-CQA

4-CQA

4,5-diCQA

3,5-diCQA

3,4-diCQA

Mono CQA

Di CQA

Total

MonoCQA/
Di-

CQA
50%

Ethanol
80%

Ethanol
100%

Ethanol
50%

Methanol
80%

Methanol
100%
a)

Methanol

19.94±1.49a

1133.60±8.21a

15.68±1.05a

24.47±0.28c

770.37±1.40b

14.29±0.91c

1169.22±10.75a

809.13±2.60a

1978.36±13.35a

1.44

14.44±0.42b

678.26±6.18d

14.64±0.14ab

22.48±0.28d

571.76±2.67d

11.27±0.28d

707.35±5.61d

605.51±2.67c

1312.86±8.28d

1.16

6.67±0.05c

238.46±3.37f

4.81±0.14d

35.93±0.35a

363.72±4.91e

5.96±0.21f

249.94±3.56f

405.61±5.47d

655.55±9.03f

0.61

18.51±1.68a

641.74±11.09e

9.48±0.42c

16.58±0.63e

236.87±4.21f

7.79±0.42e

669.73±1319e

261.24±5.26e

930.97±18.46e

2.56

18.86±0.35a

946.70±1.6b

14.64±0.42a b

26.60±0.91b

751.22±1.97c

17.47±0.21b

980.20±2.39b

795.29±0.84b

1775.49±1.54b

1.23

14.79±0.35b

706.20±6.95c

13.80±0.63b

36.03±0.21a

784.02±6.95a

19.95±0.35a

734.79±7.23c

840.00±6.39a

1584.79±0.84c

0.87

The data with different superscript letter within same column are statistically different at α=0.05.
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Table 3: Chlorogenic acid compositions and contents of different sweet potato varieties determined by the high performance
liquid chromatography-diode array detector.
Contents of Chlorogenic Acids (μg/1g sweet potato powder)1,2)
Ratio of

Sweet potato
Varieties

Mono3-CQA

5-CQA

4-CQA

4,5-diCQA

3,5-diCQA

3,4-diCQA

Mono-CQA

Di-CQA

CQA/

Total

DiCQA
Cheongsol

14.31±0.95d

772.01±2.25d

Goganmi

9.65±0.11g

683.12±4.66e

Hayarnmi

19.94±1.49

Helsimi
Jeungmi

12.27±2.02f

13.02±0.73f g

402.66±33.86de

7.15±0.28f g

798.59±3.32c

11.26±0.72f

10.68±0.22g

326.04±1.97ef

13.98±2.08d

704.02±5.27d

1133.60±8.21

f

15.68±1.05

24.47±0.28

770.37±1.40

14.29±0.91

1371.65±5.09

1371.65±5.09

1978.36±13.35

1.55

6.71±0.34

277.12±1.97

26.48±0.11

b

14.69±3.76e

220.71±0.90

8.93±0.34

310.08±2.19

310.08±2.19

554.41±7.19

g

1.26

8.10±0.06 h i

159.44±0.84l

12.78±0.28ef

13.10±0.39fg

157.50±1.35h

8.46±0.34e f

180.33±0.51k

180.33±0.51k

359.39±1.91h

1.00

Jinhongmi

17.55±0.17

348.27±0.95

7.78±0.39

27.00±0.39

390.47±0.45

14.65±0.34

373.60±1.52

373.60±1.52

805.72±1.12

Juhwangmi

13.69±0.46 d

1084.63±9.55b

8.47±0.06g

21.52±5.00c d

931.57±80.57b

20.29±0.22c

1106.78±9.95b

1106.78±9.95b

2080.16±85.30c

1.13

Matnami

3.02±0.28k

25.17±0.39m

n.ah

4.80±0.11h

40.62±0.00i

n.ai

28.19±0.11l

28.19±0.11l

73.61±0.22i

0.62

Shinchunmi

8.58±0.06

155.51±0.56

9.29±0.17

40.06±1.01

280.85±0.73

9.73±0.00

173.38±0.79

Shingeonmi

10.73±0.16f

434.66±18.58g

12.86±0.28ef

39.03±2.02a

237.26±15.33gh

4.49±0.22h

458.25±18.46f

Shinhwangmi

25.37±0.00

1041.79±26.67

50.34±2.30

21.44±0.28

1217.23±129.70

37.48±1.74

1117.50±28.97

7.35±0.00i

407.66±6.23h

8.46±0.11g

24.74±0.34b c

354.54±4.44ef

6.11±0.06g

Shinhyoung
-3-ho

1)
2)

a

j

b

h

a

j

i

l

a

g

b

f

b

g

c

fg

a

a

cd

d

gh

e

de

e

a

a

Shinyulmi

12.55±0.06e

242.54±0.84k

15.52±0.56d

21.88±0.45c d

200.14±1.01gh

8.70±0.45ef

704.02±5.27d
a

a

i

d

fg

798.59±3.32c

h

k

1.88

1054.71±9.54e

2.00
b

i

h

1221.42±31.55d

0.86

f

173.38±0.79

504.02±2.53

458.25±18.46f

739.03±35.59f

k

0.52

g

1.63

1117.50±28.97

2393.65±13.00

0.87

423.47±6.12g

423.47±6.12g

808.86±10.84f

1.09

270.02±1.35g

270.02±1.35g

500.73±3.26g

1.17

b

b

a

Su

25.13±0.22

631.58±4.44

14.29±0.84

18.18±0.17

605.74±3.93

19.61±0.39

671.01±5.05

671.01±5.05

1314.54±9.21

Yeonhwangmi

3.73±0.06k

30.90±0.66m

n.ah

3.81±0.28h

30.17±0.06i

n.ai

34.63±0.61l

34.63±0.61l

68.62±0.83i

1.01

Yeonmi

3.69±0.00k

38.19±3.09m

n.ah

3.77±0.00h

74.20±0.11i

n.ai

41.89±3.09l

41.89±3.09l

119.86±2.98i

0.53

a

f

de

de

c

c

e

e

d

1.04

The data with different superscript letter within same column are statistically different at α=0.05.
One hundred milligrams of the dried sweet potato powders were extracted with 8 ml of extracting solvent (50% ethanol).

Figure 3: Correlation coefficients between the chlorogenic acids, DPPH, ABTS, FRAP, and total phenolic
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interesting to note that the ratio of monocaffeoyl quinic acid
to dicaffeoyl quinic acid was also greatly influenced by the
types of extracting solvent, indicating the selective extracting
power with the different types of solvents. For example, the
ratio of monocaffeoyl quinic acid to dicaffeoyl quinic acid
was 0.61 in 100% ethanol extract, while that was 2.56 in the
50% methanol extract, indicating the great differences in
selective extraction power with different solvent system. The
different selectivity for the extracting solvents may be due to
the solubility difference of individual chlorogenic acids toward
the different solvents. In this experiment, the 50% aqueous
ethanol showed the highest extraction of chlorogenic acids
(1978.36 μg/1 g dw), whereas100% ethanol provided the least
quantity of chlorogenic acid extraction (655.55 μg/1 g). It is
also interesting to note that the contents of total chlorogenic
acids as well as mono-caffeoyl quinic acids and di-caffeoyl
quinic acids were highest in the extract obtained by 50%
ethanol solvent. Thus, the 50% aqueous ethanol was selected
as an extracting solvent for the quantification of chlorogenic
acids from sweet potatoes. Previously, three commonly used
solvents (80% acetone, 80% methanol, and 80% ethanol)
were compared for chlorogenic acid extraction efficiency in
sweet potato [14]. The authors reported that 80% acetone
showed the significantly lower extraction efficiency than 80%
methanol and 80% ethanol for the extraction of chlorogenic
acids from sweet potato [14]. The extraction efficiency of
80% methanol was not significantly different to that of 80%
ethanol. In our present study, however, it was found that 80%
methanol showed significantly higher extraction efficiency
than 80% ethanol (Table 2). Furthermore, in the previous
report, the authors did not study the extraction efficiency of
50% and 100% methanol and ethanol systems. In our study,
it was clearly found that 50% ethanol showed significantly
higher extraction efficiency for the chlorogenic acids from
sweet potato than 80% methanol (Table 2).
Quantifications of chlorogenic acids in sweet potatoes
Quantifications of chlorogenic acids in sweet potatoes
were obtained by HPLC-DAD at 326 nm using the standard
calibration curve with authentic standards of 5-CQA and
3,5-diCQA for the measurements of monocaffeoyl quinic
acids and dicaffeoyl quinic acids, respectively. Table 3 shows
the distribution of total and individual chlorogenic acids in
various sweet potatoes. The chlorogenic acid contents in the
sweet potatoes varied greatly with varieties, ranging from 68.62
μg/g to 2393.65 μg/g dry weight (dw), which represented
about 30-fold variation with varieties as determined by
the HPLC analysis. Shinhwangmi showed the highest
quantity of chlorogenic acid (2393.65 μg/g dw), followed
by Juhwangmi (2080.16 μg/gdw), and Hayarnmi (1978.36 μg/
gdw) in a decreasing order. Yeonhwangmi contained the least
quantity of chlorogenic acids (68.62 μg/gdw). Our result was
in agreement with the previous report in that Shinhwangmi
contained the high contents of chlorogenic acids [13].
However, the authors reported the contents of chlorogenic
acids in only 8 selected Korean sweet potato varieties. In
this present report, chlorogenic acid contents in 17 different
Korean sweet potato varieties were analyzed. In our present
study, it was newly found that Juhwangmi and Hayarnmi
were also the rich sources for chlorogenic acids, along with
Journal of Food Chemistry & Nanotechnology | Volume 1 Issue 1, 2015
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the previously reported Shinghwangmi. The chlorogenic acid
contents in sweet potatoes in Korea were within the range of
previously reported values in other sweet potato varieties. The
previously reported chlorogenic acid contents in various sweet
potato genotypes were in the range of 40 –13936 μg/g sample
dw [12, 14-18]. The chlorogenic acid contents in 8 selected
Korean sweet potato varieties have been reported previously,
ranging in 240.40-2386 μg/g fresh weight (fw) [13]. It has
been reported that the total quantities of chlorogenic acids
in Shinhwangmi, Biomi, and Shingeonmi were 2386,866
and 1182 μg/g fw, respectively. The chlorogenic acid profiles
and contents in many Korean sweet potatoes varieties have
never been previously reported. It was found that 5-CQA
and 3,5-diCQA were the most prevalent chlorogenic acids
in all the sweet potatoes varieties in Korea. This result was
consistent with previous reports for the sweet potato varieties
from Europe, US, and Korea [13, 14]. The chlorogenic acid
contents in the sweet potatoes were somewhat lower than the
reported values of chorogenic acids in coffees, the most wellknown rich source of chlorogenic acids. The reported contents
of total chlorogenic acids in coffees were in the range of 5260
-17100 μg/g [28].
Antioxidative potentials of sweet potatoes
Reactive oxygen species (ROS) have been postulated to
induce chronic diseases including cancer and arteriosclerosis
through oxidative damage of biological components including
DNA, proteins, and lipids. Antioxidants such as phenolic
compounds have been known to remove or scavenge ROS to
protect the biological components from the oxidative stress.
Antioxidant potentials of the sweet potatoes were determined
by
DPPH
(2,2-diphenyl-1-picrylhydrazyl),
ABTS
(2,2′-azinobis (3-ethylbenzothiazoline 6-sulfonate)), FRAP
(ferric reducing antioxidant potential), and Folin-Ciocalteu
reagent total phenolic assays Table 4. The antioxidant
potentials of DPPH, ABTS, and FRAP assays were expressed
as μg sodium ascorbate equivalent (AE)/g sweet potato. The
total phenolic contents by Folin-ciocalteu phenol reagent
was expressed as μg chlorogenic acid equivalent (CAE)/g
sample. Table 4 showed the antioxidant potentials of sweet
potatoes as determined by DPPH, ABTS, FRAP, and total
phenolics assays. There were also significant variations on the
antioxidant potentials of the sweet potatoes depending on
their varieties (Table 4). The antioxidant potentials of DPPH,
ABTS, FRAP, and total phenolics for the sweet potatoes were
in the range of 242.20-5167.51 μg AE/g, 629.91-5559.26
μg AE/g, 392.38-5262.39 μg AE/g, and 1106.34-5443.02
μg CAE/g, respectively. Shinhwangmi showed the highest
antioxidant potential, and Matnami the least antioxidant
potential. Shinhwangmi exhibited the highest DPPH radical
scavenging activity. ABTS activity was quantified in terms
of percentage inhibition of the ABTS radical cation by
antioxidants in each sample. Again Shinhwangmi exhibited
the highest ABTS radical scavenging activity. Shinhwangmi
displayed the highest FRAP values (5262.37 AE μg/g dw)
followed by Hayarnmi (4515.84 AE μg/g dw) (Table 4). Total
phenolic assay by Folin-Ciocalteu reagent actually measures a
sample’s reducing capacity, but this is not reflected in the name
“total phenolic assay” [29, 30]. Previous study showed that
many nonphenolic compounds do indeed show considerable
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Table 4: Antioxidant activities in lyophilized sweet potatoes as determined by DPPH, ABTS, FRAP, total phenolics
with Folin-ciocalteu phenol reagent.
Sweet potato
Varieties

Antioxidant activity1,2)
DPPH
(μg AE/g)3)

ABTS
(μg AE/g)

Cheongsol

2985.53±28.41e

Gogeonmi

2496.62±115.23

FRAP
(μg AE/g)

Total Phenolic
(μg CAE/g)4)

3566.60±26.09e

2403.61±31.05d

2935.85±10.45f

2957.73±52.18

f

2135.74±49.68

2632.82±0.00g

Hayarnmi

4524.68±64.02

b

5181.02±26.09

b

b

4515.84±37.26

4896.08±20.90b

Helsimi

1428.26±38.41i

1799.95±71.75i

1239.91±12.42i

2045.54±50.17k

Jeungmi

1129.48±25.60

1430.94±71.75

901.78±31.05

1778.99±5.97l

Jinhongmi

2043.92±38.41g

2496.46±26.09g

1762.47±18.63g

2307.29±33.45i

Juhwangmi

4488.47±89.62

4835.07±58.70

4485.10±18.63

4363.93±20.90c

Matnami

242.20±76.82l

392.38±31.05m

1203.90±29.27n

Shinchunmi

1355.83±12.80

Shingeonmi

1708.93±0.00h

Shinhwangmi

5167.51±25.60

Shinhyoung -3-ho

2107.30±25.60g

2482.62±6.52g

Shinyulmi

1328.67±25.60

1707.70±19.56

Su

3193.76±25.60d

Yeonhwangmi

296.53±76.82

Yeonmi

486.66±89.62k

Yulmi

3393.90±12.80

j

b

f

l

c

629.91±71.75n
i

a

i

l

1564.70±39.13

k

b

1033.51±18.63

1749.42±11.95l

2145.90±39.13h

1687.82±49.68h

2135.82±8.36j

5559.26±13.04

5262.37±24.84

5443.02±0.00a

1863.48±24.84f

2425.54±50.17h

j

1064.25±37.26

1762.09±29.86l

3764.94±19.56d

2548.52±12.42c

3512.34±52.26d

692.91±6.52

414.33±24.84

1106.34±16.72o

k

a

j

n

3732.65±13.04

j

a

lm

909.71±52.18m
c

e

467.03±62.10l
d

1461.11±0.00m

2539.74±12.42

c

3128.01±10.45e

The data with different superscript letter within same column are the statistically different at α=0.05
One hundred milligrams of the dried sweet potato powders were extracted with 8 ml of extracting solvent (50% ethanol).
3)
μg AE/g = μg Sodium Ascorbate Equivalent/g sample
4)
μg CAE/g = μg Chlorogenic Acid Equivalent/g sample

1)

2)

reactivity toward the F-C reagent [30]. Total phenolic content
of the sweet potatoes was in the range of 1106.34 μg -5443.02
μg CAE/g dw (Table 4). Folin-ciocalteu phenol reagent total
phenolic content was also greatly dependent on the sweet
potato variety. Shinhwangmi, hawanmi, and Juhwangmi
contained high total phenolic contents (5443.02, 4896.08,
and 4363.93 μg CAE/g dw, respectively), whereas Matnami,
Yeonmi, Yeonhwangmi contained very low quantity of total
phenolics (1203.90, 1461.11, and 1106.34 μg CAE/g dw,
respectively). Taken all together, Shinhwangmi, hawanmi,
and Juhwangmi showed highest antioxidative potentials,
indicating the rich sources for the antioxidative compounds.
Correlation between total chlorogenic acids and antioxidative
potential assays
A regression analysis was performed to correlate the
obtained data with the different assays. The highest correlations
were found between DPPH and ABTS assays (r2= 0.996)
(Figure 3). The correlations between the total cholorogenic
acid as determined by HPLC and the data obtained from
antioxidative potential assays were also studied. Strong
correlations (r2> 0.97) were found between the chlorogenic
acid contents and assays for the antioxidant potentials (DPPH,
ABTS, FRAP, total phenolics). The correlations between
chlorogenic acid contents and antioxidative potentials were
DPPH (r2 = 0.97), ABTS (r2 = 0.98), FRAP (r2 = 0.98), and
total phenolics (r2 = 0.97) (Figure 3). These results indicated
a strong relationship between chlorogenic acid concentration
Journal of Food Chemistry & Nanotechnology | Volume 1 Issue 1, 2015

in sweet potatoes and their radical scavenging and reducing
capacity. The results suggested that chlorogenic acids in sweet
potatoes contribute significantly to their antioxidant potential.
The types of chlorogenic acids with different number of
phenolic –OH would also affect the antioxidative activity.
Nevertheless, we found that some sweet potato varieties
possessed strong antioxidant activities were associated with
high total chlorogenic acid content. Among the 17 selected
sweet potatoes analyzed, Shinhwangmi, Juhwangmi, and
Hayarnmi were found to be the important potential sources
of natural antioxidants, among Korean sweet potatoes.
Previously, only Shinghwangmi has been reported to be an
important antioxidant potential source [13]. In the present
study, however, two additional sweet potato varieties have
been found to possess high antioxidant potential along with
significantly high contents of chlorogenic acids.
Classification by hierarchical cluster analysis
Considerable variations were observed between the sweet
potatoes in terms of profiles and quantities of chlorogenic acids.
In hierarchical cluster analysis, sweet potatoes are grouped
on the basis of similarities, without taking into account
the information about the class membership. Multivariate
statistical analysis using hierarchical cluster analysis (HCA)
was performed to identify the similarity groups between the
different types of sweet potatoes based on the profiles and
quantity of chlorogenic acids. HCA rendered dendrogram,
in which four well-defined clusters were visible, grouping the
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types of sweet potatoes into four major statistically significant
clusters (Figure 4). A group of samples (Cluster A) is clearly
discernible which is composed of Shinhwangmi, Juhwangmi,
and Hayarnmi. These sweet potato varieties are associated
with high content of chlorogenic acids, ranging from 1978.36
to 2393.65 μg/g. A second cluster (Cluster B) consists of Su,
Goganmi, Yulmi and Cheongsol containing the medium
high level of chlorogenic acids, ranging from 1221.24 to
1314.54 μg/g (Table 3). A third cluster (Cluster C) includes
Shigunmi, Shinhyoung-3-ho, Jinhongmi, Shinchunmi,
Jeungmi, Shinyulmi and Helsimi, containing medium low
level of chlorogenic acids, ranging from 554.41 to 808.36 μg/g.
Cluster D consists of Yeonmi, Yeonhwangmi, and Matnami,
containing very low quantity of chlorogenic acids ranged from
68.62 to 119.86 μg/g. It was quite useful technique for statistical
classification of sweet potatoes based on the chlorogenic acid
profiles and contents. Clusters A-D were well separated due
to variations in profiles and quantity of chlorogenic acids in
sweet potatoes. The HCA statistical analysis clearly showed
that the dissimilarity between the Cluster A (Shinhwangmi,
Juhwangmi, and Hayarnmi) and the other Clusters (B, C,
D) were very high (>18) (Figure 4), indicating significantly

DPPH and ABTS radical scavenging activities, and ferric ion
reducing antioxidant power (FARP) of sweet potatoes were
also determined to study their antioxidative potentials. High
correlations (> 0.96) were observed between chlorogenic acid
quantity and the antioxidative potential data of DPPH, ABTS,
FARP, and total phenolics. Hierarchical cluster analysis (HCA)
was performed to identify the similarity groups between the
different types of sweet potatoes based on the chlorogenic
acids and antioxidant activities. Samples were grouped in
4 well defined cluster groups in terms of their nearness
or similarity in chlorogenic acid contents and antioxidant
activities. This represents the first report on the profiles and
quantity of chlorogenic acids as well as antioxidative potentials
of unreported Korean sweet potato varieties.
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