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New Polyphenol Derivative in  [pomoea batatas Tubers and Its
Antioxidant Activity
IRENE DINI, GIAN CARLO TENORE, AND ANTONIO DINI*

Dipartimento di Chimica delle Sostanze Naturali, Universita di Napoli “Federico II", via D.
Montesano 49, 80131 Naples, Italy

Four different polyphenolic compounds were isolated by chromatographic methods from methanolic
and hydromethanolic extracts of lpomoea batatas tuber flour. On the basis of UV, mass, and NMR
analysis procedures, the structure of the isolated compounds were determined as 4,5-di-O-
caffeoyldaucic acid (1), 4-O-caffeoylquinic acid (2), 3,5-di-O-caffeoylquinic acid (3), and 1,3-di-O-
caffeoylquinic acid (4). To the best of our knowledge, this is the first report of isolation and
characterization of compound 1. Then, we evaluated the antioxidant activity of daucic acid derivative
by using DPPH and FRAP methods together with authentic antioxidant standards, L-ascorbic acid,
tert-butyl-4-hydroxy toluene (BHT), and gallic acid. The activity of compound 1 in both methods was
higher than that of all standards used at the same molar concentration.
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INTRODUCTION oxidative stress, which can contribute to many diseases including
cancer, cardiovascular diseases, and agifiglg). Caffeoyl
derivatives have received special attention because of their
ability as anti-HIV and antiviral agentsl{) and to increase

Ipomoea batatad am, known as sweet potato or camote,
belongs to the Convolvulaceae family, but despite its name, it

is not related to the potato (Solanaceae family). It is used for . S
b ( Y) hepatic glucose utilizatiorl—21). Therefore, we have evalu-

human consumption, as livestock feed, and in industrial d the oh i i dth ioxid £ th
processes to make alcohol and starch and products such agted the phenolic quality and the antioxidant property of the
nknown compound itpomoea batatas. Research on antioxi-

noodles, candy, desserts, and flour. The camote tubers are ric! . . :
in carotenoids, vitamin B, vitamin E, iron, calcium, zinc, fiber, dants has increased considerably during the past 10 y&rs (

and protein and contain virtually no fat and are low in sodium 26). Actually, there is no simple universal method by which

(1). Camote is one of the few vegetables that can be grown antioxidant capacity can be measured accurately and quantita-

easily during the monsoon seasons of the tropics, are usuallytlvely, becagse multiple reaction characterlstlc_s ar)d mechar)lsms
are usually involved. In the literature, several in-vitro analytical

the only greens available in some countries after a flood or a ) - .
typhoon, and are tolerant to diseases, pests, and high moisturer.neﬂ_mdS are reported to c_haractenze the antioxidant properties
f bioactive compounds in plant foods. The mechanism of

Furthermore, these tubers have the advantage of being harvestefll PO S - ; A
several times in a yeaP(5). The aim of this work was the antioxidant action in vitro may involve direct inhibition of the

analytical studies of phenols to provide information to establish generation of reactive oxygen species or .the scavenging of free
nutritional values of the sweet potato tuber, because in SOmeradlcals. The antl_OX|dat|ve activity of daucic acid derivative was
developing countries the camote is being incorporated into the evarlluated bY u;c;ng DPP;' iind FR’%.P m(.a(;hg(:l_ls:rtogzthellrl.wnh
diet of children to solve the serious problem of infant malnutri- authentic antioxidant standardsascorbic acid, - and gaflic

tion. In particular, it is now being used in Africa to combat a acid.

widespread vitamin A deficiency that results in blindness and

even death for 250 066600 000 African children a year. Sweet MATERIALS AND METHODS
potato is also a candidate root crop for production in the

Advanceq Life Support Syste_m_(ALS_S) program of the National and was identified by Dr. Santago Antunez De Mayolo, Casella Postale
Aeron"?‘u“c and S_pace Administration (NASA) (6). We have 18-1125, Lima 18, Peru, and reference specimens were deposited at
been interested in the plant phenols because they are anpe pipartimento di Chimica delle Sostanze Naturali, Napoli (Italy).
Impo.rtant group of natural. ant'ox'da',’",[s and bggause thgy General Experimental Procedures. Spectroscopic Apparatus and
contribute to the organoleptic and nutritional qualities of fruit \jethods. FABMS spectra, recorded in a glycerol matrix, were
and vegetables. Polyphenol compounds have attracted speciaheasured on a Prospec Fisons mass spectrometer (Danvers, NJ). ESIMS
attention because they may protect the human body from experiments were performed on an Applied Biosystem API 2000 triple-
quadrupole mass spectrometer (Warrington, Cheshire, United Kingdom).

* To whom correspondence should be addressed. Tel: 039-81-678535. The spectra were recorded by infusion into the ESI source using MeOH
Fax: 039-81-678552. E-mail andini@unina.it. as the solvent. NMR spectra were determined af@%n a Varian

Plant Material. The plant material was collected in Peru in 2005
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Unity Inova 500 NMR spectrometer (Palo Alto, CA) and were OH
processed using the Varian VNMR software package; chemical shifts

were referenced to the residual solvent signal {OB: oy 3.34,6c

49.0). HomonucleafH connectivities were determined by COSY |

experiments. The reverse-detected, gradient-enhanced single-quantum HO
heteronuclear correlation (HSQC) spectra were optimized for an average Ho N f it
ek of 140 Hz. The gradient-enhanced multiple-bond heteronuclear o, |\

correlation (HMBC) experiments were optimized foPky of 8 Hz.
Optical rotations were determined on a Jasco P-100 polarimeter (Tokyo,
Japan) equipped with a sodium lamp (589 nm) and a 10-mm microcell.
Chromatographic Apparatus and Methods. HPLC analysis in
linear gradient mode was performed on a Hewlett-Packard HP 1100
series apparatus with a UV-photodiode detect@Qq0 nm) (Waldbronn, HOOG
Germany), equipped with a 3007.8 mm i.d u-Bondapack & column OR,
(Waters, Milford, MA). DCCC (droplet counter current chromatogra-
phy) separation was performed on a Buchi apparatus (Flawil, Swit-
zerland) equipped with 300 tubes (2.0 mL, 2.2 mm i.d.). TLC was
performed on Si-gel plates im-BuOH/HOAc/HO (60:15:25).

OH

4,5-di-O-caffeoyldaucic acid

OR,

OR; OR,

4-O-caffeoyl quinic acid, 2: R; =R, = R4= H; Rs= caffeoyl
Determination of Ferric Reducing/Antioxidant Power (FRAP ?,g-i%-g-cageoyiqul'm'c amg, i 1;1 j? iI:I’ §2_=§4= ciz:ifffeoly 1
method). The total antioxidant potential of the new compound was > d1-/-calleoyiquinic acid, . Rs =4 = H,; 1= K calleoy

determined using the ferric reducing ability of plasma (FRAP) assay Figure 1. Compounds 14 isolated from /pomoea batatas tubers.
of Benzie and Strain2({7). A solution of 10 mM TPTZ (2,4,6-tris-2,4,6-
tripyridyl-2-triazine) and 12 mM ferric chloride was diluted in 300 MM caffeoyl),d 115.6 (C-2 caffeoyl)y 146.8 (C-3 caffeoyl)y 149.5 (C-4
sodium acetate buffer (pH 3.6) at a ratio of 1:1:10. Aliquots 420 caffeoyl),6 116.5 (C-5 caffeoyl)d 122.9 (C-6 caffeoyl)¢ 146.8 (C-7
of the new compound and the antioxidant standard solution (both 1 caffeoyl), 115.1 (C-8 caffeoyl)y 169.1 (C-9 caffeoyl)y 76.6 (C-1
mM) were added to 3 mL of the FRAP solution, and the absorbance at quinic), ¢ 39.0 (C-2 quinic)y 69.8 (C-3 quinic)d 79.3 (C-4 quinic),
593 nm was determined at 3T for 110 min. 0 65.5 (C-5 quinic),0 42.5 (C-6 quinic),0 176.9 (C-7 quinic) (29).
Determination of Free-Radical-Scavenging Ability (DPPH method). Compound 3. 3,5-di-O-caffeoylquinic acid Rigure 1). Yellow
The ability of a new compound and new standards to scavenge thepowder. ESI-MS (negative ion)m/z 515 [M — H]~, ESI-MS/MS
DPPH (1,1-diphenyl-2-picrilhydrazyl) radical was measured using the fragments: m/z191, m/z179, m/z 135, m/z353. UV 1 max (MeOH)
method of Brand-WilliamsZ48). Aliquots (20uL—1 mM) were added nm (log€): 225 (3.08), 247 (3.02), 280 (2.98), 343 (3.09). NMR
to 3 mL of DPPH (6x 1072 mM), and the absorbance was determined (500 MHz, CQXOD): (3) 6 7.06 (1H, d,J = 2 Hz, H-2 caffeoyl),s
at 515 nm for 110 min. 6.78 (1H, d,J = 8.0 Hz, H-5 caffeoyl) 6.96 (1H, dd,J = 2.0 and
Statistics. Triplicate analyses for each measurement were conducted 8.0 Hz, H-6 caffeoyl),0 7.57 (1H, d,J = 16.3 Hz, H-7 caffeoyl)p
for each sample. Differences between the means were evaluated with6.27 (1H, d,J = 16.3 Hz, H-8 caffeoyl)y 7.02 (1H, dJ = 2 Hz, H-2
ANOVA, using the Graf Pad Instat 3 (Microsoft Software) statistics caffeoyl) 6 6.78 (1H, d,J = 8.2 Hz, H-5'caffeoyl),d 6.96 (1H, dd,J
program. The significance of the model was evaluated by ANOVA. = 2.0 and 8.2 Hz, H-6taffeoyl), o 7.45 (1H, d,J = 16.3 Hz, H-7'
The significance of the regression coefficients was evaluated by caffeoyl),d 6.18 (1H, d,J = 16.3 Hz, H-8 caffeoyl), 2.13—52.34
Student'st test. The significance level was fixed at 0.05 for all the (2H, m,J = 5.0 Hz, H-2 quinic),0 5.43 (1H, m,J = 5.0 Hz, H-3

statistical analysis.

Extraction and Isolation. The whole flour from the tubers without
skin (1 kg) was extracted with MeOH, MeOH/E (90:10), and MeOH/
H,O (80:20). The last extract was partitioned betweeBuOH and

quinic), 0 3.97 (1H, ddJ = 3.4, 7.6 Hz, H-4 quinic)y 5.39 (1H, ddd,
J=5.9, 7.6, 10.8, H-5 quinic)) 2.13—2.34 (2H, m, H-6 quinic):3C
NMR (500 MHz, CQOD): (3) ¢ 127.9 (C-1 caffeoyl)p 115.7 (C-2
caffeoyl),0 146.8 (C-3 caffeoyl)y 147.8 (C-4 caffeoyl)y 116.3 (C-5

H-0. The butanol extract (6.0 g) was further separated by DCCC using caffeoyl),d 123.0 (C-6 caffeoyl)y 147.0 (C-7 caffeoyl)y 115.1 (C-8

n-BuOH/Me,CO/HO (60:12:28) as stationary phase anBuOH/Me-
CO/H,0 (14:12:74) as descending phase. DCCC fractior=24% (9.0

caffeoyl),d 168.1 (C-9 caffeoyl), 127.8 (C-taffeoyl),6 115.7 (C-2'
caffeoyl), 6 146.9 (C-3'caffeoyl), o 147.7 (C-4'caffeoyl), 6 116.2

mL each) containing the crude phenolic mixture were chromatographed (C-5' caffeoyl),0 122.9 (C-6 caffeoyl),d 146.9 (C-7 caffeoyl),6 115.0

by reversed-phase HPLC using a linear gradient gd/MeOH from

100% HO at 0 min to 100% MeOH at 20 min, at a flow rate of 2.5

mL/min to yield four pure compoundsl (23.5 mg,R: 0.51),2 (2.3
mg, R 0.66),3 (5 mg,R: 0.80), and4 (4.9 mg,R: 0.79). TheiR: values

were determined by using silica gel thin layer chromatography with

n-BuOH/HOACc/HO (60:15:25) as the mobile phase.

CompoundL. 4,5-di-O-caffeoyldaucic acid~{gure 1). Amorphous
powder. Melting point 216212. [0]%% + 35.C° (¢ = 0.003 in MeOH);
HRFABMS negative ion, founth/z527.08254 [M— H]~; calculated
for CasH20NO13 m/z2528.09039. ESI-MS (negative ionn/z527 [M
— H]~; ESI-MS/MS fragments:m/z179,m/z 186, m/z202, m/z 186,
m/z365. UV A max (MeOH) nm (loge): 227 (3.02), 251 (2.93), 278
(2.79), 300 (3.03), 352 (2.88) (Figure 2).

Compound2. 4-O-caffeoyl quinic acidKigure 1). White powder.
ESI-MS (negative ion):m/z353 [M — H]~, ESI-MS/MS fragments:
m/z 191,m/z 179,m'z 135. UV A max (MeOH) nm (log): 225 (2.73),
247 (2.65), 280 (2.57), 328 (2.79H4 NMR (500 MHz, CBOD): (2)
0 7.04 (1H, dJ = 2.0 Hz, H-2 caffeoyl)p 6.77 (1H, d,J = 8.0 Hz,
H-5 caffeoyl),d 6.94 (1H, dd,J = 2.0 and 8.0 Hz, H-6 caffeoyl))
7.57 (1H, d,J = 16.3 Hz, H-7 caffeoyl)p 6.29 (1H, d,J = 16.3 Hz,
H-8 caffeoyl),0 1.98-62.13 (2H, m,J = 5.0 Hz, H-2 quinic),0 5.36
(1H, m,J = 5.0 Hz, H-3 quinic)y 3.55 (1H, ddJ = 3.0, 9.0 Hz, H-4
quinic), ¢ 4.11 (1H, dd,J = 3.0, 9.0, H-5 quinic)p 2.13—2.28 (2H,
m, H-6 quinic); 13C NMR (500 MHz, CQOD): (2) 6 127.9 (C-1

(C-8' caffeoyl), 6 168.0 (C-9'caffeoyl),d 73.0 (C-1 quinic),0 35.7
(C-2 quinic),6 72.1 (C-3 quinic),0 71.5 (C-4 quinic),0 73.0 (C-5
quinic), & 37.0 (C-6 quinic),0 175.8 (C-7 quinic) (30).
Compound4. 1,3-di-O-caffeoylquinic acid Kigure 1). Yellow
powder. ESI-MS (negative ion)m/z 515 [M — H]~, ESI-MS/MS
fragments:m/z191, m/z179, m/z 135, m/z353. UV A max (MeOH)
nm (loge€): 225 (2.95), 247 (2.81), 280 (2.75), 343 (2.78).NMR
(500 MHz, COD): (4) ¢ 6.81 (1H, d,J = 2.0 Hz, H-2 caffeoyl)p
6.50 (1H, d,J = 8.2 Hz, H-5 caffeoyl)¢ 6.58 (1H, dd,J = 2.0 and
8.2 Hz, H-6 caffeoyl),0 7.46 (1H, d,J = 16.3 Hz, H-7 caffeoyl)p
6.18 (1H, dJ = 16.3 Hz, H-8 caffeoyl)¢ 6.92 (1H, dJ= 2 Hz, H-2
caffeoyl) ¢ 6.63 (1H, d,J = 8.2 Hz, H-5'caffeoyl),0 6.74 (1H, ddJ
= 2.0 and 8.2 Hz, H-6taffeoyl),o 7.48 (1H, d,J = 16.3 Hz, H-7'
caffeoyl),d 6.18 (1H, d,J = 16.3 Hz, H-8'caffeoyl),d 1.83-6 2.87
(2H, m,J = 5 Hz, H-2 quinic),0 5.36 (1H, mJ = 5.0 Hz, H-3 quinic),
0 3.61 (1H, ddJ = 3.6, 9.6 Hz, H-4 quinic)y 4.22 (1H, dddJ = 4.4,
9.6, 11.2, H-5 quinic)p 1.83—2.87 (2H, m, H-6 quinic)}3’C NMR
(500 MHz, C;OD): (4) 6 127.5 (C-1 caffeoyl)y 115.4 (C-2 caffeoyl),
0 146.5 (C-3 caffeoyl)y 149.3 (C-4 caffeoyl)¢y 116.1 (C-5 caffeoyl),
0 122.0 (C-6 caffeoyl)y 147.2 (C-7 caffeoyl)y 115.1 (C-8 caffeoyl),
0 167.8 (C-9 caffeoyl), 127.4 (C-taffeoyl),é 115.5 (C-2'caffeoyl),
0 146.7 (C-3caffeoyl),6 149.7 (C-4 caffeoyl),d 116.6 (C-5caffeoyl),
0 123.0 (C-6caffeoyl),6 147.8 (C-7 caffeoyl),0 115.0 (C-8caffeoyl),
0 168.9 (C-9'caffeoyl), 6 79.3 (C-1 quinic),0 33.1 (C-2 quinic),0
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Figure 2. Antioxidant capacity of new compound (1) vs three antioxidant standards measured by using A, the FRAP method, and B, the DPPH method.

73.2 (C-3 quinic),0 75.7 (C-4 quinic),0 67.9 (C-5 quinic),0 41.3 Table 1. NMR Data of 4,5-di-O-caffeoyldaucic Acid?

(C-6 quinic),6 175.0 (C-7 quinic) (30).

position 1H 3¢

2 150.7

RESULTS AND DISCUSSION 3 5.71.dd (L5, 26 Ha) 1039
Identification of 4,5-di-O-caffeoyldaucic Acid(1). The flour 4 6.04 ddd (1.5, 2.6, 4.3 Hz) 66.0
from camote tubers was exhaustively extracted with MeOH, g igg gg(tl(lsall?]l_*é)s Hz) ggg
MeOH:H,0/90:10, MeOH:HO/80:20, and the latter extract was COOH; ' o 173.2
partitioned beetwen BuOH and,8 and was then purified by COOHing 168.8
sequential chromatographic techniques, affording the caffeoyl v 127.6
derivatives. The negative ESI-MS spectrum of compodnd § ggg gd(é8313|-;|22)'0 Hz) ﬁg‘s‘
showed a pseudomolecular ion peak&t 527 [M — H]~. High- e ’ ’ 146.8
resolution measurements on the pseudomolecular ion peak s 1498
indicated the molecular formula§,0NO;3. 6' 6.96 d (2.0 Hz) 114.8
The 'H NMR spectrum ofL (CDzOD, (Table 1) exhibited ; Z‘l‘ggggg :g i‘l‘zg
four doublets with coupling constants of 16.6 Hz characteristic g ' ' 168.0
for trans olefinic protonsd 7.44,6 6.12,67.48,6 6.27), and 1" 1278
the coupling pattern of two 1,3,4-trisubstituted benzenes 6.73 2" 6.88 dd (8.3; 2.0 Hz) 1231
(1H, dd,J = 2.0; 8.3 Hz), 6.65 (1H, d) = 8.3 Hz), 6.96 (1H, 3 6.74d (8.3 Hz) 116.3
d, J = 2.0 Hz) and 6.88 (1H, dd] = 2.0; 8.3 Hz), 6.74 (1H, o Iy
d,J=8.3 Hz), 7.01 (1H, dJ = 2.0 Hz) indicated the presence 6" 7.01d (2.0 Hz) 115.0
of two (E)-caffeic acid moieties, whose presence was confirmed 7" 7.48d (16.6 Hz) 1475
in 13C spectrum and was also supported by characteristic UV 8" 6.27d (16.6 Hz) 1150
absorptions at 330 and 352 nm and ESI-MS-MS peaks/at 9 168.3

179. Moreover, the spectrum showed the presence of another
olefinic proton atd 5.71 (1H, ddJ = 1.5, 2.6) with an upfield
shift with respect to those previously described and three protonsdaucic acid proton H-5 (&.93) and the caffeic acid carboxyl

o to oxygen: 6.04 (1H, dddl = 1.5, 2.6, 4.3), 5.93 (1H, ddd, group C-9'(6 168.0), indicating the substitution positions on
J=15,17, 4.3), 4.66 (1H, dd] = 1.5, 1.7), which along the daucic acid moiety. From these data, the structudevedis

with the values of coupling constants:2.6 Hz), d 5 (4.3 Hz), established as 4,5-di-O-caffeoyldaucic acid (Figure 1).

J6 (1.7 Hz), and ds (1.5 Hz) and®*C data Table 1) were Determination of Antioxidant Capacity of 4,5-di-O-caf-
comparable with those reported for a daucic acid deriva8i¢ (  feoyldaucic Acid (1). In general, caffeic acid derivatives are
All the proton resonances of each compound were unambigu-well-known to have potent antioxidant properties because the
ously associated with the relevant carbon atoms by using thecatechol structure donates the phenolic hydrogens or electrons
HSQC spectrum. The proton sequence within each spin systemto acceptors such as reactive oxygen species or lipid peroxyl
was elucidated by the series of cross-peaks of the COSY radicals (32—33). The antioxidant capacity of all the known
spectrum, while data arising from the HMBC experiment were compounds fronlpomoea batatatubers has been reporte?¥y.

used to interconnect the partial structures. HMBC cross-peaksHence, we evaluated the antioxidative activity of daucic acid
were detected between the daucic acid proton H-8.04) and derivative by using DPPH and FRAP methods together with
caffeic acid carboxyl group C-9(6 168.3) and between the authentic antioxidant standardsascorbic acid, BHT, and gallic

2 Spectra were measured in CD30OD.
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Table 2. Near Equilibrium Steady-State Antioxidant Capacity? (6) Almazan, A. M.; Begum, F.; Johnson, C. Nutritional quality of
sweetpotato greens from greenhouse plahtSood Comp. Anal.
assay method 1997,10, 246—253.
FRAP DPPH (7) Hagerman, A. E.; Riedl, K. M.; Jones, G. A.; Sovik, K. N;

Ritchard, N. T.; Hartzfeld, P. W.; Riechel, T. L. High molecular

i,si-grii)icggmeoyldaucic acid g'ig f 83 51)3461 f gi weight plant polyphenolics (tannins) as biological antioxidants.

tert-butyl-4-hydroxy toluene (BHT) 240403 12400 J. Agric. Food Chem1998,46, 1887—-1892. )

gallic acid 567+05 455+0.3 (8) Huang, M. T.; Ferraro, T. Phenolic compounds in food and
cancer prevention. I?henolic Compounds in Food and their

2Expressed as TEs (mM) of new compound and three antioxidant standards Effects on Health: Antioxidant Cancer Riention; Hung, M.

measured by FRAP and DPPH assays after a 110-min reaction time. T. Ho, C. T, Lee, C. Y., Eds.; ACS Symposium Series 5078;

American Chemical Society: Washington, DC, 1991; pp-220
238.

acid. We have used the FRAP assay because it is the only one
that directly estimates the capacity of antioxidants or reductants
in a sample and is based on the ability of the analyte to reduce

(9) Peluso, G.; Feo, V. D.; Simone, F. D.; Bresciano, E.; Vuotto,
M. L. Studies on the inhibitory effects of caffeoylquinic acids
on monocyte migration and superoxide anion productioilat.

the Fé*/F€2* couple (35). In this case, it was possible to use Prod. 1995,58, 639—646.

this test because the new compound does not show functional (10y Stevens, K. L.; Wilson, R. E.; Friedman, M. Inactivation of a
groups whose reduction potentials is below that of th&'Fe tetrachloroimide mutagen from simulated processing waler.
Fet half reaction. The antioxidant capacity was evaluated from Agric. Food Chem1995,43, 2424—2427.

0 to 110 min every 10 min, and the results confirmed those (11) Shimozono, H.; Kobori, M.; Shinmoto, H.; Tsushida, T. Sup-
obtained by the DPPH test, which determines radical-scavenging pression of the melanogenesis of mouse melanoma B 16 cells
activities of compounds by measuring the inactivation potential by sweetpotato extradlippon Shokuhin Kagaku Kogaku Kaishi

of radicals in an aqueus media. It is simple and rapid and needs 1996,43, 313-317.

only a UV/vis spectrophotometer to be performed, but DPPH (12) Shghrzed, S, Bitsch, l. Detgrmination of_ some pharmacolo_gic_ally
generally has a relatively small linear reaction range of only active phenolic acids in juices by high-performance liquid

chromatographyd. Chromatogr., A1996,741, 223—231.

(13) Kaul, A.; Khanduja, K. L. Polyphenols inhibit promotional phase
of tumorigenesis: Relevance of superoxide radi¢dlgr. Cancer
1998,32, 81-85.

(14) Prior, R. L.; Cao, G.; Martin, A.; Sofic, E.; McEwen, J.; Brien,

2—3-fold, and small molecules that have better access to the
radical site have higher apparent antioxidant activity with this

test. DPPH also is decolorized by reducing agents as well as
hydrogen transfer, which also contributes to inaccurate inter-
pretations of antioxidant capacity8§—37). The activity of C. O.: Lischner, N.. Ehlenfeldt, M. Kalt, W.: Krewer, G.:

compound1 in both methods was higher than that of all Mainland, C. M. Antioxidant capacity as influenced by total
standards used at the same molar concentration, and the steady  phenolic and anthocyanin content, maturity and variety of

state was reached after 110 min. The results are showalle VacciniumspeciesJ. Agric. Food Cheml998 46, 2686-2693.

2 and inFigure 2 (15) Yoshimoto, M.; Okuno, S.; Kumagai, T.; Yoshinaga, M.;
In conclusion, we have isolated and characterized four Yamakawa, O. Distribution of antimutagenic components in

caffeoyl derivatives inpomoea batatatubers of which the 4,5- colored sweetpotatoes. Jpn. Agric. Res. Quar,.999,33, 143—

di-O-caffeoyldaucic acid was isolated for the first time and 1,3- 148.

di-O-caffeoylquinic acid was not previously describedlin (16) Robards, K.; Prenzler, P. D.; Tucker, G.; Swatsitang, P.; Glover,

batatasas in the Convolvulaceae family. Furthermore, their W. Phenolic compounds and their role in oxidative processes in

finding is important from a nutritional point of view, because fruits. Food Chem1999,66, 401—436.

they may have beneficial health effects because of their high (17) Kwon, H. C.; Jung, C. M.; Shin, C. G.; Lee, J. K.; Choi, S. U.;
antioxidant activity. Kim, S. Y.; Lee, K. R. A new caffeoyl quinic acid from Aster

scaber and its inhibitory activity against human immunodefi-
ciency virus-1 (HIV-1) integras€Chem. Pharm. Bull2000,48,
1796—1798.

Mass and NMR spectra were recorded at the “Centro Interdi- (18) Hemmerle, H.; Burger, H.; Bellow, P.; Schubert, G.; Rippel, R.;
partimentale di Analisi Strumentale” of the University of Naples Schindler, P. W.; Paulus, E.; Herling, A. Chlorogenic acid and

“ - " : . i synthetic chlorogenic acid derivatives: novel inhibitors of hepatic
el;(;i%nco II". The assistance of the staff is gratefully acknowl glucose-6-phosphate translocakevled. Cheml997 40, 137—

145.

(19) Arion, W. J.; Canfield, W. K.; Ramos, F. C.; Schinder, P. W.;
Burger, H. J.; Hemmerle, H.; Schubert, G.; Below, P.; Herling,
A. W. Chlorogenic acid and hydroxynitrobenzaldehyde: new
inhibitors of hepatic glucose-6-phosphatagech. Biochem.
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