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Fourteen tropical fruits from south Florida (red guava, white guava, carambola, red pitaya (red dragon),
white pitaya (white dragon), mamey sapote, sapodilla, lychee, longan, green mango, ripe mango,
green papaya, and ripe papaya) were evaluated for antioxidant activity, total soluble phenolics (TSP),
total ascorbic acid (TAA), total dietary fiber (TDF), and pectin. ORAC (oxygen radical absorbance
capacity) and DPPH (1,1-diphenyl-2-picrylhydrazyl, radical scavenging activity) assays were used to
determine antioxidant activity. The TSP, ORAC, and DPPH ranged from 205.4 to 2316.7 g gallic
acid equiv/g puree, <0.1 to 16.7 umol Trolox equiv/g puree, and 2.1 to 620.2 ug gallic acid equiv/g
puree, respectively. The TAA, TDF, and pectin ranged from 7.5 to 188.8 mg/100 g, 0.9 to 7.2 g/100
g, and 0.20 to 1.04 g/100 g, respectively. The antioxidant activities, TSP, TAA, TDF, and pectin were
influenced by cultivar (papaya, guava, and dragon fruit) and ripening stage (papaya and/or mango).
Antioxidant activity showed high correlations with levels of TSP compounds (r = 0.96) but low
correlations with levels of ascorbic acid (r = 0.35 and 0.23 for ORAC and DPPH data, respectively).
The antioxidant activities evaluated by both ORAC and DPPH showed similar trends where red guava
and carambola exhibited the highest and sapodilla and green papaya exhibited the lowest levels.
Guava and mamey sapote exhibited the highest TDF and pectin levels. Many of the tropical fruits
were shown to contain an abundance of hydrolyzable tannins, ellagic acid conjugates, and flavone
glycosides. Preliminary descriptions are given of the phenols in red/white pitaya (dragonfruit), lychee,
and mamey sapote, these fruit being thus far uncharacterized in the literature.

KEYWORDS: ORAC; DPPH; total phenolic; ascorbic acid; galacturonic acid

INTRODUCTION This is attributed to the fact that these foods provide an optimal
Limited information on the nutritional value of tropical fruits, ~MiX Of antioxidants such as vitamin C and E, polyphenols,

especially the more exotic species, is available. There are reportarotenoids§-11), and complex carbohydrateg)(
for various Asian {, 2) and African @) varieties, which are Recently, several methods have been developed to measure
often different from those grown in Florida, analyzed by total antioxidant activity, based on different reaction mechanisms
different methods and cultivated under different conditions. In such as Trolox equivalent antioxidant capacity (TEAC2)(
this study, select tropical fruits from south Florida were analyzed 0xygen radical absorbance capacity (ORACP)( ferric ion
for components that could be beneficial to human health using reducing antioxidant parameter (FRARY{( 15), 1,1-diphenyl-
standard methods. 2-picrylhydrazyl (DPPH) 15), and total radical trapping anti-
The function of natural antioxidants and dietary fiber in foods oxidant parameter (TRAP)16). On the basis of chemical
and biological systems has received much attention. Fruits andprinciples, the ORAC assay is closely related to biological
vegetables play a significant role in the human diet providing functions of chain-breaking antioxidants/f and has been used
protection against cellular damage caused by exposure to highextensively to evaluate antioxidant activity in fruits and
levels of free radicals4—6), while also aiding digestior/( 8). vegetables §8—22), and thus, it is useful for comparison of
data to other studies. The DPPH assay is also a simple and
~*To whom correspondence should be addressed. E-mail: ebaldwin@ accurate method for measuring antioxidant levels of frajt (
citrus.usda.gov. Fax: 863-299-8678. 15) and was used along with the ORAC assay for comparison
United States Department of Agriculture. of the peroxyl and DPPH radicals for determination of antioxi-
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Phenolic compounds account for a major portion of the
antioxidants in many plant28). Ascorbic acid (AA) is also
abundant in many fruits, and it is believed that the role of AA

Mahattanatawee et al.

(Waring commercial) for 1 min and filtered through filter paper (No.
1, Whatman Inc.). The residue was re-extracted and filtered. The extracts
were combined and concentrated to a volume of 40 mL using a rotary

in disease prevention is due to its ability to scavenge free radicals€vaporator under partial vacuum at 20. Three replicates of initial

in biological systems 24). It has been reported that the
contributions of phenolic compounds to antioxidant activities
were much greater than those of vitaminX8)( Therefore, total
soluble phenolics (TSP) and total ascorbic acid (TAA) were
also assayed to determine if they contributed to antioxidant
activity.

Dietary fibers in foods are also beneficial for good health.
Physiological impacts of insufficient dietary fiber intake are

fruit puree were extracted. Measurement of TSP was performed with
the Folin—Ciocalteu assay as described by Sellappan eBa). With
minor modifications using a 96-well microplate reader (Power Wave
340 microplate reader; KC4 version 3.01 software, BioTek Industries).
The results were calculated on the basis of the standard curve for gallic
acid and expressed as micrograms gallic acid equivalents per gram fresh
weight.

Measurement of DPPH Radical Scavenging ActivityThe stable
organic nitrogen radical DPPH is commercially available, and assay

constipation, increased risk of coronary heart disease, andtime may vary from 1620 min up to aboti6 h (15 32-34).

increased fluctuation of blood glucose and insulin levé|2¥).
Including fruits and vegetables in the human diet may be
beneficial, based on their dietary fiber content, with regard to
some cancers3( 26). The National Research Counclq) set
Dietary Reference Intakes for the first time for dietary fiber
determining that “adequate intakes” (Al) for dietary fiber be

Measurement of DPPH radical scavenging activity was performed as
described by Manthey3f) with some modifications. The assay was
performed in a 96-well microplate reader (Power Wave 340 microplate
reader with KC4 version 3.01 software, BioTek Industries), and the
reduction of absorbance at 517 nm was monitored at 0 min and every
5 min until the reaction reached a plateau. The remaining DPPH at
completion of the reaction was determined and quantified as the DPPH

based on 14 g dietary fiber per 1,000 calories. The Food andradical scavenging activity using a gallic acid standard curve. The DPPH

Drug Administration (FDA) 28) set a daily reference value
(DRV) on food labels for fiber at 25 g for a 2,000-calorie diet.
Five grams or more fiber per serving is considered a significant
amount.

radical scavenging activity was expressed as micrograms gallic acid
equivalents per gram fresh weight.

Measurement of ORAC.The ORAC assay was initially developed
by Cao et al. 86) and improved by Ou et al37). Antioxidant activity

Dietary fiber is largely composed of complex carbohydrates Was deétermined using the ORAC assay as described by Talcott et al.

that are somewhat resistant to digestion. One major componen
of soluble fibers is pectin, which is largely composed of uronic
acid residues such as galacturonic acid. Pectin and other solubl

l(38) for a 96-well microplate reader. Fluorescence loss was monitored

on a Molecular Devices Fmax (Sunnyvale, CA) 96-well fluorescent
microplate reader following appropriate dilution of each isolate, and

Qata are expressed in micromole Trolox equivalents per gram fresh

polysaccharides may undergo some metabolism in the smallygight.

intestine and especially in the large intestine through bacterial
enzymes, converting it to products that contribute to maintaining
the colonic microflora, which is beneficial to digestid 29,

30). Insoluble fiber like cellulose, found in plant cell walls, can
aid in waste and toxin removal through several mechan-
isms @).

The objective of this study was to obtain nutritional informa-
tion for Florida-grown tropical fruits (red guava, white guava,
carambola, red dragonfruit, white dragonfruit, mamey sapote,
sapodilla, lychee, longan, mango, and papaya) in terms of
antioxidant activity, TSP, TAA, total dietary fiber (TDF), and
pectin. Because different ethnic groups prefer different maturity

Acid Hydrolysis of Phenolic GlycosidesGlycosidic linkages were
hydrolyzed as described previousI89 with minor modification.
Methanolic extracts (50 mL) of fruit puree were hydrolyzed by refluxing
for 1 hin 50 mL of 2 Nhydrochloric acid. The solutions were cooled
and extracted with chloroform to recover the hydrolyzed flavonoid
aglycons. The chloroform extracts were concentrated by vacuum rotary
evaporator for analysis by HPLC-MS.

Qualitative Analysis of Phenols in Fruit Pulp. Phenolic constitu-
ents in tropical fruit have previously been analyzed by HPLC-PDA
and HPLC with an electrospray ionization (ESI) mass spectrometer
(40—43). The phenolic compounds in the current study were analyzed
in the fruit pulp with a Waters (Milford, MA) Alliance high-pressure
liquid chromatographer, equipped with a Waters 996 PDA detector and

stages of some fruits, like mango and papaya, both ripe anda Waters/Micromass ZQ single-quadrupole mass spectrometer. Separa-
green stages were assayed. In addition, qualitative analyses byion of the phenols was accomplished on a 26@.6 mm i.d. RP-

high-pressure liquid chromatography with a photodiode array
mass spectrometry (HPLC-PDA-MS) of the phenolic constitu-

Amide C16 (Supelco) column, with multistep linear water/acetonitrile/
2% formic acid gradients at flow rates of 0.75 mL/min. Initial solvent

ents in selected tropical fruit were conducted, especially in those _conditions were 85:10:5 (water/acetonitrile/2% formic acid), which

where no analyses had been so far reported.

MATERIALS AND METHODS

Fruit. Fourteen different tropical fruits from south Florida including
red guava Psidium guajaa L., cv. Sardina), white guavaPgidium
guajava L., Thai cultivar), carambolaAverrhoa carambolalL., cv.
Arkin), red pitaya (red dragon fruitlylocereus sp.cv. Red Jaina,
white pitaya (white dragon fruitHylocereus sp.cv. David Bowie),
mamey sapoteRouteria sapotacv. Pantin), sapodillaAchras (ma-
nilkara) zapota, e. Brown Suga), lychee C(itchi chinensis cv.
Mauritius), longan Dimocarpus longanacv. Kohala), green and ripe
mango Mangifera indica cv. Keitt), green papayaC@rica papaya
cv. Exp. 15, a variety that is produced for the green papaya market),
and ripe papayaGarica papaya cv. Red Lady, a variety that is
produced for the ripe papaya market) were obtained from Florida
tropical fruit growers. A composite of at least 10 fruits were combined
per each of three replicate samples. The edible portion of the fruit was
cut, flash frozen in liquid nitrogen, and kept-aR0 °C until analysis.

Extraction and Analysis of TSP. Fruit puree (20 g) was homog-
enized with 80 mL of methanol (100%) in an explosion proof blender

increased in linear gradients to 81:14:5 in 15 min, to 77:18:5 at 20
min, to 70:25:5 at 30 min, to 40:55:5 at 55 min, and to 0:95:5 at 67
min. The solvents were then held isocratic at 0:95:5 for 13 min. The
chromatograms were recorded at 285 and 320 nm. PDA detection was
monitored between 230 and 600 nm. Data handling was done with
MassLynx software version 3.5 (Micromass, Division of Waters Corp.,
Beverly, MA). The postcolumn split to the PDA and mass ZQ detector
was 10:1. MS parameters were as follows: ionization mode;HESI
capillary voltage, 3.0 kV; extractor voltage, 5 V; source temperature,
100 °C; desolvation temperature, 22&, desolvation N flow, 465

L/h; cone N flow, 70 L/h; scan rangey/z 150—-900; scan rate, 1 scan/

s; and cone voltages, 20, 40, and 60 eV. Ellagic acid, quercetin, and
kaempherol glycosides and the hydroxycinnamates were tentatively
identified on the basis of the molecular weights of aglycon fragment
ions recorded by the ESI-MS and previously reported UV spectra
(44, 45).

Determination of TAA. The TAA was assayed as previously
described with some modificatiort§). The fruit puree (25 g) was
blended with 25 mL of 0.05 N HPO, for 3 min. The slurry was
centrifuged, and the supernatant was collected and made to 50 mL with
the extracting solvent. The extract was purified by passing 3 mL through
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a disposable C18 Sep-Pak cartridge (Waters Associates), preconditionedigma-Aldrich, in 100 mL of glacial acetic acid, Fisher Chemical) was
by flushing with methanol (2 mL) followed by deionized (DI) water then added to each well, the microplate was shaken for 35 s on a
(5 mL), and a 0.4%m Millipore filter prior to injection. The AA and microplate shaker (Cole Parmer), and then the wells were read at 450
dehydroascorbic acid (DHAA) were determined by using HPLC with  nm using the microplate reader. A galacturonic acid standard curve
an organic acid column (OA-1000,.8n, 300 mmx 6.5 mm, Alltech was performed in duplicate. To separate test tubes, 0, 100, 200, 300,
Associates, Inc.). An autosampler (Perkin-Elmer Series 200) with an 400 and 50Q:L of a 0.02% galacturonic acid solution was added along
isocratic pump was used. The column was equilibrated with the mobile with DI water to bring the total volume up to 7Q@. in each tube.
phase 0.01 N b8Os. The flow rate and temperature were 0.2 mL/min  The assay was performed, and when the pectin content was determined
and 35°C, respectively, with 45 min total run time. Detection of the on the basis of calibration with galacturonic acid, an adjustment factor
acids was performed at 215, 260, and 295 nm using a PDA detector of 0.81 was used in the calculatioAg).

scanning from 206500 nm (ThermoFinnigan Spectra System P4000). TDF Assay. The assay was based on the method published in the
EZChrom software (Agilent Technologies) was used for data integration 16th Edition of theOfficial Methods of Analysisf the Association of

and quantification. The quantification of the acids was determined by Official Analytical Chemists (AOAC)%1) using the total dietary fiber
comparing the peak areas with AA and DHAA standards at five levels assay kit from Sigma-Aldrich (TDF 100A).

by linear regression at all three wavelengths. Although AA absorbs  statistical Analysis.Correlations and 95% confidence intervals were
UV light strongly atimax= 245 nm, direct spectrophotometric analysis  determined using Excel (Microsoft, Inc).

is precluded by the many other chromophores found in some of the

fruits. DHAA absorbs only weakly at itsnax = 300 nm. Detection of

both AA and DHAA was performed at 260 and 295 nm (carambola, RESULTS AND DISCUSSION

dragon fruit, longan, lychee, and mamey sapote), respectively, and in Antioxidant Activity Assays. There are many assays using
some fruits DHAA was read at 260 nm (guava, mango, and papaya) to different substrates, reaction kinetics, and analytical methods

avoid interference. In other fruits detection of DHAA was performed o L .
at 215 and 260 nm (sapodilla), obtaining the difference in absorbance to evaluate antioxidant activitylg—16). For this reason the

between 215 and 260, because interfering carboxylic acids absorb aidat@ obtained by different researchers are often difficult to
215 nm. The principle of differential spectrophotometry is frequently Ccompare and interpret. Nevertheless, antioxidant activity of fruit
utilized in clinical studies for quantification in the presence of interfering has been extensively reported using the ORAC methi@d- (

compounds 46, 47). 22). An advantage of the ORAC assay is that the peroxyl radical
Sample Preparation for Pectin Content.The sample preparation ~ used in the assay is the predominant free radical found due to
method was according to Theandet8) with some modification. lipid oxidation in biological systems$g, 53). Because antioxi-

Triplicate 500 mg dry fruit puree samples were transferred into 50 mL dant assays are based on different reaction mechanisms,

polypropylene centrifuge tubes (Beckman Instruments, Inc.). Acetate gntioxidant activity using free radical DPPH was also employed
buffer (5 mL) was added at pH 5.0 along with 40 Lcoamylase (heat 55 3 comparison to ORAC.

stableo-amylase fronBacillus amyloliquefaciensSigma-Aldrich, Inc.). L - .
The solution was mixed, placed in a boiling water bath for 1 h, and T_SP’I Tf-A_A’ ?]nd An_tloflda_r# ACtIVIlty. -:-hefseleCted Florida
cooled to 40°C. A 500uL amyloglucosidase solution (frofspergillus tropical fruits had widely different levels of TSP, TAA, and
nigen was added, and tubes were then incubated overnight in°&€ 60 antioxidant activity. The TSP, TAA, ORAC, and DPPH ranged

water bath equipped with shaker (shaker water bath Gallenkamp modelfrom 205.4 to 2316.7g gallic acid equiv/g puree, 7.5 to 188.8
BKS-350). Tubes were again cooled, 21.0 mL of absolute ethanol was mg/100 g puree, less than 0.1 to 1ol Trolox equiv/g puree,
added, and the tubes were mixed using a Vortex mixer. Tubes wereand 2.1 to 620.2¢g gallic acid equiv/g puree, respectively
refrigerated fo 1 h at 4°C and then centrifuged 10 min at 5000 rpm (Table 1).

I(,AV%”“ JE Csm_”f“ge'TEec"ma” Coullter) or c‘j‘_”t" adc'gar Slépimataﬂtt The antioxidant activities evaluated by both ORAC and DPPH
vlﬁ;slhegiiviget?)miué ene d;“"g:]r:jatrzrc';mﬁfu ilrfcavl;lit?] ’Zc?rrlnLto? spoi /oe showed similar trends with a correlation coefficient of 0.91
y susp 9 ang (Table 1andFigure 1A). Similar trends were observed between

ethanol and then twice with 15 mL of acetone. The resulting residue . - . . - -
was allowed to dry overnight in a 4 oven and then was dispersed "€ 2,2-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid (ABTS)

with 3 mL of 12 M H,SQO,. The mixture was incubated in a 3C and the DPPH assay € 0.90) in fruits @) and between FRAP
water bath for 1 h, stirring occasionally. The solution was hydrolyzed and ORAC in beetr(= 0.96) and carrotr(= 0.78), but there
in an autoclave for 1.15 h at 12C and filtered through a glass-fritted IS little or no relationship among these assays in other vegetables
crucible, and the residue was washed with 10 mL of DI water. Filtrates (e.g., green pepper, red pepper, and cauliflowEr). Although
were brought to a volume of 100 mL with DI water at room a significant correlation between ORAC and DPPH was
temperature. The hydrolyzed solution was then passed through a Sepgpserved in the present study, differences in the ranking order
Pak C-18 (Waters Corp.) column to remove pigments and stored at 4 of antioxidant activity of fruit by ORAC and DPPH assays were
°C until galacturonic acid analysis. o also observed due to the response variations in the antioxidant
Galacturonic Acid Determination. The determination of galactu- qngtityents of the fruit to the radical sources (peroxyl radical
ronic acid in the hydrolyzec_j samplqs was optlmlzed from the original or DPPH radical) in the assays. These results imply that a
method of Scott49) by Luzio (50) using a microplate reader (Power correlation may partly result from a similar reaction mechanism,

Wave 340 microplate reader with KC4 version 3.01 software, BioTek o . .
Industries). The determination was performed in triplicate for each of PUt it is not always in complete agreement due to the different

the hydrolyzed samples, therefore nine replicates were obtained perfadicals in the respective assays and diverse group of antioxi-
fruit type. Three hundred microliters of sample was added with DI dants found in different fruits.

water to bring the volume up to 7@Q.. Three milliliters of concentrated Carambola and red guava had the highest antioxidant activity
sulfuric acid (96.2% Baker Analyzed 9681-33, J.T. Baker, Inc.) of the selected Florida fruit while sapodilla and green papaya
containing 0.1% NaCl was adqled to gach tube andim_mediatelyvortexed(cv_ Exp. 15) had the lowestTéble 1). Leong and Shui2)

for 15 s. Each tube was then immediately placed on ice and allowed to reported similar results showing carambola and guava having

cool before transferring to a solution basin. From each solution basin, | . I - . s
240uL was pipetted into individual wells of a microplate, which had high antioxidant activity among 27 fruits studied in Singapore

been preheated to P& in the block heater (VWR Standard Heat Block- markets except that sapodilla (unripe) was ranked highest in
13259-032). The plate was then heated for 20 min &TFemoved, antioxidant activity in that study. The present study investigated
cooled in a water bath at room temperature for 20 min, and then read "P€ SapOdlna_v because unripe fr!,ut are considered Un_SUﬂab'e
at 450 nm using a microplate reader for background absorbance. Fortyfor consumption due to their astringent taste. The astringency
microliters of 3,5-dimethylphenol (DMP) solution (0.2 g of DMP,  of the unripe sapodilla is likely due to the high tannin content,
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Table 1. Moisture (%), TSP, TAA, and Antioxidant Activity by ORAC and DPPH for Selected Florida Grown Tropical Fruits?

% TSP TAA ORAC DPPH
fruit moisture (ug GA/lg puree) (mg/100 g puree) (uM TE/g puree) (g GA/g puree)
red guava 85.3 2316.7 £ 167.6 122.3+15.0 16.7+0.6 609.3+31.9
carambola 91.4 2207.7 + 156.7 16.9+ 1.6 129+1.0 620.2 £40.9
white guava 87.1 1589.3 + 75.4 201.£17.4 9.9+0.7 298.6 +22.6
red dragon 83.6 1075.8 + 71.7 55.8+2.0 76+0.1 134.1+30.1
mamey sapote 64.5 1010.5 +40.2 75+21 6.6+0.3 247.1+183
lychee 85.1 770.1+£30.1 8.1+15 54+0.2 103.8+13.8
white dragon 84.7 523.4 +33.6 13.0+15 30%02 347+£73
ripe mango 82.9 508.9 +29.4 92.8+25 22+01 123.7+£12.3
green mango 84.9 505.8 +51.8 29874 15+0.2 167.5 £13.4
sapodilla 74.5 501.8 +39.3 11.9+18 14+01 21+0.2
longan 82.6 4819 +374 140+05 33+0.1 69.6 +19.7
ripe papaya (cv. Red Lady) 89.3 4422 £29.7 153.8+12.1 53+0.3 65.1+15.8
green papaya (cv. Red Lady) 92.4 311.1+18.9 56.7£35 26+02 20.7+54
green papaya (cv. Exp. 15) 93.9 205.4 +35.8 572+13 <0.1 104+ 1.6

aData for TSP, AA, ORAC, and DPPH are +95% confidence interval.

700 1 A
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600 | R=091 *
500
= 400 -
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2 300
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0 20
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S 8-
6 i
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Figure 1. (A) Correlation between ORAC assay-derived antioxidant activity
and DPPH assay-derived antioxidant activity; (B) correlation between total
phenolic data and antioxidant activity by ORAC assay; and (C) correlation
between total phenolic data and antioxidant activity by DPPH assay.

discussed below). Both ripe papaya and mango exhibited higher
antioxidant activity (ORAC for both fruit, DPPH for papaya
only) and TSP compared to their green counterparts, perhaps
due to the increase in TAA and carotenoids as the fruits ripened.
Jimenez-Escrig et al5p) showed that the DPPH radical can
be scavenged by carotenoids. Red and yellow peppers showed
higher carotenoid content than green peppers, and red peppers
exhibited a higher level of DPPH radical scavenging activity
compared to green and yellow peppes$)( Likewise, TAA
was higher in ripe mango and papaya than in the respective
green fruits. This is in agreement with values reported by
Salunkhe and Desab{) for papaya, but in that study TAA
was higher in green than in ripe mango. However, because the
carotenoids are not water soluble, they may not react signifi-
cantly in the polar antioxidant assays used in this study. There
may be other compounds synthesized during ripening that
increase antioxidant activity in ripened fruit.

There were significant correlations= 0.96 by both ORAC
and DPPH) between antioxidant activity and TSHg(re
1B,C), suggesting that phenolic compounds were likely sig-
nificant contributors to antioxidant activity in the fruit extracts.
Red guava and carambola, which exhibited the highest anti-
oxidant activities, also contained high levels of TSP, and while
guava was highest also in TAA, carambola was relatively low
(Table 1). Some studies have demonstrated a linear correlation
between total phenolic content and antioxidant activity by
ORAC in fruits and vegetable48—22), but TSP and antioxi-
dant activity is not correlated across all types of foo#8).(
The higher antioxidant activity of red compared to white dragon
fruit is likely due to the red pigment, betalaines, which has
antioxidant activity $8, 59).

The phenolic compositions of tropical fruit have been widely
studied (see footnotes fbable 2). Table 2 includes data for
fruit analyzed in this study. HPLC- PDA-MS analyses of
aqueous methanolic extracts of the pulp of the Florida fruit were
consistent with the reported phenols (see footnoteFatiole
2). Carambola and red and white guava were particularly rich
in hydrolyzable tannins, and for guava there was also ellagic
and gallic acid conjugates, as well as flavone glycosides. Similar
analyses of the phenols in red and white dragonfruit and in
mamey sapote, all of which are uncharacterized in the literature,
provided evidence of an abundance of hydroxycinnamates in
the former and a flavone glycoside among numerous unidenti-

which decreases with ripening and contributes appreciably to fied phenols in the latter. Our HPLC-MS analysis of lychee

the antioxidant activity of the fruit54). Indeed, this was

confirmed by analysis of the phenolic compositidralle 2,

pulp showed a number of flavone glycosides, consisting mainly
of quercetin and kaempferol. The phenolic compositions of
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Table 2. Phenolic Components of Florida Tropical Fruit Pulp Detected 18 A v = 0.0282x + 3.9326
by HPLC-PDA-MS 16 - R =0.35
fruit (pulp) phenols ::
red/white guava? ellagic acid, flavone Q 10 - .
(quercetin) glycosides, gallic acid §
conjugates c 8 . A
carambola? catechin, proanthocyanidin dimer and 6 o .
trimer conjugates 4 -
red/white dragonfruit® hydroxycinnamates 2 4 * * .
mamey sapote? flavone glycoside 0 . ‘
lychee® flavone (quercetin and kaempferol)
glycosides 0 50 100 150 200
green/ripe mango’ mangiferin, gallotannins (tetramers Total ascorbic acid
to nonamers)
sapodillad catechin conjugates 700 1B y=0.7876x + 133.08
longan” ellagic acid conjugates, flavone 600 - ¢ R=0.23 .
(quercetin and kaempferol) glycosides
green/ripe papaya’ catechin conjugates 500 -
400 -

DPPH

@No hydroxycinnamates were detected by HPLC-PDA analysis. Ellagic acid 300 -
conjugates and quercetin glycosides were detected by comparisons of characteristic *
UV and MS spectra of quercetin and ellagic acid standards. Literature cited phenols 200 - /
include quercetin, gallic acid, ellagic acid, and guaijaverin-3-arabinoside (66). ? No 100 - ¢
flavones or hydroxycinnamates were detected by HPLC-PDA analysis of hydrolyzed
and nonhydrolyzed extracts. Spectral comparisons were made using published
UV spectra of flavones (39) and hydroxycinnamates (44, 45). Proanthocyanidin 0 50 100 150 200

*e .
hd

conjugates were detected as previously reported (43). Literature cited phenols
include catechin, epicatechin, and gallic acid (43). ¢ The majority of phenols detected
by HPLC-PDA analysis exhibited spectra suggestive of hydroxycinnamates. HPLC-
PDA analysis of acid hydrolyzed extracts provided evidence of ferulic acid and

Total ascorbic acid
Figure 2. (A) Correlation of AA data with ORAC-derived antioxidant activity
and (B) correlation of AA data with DPPH-derived antioxidant activity.

other minor hydroxycinnamic acids. Spectral comparisons were made using
published UV spectra of hydroxycinnamates (44, 45). No literature cited phenols.
4No hydroxycinnamates or gallotannins were detected by HPLC-PDA. Spectral
comparisons were made using published UV spectra of hydroxycinnamates (44,
45). No literature cited phenols. € At least seven flavone glycosides were detected
by HPLC-PDA-MS analysis. Negligible hydroxycinnamates and hydrolyzable tannins
were detected. No literature cited phenols for lychee pulp. f Galloyltannins were
detected and characterized by negative ESI using conditions previously described
by Berardini et al. (67). HPLC-PDA-MS analysis of acid hydrolyzed of extracts
provided detection of quercetin and mangiferin. Literature cited phenols include
gallic acid, gallotannins, quercetin, mangiferin, and kaempferol (40, 67). 9 Catechin
conjugates were detected by HPLC-PDA analysis. Negligible flavones or hydroxy-
cinnamates were detected. Spectral comparisons were made using published UV
spectra of flavones (39) and hydroxycinnamates (44, 45). No galloyltannins were
detected by HPLC-PDA-MS using netative ESI (67). Literature cited phenols include
catechin, methyl chlorogenate, dihydromyricetin, epicatechin, gallic acid, quercetrin,
myricetin, and gallocatechin (42, 54). "Ellagic acid—pentose conjugates and six
lavone mono-, di-, and trisaccharides were detected by HPLC-PDA-MS analysis.
HPLC-PDA-MS analysis of acid hydrolyzed extracts and flavone standards provided
evidence of quercetin and kaempferol. Literature cited phenols include gallic acid,
ellagic acid, and corilagin (60). ' Catechin conjugates were detected by HPLC-
PDA analysis. Negligible flavones or hydroxycinnamates were detected. Spectral
comparisons were made using published UV spectra of flavones (39) and
hydroxycinnamates (44, 45). No galloyltannins detected by HPLC-PDA-MS using
negative ESI (67). Literature cited phenols include catechin and chlorogenic acid
(68, 69).

vitamin C is present mostly as AA. Only AA contributes to
antioxidant activity, however, and in preparation of fruit
material, some AA was oxidized to DHAA. Most of the TAA
data were generally in agreement with literature vals&@sg1—
63) (Table 1). For the remaining fruit, correlation coefficients
between TAA and the total antioxidant activity by ORAC and
DPPH assays was not significamt 0.35 and 0.23Figure
2AB, respectively), especially compared to the correlation of
phenolics with antioxidant activityRigure 1B,C). Carambola
exhibited high TSP, ORAC, and DPPH values yet relatively
low levels of TAA compared to guava. This would indicate
that carambola is likely to be more beneficial to health than
would be indicated from TAA values alone. Wang et aB)(
reported that the contribution of AA to ORAC activity of a fruit
was usually less than 15% (based on the AA content and ORAC
activity of 1umol AA being equivalent to 0.52mol of Trolox)
(36), except for kiwi fruit and honeydew melon. Leong and Shui
(2) reported that the TAA of fruits contribution to scavenge
ABTS' varied greatly among species (from 0.06% to 70.2%)
but fruits with a high antioxidant activity are more likely to
have a low percentage contribution from TAA. Nevertheless,
just because there was not a good correlation between TAA
and antioxidant activity does not mean that TAA was not a
major source of the actual antioxidant activity. There is possible
mango, sapodilla, and longan pulp have been previously reportedinteraction of compounds in the fruit extract (including phenolic
to contain hydrolyzable tannins and conjugated hydroxycin- compounds) with the AA resulting in its not reacting fully with
namic, ellagic, and other phenolic acid#)(42, 60). In this the radicals in the respective assays. On the other hand,
study, mangiferin and galloyltannins, catechin and ellagic acid according to the literature valuegdble 3), TSP does not always
conjugates, and flavone glycosides were detected in mango,result in high ORAC values, for example, cantaloupe, pepper,
sapodilla, and longan pulp, respectively. HPLC-PDA-MS banana, and kiwi fruitZ2). This is probably due to the type of
analyses of ripe and green papaya showed few candidatethe phenolic compounds in the TSP. Determination of TSP and
phenols, other than catechin conjugates, which is consistent withTAA contribution could theoretically be made by multiple
the small number of compounds thus far reported for these fruit regression §4); however, the extracts of TSP and TAA were
(68, 69). prepared separately. In addition, TSP values may be over-
Use of TAA, which includes DHAA and AA, is valid inflated because they can include some AA and even reducing
assuming that there is little DHAA in fresh fruit and that fruit sugars. It has been reported that AA and metals such as iron or
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Table 3. Antioxidant Activity (ORAC) and Total Phenolics of Other Table 5. Pectin and TDF of Other Fruit?

Fruits and Vegetables?

TDF pectin
ORAC (literature) TSP (literature) (9/100 @) (9/100 @)
fruit (uM TE/g puree) (ug GA/g puree) fruit (literature) fruit (literature)
cucumber? 1.1 240 longan® 0.19
mango? 560 pineapple® 0.54
canteloupe® 3 1240 mango® 0.86
tomato® 3.1 800 cantaloupe® 0.88
papaya? 576 grape® 0.88 grapes? 0.70-0.80
celery? 5.3 560 green mango 1.27
lycheed 288 (cv. Kaew)®
pepper? 5.4-9.6 2710-5660 lychee® 1.32
onion? 5.9-11.3 740-1260 pineapple 1.42
nectarine? 72 1070 persimmon¢ 1.48
banana? 8.1 2310 peaches’ 1.53
kiwi fruitd 8.9 2780 grapefruit’ 1.63 grapefruit 0.65
gUaVac'd 1600,°¢ 24734 (cv_ Marsh)d
grape, green? 112 1450 rambutan® 1.64
carrot? 116 1250 papaya’ 1.79
grape, red® 12.6 1750 mango’ 1.79
carambola®® 1260,° 2099¢ mango® 182
broccoli® 14.8 3370 strawberries’ 1.99
grapefruit, red? 15.1 2140 dragon fruitt 214
guavac? 1240, 12649 lychee (cv. 2.20
orange® 17.85 3370 Hong Hua)®
spmacbh" 222 2170 orange’ 2.39 oranges? 057
apple’ 25.7-38.6 2110-3410 apple 2.39 apple (cv. 0.25-0.63
strawberry? 354 3680 Golden Delicious)?
raspberr_yb b 47.6 5040 blueberries’ 241
blueberries 618-921 53107950 banana’ 2.60 banana (ripening, 0.44-1.02
cv. Williams)?
aCultivar names given if known. Fruits are ranked from low to high ORAC guava® 2.70
values. P Ref 22. ¢Ref 70. 9Ref 3. carambola’ 2.78
mamey sapote® 3.00
Table 4. Pectin and TDF of Selected Florida-Grown Tropical Fruits? pear’ 807
ripe mango 3.10
’ TOF pectn packbertioyt 5.28
fruit moisture (9/100 g fruit) (/100 g fruit) sapodila® 531
guava (red) 85.3 72+0.0 1.04 +£0.02 guava® 5.39
mamey sapote 64.5 6.1+00 0.77 £0.02 guava (cv. 5.60
sapodilla 74.5 44+01 0.35+0.01 Klom Sali)®
guava (Whlte) 87.1 40+0.1 0.77+£0.01 raspben'iesf 6.50
dragon (red) 83.6 32+0.1 0.27 £0.01 cherries (cv. 0.44-1.02
papaya 93.9 2100 0.60 £0.02 Lambert and
(green, cv. Exp.15) Bing)?
papaya 92.4 1.8+0.0 0.51+£0.01
m af]%f?g;ece;lﬁ)REd Lady) 84.9 16+ 0.0 0.48 +0.01 , 2 Cultivar namesdgiven if known. Frui}s are ranked from low to high TDF values.
chhee 85.1 16+0.0 0.48 + 0.01 Ref 71. ¢Ref 72. 9Ref 74. ¢ Ref 73. "Ref 61.
papaya 89.3 15£0.1 0.49£0.01
(ripe, cv. Red Lady)
mango (ripe) 82.9 14£00 0.51+0.01 thang-phycoerythrin, which gave lower values in earlier ORAC
garambolah.t 2‘11‘7‘ ii £ 88 8%; : 8-83 assays %7) (Table 3). Guava, carambola, red dragon fruit,
Iorr?ggr? (white) 06 09400 0.20%0.00 mamey sapote, lychee, and ripe papaya ORAC values were

higher than or similar to published ORAC values for other
common fruits and vegetables, including cucumber, cantaloupe,
tomato, celery, pepper, nectarine, banana, kiwi fruit, and some
varieties of onion. Carambola and guava ORAC values also were
concentration of vitamin C alone exhibited significant linear higher than or similar to ORAC values for grape, carrot,
correlation with ORAC values3g). In any case, these models  broccoli, red grapefruit, and orang€able 3). The TSP values
and data dispel the assumption that foods must have highfor guava and carambola also compared favorably with those
vitamin C content to have significant antioxidant activity. For of red grapefruit, spinach, and some varieties of apple and were
example, compare longan and carambola which have TAA higher than many of the other fruits.
levels of 14.0 and 16.9 mg/100 g. Although their TAA levels TDF and Pectin. The selected Florida tropical fruits had
are similar, carambola has about 4 times the ORAC value andwidely different levels of TDF and pectin. The TDF and pectin
about 10 times the DPPH value. ranged from 0.9 to 7.2 g/100 g and 0.2 to 1.04 g/100 g,
Comparison of Antioxidant Data to Literature Values. respectively Table 4). Red guava again (as with antioxidant
Because ORAC had been extensively used to evaluate antioxi-activity) was highest in TDF and pectin followed by mamey,
dant activity of fruits and vegetables, the data from this study sapodilla, and white guava for TDF, while white guava exhibited
were compared to published ORAC values. We selected ORAC pectin levels similar to those in mamey sapote. Green papaya
studies that used fluoresce2?j as the fluorescent probe rather and green mango had more TDF than their ripe counterparts,

2Data are +95% confidence interval.

copper can create de novo radicals in the sys@&Bhgnd that
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although ripe mango had slightly more pectin than green mango. (8) Weisburger, J. H.; Reddy, B. S.; Rose, D. P.; Cohen, L. A;;
The variety of papaya grown for the green (unripe) market that Kendall, M. E.; Wynder, E. L. Protective mechanisms of dietary
is preferred by certain ethnic groups (Exp. 15), had higher levels fibers in nutritional carcinogenesBasic Life Sci1993 61, 45—

of TDF and pectin than the green or ripe stage for the papaya
variety produced for the ripe market (Red Lady). Red dragon
fruit exhibited higher TDF and pectin than did white dragon

(9) Ness, A. R.; Powles, J. W. Fruit and vegetables, and cardiovas-
cular disease: a revievint. J. Epidemiol.1997, 26, 1-13.
(10) Esterbauer, H.; Dieber-Rotheneder, M.; Striegl, G.; Waeg, G.

fruit. Role of vitamin E in preventing the oxidation of low-density
Comparison of Fiber Data with Literature Values. Tropi- lipoprotein.Am. J. Clin. Nutr.1991, 53, 314s-321s.

cal fruit TDF and pectin values of some tropical fruits were (11) Eastwood, M. A. Interaction of dietary antioxidants in vivo: how

higher than the reported values for many other common fruits fruit and vegetables prevent diseasg?. Med.1999 92, 527—

(Table 5). Red guava had TDF values that were higher than all 530.

other common fruit literature values except cherries, and the (12) Van den Berg, R.; Haenen, G. R. M. M.; Van den Berg, H;

mamey sapote TDF was higher than all but those of the cherries Bast, A. Applicability of an improved Trolox equivalent anti-

and raspberries. Red dragon fruit, white guava, and sapodilla oxidant capacity (TEAC) assay for evaluation of antioxidant

capacity measurements of mixturesod Chem1999 66, 511—
517.

(13) Cao, G.; Prior, R. L. Measurement of oxygen radical absorbance
capacity in biological sampled/iethods Enzymol1999 299,

all had higher TDF values than most common fruits with the
exception of the above and blackberries. Ripe mango, papaya,
lychee, guava, and mamey sapote all had pectin levels that were

comparable to what literature values are available for grape, 50—62.

orange, apple, and banana, for which the latter two fruit have a (14) Benzie, I. F. F.; Strain, J. J. Ferric reducing/antioxidant power

wide range of published valueggble 5). assay: direct measure of total antioxidant activity of biological
Conclusion. Overall, the data from this study indicate that fluids and modified version for simultaneous measurement of

consumption of Florida tropical fruit varieties may deliver total antioxidant power and ascorbic acid concentratitethods

healthful benefits by supplying natural antioxidants and dietary Enzymol.1999 299 15-27.

(15) Gil, M. I.; Tomas-Barberan, F. A.; Hess-Pierce, B.; Holeroft,
D. M.; Kader, A. A. Antioxidant activity of pomegranate juice
and its relationship with phenolic composition and processing.
J. Agric. Food Chem200Q 48, 4581-4589.

fiber that are protective against cellular damage, while improving
digestion and maintaining blood sugar levels. Guava would
appear to be an especially wholesome fruit, with high antioxidant

activity, phenolics, TAA, TDF, and pectin (164M TE/g, (16) Evelson, P.; Travacio, M.; Repetto, M. Evaluation of total
2316.7ug GA/g, 122.3-188.8 mg/100 g, 7.2 g/100 g, and 1.04 reactive antioxidant potential (TRAP) of tissue homogenates and
g/100 g, respectively) compared to other fruits tested as well their cytosols.Arch. Biochem. Biophy2001, 388 261-266.

as those in the literaturd §bles 1and3—5). Carambola appears (17) Ou, B.; Huang, D.; Hampsch-Woodill, M.; Flanagan, J. A.
also to have healthful benefits, being very high in antioxidants Deemer, E. K. Analysis of antioxidant activities of common
and phenolics (12.9%M TE/g and 2207.7ug GA/g, respec- vegetables employing oxygen radical absorbance capacity (ORAC)
tively), as well as mamey sapote, being high in TDF and pectin and ferric reducing antioxidant power (FRAP) assays: a
(6.1 and 0.77 g/100 g, respectively) compared to most fruits. comparative studyJ. Agric. Food Chem2002 50, 3122~

Red dragon fruit and sapodilla were likewise elevated in TDF, 3128.

(18) Wang, H.; Cao G.; Prior, R. L. Total antioxidant capacity of
fruits. J. Agric. Food Chem1996 44, 701-705.

(19) Cao, G.; Sofic, E.; Prior, R. L. Antioxidant capacity of tea and
common vegetablesl. Agric. Food Chem1996 44, 3426—

and red dragon fruit was also high in antioxidant activity
compared to other fruits and vegetables. As for preferences for
ripe or green mango and papaya by different ethnic groups, it

is interesting to know that consuming mango and papaya at the 3431.

ripe stage would be preferable, according to this study, for (20) Prior, R. L.; Cao, G.; Martin, A.; Sofic, E.; McEwen, J.; O'Brien,

antioxidant protection and vitamin C, but green mango and C.; Lischner, N.; Ehlenfeldt, M.; Kalt, W.; Krewer, G.; Mainland,

papaya offer more fiber. C. M. Antioxidant capacity as influenced by total phenolic and

anthocyanin content, maturity, and varietyM#cciniumspecies.
J. Agric. Food Chem1998 46, 2686-2693.

LITERATURE CITED (21) Wang, S. Y.; Lin, H. Antioxidant activity in fruits and leaves of

(1) Chang, S.; Lee, M.; Lin, C.; Chen, M. Dietary fiber content and blackberry, raspberry, and strawberry varies with cultivar and
composition of fruits in TaiwanAsia Pac. J. Clin. Nutr1998 developmental stagd. Agric. Food Chem200Q 48, 140-146.

7, 206-210. (22) Wu, X.; Beecher, G. R.; Holden, J. M.; Haytowitz, D. B.;

(2) Leong, L. P.; Shui, G. An investigation of antioxidant capacity Gebhardt, S. E.; Prior, R. L. Lipophilic and hydrophilic anti-
of fruits in the Singapore marketS§ood Chem2002 76, 69— oxidant capacities of common foods in the United Stafes.
75. Agric. Food Chem2004 52, 4026-4037.

(3) Luximon-Ramma, A.; Bahorun, T.; Crozier, A. Antioxidant (23) Duthie, G.; Crozier, A. Plant-derived phenolic antioxida@istr.
actions and phenolic and vitamin C contents of common Opin. Lipidol. 200Q 11, 43-47.

Mauritian exotic fruits.J. Sci. Food Agric.2003 83, 496 (24) Block, G. Vitamin C and cancer prevention: the epidemiologic
502. evidence Am. J. Clin. Nutr.1991, 53, 270S-282S.

(4) Ames, B. N.; Shigenaga, M. K.; Hagen, T. M. Oxidants, (25) Jenkins, D. J. A,; Kendall, C. W. C.; Ransom, T. P. P. Dietary
antioxidants, and the degenerative diseases of aBing. Natl. fiber, the evolution of the human diet and coronary heart disease.
Acad. Sci. U.S.A1993 90, 7915-7922. Nutr. Res.1998 18, 633-652.

(5) Dillard, C. J.; German, J. B. Phytochemicals: nutraceuticals and (26) Harris, P. J.; Ferguson, L. R. Dietary fiber: Its composition and
human healthJ. Sci. Food Agric200Q 80, 1744-1756. role in protection against colorectal cancklutat. Res.1993

(6) Prior, R. L.; Cao, G. Antioxidant phytochemicals in fruits and 290 9-110.
vegetables: diet and health implicatiorrtScience200Q 35, (27) National Research Counddietary reference intakes for energy,
588-592. carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and

(7) American Association of Cereal Chemists (AACC). The Defini- amino acidsNational Academy Press: Washington, DC, 2002;

tion of Dietary FiberCereal Foods Worl®001, 46, 112—-126. p 1357.



7362 J. Agric. Food Chem., Vol. 54, No. 19, 2006

(28) Food and Drug Adminitration (FDA). Food labeling: reference
daily intakes and daily reference valué®d. Regist1993 58,
2206-2220.

(29) Cummings, J. H.; Southgate, D. A. T.; Branch, W. J.; Wiggins,
H. S. The digestion of pectin in the human gut and its effect on
calcium absorption and large bowel functi@r. J. Nutr.1979
41, 477-485.

(30) Holloway, W. D.; Tasman-Jones, C.; Maher, K. Pectin digestion
in humansAm. J. Clin. Nut.1983 37, 253-255.

(31) Sellappan, S.; Akoh, C. C.; Krewer, G. Phenolic compounds and
antioxidant capacity of Georgia-Grown blueberries and
blackberriesJ. Agric. Food Chem2002 50, 2432-2438.

(32) Brand-Williams, W.; Cuvelier, M. E.; Berset, C. Use of a free
radical method to evaluate antioxidant activityood Sci.
Technol.1995 28, 25—-30.

(33) Singh, R. P.; Murthy, K. N. C.; Jayaprakasha, G. K. Studies on
the antioxidant activity of pomegranatéunica granaturppeel
and seed extracts using in vitro models Agric. Food Chem.
2002 50, 81—-86.

(34) Parejo, |I.; Viladomat, F.; Bastida, J.; Rosas-Romero, A.; Flerlage,
N.; Burillo, J.; Codina, C. Comparison between the radical
scavenging activity and antioxidant activity of six distilled and
nondistilled Mediterranean herbs and aromatic plahtégric.
Food Chem2002 50, 6882-6890.

(35) Manthey, J. A. Fractionation of orange peel phenols in ultrafil-
tered molasses and mass balance studies of their antioxidant
levels.J. Agric. Food Chem2004 52, 7586-7592.

(36) Cao, G.; Alessio, H. M.; Cutler, R. G. Oxygen-radical absorbance
capacity assay for antioxidantsree Radical Biol. Med1993
14, 303-311.

(37) Ou, B.; Hampsch-Woodill, M.; Prior, R. L. Development and
validation of an improved oxygen radical absorbance capacity
assay using fluorescein as the fluorescent prdbAgric. Food
Chem.2001, 49, 4619-4626.

(38) Talcott, S. T.; Percival, S. S.; Pittet-Moore, J.; Celoria, C.
Phytochemical composition and antioxidant stability of fortified
yellow passion fruit Passiflora eduliy J. Agric. Food Chem.
2003 51, 935-941.

(39) Mabry, T. J.; Markham, K. R.; Thomas, M. Bhe Systematic
Identification of Flasonoids Springer-Verlag: Berlin, 1970; p
354.

(40) Schieber, A.; Ullrich, W.; Carle, R. Characterization of polyphe-
nols in mango puree concentrate by HPLC with diode array and
mass spectrometric detectioimnovative Food Sci. Emerging
Technol.200Q 1, 161-166.

(41) Berardini, N.; Fezer, R.; Conrad, J.; Beifuss, U.; Carle, R;
Schieber, A. Screening of mango (Mangifera indica L.) cultivars
for their contents of flavonol O- and xanthone C-glycosides,
anthocyanins, and pectid. Agric. Food Chen2005 53, 1563~
1570.

(42) Ma, J.; Luo, X.-D.; Protiva, P.; Yang, H.; Ma, C.; Basile, M. J.;
Weinstein, I. B.; Kennelly, E. J. Bioactive novel polyphenols
from the fruit of Manikara zapota (Sapodilld).Nat. Prod2003
66, 983-986.

(43) Shui, G.; Leong, L. P. Analysis of polyphenolic antioxidants in
star fruit using liquid chromatography and mass spectrometry.
J. Chromatogr., A2004 1022 67—75.

(44) Sutherland, G. K. Preliminary classification of some naturally
occurring hydroxycinnamic acids through their ultraviolet spectra.
Arch. Biochem. Biophy4958 75, 412—-417.

(45) Heimann, W.; Hermann, K.; Feucht, G. Occurrence of hydroxy-
cinnamic acids in vegatables. |. Quantitative method of deter-
mination.Z. Lebensm.-Unters. Forsch971, 145 199-205.

(46) Nisperos-Carriedo, M. O.; Buslig, B. S.; Shaw, P. E. Simulta-
neous detection of dehydroascorbic, ascorbic, and some organic
acids in fruits and vegetables by HPLE.Agric. Food Chem.
1992 40, 1127-1130.

(47) Kalckar, H. M. Differential spectrophotometry of purine com-
pounds by means of specific enzymésBiol. Chem1946 167,
429-475.

Mahattanatawee et al.

(48) Theander, O. Total dietary fiber determined as neutral sugar
residues, uronic acid residues, and Klason lignin (the Uppsala
method): collaborative studyl. AOAC Int.1995 78, 1030-
1044.

(49) Scott, R. W. Colorimetric determination of hexuronic acids in
plant materialsAnal. Chem1979 51, 936-941.

(50) Luzio, G. A. Determination of galacturonic acid content of pectin
using a microtiter plate assayroc. Fla. State Hortic. So2004
117, 416-421.

(51) Association of Official Analytical Chemists (AOAC). Total
dietary fiber. Official methods of analysisl6th ed.; Official
Method 994.13; AOAC: Gaithersburg, MD, 1995.

(52) Cao, G.; Prior, R. L. Comparison of different analytical methods
for assessing total antioxidant capacity of human ser@Qlim.
Chem.1998 44, 1309-1315.

(53) Prior, R. L.; Cao, G. In vivo total antioxidant capacity comparison
of different analytical methods$:ree Radical Biol. Med1999
27,1173-1181.

(54) Shui, G.; Wong, S. P.; Leong, L. P. Characterization of
antioxidants and change of antioxidant levels during storage of
Manilkara zapotal. J. Agric. Food Chem2004 52, 7834—
7841.

(55) Jimenez-Escrig, A.; Jimenez-Jimenez, |.; Sanchez-Moreno, C.;
Saura-Calixto, F. Evaluation of free radical scavenging of dietary
carotenoids by the stable radical 2,2-diphenyl-1-picrylhydrazyl.
J. Sci. Food Agric200Q 80, 1686-1690.

(56) Zhang, D.; Hamauzu, Y. Phenolic compounds, ascorbic acid,
carotenoids and antioxidant properties of green, red and yellow
bell peppersJ. Food Agric. Emiron. 2003 1, 22—27.

(57) Salunkhe, D. K.; Desai, B. BRPosthawest Biotechnology of
Fruits;, CRC Press, Inc.: Boca Raton, FL, 1984; Vol. I,

p 147.

(58) Cai, Y.; Sun, M.; Corke, H. Antioxidant activity of betalains
from plants of the amaranthacede Agric. Food Chem2003
51, 2288-2294.

(59) Valllant, F.; Perez, A.; Davila, I.; Dornier, M.; Reynes, M.
Colorant and antioxidant properties of red-purple pitahaya
(Hylocereus sp.)Fruits 2005 60, 3—12.

(60) Rangkadilok, N.; Worasuttayangkurn, L.; Bennett, R. N.;
Satayavivad, J. Identification and quantification of polyphenolic
compounds in longan (Euphoria longana Lam.) fraitAgric.
Food Chem2005 53, 1387-1392.

(61) U.S. Department of Agriculture, Agricultural Research Service.
USDA National Nutrient Database for Standard Reference,
Release 18. Nutrient Data Laboratory Home Page. www.nal.us-
da.gov (accessed 2005).

(62) Shaw, P. E.; Chan, H. T.; Nagy, $ropical and Subtropical
Fruits; Agscience, Inc.: Auburndale, FL, 1998; p 569.

(63) Nakasone, H. Y.; Paull, R. Eropical Fruits C.A.B., Int.:
Wallingford, U.K., 1998; p 445.

(64) Massart, D. L.; Vandeginste, B. G. M.; Deming, S. N.; Michotte,
Y.; Kaufman, L.Chemometrics: A Textbook: Data Handing
in Science and Technologilsevier: Amsterdam, 1988; Vol.

2, p 504.

(65) Gregory, J. F. Vitamins. Irood Chemistry3rd ed.; Fennema,

0. R., Ed.; Marcel Dekker, Inc.: New York, 1996; pp 531
616.

(66) Seshadri, T. R.; Vasishta, K. Polyphenolic components of guava
fruits. Curr. Sci.1964 33, 334-335.

(67) Berardini, N.; Carle, R.; Schieber, A. Characterization of
gallotannins and benzophenone derivatives from mavigogifera
indicaL. cv. ‘Tommy Atkins’) peels, pulp and kernels by high-
performance liquid chromatography/electrospray ionization mass
spectrometryRapid Commun. Mass Spectra?d04 18, 2208
2216.

(68) Agrawal, P.; Agarwal, G. P. Alterations in the phenols of papaya
fruits infected by Colletotrichum spgRroc. Indian Natl. Sci.
Acad., Part B1982 48, 422-426.

(69) Chye, T. S.; Wan, T. S. Relation of phenolic compounds to
resistance of papaya fruits to rétroc. Malays. Biochem. Soc.
Conf.198Q 6, 138-147.



Antioxidant Activity and Fiber Content of Tropical Fruits

(70) Hassimotto, N. M. A.; Genovese, M. |.; Lajolo, F. M. Antioxidant
activity of dietary fruits, vegetables, and commercial frozen fruit
pulps.J. Agric. Food Chem2005 53, 2928-2935.

(71) Nitithan, S.; Komindr, S.; Nichachotsalid, A. Phytate and fiber
content in Thai fruits commonly consumed by diabetic patients.
J. Med Assoc. Thailand004 87 (12), 1444-1446.

(72) Gorinstein, S.; Zemser, M.; Haruenkit, R.; Chuthakorn, R.;
Grauer, F.; Martin-Belloso, O.; Trakhtenberg, S. Comparative
content of total polyphenols and dietary fiber in tropical fruits
and persimmonJ. Nutr. Biochem1999 10, 367-371.

(73) Nutritional Database. www.nutritional.com (accessed 2005).

J. Agric. Food Chem., Vol. 54, No. 19, 2006 7363

(74) Baker, R. A. Reassessment of some fruit and vegetable pectin
levels.J. Food Sci.1997, 62, 225-229.

Received for review February 27, 2006. Revised manuscript received
June 29, 2006. Accepted July 13, 2006. Mention of a trademark or
proprietary product is for identification only and does not imply a
guarantee or warranty of the product by the U.S. Department of
Agriculture. This material is based on work supported by the Tropical
Fruit Growers of South Florida.

JF060566S



