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Fruits of 10 cultivars of muscadine grapes (five bronze skin and five purple skin) grown in southern
Georgia were separated into skin, seed, and pulp. Each fruit part and the leaves from the
corresponding varieties were extracted for HPLC analysis of major phenolics. Total phenolics were
determined colorimetrically using Folin—Ciocalteu reagent. Total anthocyanins were determined
according to a pH-differential method, using a UV—visible spectrophotometer. Antioxidant capacity
was determined by the Trolox equivalent antioxidant capacity (TEAC) assay. Gallic acid, (+)-catechin,
and epicatechin were the major phenolics in seeds, with average values of 6.9, 558.4, and 1299.4
mg/100 g of fresh weight (FW), respectively. In the skins, ellagic acid, myricetin, quercetin, kaempferol,
and trans-resveratrol were the major phenolics, with respective average values of 16.5, 8.4, 1.8, 0.6,
and 0.1 mg/100 g of FW. Contrary to previous results, ellagic acid and not resveratrol was the major
phenolic in muscadine grapes. The HPLC solvent system used coupled with fluorescence detection
allowed separation of ellagic acid from resveratrol and detection of resveratrol. Reported here for the
first time are the phenolic content and antioxidant capacity of muscadine leaves. Major phenolics in
muscadine leaves were myricetin, ellagic acid, kaempferol, quercetin, and gallic acid, with average
concentrations of 157.6, 66.7, 8.9, 9.8, and 8.6, respectively. Average total phenolics were 2178.8,
374.6, 23.8, and 351.6 mg/g gallic acid equivalent in seed, skin, pulp, and leaves, respectively. Total
anthocyanin contents were 2.1 and 132.1 mg/100 g of FW in the skins of bronze and purple grapes,
respectively, and 4.3 and 4.6 mg/100 g of FW in seeds and pulps, in that order. Antioxidant capacity
values were, on average, 2.4, 12.8, 281.3, and 236.1 uM TEAC/g of FW for pulps, skins, seeds, and
leaves, respectively.
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INTRODUCTION important and exhibit substantial antioxidant activi®, B).

. . . . - Th ntioxidants m revent the inciden f cardiov, lar
Muscadine grapes (Vitis rotundifollichx.) are indigenous ese antioxidants may prevent the incidence of cardiovascula

. . . disease (4). Phenolics are secondary plant metabolites found in
to the southeastern United States. They are vigorous vines thal L .
may grow up to 100 ft in the wild. They differ botanically from the majority of fruits, vegetables, and teds).(Even though

other arapes and are placed in a separate subddmssadinia plants are the basis of all traditional medicinal therapy (6), the
grapes a P In a separate su gel ssadinia. positive effect of antioxidants found in fruits and vegetables
Muscadine fruits are round1.5 in. in diameter with a thick,

. . . was demonstrated by Ames et al) @nd Hertog et al.§—11).
;c\)ugh ItSka End may ?asvtet.up todf';/ﬁ sjesdsb Thet Geotrgllza In the recent years, many studies have demonstrated that free
gricuttural EXperiment Station an € U.o. Department ol - o yicals are the leading cause of degenerative diseases such as
Agriculture have introduced a number of improved varieties that

: . ; several forms of cancer, cardiovascular disease, and neurological
c?rrintly arelstandard cult;:/allﬁ)(Plan.m qgntaln alargg varlzty. diseases (12). Plant antioxidants work as singlet and triplet
8xi5aﬁocr1)urgleonl}2;jsmi?2m d:a;\gm?r?;loxrll antl prope:nes: d nti- doxygen guenchers, free radical scavengers, peroxide decompos-

: P » PNENOIS, carotenolds, andg ¢ = 5 enzyme inhibitors18). Many of their protective
flavonoids. Among the last group, flavones, isoflavones, fla-

vonon flavonol nth nin nd catechins are the m iological effects are derived from their antioxidant functions
onones, flavonols, anthocyanins, and catechins are the mos 14). There is interest in knowing the phenolic content of fruits

in order to increase their potential use as nutraceuticals or
* Author to whom correspondence should be addressed [telephone (706)functional foods.

54??&56;@2%??%53;&%?2; E{&?{'S_Cakc’h@“ga'ecju]' There are few research papers on the phenolic content of

8 The Univeristy of Georgia, Tifton. muscadine grapes. Ector et dl5§, Meepagala et al. (16), Goldy
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etal. (L7), and Talcott and Le€l) represent some of the reports  anthocyanins in grapes. Total anthocyanin analysis was performed
on the phenolic content of muscadine grapes. Studies from ourfollowing the method described by Giusti and Wrolstal)( and
laboratory represent one of the few attempts to measure thefollowing their direction for buffer preparation. Skin and seed extracts
polyphenolic content of muscadines and their antioxidant Were diluted to an appropriate concentration with potassium chloride

: o ; ; ; .. buffer, pH 1, until the absorbance of the sample was within the linear
capamt_y. The objective of thlfc’ study is to determine the major range of the Shimadzu 300 UWis spectrophotometer {€1.2). The
phenolic compounds found in grapes and leaves, their total

voh i d th ioxid . f th spectrophotometer was zeroed with distilled water. Two dilutions of
polypnenolic content, and the antioxidant capacity of the o;q, sample were prepared, one with potassium chloride buffer, pH 1,

muscadine fruits and leaves. and the other with sodium acetate buffer, pH 4.5, and the dilutions
were allowed to equilibrate for 15 min. The absorbance was measured
MATERIALS AND METHODS at 520 and at 700 nm (to correct for haze) against a blank cell filled
with distilled water, following the pH differential method described
Chemicals. Pure standards ofH)-catechins (95% purity), <)- by Giusti and Wrolstad (21).

epicatechin (90% purity), gallic acid (90% purity), ellagic acid (95% Antioxidant Capacity. The antioxidant capacity was determined
purity), myricetin (85% purity), quercetin (98% purity), kaempferol 55 Trolox equivalent antioxidant capacity (TEAC), following a slight
(90% purity), andrans-resveratrol (95% purity) were purchased from  yqgification to the method described by Re et2#)(Trolox, a vitamin
Fluka (Milwaukee, WI) and Sigma (St. Louis, MO). 6-Hydroxy-2,5,7,8-  E analogue, was used as an antioxidant standard. ABTS was dissolved
tetramethylchroman-2-carboxylic acid (Trolox) and '22inobis(3- in water to a concentration of 7 mM and allowed to react with a 2.45
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) were m\ potassium persulfate solution for 16 h in the dark. This reaction
purchased from Fluka. Acetonitrile, methanol, and water (HPLC grade) il form ABTS radical cations (ABTS). The ABTS* solution was
were purchased from Fisher Scientific (Norcross, GA). diluted in ethanol to an absorbance of 0.20q.02) at 734 nm; 1.980
Samples. Fruits and leaves from 10 muscadine grape cultivars, mL of diluted ABTS* solution was drawn with an automatic pipet
namely, five bronze (Carlos, Early Fry, Fry, Summit, and Late Fry) and placed into a quartz cuvette, and after exactly 1 minuR®f
and five purple (Paulk, Cowart, Supreme, Ison, and Noble), grown in antioxidant compound or Trolox standard was added and mixed. The
southern Georgia were provided by Jacob Paulk (Paulk Vineyards, absorbance reading was recorded for up to an additional 6 min. The
Wray, GA) and used for this study. Fruits and leaves were randomly percentage inhibition of absorbance at 734 nm was calculated and
collected at the time of optimum harvest maturity, as determined by plotted as a function of concentration of antioxidants and of Trolox
the grower. Five kilograms of fruits of each cultivar was collected. for the standard reference data. The ratio between the area under the
Homogeneous fruit samples (500 g) were separated into skins, seedscurve for the reaction of the specific antioxidant and that for Trolox
and pulps in order to determine the percentage of each fruit part with gave the relative antioxidant capacity. For calibration, Trolox standards
respect to the whole fruit. Each fruit part was packaged, labeled, and of 0, 300, 600, 900, 1200, and 150 were prepared to obtain final
stored at—20 °C in the dark until further analysis. Working samples  concentrations in the cuvette of 0, 3, 6, 9, 12, andilV/ respectively
of each fruit part were extracted in triplicate and analyzed as described (antioxidant sample corresponds to 1% of the total solution in the
below. The percentage of each fruit part was used for the calculation cuvette). Data from the spectrophotometer were saved as Excel files
of major phenolics, total phenolics, total anthocyanins, antioxidant (Microsoft Corp.). The area under the curve was calculated using the
capacity, and dry matter in whole fruits. software TableCurve 2D V5.0 (SPSS Inc., Chicago, IL).
Major Phenolics. Samples b1 g of skins, 0.5 g of seeds, 0.5 g of Dry Weight Determination. Sample dry weight was determined
leaves, or 2 g opulps were mashed, using a mortar and pestle, to a following the guidelines of the official AOAC method 967.023).
very fine paste and diluted with 80% methanol in 6 N HCI. The samples For each cultivar, 500 g of fruits was separated into pulps, seeds, and
were vortexed for 1 min and then placed in a water bath shaker set atskins. Each fruit part fraction was weighed, and the composition of
60 °C and 200 rpm for 2 h for acid hydrolysis of flavonoid glycosides  the fruit (as percentage of its fruit parts) was determined. Approximately
to aglycons. Finally, the samples were vortexed for 1 min to ensure 10 g of each fruit part was placed into an aluminum pan (in triplicate)
total extraction. The extracted samples were filtered through ar@.2 and dried for 16 h in an oven set at 195. After the drying time, the
syringe nylon filter and injected into a Hewlett-Packard (Avondale, pans were removed from the oven, allowed to cool in a desiccator,
PA) HP 1090 HPLC system with diode array and fluorescence detectors. gnd weighed, and the dry weight was determined as grams of dry matter
The mobile phases were, solvent A, methanol/acetic acid/water (10:2: per gram of sample.
88, v/v/v); solvent B, acetonitrile; and, solvent C, water. A linear — gyaistics. The statistical analysis was carried out using the Microsoft
gradient suitable for phenolic separation was used as follows: at 0 gycel software package (Microsoft Corp.).
min, 100% solvent A; at 5 min, 90% solvent A and 10% solvent B;
and at 25 min, 30% solvent A and 70% solvent B, with 5 min postrun
with 100% solvent C. The flow rate was 1 mL/min. The Beckman RESULTS AND DISCUSSION

Ultrasphere C18 ODS 4.6 250 mm column was used with the column . P . . . o
temperature set at 4. The volume of sample injected was 20. The major phenolics in muscadine grape skins were identified

All extractions and analyses were performed in the dark to protect the by their retention t.lmesl and characteristic spectra. Quantlflqatlon
phenolic compounds from degradation. was made by calibration curves of external standards built for
Total Phenolics. Mashed samples of fruit parts and leaves were ©2Ch of the analyzed compounds){catechin, {-)-epicatechin,
extracted in 2% HCI in methanol for 24 h in the dark and at room 9allic acid, ellagic acidirans-resveratrol, and the aglycons of
temperature. The extracts were diluted with the same solvent used formyricetin, quercetin, and kaempferol. Ellagic acid, resveratrol,
extraction, to a suitable concentration for analysis. Total phenolics were and the aglycons of myricetin, quercetin, and kaempferol were
measured according to the Foli€iocalteu reagent method9). Two found in muscadine skins, whereas){catechin, (—)-epicat-
hundred microliters of sample extract was introduced in a test tube, echin, and gallic acid were found in the seeds. To check the

1.0 mL of Folin—Ciocalteu reagent and 0.8 mL of sodium carbonate performance of the extraction method, some skin and seed

(7.5%) were added, and the contents were mixed and allowed to stands 5 mnles were spiked with selected phenolics and analvzed for
for 30 min. Absorption at 765 nm was measured in a Shimadzu 300 P P P y

UV—vis spectrophotometer (Shimadzu UV-1601, Norcross, GA). The recovery. Recoveries of ellagic acid and resveratrol were 95.8
, , . o i . X )
total phenolic content was expressed as gallic acid equivalents (GAE) and 98.7%, respectively, when skin samples were Sp'k?d W',th
in milligrams per gram of sample, using a standard curve generated KNOWN amounts of the compounds. The recovery of gallic acid
with 100, 200, 300, and 400 mg/L of gallic acid. was 83.5% when seed samples were spikeable 1 shows
Total Anthocyanins. Grape parts (skin, seed, or pulp) were extracted the individual phenollc_ compoun_ds In Wh_o_le muscadlne_g_rap_es.
in 2% HCI in methanol for 24 h, following the method described by Table 2shows the major phenolics identified and quantified in
Revilla et al. (20) as the one that gave the highest extraction of the skins and seeds of the 10 selected cultivars of muscadine
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Table 1. Phenolics in Muscadine Grapes (Milligrams per 100 g of Fresh Whole Fruit)?

cultivar ellagicacid ~ myricetin ~ quercetin  kaempferol  resveratrol  (-)-epicatechin  (+)-catechin  gallicacid  %skin % seeds % pulp
bronze
Carlos 6.4 6.3 0.4 0.1 0.1 718 86.1 0.6 32.3 6.0 61.6
Early Fry 7.0 5.8 0.6 0.1 0.1 324 19.0 0.1 35.7 2.0 62.3
Fry 5.7 1.8 11 0.4 0.1 331 6.4 0.1 43.3 18 54.9
Summit 54 42 1.8 14 0.1 6.9 54 0.1 45.8 15 52.7
Late Fry 9.9 5.6 0.4 0.1 ndP 74.0 19.9 0.4 46.7 3.9 49.4
av 6.8 4.7 0.9 0.4 0.1 43.6 27.4 0.3 40.8 1.9 56.2
SD° 18 1.8 0.6 0.6 0.0 28.7 335 0.2 6.4 1.8 5.6
purple
Paulk 6.0 0.7 0.7 0.2 nd 30.4 5.8 0.2 40.7 1.8 575
Cowart 74 2.2 0.3 0.1 0.1 60.3 17.7 0.3 34.2 5.1 60.7
Supreme 3.0 1.0 14 0.1 0.1 171 51 nd 47.8 1.1 51.1
Ison 8.7 2.8 0.5 0.2 0.1 30.9 19.2 0.3 39.1 35 57.3
Noble 6.8 2.2 0.2 0.2 0.1 66.6 30.7 11 46.2 9.2 44.6
av 6.4 18 0.6 0.2 0.1 41.1 15.7 0.4 41.6 4.1 54.2
SD 2.1 0.9 0.5 0.1 0.0 21.3 10.6 0.4 55 3.2 6.4

aValues are the average of triplicates. ® Not detected. © Standard deviation.

Table 2. Phenolics in Muscadine Grape Parts (Milligrams per 100 g of Fresh Weight of Fruit Part)?

skins seeds

cultivar ellagic acid myricetin quercetin kaempferol resveratrol (—)-epicatechin (+)-catechin gallic acid
Carlos 19.7+20 196+23 13+0.2 04+0.0 0200 1189.2 +51.9 1424.7+30.3 94+04
Early Fry 19.7+10 164+1.1 16+0.1 0.3+£0.0 01+£00 1603.0 + 88.7 940.5 £80.1 33+02
Fry 131+08 41+00 25+0.1 08+0.0 0201 1850.7 +553.3 355.6 + 54.2 45+03
Summit 11711 92+07 38+0.2 30%02 02+01 450.1+81.2 3485+67.1 5004
Late Fry 21.1+20 121+1.0 09+01 02+0.0 nd 1897.6 + 598.0 511.3+384 95+10
Paulk 147+11 18+0.1 17+£05 04+0.0 nd 1672.2 + 478.8 319.6 £131.4 99+12
Cowart 21617 6.4+0.6 09+01 0200 02+00 1180.6 +27.7 3472+27.0 50%0.1
Supreme 6.2+0.3 2004 3006 02+0.0 02+00 1553.8 +179.8 460.6 +129.4 22%05
Ison 222+16 71+06 14+0.2 06+0.1 02+0.0 8726 £4.9 542.3£79.6 88+11
Noble 146+0.2 48+0.1 0500 0300 0100 7242 605 3335+326 115+11

@ Values are the average and standard deviation of triplicates; nd, not detected.

grapes. The phenolic content in the whole fruit was calculated
on the basis of the results of individual phenolic compounds in
the skins and seeds shown Tiable 2 and the percentage of
each fruit part. Ellagic acid was the most abundant phenolic °-
compound in muscadine grape skins with concentrations from

6.2 to 22.2 mg/100 g of fresh weight (FW); myricetin had
concentrations from 1.8 to 19.6 mg/100 g of FW; quercetin %27
varied from 0.5 to 3.8 mg/100 g of FW; kaempferol was found
at concentrations from 0.2 to 3.0 mg/100 g of FW; arahs-
resveratrol had the lowest concentrations of the detecte

AU

d 200 —

. . . s Standard
phenolics, ranging from not detected in two varieties to 0.2 mg/ - Ve
100 g of FW {Tables 1and2). Our result for resveratrol differed - 4

. . . . . . 100 —| ;-—-{/

from previous resultslf) indicating high concentrations. These i N =y Sample
researchers apparently were not able to separate ellagic acid - ‘\K
from resveratrol with UV detection alone. Another possible ] AN
reason for the discrepancy in resveratrol concentration could : . : : .
be due to the varietal and agroecological differences between 250 300 350 400 450
our grapes and those of the previous researchers. However, we Wavelength (nm)

were able to separate the two compounds with our solvent gigyre 1. Diode array spectra of ellagic acid for standards and a sample
system, identify and quantify them with UV detection, and f the skin of the cv. Carlos.

confirm the resveratrol identity and amount with fluorescence

detection. The fluorescence detector was set at wavelengths ofn Figure 2. Figures 3and4 show the HPLC chromatograms
330 and 374 nm 24, 25), for excitation and emission, of selected standards and a sample of the skin of the muscadine
respectively.Figure 1 shows the spectra of ellagic acid and grape cv. Carlos, respectively. The major phenolics detected in
trans-resveratrol for standards and a sample of the skin of the muscadine seeds (Tablesahd2) were (—)-epicatechin, (+)-
muscadine grape cv. Carlos. The HPLC chromatogram of catechin, and gallic acid—)-Epicatechin concentration ranged
selected standards for muscadine skin analysis, showing diodefrom 450.1 to 1897.6 mg/100 g of FW+f-catechin had
array at different wavelengths, and fluorescence detection areconcentrations between 319.6 and 1424.7 mg/100 g of FW, and
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mAU - fruit and 14 times the concentration in the skin. The flavonol
: '%‘\ quercetin ranged from 6.3 to 21.6 mg/100 g of FW, correspond-
= ing to 13 times the concentration in the whole fruit and 6 times
the concentration in the skin. Gallic acid varied from 6.1 to
18.7 mg/100 g of FW, which is, on average, 29 times the
concentration of gallic acid in fruit and about the same
concentration as in the seed. No phenolics (from the ones that
we analyzed) were detected in the grape pulps. Varietal
differences between bronze-skinned and purple-skinned grapes
Sarnple were found only in the case of myricetin and total anthocyanin
i contents. Myricetin content was higher in the bronze-skinned
/ grapes, and total anthocyanin content was higher in purple-
S Wil skinned grapes. Leaves of both varieties had similar polyphe-
: % - nolic content, and no significant difference was found.
. , , . . The total phenolics in muscadine grape parts were, on
250 300 350 400 450 average, 5 times more concentrated in the seed than in the skin
Wavelength (nm) and 80 times more than in the pulpaple 4). This result may
Figure 2. Diode array spectra of trans-resveratrol for standards and a be due to the high concentration of catechins in the seed and
sample of the skin of the cv. Carlos. the very low presence of major phenolics in pulp. The relatively
high value for total phenolics in skins in comparison to the sum
gallic acid varied from 2.2 to 11.5 mg/100 g of FW. Major of individual phenolics found in them indicates that some other
phenolics in muscadine leavekaple 3) were myricetin, ellagic phenolics may be present in the skins but not identified in this
acid, kaempferol, quercetin, and gallic acid. Myricetin varied study. The whole muscadine fruits had, on average, 50% less
from 107.7 to 216.4 mg/100 g of FW, which on the average is total phenolics than the leaveBable 5), even though the skins
50 times its concentration in the whole muscadine grape andand seeds had high contents of phenolics. However, the high
18 times the concentration in the skin. Ellagic acid ranged relative weight of the pulp to the skins and seeds and their very
between 44.8 and 80.0 mg/100 g of FW, which is 10 times the low content of phenolics contributed to a low phenolics value
concentration of ellagic acid in the fruit and 4 times the in the whole fruit. Nevertheless, it is important to note that in
concentration in the skin. Kaempferol was found in concentra- muscadine grape processing, as in juice, wine, or jelly produc-
tions between 5.7 and 11.5 mg/100 g of FW, corresponding to tion, skins and seeds are discarded as waste. Therefore, the
32 times the concentration of the phenolic compound in the nutraceutical industry may use the muscadine seeds and skins
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Figure 3. HPLC chromatograms of selected standards for muscadine skin analysis at 260 nm (DAD1 A), 360 nm (DAD1 D), and 313 nm (DAD1 E) and
fluorescence detection at Ex = 330 nm and Em = 374 nm (FLD1 A) of ellagic acid (1), myricetin (2), trans-resveratrol (3), quercetin (4), and kaempferol

().
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Figure 4. HPLC chromatograms of the skin of grapes of the cv. Carlos at 260 nm (DAD1 A), 360 nm (DAD1 D), and 313 nm (DAD1 E) and fluorescence
detection at Ex = 330 nm and Em = 374 nm (FLD1 A) of ellagic acid (1), myricetin (2), trans-resveratrol (3), quercetin (4), and kaempferol (5).

Table 3. Major Phenolics in Muscadine Leaves (Milligrams per 100 g content, ranging from 65.5 to 177.0 mg/100 g of FW expressed
of Fresh Weight)? as cyanidin 3-glucoside. This corresponds to 65 times more
' __ ._ . _. anthocyanins than in the skins of bronze grapes. The total
cultivar ellagic acid  kaempferol ~ myricetin quercetin  gallic acid anthocyanin content in the seeds of purple grapes was 1.3 times
bronze higher than in bronze grape seeds, and the pulps of purple grapes
Eafl'osF ?gg : ig 18; : ig %‘l‘gi : i-g zig : 1g ;g £ 8-; had, on average, 2 mg/100 g of FW. This could be due to some
arly Fry 04, 61 A4x4, 6+l 3+0. . . . .
Fry 167544 88404 1409+33 79503 61402 migration of the pigments from the skin to the pulp or some
Summit  55.6+2.7  57+02 107.7+35 63+03 69+03 tinting from ruptured skin cells during the process of separation
LateFry 66.1+32 102+11 1621+46 81+05 83+0.3 of the fruit into its partsTables 4and5 show the results for

total anthocyanins. No total anthocyanin analysis was performed
on the leaves after they were collected at the time of harvest
for the fruits, and at that physiological stage it is possible to

avtSDP 715+105 88+19 1546+398 104+63 7.6+12

purple

Pauk  655+50 100+10 166.2+53 84+07 6.4+09 assume that muscadine leaf cells do not have such pigments.
Cowart 74737  79£03 1571+48 118+10 78%07 Tables 4and5 also show the antioxidant capacity data. The
s 651540 15510 1785:63 s0s07 7i:o7  (otalaverage values were 12.8,281.3, 2.4, 15.3, and 236.1
Noble — 448+28 8607 1673+49 7.9+06 187+28 Trolox equiv/g of FW in skins, seeds, pulps, whole grapes, and

leaves, respectively. This means that seeds had 22, 116, and 18
times more antioxidant capacity than skins, pulps, and the whole
grapes, respectively. Additionally, seeds had, on average, 20%
more antioxidant capacity than leaves. The seeds¥&atmes
more total phenolics than the leaves, and the ratio of antioxidant
as potential sources of phenolics, and for the farmers or capacity/total phenolics was6 times higher for the leaves than
processors they may provide an additional source of income. the seeds. It is presumable that major phenolics in leaves have
Leaves are allowed to remain in the field after the fruits have higher antioxidant capacity than the ones found in seeds or that
been harvested and finally will fall to the ground during the other antioxidant compounds different from phenolics may be
autumn. They could also be collected and used for the extractionpresent in higher concentrations in the leaves than in the seeds.
of polyphenolics or processed for use as functional foods. A comparison of our results with those reported by Wang and
The analysis of total anthocyanins showed that bronze-skinnedLin (13) indicated that the antioxidant capacity of muscadine
muscadine grapes had very low anthocyanin content in skinsleaves was at least twice the value for the leaves of some berry
and seeds and no anthocyanins in pulps. The seeds of this grouplants, such as blackberry, raspberry, or strawberry.
of fruits had higher relative anthocyanin content. For purple-  Table 6 shows the results for dry weight determination of
skinned muscadine grapes, the skins showed higher anthocyanimuscadine grapes and the corresponding dry weight of the whole

av+SD 618+110 9017 1606+178 92+17 95%52

aValues are the average and standard deviation of triplicates. ® Standard
deviation.
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Table 4. Total Phenolics, Total Anthocyanins, and Antioxidant Capacity of Muscadine Grape Parts

total phenolics total anthocyanins TEAC?
(GAE mg/100 g of FW) (mg/100 g of FW as cyanidin 3-glucoside) (uM/g of FW)
cultivar seed skin pulp skin seed pulp skin seed pulp
bronze
Carlos 1920.3 545.6 25.1 2.6 12 ndb 14.9 204.6 34
Early Fry 2367.2 303.0 21.3 25 8.7 nd 13.9 277.8 2.0
Fry 2356.3 332.2 23.8 0.8 4.6 nd 11.1 234.2 29
Summit 3258.7 541.0 22.3 2.8 31 nd 12.4 2454 3.0
Late Fry 1986.0 348.9 24.0 2.0 3.7 nd 13.4 218.9 2.4
av + SD¢ 2377.7 £533.7 4141+119.1 233+15 21+08 43+28 nd 13.1+25 236.2+£37.9 27+05
purple
Paulk 1649.3 363.6 30.0 177.0 4.1 4.7 12.1 307.9 2.2
Cowart 2303.0 261.6 11.6 107.8 4.6 11 12.4 325.5 2.7
Supreme 1535.5 329.9 20.1 1355 75 0.7 12.2 478.6 1.6
Ison 1726.2 365.0 26.0 1745 4.6 1.9 133 284.9 21
Noble 2685.3 355.1 334 65.5 2.2 2.2 12.4 234.7 2.1

av+SD 1979.9 +493.2 335.0+434 242+86 132.1+47.0 46+19 21+16 125+ 05 326.3+£91.7 21+04

2 Trolox equivalent antioxidant capacity; values are the average of triplicates. ® Not detected. ¢ Standard deviation.

Table 5. Total Phenolics (TPH), Total Anthocyanins (TAC), and Trolox Equivalent Antioxidant Capacity (TEAC) of Muscadine Grapes and Leaves?

TPH (GAE mg/100 g of FW) TAC (mg/100 g of FW) TEAC (uM/g of FW)

cultivar whole fruit leaves whole fruit whole fruit leaves
bronze

Carlos 307.9 350.1 0.9 18.2 229.8

Early Fry 169.1 437.0 11 11.2 251.0

Fry 199.0 340.4 0.4 9.8 239.8

Summit 309.7 282.1 13 10.2 222.0

Late Fry 252.3 355.0 11 15.4 235.0

av + SDP 247.6 +63.3 352.9+55.3 1.0£03 13.0+3.7 235.5+10.9
purple

Paulk 195.2 356.5 74.8 11.2 247.8

Cowart 214.2 359.3 37.8 21.7 164.0

Supreme 184.7 317.7 65.2 11.5 304.0

Ison 218.9 370.4 69.5 15.9 283.0

Noble 425.7 347.3 315 27.8 184.8

av+SD 247.7 +100.5 350.2 +20.0 55.8£19.7 176+7.1 236.7 £ 60.8

aValues are the average of triplicates. ® Standard deviation.

Table 6. Dry Matter of Muscadine Grape Fruits and Fruit Parts main phenolics in muscadines were ellagic acid, kaempferol,
(Grams per Gram of Fresh Weight)? myricetin, and quercetin. Seeds of muscadine grapes had higher
antioxidant capacity compared to the other fruit parts, which
cultivar skin seed pulp whole fruit may be due to their high concentrations of catechin and
Carlos 0.179 0.532 0.137 0.174 epicatechin. Because the leaves have 15 times more antioxidant
Early Fry 0.159 0.562 0.149 0.161 capacity than the fruits and the seeds and skins have high
g[:ymmit 8:122 8:25? 8:122 8:138 polyphenolic contents, they have the potential to be processed
Late Fry 0.161 0516 0.152 0.162 for use as functional foods or nutraceuticals. This paper contains
paulk 0163 0578 0146 0459 j[he first report of myricetin in muscadine grapes and of phenolics
Cowart 0.149 0.531 0.121 0.139 in muscadine leaves.
Supreme 0.169 0.514 0.137 0.186
Ison 0.182 0.559 0.157 0.184 ACKNOWLEDGMENT
Noble 0.135 0.596 0.122 0.151
We thank Jacob Paulk for valuable help in providing us with
aValues are the average of triplicates. the muscadine fruit and leaf samples.

fruit calculated by taking into account the percentage of each
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