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Carotenoid Content of 50 Watermelon Cultivars
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The lycopene content of 50 commercial cultivars of seeded and seedless red-fleshed watermelons
was determined. Scanning colorimetric and spectrophotometric assays of total lycopene were used
to separate watermelon cultivars into low (<50 mg/kg fw), average (50—70 mg/kg fw), high (70—90
mg/kg fw), and very high (>90 mg/kg fw). Cultivars varied greatly in lycopene content, ranging from
33 to 100 mg/kg. Most of the seeded hybrid cultivars had average lycopene contents. Sixteen of the
33 seedless types had lycopene contents in the high and very high ranges. All-trans-lycopene was
the predominant carotenoid (84—97%) in all watermelon cultivars measured by high-performance
liguid chromatography, but the germplasm differed in the relative amounts of cis-lycopene, 5-carotene,
and phytofluene. Red-fleshed watermelon genotypes vary extensively in carotenoid content and offer
opportunities for developing watermelons with specifically enhanced carotenoids.
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INTRODUCTION munication). The purpose of this experiment was to identify

There have been numerous reports that high dietary lycopengVatermelon cultivars that are high in lycopene content and to
consumption (4 mg or more/day) may be beneficial in reducing determine how carotenoid profiles differed among cultivars.
the incidence of prostate and oral cancers and in the prevention
of oxidative damage to cells1{5). Epidemiological and  MATERIALS AND METHODS
intervention studies suggest that increased lycopene intake may Plant Material. A total of 50 watermelon cultivars considered

reduce the risk of cardiovascular disea8g7( and may protect  jnnortant in U.S. watermelon production were grown in research plots
the skin from U_|traV|0|et light damgge)(. Tomatoes and tomato gt Lane, Oklahoma, in 2002 and 200@&bles 1and2). Watermelons
products provide most of the dietary intake of lycopene in were transplanted into a Bernow silty loam soil (fine loamy, siliceous,
Western diets. However, red-fleshed watermelon contains morethermic Glossic Paleudalf, cation exchange capacity of 4 mequiv/100
lycopene per unit fresh weight than fresh tomatoes and is equallyg) with in-row spacing of 91 cm and between-row spacing of 274 cm.
bioavailable to humans (4,0). Four blocks per variety were used with 15 plants per block. Recom-

Lycopene imparts the red color to watermelon, with red- mended cultural practices and fertility rates for Oklahoma watermelons
fleshed fruit containing an average of 48.2 mk/kg lycopei. ( were followed (14). Temperatures during the 2002 and 20_03 growing
There are several hundred watermelon cultivars used com-S¢350" averaged 30, 32, and & (max) and 20—2TC (min) for

- - L June, July, and August.

mercially, and these are either seeded (diploig, & seedless .

s . o Watermelons were harvested on multiple harvest dates from late July
(triploid, 3n). Lycopene is reported to be the prevailing

T o to mid-September, with-35 ripe melons harvested at random per block
carotenoid in red-fleshed watermelons {AD% of total caro- per variety used each year, a total of-12D melons sampled for each

tenoids), while remaining carotenoids include phytofluene, year for each variety. No reliable index for watermelon ripeness is
phytoenef-carotene, lutein, neurosporene, dncarotene 11— available, such as heat units, so field ripeness was judged by various
13). Plant breeders have introduced new watermelon varietiesmethods, including tendril browning, yellowing of the groundspot, loss
that have a deep red color, but the lycopene and total carotenoidof surface gloss, and by a slight crunching sound when pressed at the
contents of these varieties are not known. Advertising water- blossom end (on oblong diploid melons).

melon as a source of lycopene is enhancing watermelon sales Compositional Analysis. All fruits were transported carefully to

in the United States, and this has stimulated interest amongthe laboratory to avoid internal bruising. Fruits were cut and sampled
breeders to determine the relative pigment content of their under fluorescent lights equipped with polarization filters (Ergomart,

: : : Dallas, TX) to prevent carotenoid degradation. Tissue samples were
selections (Xingping Zhang, Syngenta Seeds, personal com taken from the center of the melon in the heart and locular areas from

. - _ the center of the melon to best replicate sampling from different sizes

USd;éI;vﬁgrgg.co?g-espondence should be addressed. E-mail: pperkins- 5 types of melons (420 kg, round to oblong). Only melons with
tU.S. Department of Agriculture. >9% soluble solids content were sampled for lycopene to ensure that
* Oklahoma State University. all fruits were fully ripe. About 200 g of flesh without seeds was
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Table 1. Total Lycopene Concentration and Soluble Solids Content of
Ripe Seeded (2n) Watermelon Cultivars from Oklahoma, 2002 and
20032

total no. total soluble
of melons lycopene solids
variety sampled type (mglkg) content (%)
low
Black Diamond 20 OP 338+45 9.7+09
Allsweet 16 OoP 474+79 10.7+£0.6
total 36 mean 4060 +6.20  10.20+0.75
range  30.4-51.0 9.0-11.8
average
RojoGrande 12 F1 52.0+115 10.2+0.6
Sangria 40 F1 523149 10.9+0.9
HSR2965 12 F1 575+8.1 11.3+14
Jamboree 24 F1 58.3+£5.2 10.9+0.8
Dulce 16 F1 59.4+58 11.5+0.8
Campeche 12 F1 605+9.1 11.0+0.9
WX264 12 F1 63.1+9.8 11.0+£0.8
HSR3034 16 F1 63.2+10.3 10.8+0.7
HYR133 12 F1 65.0+9.0 105+0.5
Summer Flavor 800 40 F1 66.0+7.8 11.2+0.6
Dixie Lee 20 opP 68.1+9.1 103+1.1
Minipool 20 F1 68.7+12.2 11.6+1.1
total 236 mean  61.18 +857  10.93+0.85
range  47.6-77.3 9.5-12.3
high
Ole’ 16 F1 71.7+93 11.6+05
Summer Flavor 810 12 F1 75.4+71 11.8+05
Summer Flavor 710 12 F1 82.3+59 11.9+0.8
total 40 mean  76.47 +743  11.77+0.60
range  64.7-88.3 10.2-12.5

2The total lycopene was determined by spectrophotometric methods. F1, hybrid;
OP, open pollinated. Means + standard deviation.

collected per fruit and placed into double plastic bags and frozen quickly
at—80°C. All tissue was held at80 °C and analyzed within 4 months
of harvest. Twelve to 40 melons that were judged to be ripe [soluble
solids content (SSC 9%, full red color] were used for each cultivar.
A composite sample of 40—50 g of frozen tissue was ground for 3
min to a fine puree using a homogenizer (Polytron, Brinkman,
Westbury, NY). The SSC was determined by placing 0.5 mL of puree
onto a digital refractometer (Atago model PR 100, Gardiner, NY). The
lycopene content of the puree of individual melons was measured by
modified hexane extraction (2:2:1 ethanol:hexane:acetone) using a
wavelength of 503 nm and an extinction coefficient of 172008
17). The lycopene spectra and contents were verified using tomato
lycopene (Sigma, St. Louis, MO) and synthetic tafins-lycopene
standards (LycoVit 10 cwd, BASF, Mt. Olive, NJ).

Determination of Carotenoid Profiles. Following spectrophoto-

Perkins-Veazie et al.

Table 2. Total Lycopene and Soluble Solids Content of Ripe Seedless
Watermelon Cultivars (3n) from Oklahoma, 2002 and 20032

no. melons total lycopene soluble
variety sampled (mglkg) solids (%)
average
Sugar Slice 12 55.3+6.6 10.6 +0.7
HSR2877 16 55.7+7.7 11.2+1.1
HSR2965 12 575+8.1 11.3+1.4
Sugar Shack 20 58.1+85 11.7+0.7
Summer Sweet 5244 20 58.8 5.6 11.0+£0.6
Sweet Slice 16 59.2+79 10.9+0.7
HSR3005 12 59.6 +£10.4 11.2+0.9
Afternoon Delight 16 60.1+6.1 10.3+0.4
DRX4040 12 60.7 £ 9.0 11.2+0.7
Tri-x Carousel 16 60.7+5.9 108+1.1
Tri-x Palomar 12 624+95 112+0.8
Tri-x 313 40 64.1+£7.0 11.2+0.6
Mt. Shavano 12 64.1+58 11.1+0.6
HSR2920 12 64.3+11.3 10.8+1.6
Summer Sweet 7167 12 65.0 £ 10.0 114+ 05
Sweet Eat'n 12 65.7£6.1 11.1+0.6
Dillion 12 66.5+11.2 11.0+1.2
total/mean 266 61.05 +8.04 11.06 £0.84
range 451-74.8 9.5-12.1
high
Imagination 16 70.0+5.3 10.2+0.8
Sweet Delight 12 70.1+£6.9 11.3+0.8
Samba 12 749+6.7 11.8+0.5
HtRWM8133 12 73.0+£10.0 11.6+0.7
Hazera 5116 16 73.8+85 10.7+0.7
Summer Sweet 7187 12 74.7+9.8 119+05
ACX8238 12 752+4.3 11.7+0.6
Millenium 16 752+58 11.8+0.7
HRS2492 12 75779 11.7+05
Scarlet Trio 20 75.8+8.8 112+0.8
Mielhart (Hazera 5133) 12 826+78 105+0.7
Lilliput (HazeraSW1) 12 86.5+11.1 10.8+0.8
Hazera 6009 24 88.6 +12.5 11.3+£0.6
total/means 188 76.62 £8.11 11.27 £ 0.67
range 59.9-93.2 10.1-12.1
very high

Extazy (HZ6008) 16 932+80 105+0.7
Hazera 5109 16 95.6 +16.3 10.8+0.6
Xite (Hazera 6007) 32 99.8 +14.8 109+0.8
total/means 64 96.20 + 13.03 10.73+0.70
range 65.6-119.8 9.5-12.0

@ The total lycopene was determined by spectrophotometric methods. Means +
standard deviation.

filtered using 0.45 um PTFE syringe filters (Daigger, Vernon Hills,
IL) into 2 mL amber crimp-top vials (Daigger) and then loaded onto a
HPLC equipped with autosampler, photodiode array detector, and

metric analysis, the 50 watermelon cultivars were separated into groupsintegration software (Hewlett-Packard 1100,Wilmington, DE). & C

depending on lycopene content. Fruits from cultivars wis0 mg/kg

fw mean total lycopene were coded “low”; those from 50 to 70 mg/kg
fw were coded “average” (comparable to values listed in the U.S.
Department of Agriculture database); those from 70 to 90 mg/kg fw
were coded “high”, and those90 mg/kg fw were coded “very high”
(Tables 1and?2). About half of the total cultivars in each lycopene

YMC carotenoid column (4.6 250 mn?) and YMC carotenoid guard
column S-3 (4.0x 20 mn¥) (Waters, Milford, MA) and a gradient
method with three solvent mixtures were used to separated carotenoids
(6). Solvent mixtures consisted of (A) 90% methanol and 10% ddi water
containing 0.5% triethylamine and 150 mM ammonium acetate, (B)
99.5% 2-propanol and 0.5% triethylamine, and (C) 99.95% tetrahy-

group (low to very high) of seeded or seedless types were selected atdrofuran and 0.05% triethylamine. Gradient conditions were as fol-

random for high-performance liquid chromatography (HPLC) carotenoid
profiling, with a total of 27 cultivars used.

Twenty grams of puree from each of four melons per cultivar was
combined into composite samples, with-3 replicates per cultivar.
Subsamples of 0-30.6 g of puree from the composite samples were
weighed into amber glass bottles, and carotenoids were extracted with
spectrophotometric grade solvents in a ratio of 2:2:1 hexane, ethanol,
and acetone (10 mL:10 mL:5 mL) (Pharmco, Brookfield, CT). These
samples were tightly sealed and placed on orbital shaker (Lab Line,
Melrose Park, IL) for 15 min at 200 rpm, and then, 3 mL of ddi water
was added, samples were shaken again for 10 min, and samples stoo

lows: initial conditions 90% solvent A plus 10% solvent B; 24 min
gradient switched to 54% solvent A, 35% solvent B, and 11% solvent
C; final gradient conditions were 11 min gradient of 30% solvent A,
35% solvent B, and 35% solvent C and then held for 8 min. The mobile
phases were returned to initial conditions over 15 min. Injection volumes
of 0.1 mL were used for samples and standards. Standaschr¢tene,
lycopene, phytoene, and phytofluene) obtained from Sigma and
Carotenature (Geneva, Switzerland) were used to verify peaks and
calculate concentrations following the method of Craft (18).
Statistics. The experimental design used was a completely random-
ized design. Data were subjected to analysis of variance (SAS, v. 8.0,

for 15 min to develop solvent phase separation. Duplicate samples wereCary, NC), using PROC GLM, and means were separated by standard
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Table 3. Carotenoid Concentration Profiles of Red-Fleshed Seeded Diploid (2n) and Seedless Triploid (3n) Watermelon Cultivars Determined by
HPLC?

Diploid (Seeded)
mglkg
selection total lycopene all-trans-lycopene cis-lycopene [>-carotene phytofluene total carotenoids
open pollinated
Black Diamond 352+23 29.3+23 58+0.8 09+0.2 0.2+0.02 37.1+25
hybrid
Rojo Grande 53.6+13.6 458+10.2 78+28 36+16 12+03 58.4 +16.7
Summer Flavor 800 60.3+4.7 56.3+5.1 40+1.2 12+04 04+0.1 619+51
Dulce 63.5+7.2 60.7+9.9 28%15 44+08 13+0.1 69.2+8.6
Jamboree 65.7+4.8 57.7+43 8.0+0.9 51+1.0 16+0.2 724+51
Minipool 66.5+5.8 63.8+838 27x14 91x27 23%03 779+81
Campeche 69.5 +10.0 60.5+8.2 9.0+31 49+27 19+0.3 76.3+13.0
Ole' 76.1+8.1 70.8+4.2 5623 93+17 19+0.1 87.3+108
Triploid (Seedless)
mgl/kg
selection total lycopene all-trans-lycopene cis-lycopene [-carotene phytofluene total carotenoids

Afternoon Delight 60.9+43 53838 7120 58+11 14+£02 68.1+4.6
Summer Sweet 7167 60.9 +13.9 51.1+10.1 9.8+6.1 15+04 05+0.1 62.9+14.4
Sweet Slice 62.4+42 57.6+4.2 48+13 6.7+£0.7 18+0.3 70.9+35
Tri-x 313 63.3+14.3 59.0+4.9 43+30 2414 1.0+£04 66.7 +12.0
Sweet Eat'n 63.6 6.3 55.9+53 78+23 51+15 15+04 702+70
Mt Shavano 65.4+13.6 61.0+8.1 44+29 41+12 13+0.2 70.8+14.8
Sugar Slice 66.2 +4.7 62.1+11.9 41+30 43+09 13+0.3 71.8+48
Tri-x Carousel 69.5+6.5 68.0+59 15+0.8 39+04 13+01 74767
Scarlet Trio 71.7+£53 64.9+47 6.8+26 23104 08+0.2 748+59
Sweet Delight 73455 715+49 19+03 48+12 13+0.2 795+6.3
Samba 754+40 67.0+3.6 84%51 34+08 14+0.3 80.2+46
Summer Sweet 7187 774+132 64.9+12.8 125+78 2003 06+0.1 80.0+0.3
Imagination 77.7+£21 68.8+1.8 89+52 74+21 2505 87.6+4.1
Millenium 80.0+54 60.7+4.4 19.3+138 20+0.7 0.7+0.1 82.7+58
ACX 8238 80.2+3.6 65.8+3.8 14442 2701 06+0.1 83.5+35
Mielhart (Hazera 5133) 825+37 76.9+2.0 56+12 102+0.6 43+02 97.0+3.1
Hazera 6009 87.6+9.7 81.1+94 6.5+0.3 42+08 19+0.2 93.7+26
Extazy (Hazera 6008) 103.3+84 86.1+7.3 72+0.7 88+14 29+0.3 115.0+9.6
Xite (Hazera 6007) 112.4+12.9 101.2+12.1 112+6.4 65+10 3008 121.9+148

2 Means * standard deviation.

deviation. Carotenoids were subjected to Pearson’s correlation coef-12—16 days postanthesis and gradually increased. A strong
ficient to determine correlated means. linear or quadratic relationship between SSC and lycopene
concentration would most likely be seen if these quality

characteristics were followed from anthesis through full ripeness.

Germplasm Variation in Total Lycopene and SSC.Al- HPLC Carotenoid Profiles of Watermelons. Total caro-

though fruits from a few seeded cultivars, such as Summer tenoid content varied from 37 to 122 mg/kg fw among red-
Flavor 710 and Ole, were high in lycopene, seedless watermelonfleshed watermelon cultivarg éble 3). Lycopene provided the
cultivars were most often high in lycoperniéaples 1and2). largest portion of the total carotenoids (847%), as reported
All melons used in this study were considered fully ripe, with by others using open column chromatography and HPLIC-(
a minimum SSC of 9%. Many of the cultivars used in this study 13, 20). cis-Lycopene was 2—18% of the total lycopene, with
that were high or very high in lycopene are of recent introduction most cultivars having #8% cis-lycopene; the remainder was
(last 2—10 years; the Hazera selections, Sweet Delight, Ole, all-trans-lycopene (Table 3). Edwards et a8)(reported that
Imagination, and Summer Sweet 7187). Extazy, Hazera 5109,the cisdycopene in watermelon was predominately the 5-cis
and Xite fruits had 93—99 mg/kg lycopene, higher than any form, with some 13-cis isomer. Although tis-lycopene was
values reported for watermelon. The range of lycopene valuesa small amount of the total lycopene found in the watermelon
within a group increased in both minimum and maximum cultivars, there is some evidence that the cis form is more
contents as the average lycopene content increased. bioavailable to humans2(); -carotene made up-211% of
SSC was positively correlated with lycopene, but the relation- the total carotenoids, and phytofluene was-0%6 of the total
ship was poor, with arR? of 0.18 using linear or quadratic ~ carotenoids. The carotenoifiscarotene, phytofluene, aruis-
regression (data not shown). In our study, only fully ripe and all-trans-lycopene were identified by comparing retention
watermelons were used, with a range of soluble solids valuestimes and peaks to standards in HPLC analysis of watermelon
of 9—12.5%, and a wide range of lycopene concentrations- (35 puree (Figure 1). An unknown carotenoid was found at a
100 mg/kg) (Tables Jand2). EImstrom and Davis (19) found retention time of about 32 min (peak Bigure 1). It did not
that total sugars of various open-pollinated watermelon cultivars matchy- or d-carotene standards and may bei$-carotene.
increase in a sigmoidal pattern during watermelon fruit growth. Lutein (2—3 mg/kg fw) has been found in watermelon using
They noted that the red color was present in melons as soon adHPLC and a G column (4). We found lutein at-12 mg/kg in

RESULTS AND DISCUSSION
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Figure 1. HPLC chromatogram of the watermelon cultivar Xite (Hazera 6007). Peaks 1-5 represent the following: 1, phytofluene; 2, unknown; 3,
[-carotene; 4, cis-lycopene; and 5, trans-lycopene.

Table 4. Correlations among Carotenoids of Red-Fleshed In this large cultivar screening study, seven watermelon

Watermelons? cultivars were found to have more than 80 mg/kg lycopene
content, representing -2 times more than the average value
_ total cis-  altrans total of 48 mg/kg reported in the U.S. Department of Agriculture
variable carotenoids  lycopene  lycopene lycopene  phytofluene database. Generally, melons with more total lycopene also
fB-carotene 0.48* 0.31% 0.36% 0.46% 0.69* contain moreS-carotene and phytofluene. All-trans-lycopene
phytofiuene 0.76™ 051% 071%™ 0757 was the dominant carotenoid in all red-fleshed melons sampled.
total lycopene 0.99* 0.65** 0.93* s . .
all-trans- 0.3 0.34%* These results indicate that a wide range in lycopene content
lycopene exists among watermelon germplasm and that watermelon
cis-lycopene 0.65* cultivars with very high lycopene contents are available. On

the basis of our results, a serving size (150 g) from any of the
watermelon cultivars tested would provide the suggested intake
of 4 mg of lycopene per day2j.

a* indicates significance at P < 0.01, Pearson’s correlation coefficient.

other watermelon studies using g@g€olumn but were unable

to resolve this peak under our conditions with g €olumn.
Neurosporene, a carotenoid intermediatetoarotene and
lycopene, has also been reported to be present in watermelo
with open column chromatographgX) and with HPLC using

a Gg column (12), but we were unable to resolve this peak
using our conditions. Phytoene,carotene, and-carotene were
present but too low to quantify in our study using this extraction
system.

All carotenoids were positively correlated@dble 4). Phytof-

ACKNOWLEDGMENT

We thank Shelia Magby, Wyatt O’'Hern, Anthony Dillard, Amy
r]—|e|ms, Bobbie Ceriotti, Kristi Perez, and Melissa O’Hern for
their help in this study.

LITERATURE CITED

(1) Mohanty, N. K.; Saxena, S.; Singh, U. P.; Goyal, N. K.; Arora,
R. P. Lycopene as a chemopreventive agent in the treatment of
high-grade prostate intraepithelial neoplatleol. Oncol.2006

luene was strongly correlated with total lycopene grahrotene.
All-trans-lycopene was less well-correlated witfs-lycopene

or with -carotene, a<is-lycopene andg3-carotene did not
always increase proportionally with lycopene. In some cultivars
(Jamboree, Minipool, and Afternoon Delighf;carotene was
high (=5 mg/kg fw) although total lycopene was in the-5®
mg/kg fw range (Table 3)cis-Lycopene was 2.8 and 9.0 mg/
kg in Dulce and Campeche, respectively, althougkraths-
lycopene values were similar between the cultivars (66J.9
mg/kg fw). Like Tomes et al. (11) and Tadmor et al. (12), we
found that total carotenoid content and phytofluene generally
increased in proportion to total lycopene content, as phytofluene (4)
is a required precursor for both carotenoi@®)(

@

(©)

23, 383—385.

Zhao, X.; Aldini, G.; Johnson, E. J.; Rasmussen, H.; Kraemer,
K.; Woolf, H.; Musaeus, N.; Krinsky, N. I.; Russell, R. M.;
Yeum, K.-J. Modification of lymphocyte DNA damage by
carotenoid supplementation in postmenopausal woren. J.
Clin. Nutr. 2006,83, 163—169.

Bowen, P.; Chen, L.; Stacewicz-Sapuntzakis, M.; Duncan, C.;
Sharifi, R.; Ghosh, L.; Kim, H. S.; Christov-Tzelkov, K.; van
Breemen, R. Tomato sauce supplementation and prostate can-
cer: Lycopene accumulation and modulation of biomarkers of
carcinogenesisExp. Biol. Med. (Maywood002,227, 886—
893.

Agarwal, S.; Rao, A. V. Tomato lycopene and its role in human
health and chronic diseas€3MAJ 2000,163, 739—744.



Watermelon Carotenoids J. Agric. Food Chem., Vol. 54, No. 7, 2006 2597

(5) Mayne, S. T.; Cartmel, B.; Lin, H.; Zheng, T.; Goodwin, W. J., (16) Sadler, G.; Davis, J.; Dezman, D. Rapid extraction of lycopene

Jr. Low plasma lycopene concentration is associated with and b-carotene from reconstituted tomato paste and pink

increased mortality in a cohort of patients with prior oral, pharynx grapefruit homogenated. Food Sci.1990,55, 1460—1461.

or larynx cancersJ. Am. Coll. Nutr.2004,23, 34-42. (17) Zechmeister, L.; Polgar, A. Cidrans isomerization and spectral
(6) Hak, A. E; Ma, J.; Powell, C. B.; Campos, H.; Gaziano, J. M.; characteristics of carotenoids and some related compounds.

Willett, W. C.; Stampfer, M. J. Prospective study of plasma Am. Chem. Socl943,65, 1522—1528.

carotenoids and tocopherols in relation to risk of ischemic stroke. (18) Craft, N. Chromatographic techniques for carotenoid separation.

Stroke2004, 35, 1584—1588. Curr. Protoc. Food Anal. Chen2001, F2.3.1—F2.3.15.

(7) Sesso, H. D.; Buring, J. E.; Norkus, E. P.; Gaziano, J. M. Plasma
lycopene, other carotenoids, and retinol and the risk of cardio-
vascular disease in womeAm. J. Clin. Nutr2004,79, 47-53.

(8) Andreassi, M.; Stanghellini, E.; Ettorre, A.; Di Stefano, A.;
Andreassi, L. Antioxidant activity of topically applied lycopene.

J. Eur. Acad. Dermatol. Venered004,18, 52-55.

(19) Elmstrom, G. W.; Davis, P. L. Sugar development in ‘Sugarlee’
and ‘Dixielee’, two recently released watermelon cultivars
compared with ‘Charleston GrayProc. Fla. State Hortic. Soc.
1981,94, 177—-179.

(20) Mangels, A. R.; Holden, J. M.; Beecher, G. R.; Forman, M. R.;

(9) Edwards, A. J.; Vinyard, B. T.; Wiley, E. R.; Brown, E. D.; Lanza, E. Carotenoid content of fruits and vegetables: An
Collins, J. K.; Perkins-Veazie, P.; Baker, R. A.; Clevidence, B. evaluation of analytic datd. Am. Diet. Assocl993,93, 284~
A. Consumption of watermelon juice increases plasma concen- 296.
trations of lycopene and beta-carotene in humansiutr. 2003 (21) Stahl, W.; Sies, H. Uptake of lycopene and its geometrical
133, 1043—1050. isomers is greater from heat-processed than from unprocessed
(10) U.S. Department of Agriculture, ARE.SDA National Nutrient tomato juice in humansl. Nutr.1992,122, 2161—2166.
Database for Standard Reference, Release 18; U.S. Department (22) Botella-Pavia, P. O.; Phillips, M. A.; Carretero-Paulet, L.;
of Agriculture: Washington, DC, 2005. Boronat, A.; Rodriguez-Concepcion, M. Regulation of carotenoid
(11) Tomes, M. L.; Johnson, K. W.; Hess, M. The carotene pigment biosynthesis in plants: Evidence for a key role of hydroxym-
content of certain red fleshed watermelofsoc. Am. Soc. ethylbuteny! diphosphate reductase in controlling the supply of
Hortic. Sci.1963,82, 460—464. plastidial isoprenoid precursorBlant J. 2004,40, 188—199.

(12) Tadmor, Y.; King, S.; Levi, A.; Davis, A.; Meir, A.; Wasserman,
B.; Hirschberg; Lewinsohn, E. Comparitive fruit colouration in
watermelon and tomatd-ood Res. Int2005,38, 837—841. Received for review August 22, 2005. Revised manuscript received

(13) Gross, JPigments in FruitsAcademic Press: New York, 1987.  February 2, 2006. Accepted February 13, 2006. This work was partially

(14) Bolin, P.; Brandenberger, L.; Criswell, J.; Cuperus, G.; Dami- supported by grants from the Initiative for Future Agriculture and
cone, J.; Edelson, J.; Maness, N.; McGlynn, W.; Motes, J.; Food Systems (Grant No. 00-52102-9635), the National Watermelon
Roberts, W.; Scatzer, J.; Shrefler, J.; Sutherland, A.; Taylor, M.; Promotion Board, CSREES special grants, and the Oklahoma Center

Perkins-Veazie, RCucurbit Integrated Crop Manageme-853 for the Advancement of Science and Technology. Mention of trade
ed.; Oklahoma Cooperative Extension Service: Stillwater, OK, names or commercial products in this article is solely for the purpose
2002. of providing specific information and does not imply recommendation

(15) Fish, W.; Perkins-Veazie, P.; Collins, J. K. A quantitative assay o endorsement by the U.S. Department of Agriculture.
for lycopene that utilizes reduced volumes of organic solvents.
J. Food Compos. AnaR002,15, 309—317. JF052066P



