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ABSTRACT:Muskmelons, both cantaloupe (Cucumis melo Reticulatus Group) and orange-fleshed honeydew (C. melo Inodorus
Group), a cross between orange-fleshed cantaloupe and green-fleshed honeydew, are excellent sources of β-carotene. Although β-
carotene from melon is an important dietary antioxidant and precursor of vitamin A, its bioaccessibility/bioavailability is unknown.
We compared β-carotene concentrations from previously frozen orange-fleshed honeydew and cantaloupe melons grown under the
same glasshouse conditions, and from freshly harvested field-grown, orange-fleshed honeydew melon to determine β-carotene
bioaccessibility/bioavailability, concentrations of novel β-apocarotenals, and chromoplast structure of orange-fleshed honeydew
melon. β-Carotene and β-apocarotenal concentrations were determined by HPLC and/or HPLC-MS, β-carotene bioaccessibility/
bioavailability was determined by in vitro digestion and Caco-2 cell uptake, and chromoplast structure was determined by electron
microscopy. The average β-carotene concentrations (μg/g dry weight) for the orange-fleshed honeydew and cantaloupe were 242.8
and 176.3 respectively. The average dry weights per gram of wet weight of orange-fleshed honeydew and cantaloupe were 0.094 g
and 0.071 g, respectively. The bioaccessibility of field-grown orange-fleshed honeydew melons was determined to be 3.2 ( 0.3%,
bioavailability in Caco-2 cells was about 11%, and chromoplast structure from orange-fleshed honeydew melons was globular (as
opposed to crystalline) in nature. We detected β-apo-80-, β-apo-100, β-apo-120-, and β-apo-140-carotenals and β-apo-13-carotenone
in orange-fleshed melons (at a level of 1�2% of total β-carotene). Orange-fleshed honeydew melon fruit had higher amounts of β-
carotene than cantaloupe. The bioaccessibility/bioavailability of β-carotene from orange-fleshed melons was comparable to that
from carrot (Daucus carota).
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’ INTRODUCTION

Vitamin A deficiency unfortunately affects over 100 million
people throughout the world.1 Fruits and vegetables are often
utilized as the only treatment for vitamin A deficiencies in human
diets as they contain provitamin A carotenoids, e.g., β-carotene.2

β-Carotene is the most potent precursor of vitamin A.3 An
excellent source of β-carotene is orange-fleshed muskmelons:
cantaloupe (Cucmis melo Reticulatus Group) and the novel, little
studied orange-fleshed honeydew (Cucumis melo, Inodorus
Group), a cross between cantaloupe and green-fleshed honey-
dew (Cucumis melo Inodorus Group).4 However nothing is
known of the bioaccessibility/bioavailability of β-carotene from
orange-fleshed melons or of the fruit’s chromoplast structure.

β-Carotene is lipid soluble and must be incorporated into
micelles to be absorbed, and bioaccessibility reflects the effi-
ciency of micellization. Bioavailability represents the amount of
the nutrient that is absorbed by the intestinal epithelium and
made available for use by the body. β-Carotene bioavailability is
affected by chromoplast structure in mature plant tissues, and
naturally occurring chromoplasts are globular, tubular, reticulotubular,

membranous and crystalline types, with globular types providing
the best and crystalline types providing the poorest structure for
bioavailability of β-carotene.5Many previous studies have used in
vitro digestion and Caco-2 cell uptake to assess the bioaccessi-
bility/bioavailability of β-carotene.6�9 β-Carotene can also un-
dergo asymmetric cleavage to yield β-apocarotenoids that have
potential biological roles such as vitamin A activity and transcrip-
tional regulation.

The purpose of this study was to (1) determine β-carotene
concentrations in previously frozen orange-fleshed honeydew
and cantaloupe melons grown under the same glasshouse con-
ditions, (2) determine the bioaccessibility/bioavailability of
β-carotene from aforementioned frozen melon tissues and
from fresh, field-grown orange-fleshed honeydew melon tissue;
(3) determine the morphological features of chromoplasts in
the orange-fleshed melon; and (4) report newly determined
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β-apo-13-carotenone, β-apo-140-carotenal, β-apo-120-carotenal,
β-apo-100-carotenal, and β-apo-80-carotenal levels in orange-
fleshed melon tissues.

’MATERIALS AND METHODS

Chemicals and Supplies. Unless otherwise stated, all chemicals
and supplies were purchased from Sigma-Aldrich (St. Louis, MO, USA)
or Fisher Scientific (Pittsburgh, PA, USA).
Plant Material. Glasshouse grown orange-fleshed honeydew

‘Orange Dew’ and cantaloupe ‘Cruiser’ plants, 20 each, were grown in
Weslaco, TX, in well-fertilized potting soil as previously described.10 Upon
harvest, following natural abscission (indicating fruit maturity), melons were
washed in tap water, cut and homogenized according to the protocol of
Lester.4 Briefly, the twopolar ends of themelonswere removed anddiscarded.
The outer epidermis and adjacent hypodermal mesocarp tissues were
removed. The remaining edible mesocarp tissue devoid of seed cavity inner
mesocarp tissuewas homogenized in aWaring blender.The glasshouse grown
melon tissuewas stored at�80 �Cuntil shippedondry ice toColumbus,OH,
for the study, and used to asses dry weights, β-carotene concentration, and
bioaccessibility/bioavailability. Five fresh, field-grown, orange-fleshed honey-
dew ‘Uncle Sam’ melons, which is the same cultivar as the ‘Orange Dew’
melon, were received from The Turlock Fruit Company in Turlock, CA, for
identification of the chromoplast structure and to assess bioaccessibility/
bioavailability. Upon arrival from California melon tissues were prepared as
described above and stored at 4 �C until further analysis. We also obtained a
locally purchased cantaloupe for the detection of β-apocarotenoids.
Compositional Analyses. β-Carotene. Melon tissue samples

(0.5 g) were extracted with 5 mL of HPLC grade hexane (0.1% BHT),
and 200 μL of a saturated NaCl solution was added to facilitate phase
separation. Samples were vortexed for 60 s and centrifuged at 5000g for 5
min to separate phases. The upper layer was collected, and the extraction
was repeated two times. The combined hexane layer was dried under a
stream of nitrogen, resuspended in 1 mL of 2:1 isopropanol/dichlor-
omethane, and filtered thru a 0.22 μm syringe filter into anHPLC vial. β-
Carotene standard was dissolved in hexane, the absorbance was mea-
sured at 450 nm, and a dilution series was used to generate a standard
curve. The β-carotene was detected using a Waters 600 HPLC pump
with a Waters 996 photodiode array detector and a Waters 717plus
autosampler set at 10 �C. The separation and quantification were
achieved using a Waters YMC C30 reversed phase column (250 mm �
4.6 mm) and a two solvent gradient with methanol and methyl tert-butyl
ether (MTBE) as described in Thakkar et al.11 Dry weights were
determined by adding 1 g of melon tissue in triplicate to preweighed
crucibles, drying in an oven overnight and weighing the air temperature
crucible plus contents.
β-Apocarotenoids. Melon samples were analyzed by liquid chroma-

tography mass spectrometry (LC/MS) for β-carotene, β-apo-80-carote-
nal, β-apo-100-carotenal, β-apo-120-carotenal, β-apo-140-carotenal, and
β-apo-13-carotenone levels. Three 1 g samples of fresh, locally pur-
chased, cantaloupe and three 1 g samples from a randomly chosen
previously frozen ‘Orange Dew’ melon tissue were extracted using a
modification of the method of Kane et al.12 The first fraction containing
neutral lipids was collected and analyzed. Briefly, 1 mL of 0.025 MKOH
was added to the 1 g samples and compounds of interest were extracted
three times into 10 mL of hexane. The hexane extracts were combined
and dried under N2. The dried extracts were subsequently redissolved in
a 1:1 (v/v)mixture ofMTBE andmethanol, and 20μLwas injected onto
the HPLC for separation of β-carotene and β-apocarotenoids. Separa-
tions were accomplished by reversed phase HPLC using a 4.6� 150mm
5 μm YMC C30 column (Waters Corp, Milford, MA). A ternary solvent
system consisting of solvent A, 0.1% formic acid; solvent B, 100%
methanol; and solvent C, 100%MTBEwas employed. The initial HPLC
solvent consisted of 20% A/80% B/0% C, and from the time of sample

injection through 12 min the solvent was linearly changed to 0% A/30%
B/70%C. This was followed by a 3min re-equilibration period. The flow
rate of the solvent was maintained constant at 1.8 mL/min and the
column temperature at 35 �C. TheUV�vis absorbance of the eluent was
monitored using a Waters 996 photodiode array detector.

The HPLC eluate was interfaced with a quadrupole/time-of-flight
mass spectrometer (QTof Premier, Micromass, UK) via an atmospheric
pressure chemical ionization (APcI) probe. The HPLC/MS method
used to detect apocarotenoids was used as previously described in
Shmarakov et al.13 with one modification. β-Apo-13-carotenone was
measured in APcI positive mode, which required a second 20 μL
injection of the same sample. β-Carotene, β-apo-80-carotenal, β-apo-
100-carotenal, β-apo-120-carotenal, and β-apo-140-carotenal ionized in
APcI negative mode and β-apo-13-carotenone ionized in APcI positive
mode and were detected as their respective radical ions, at m/z of
536.438, 416.31, 376.28, 350.26, 310.23, and 259.2. The QTof system
allowed for quantitative detection with the confidence of accurate mass
(typically 1 ppm). Mass spectra were acquired in V-mode (∼8000
resolution) from 100 to 1000 m/z with a scan time of 0.5 s, peak
centroiding, and enhanced duty cycle enabled for the parent m/z. At
intervals of 30 s, a 0.1 s lockspray scan was acquired with leucine
enkephalin as the lockspray compound (554.2615 m/z) to correct for
minor deviations in calibration due to temperature fluctuations. Prior to
analysis, the QTof was fully calibrated from 114 to 1473 m/z using a
solution of sodium formate. The resultantMS spectra were acquired and
integrated with MassLynx software, V4.1 (Micromass UK, Manchester,
U.K.). Source parameters included 30 μA corona current, 500 �C probe,
110 �C source block, 35 V cone, 50 L/h cone gas (N2), 400 L/h
desolvation gas (N2), collision energy 8 eV (nonfragmenting) with
argon CID gas (4.2 � 10�3 mBar). Standard curves were generated
using standards of β-carotene (CAS registry number 7235-40-7), β-apo-
80-carotenal (CAS registry number 1107-26-2) (Fluka), β-apo-120-
carotenal (CAS registry number 1638-05-7) (CaroteNature, Lupsingen,
Switzerland), β-apo-140-carotenal (CAS registry number 6985-27-9)
(synthesized for the study), and β-apo-13-carotenone (CAS registry
number 17974-57-1) (synthesized for the study). The purity of β-
carotene, β-apo-80-carotenal, β-apo-120-carotenal, β-apo-140-carotenal,
and β-apo-13-carotenone by HPLC is 95%, 96%, 99%, 94%, and 98%
respectively. β-Apo-100-carotenal was quantified using the standard
curve for β-apo-120-carotenal. Recoveries for all compounds were
determined to be greater than 98%.
Chromoplast Isolation. The protocol for melon chromoplast

enrichment and subsequent preparation for microscopy was provided
through personal communication with Wayne W. Fish, South Central
Agriculture Research Laboratory, Agricultural Research Service, U.S. De-
partment of Agriculture.14 Fresh orange-fleshed honeydewmesocarp tissue
(1000 g) and 1000mLwater weremixed in aWaring blender for 4min and
filtered through parachute cloth. After two centrifugations (30000g, 1 h,
4 �C) the top layer of the pellet containing the chromoplasts was scraped
and suspended in 15.4 mL of water with added sodium ascorbate 10:1
(w/w) and 0.02% sodium azide. Two milliliters of chromoplast solution
were centrifuged to remove buffer, and 5 mL of 0.05 M sodium phosphate,
pH 7.2 þ 0.3% SDS was added and mixed. Solubilized chromoplasts
were fixed in gluteraldehyde. Acetonitrile was added to precipitate the
chromoplasts,15 which were washed with 5 mL of phosphate buffer. After
the third wash, 4 mL of 0.05 M sodium phosphate buffer pH 7.2 þ 0.3%
SDS þ 0.02% sodium azide was added and mixed. Chromoplasts were
prepared for microscopy and identified according to Vasquez-Caicedo
et al.16 by transmission electron microscopy at The Ohio State University
Microscopy and Imaging Facility.
In Vitro Digestion. In vitro digestion was performed on five fresh

and randomly chosen greenhouse grown melon samples, in triplicate to
determine the percent digestive stability and the percent micellization
according to the protocol of Thakkar et al.,11 without the “oral phase”.
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Briefly, this involved a “gastric phase” where the pH of the melon
homogenate is adjusted to 2.5( 0.1, pepsin is added at 40 mg/mL and
the mixture is incubated in a shaking water bath at 37 �C for 1 h. In the
subsequent “intestinal phase” the pH is adjusted to 6.5 ( 0.1, porcine
pancreatic lipase, pancreatin, and bile extract are added and the mixture
is incubated in a shaking water bath at 37 �C for 2 h. Themicelle fraction
is then isolated from the digesta by centrifugation at 5000g for 45 min at
4 �C and filtration (0.22 mm pore size) of the collected aqueous
(micelle) fraction.11 The aqueous fractions were then applied to
Caco-2 cells as described by Chitchumroonchokchai et al.17

Caco-2 Cells. Stock cultures of Caco-2 (HTB-39) cells were
obtained from American Type Culture Collection and were maintained
as previously described.17 The Caco-2 human cell line exhibits char-
acteristics of mature enterocytes.18 T75 flasks of Caco-2 cells were
grown 10�14 days postconfluency. Following in vitro digestion, the
aqueous fractions containing the micelles were collected and each
diluted 1:4 with Dulbecco's minimum essential medium (DMEM)
and 12.5 mL of the medium was added to each flask. At the end of
4 h the medium was collected and cells were washed with ice cold
phosphate-buffered saline (PBS) with albumin, which was also collected
and combined with the medium. The cells were washed twice with ice
cold PBS, and the wash was discarded. 10 mL of ice cold PBS was then
added to each flask, the cells were scraped, collected, and the process was
repeated. The collected cells in PBSwere centrifuged at 2000g at 4 �C for
5 min, and the supernatant was discarded. The cell pellet was resus-
pended in 2 mL of PBS and extracted for HPLC analysis. Resuspended
cell pellets (100 μL) were used for a protein assay according to
Bradford.19 Aliquots of the whole digestion, aqueous (micelle) fraction,
fresh 1:4 media, spent media, and the cells were extracted with
tetrahydrofuran (THF) and hexane. Briefly, 2 mL of THF was added
to 2 mL of sample and vortexed, and then 3 mL of hexane was added,
vortexed, and centrifuged at 5000g for 5 min to separate phases. The
upper layer was collected, and the extraction was repeated two times.
Extracts were dried under a stream of nitrogen, redissolved in 2:1
isopropanol/dichloromethane, filtered through a 0.22 μm syringe filter,
and injected into the HPLC. HPLC analysis was performed with a
Waters 1525 μ binary HPLC pump with a Waters 996 photodiode array
detector and a Waters 717plus autosampler set at 10 �C. A YMC
carotenoid 5 μm particle (4.6 � 150 mm) column with a YMC
carotenoid 5 μm particle (4.0 � 20 mm) Guard Cartridge was used.
Separation was achieved by gradient elution with a binary mobile phase
of methanol�0.1% (v/v) formic acid (FA) as solvent A (80:20) and
MTBE�methanol�0.1% FA as solvent B (78:20:2) at a flow rate of
1.8 mL/min. Initial conditions were held at 100% A for 1 min then a
linear gradient to 40:60 A:B over 5 min, followed by a linear gradient to
100% B over 9 min, a linear gradient back to 100% A for 1 min, and held
at 100% A for 4 min for a final chromatographic run time of 20 min.
Identification and quantification of the compounds of interest were
accomplished by comparison with synthetic standards run in a dilution
series before and after the samples.

Statistical Analysis. All data is presented as averages and standard
deviations. In Table 1 where comparisons of glasshouse grown ‘Orange

Table 1. Dry Weight Percent and β-Carotene Concentration of Glasshouse Grown Frozen and Field-Grown Fresh Orange-
Fleshed Honeydew and Cantaloupe Melon Edible Mesocarp Tissuesa

β-carotene

orange-fleshed melon type tissue preparation dry wt % μg/g fresh wt μg/g dry wt

‘Orange Dew’ frozen 9.4( 0.9*b 22.8 ( 2.4*b 242.3( 25.7*b

cantaloupe frozen 7.1( 0.8 12.5( 3.8 176.3( 54.0

orange-fleshed honeydew fresh 9.8( 0.9 21.0( 2.6 213.9( 33.5
a N = 20 for ‘Orange Dew’ and cantaloupe andN = 5 for orange-fleshed honeydew.Means( standard deviations are given. b *Dry weight and β-carotene
content of the frozen melons were compared using Student’s t test. For these parameters ‘Orange Dew’ were significantly higher than cantaloupe
(P e 0.001).

Figure 1. HPLC chromatogram (at 450 nm) of lipid extracts of orange-
fleshed honeydew and cantaloupe melon tissues. Peak at retention time
of 26 min was identified as all-trans-β-carotene by comparison with an
authentic standard.

Figure 2. The dark spheres shown in the image are the chromoplasts.
Magnification of 18500�. The box shows an enlargement of the large
chromoplast.
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Dew’ and cantaloupe for dry weight and β-carotene content were made
we used a Student’s t test for these pairwise comparisons.

’RESULTS AND DISCUSSION

Orange-Fleshed Honeydew Melon and Cantaloupe: Dry
Weights and β-Carotene Content. Orange-fleshed honeydew
‘Orange Dew’ had significantly higher dry weight (P < 0.001)
than hybrid orange-fleshed cantaloupe ‘Cruiser’ (Table 1). The
difference in dry weight may suggest orange-fleshed honeydew
‘Orange Dew’melons have a different matrix than the cantaloupe
‘Cruiser’.β-Carotene was the only carotenoid detected at 450 nm
by HPLC in either orange-fleshed honeydew or cantaloupe, and
greater than 98% was the all-trans isomer20 (Figure 1).

Since dry weights were determined to be significantly different
for orange-fleshed honeydew and cantaloupe, β-carotene concen-
trations per gram of fresh (wet) weight were divided by the dry
weight for each sample to correct for dry weight differences. The
mean β-carotene content for orange-fleshed honeydew was sig-
nificantly greater (P < 0.001) than that for cantaloupe (Table 1).
The average dry weight of fresh orange-fleshed melons ‘Uncle

Sam’was similar to dry weights determined for frozen orange-fleshed
melon samples (Table 1). The average concentration of all-trans β-
carotene of fresh orange-fleshed honeydewmelon was similar to that
of frozen orange-fleshed honeydew samples (Table 1).
Chromoplast Structure. The chromoplast is a plant compart-

ment in which most of the carotenoids accumulate.21 Chromoplast
structure, globular vs crystalline, has been reported to affect

Table 2. β-Carotene Concentration from Orange-Fleshed Melon in Whole Edible Tissue, Digesta (Digestive Stability) and
Aqueous Fractions (Micellization or Bioaccessibility) Following in Vitro Digestion (N = 5)a

β-carotene

fraction stage of digestion μg/g fresh wt μg/g dry wt % of whole tissue

whole tissue whole food 20.98( 2.67 213.9( 33.5 100

digesta digestive stability 13.35( 1.51 135.7( 15.5 63.8( 3.6

aqueous fraction bioaccessibility 0.43( 0.03 4.36( 0.43 3.1( 0.3
aValues are shown as means ( standard deviation.

Figure 3. β-Apocarotenoids and β-carotene in the ‘Orange Dew’ melons (A) and standards (B). In panel A, the top chromatogram shows the
absorbance at 452 nm and the other chromatograms show the apocarotenoids at their respective masses. β-Apo-100-carotenal standard was not available
and was quantified using the standard curve for β-apo-120-carotenal.
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β-carotene bioaccessibility, with a globular structure providing
the superior matrix for β-carotene bioaccessibility.5 Chromoplasts
were isolated from fresh melon tissue and imaged by TEM as
described above. The TEM image in Figure 2 shows that melon
chromoplasts were globular in structure as opposed to the crystal-
line matrix found in carrots.5,22

Bioaccessibility and Bioavailability of β-Carotene from
Orange-Fleshed Melons. Fresh orange-fleshed honeydew mel-
on homogenates were subjected to simulated gastric and intest-
inal phases of in vitro digestion (Table 2). The percent digestive
stability is the percent of β-carotene present in the digesta after
simulated digestion. The digesta was separated into the aqueous
fraction which contained micelles. The percent micellization
(bioaccessibility) was the percent of β-carotene that was incor-
porated into the micelles. In vitro digestion was performed in
triplicate for each of five fresh melon fruit. The average percent
digestive stability was 63.8 ( 3.6%, and the average percent
micellization (bioaccessibility) of β-carotene from orange-
fleshed edible melon tissue was 3.2( 0.3%. Percent micellization
was corrected for loss during digestion, i.e., the percent of digesta
that was micellized (Table 2). These percentages are consistent
with results from previous in vitro digestions with glasshouse
grown melons where the digestive stability and the percent
micellization (β-carotene bioaccessibility) did not differ between
orange-fleshed honeydew and cantaloupe melons (results not
shown). The values for digestive stability are consistent with

previously published results in maize (Zea mays), cassava
(Manihot esculenta), drumstick (Moringa oleiflora) leaves, carrots
(Daucus carota), green leafy vegetables, mangoes (Mangifera
indica), sweet potatoes (Ipomoea batatas), squash (Cucurbita
moschata), and pumpkins (Cucurbita maxima).11,23�28 There are
many factors that affect the intestinal absorption of carotenoids
such as the type and quantity of dietary fat, competition among
coconsumed carotenoids, the plant or food matrix,29 and cook-
ing.We tested the effects of adding 2.5�3% vegetable oil to the in
vitro digestion of the melons, but there was no significant
difference in the extent of micellization. Since melons are
typically eaten raw, we did not test the effects of cooking. The
bioaccessibilities of β-carotene reported for fruits and vegetables
are mostly for cooked foods and, thus, the “lower” bioaccessi-
bility of β-carotene in melons may be only relative. Although the
bioaccessibility of β-carotene in melons observed in this study is
lower than for other fruits and vegetables, the reasons appear to
be “physiological” in the sense that melon is eaten raw and not
cooked and melons have very high water content. In comparison
with carrot, the bioaccessibility of β-carotene of 3.2% found in our
melon samples is similar to bioaccessibilities found in raw carrots,30

which was confirmed in a separate in vitro digestion assay using
locally purchased carrots (results not shown). Carrots in general
have 82 μg/g fresh weight β-carotene31 but are on average 21% dry
weight,32 whereas our orange-fleshed honeydew melon samples
averaged 22 μg/g fresh weight β-carotene, nearly 4-fold less
β-carotene than carrot, and averaged 9% dry weight. Bioaccessibility
comparison of raw carrots and melon at 3.2% on a dry weight basis
yields a total bioaccessibility of 12 μg of β-carotene/g dry wt and
8 μg of β-carotene/g dry wt for carrot and orange-fleshed melons
respectively, which are nearly the same. This suggests that the
globular chromoplasts of melons appear to provide a more efficient
matrix, which leads to a higher bioaccessibility ofβ-carotene than the
crystalline chromoplast matrix of carrot.27

In a separate experiment, Caco-2 cells were used to assess the
bioavailability of melon β-carotene. Fresh orange-fleshed hon-
eydew melon underwent in vitro digestion, and the diluted
micelle fractions were applied to Caco-2 cells. The average
uptake of β-carotene by the Caco-2 cells after 4 h of incubation
(i.e., bioavailability) was 11.6% of the β-carotene applied to the
cells (results not shown). This is consistent with the percent
uptake of β-carotene in other studies with other fruits and
vegetables.11,33 Results obtained with fresh orange-fleshedmelon
were consistent with values obtained from frozen, glasshouse
grown melons where there was no significant difference between
β-carotene of orange-fleshed honeydew and cantaloupe melons
for percent digestive stability, micellization, and Caco-2 cell
bioavailability (results not shown).
β-Apocarotenoids in Melons. We measured the levels of

β-apo-13-carotenone, β-apo-140-carotenal, β-apo-120-carotenal,
β-apo-100-carotenal, β-apo-80-carotenal, and β-carotene of a
locally purchased cantaloupe and a greenhouse grown Orange
Dew (Figure 3). The β-apocarotenoids in total are present at
approximately 1.5% of the level of β-carotene. Figure 4 shows the
relative concentration of the β-apocarotenoids. The β-apocar-
otenoids profiles of the two different types of melons are
approximately the same. β-apocarotenoids are thus present in
foods at low levels and may also be formed enzymatically in
mammals17 where they may have biological activities mediated in
part by their interactionwith retinoid receptors.34We are currently
assessing the β-apocarotenoid levels of other β-carotene rich fruits
and vegetables with an improved LC-MS method, in addition to

Figure 4. Average β-apocarotenoid levels in two different orange-
fleshed melons. Values are from triplicate 1 g extractions of each melon
with error bars showing SD.
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assessing the bioaccessibility/bioavailability. β-apocarotenoids
may be more bioavailable than β-carotene due to chain length
and the addition of oxygen.
The orange-fleshed honeydew melons are known to be safer

for the consumer because they lack rough outer netting, unlike
cantaloupe fruit which harbors enteric bacteria, and they are
sweeter and store longer than the typical cantaloupe melon.35

In our study orange-fleshed honeydew had significantly higher
dry weight and β-carotene concentrations than cantaloupe but
each cultivar had similar β-carotene bioaccessibilities. Thus, both
appear to be comparable sources of dietary provitamin A
for humans and on par with carrots, another major source of
provitamin A.
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